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Part A.

1PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLIN G
1.1 Substance

TABLE 1: SUBSTANCE IDENTITY

Substance name: Flumioxazin (1ISOY-(7-fluoro-3,4-dihydro-3-oxo0-4-prop-2-ynyl
2H-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxieni

EC number: -

CAS number: 103361-09-7

Annex VI Index number] 613-166-00-x

Degree of purity: 96.0% (w/w)
(equivalent to 960 g/kg)

Impurities: Confidential information. None of torlogical concern

1.2  Harmonised classification and labelling propoda

Flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-benzoxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide was includeddmex | of Commission Directive
2001/59/EEC adapting to technical progress fo2@fetime Council Directive 67/548/EEC"6
August 2001. The classification “Repr. Cat. 2; R@HSs based on developmental effects in the rat
and presumed relevance to humans (refer to P&e&jon 4.11 for details). An extensive program
of research with flumioxazin has successfully elatéd the mechanism of the developmental
toxicity in rats and determined its relevance tahuns. The results of this research provide
evidence that the rat is particularly sensitivéhim toxic effects of flumioxazin whereas this is
unlikely to be the case in humans. Therefore, agsal to change the current harmonised
classification and labelling of flumioxazin (ISQY:(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk
1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxieniths been prepared. This proposal focuses
on the change in classification of flumioxazin ([S@-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynyl-
2H-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxienrelated to reproductive toxicity and
therefore, this proposal only includes data reletathe assessment of this hazard class.

TABLE 2: THE CURRENT ANNEX VI ENTRY AND THE PROPOS ED HARMONISED CLASSIFICATION

CLP Regulation Directive 67/548/EEC (Dangerous
Substances Directive; DSD)
Current entry in Annex VI, | Repr. 1B, H360D Repr. Cat. 2, R61
CLP Regulation Aquatic Acute 1H400, N; R50-53
Aquatic Chronic 1H410 N; R50-53: C > 0,025 %

N; R51-53: 0,0025 % < C < 0,025 %

-53: 0 0
M factor acute = 1000, R52-53: 0,00025 % C < 0,0025 %

Current proposal for Removal of Repr. 1B H360D (May damage| Removal of Repr. Cat. 2; R61 (May

consideration by RAC the unborn child) cause damage to the unborn child)
Addition of M factor chronic = 1000

Resulting harmonised Aquatic Acute 1; H400, N; R50-53

_classification (future entry Aquatic Chronic 1; H410 N; R50-53: C > 0,025 %

in Annex VI, CLP N; R51-53: 0,0025 % < C < 0,025 %
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Regulation) R52-53: 0,00025 % C < 0,0025 %
M factor acute = 1000,
M factor chronic = 1000
*
1.3  Proposed harmonised classification and labeliinbased on CLP Regulation and DSD criteria

The proposed classification and labelling of flurarin (ISO);N-(7-fluoro-3,4-dihydro-3-oxo-4-
prop-2-ynyl-H-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxieibased on the removal of

the classification for reproductive toxicity is prded in Table 3 and Table 4.

TABLE 3: PROPOSED CLASSIFICATION ACCORDING TO THE CLP REGULATION

CLP Hazard class | Proposed classification |Proposed Current Reason for no
Annex | SCLs and/or |classification” classificatior?
ref M-factors

3.1. | Acute toxicity - oral | No classification - Ndassification Conclusive but

not sufficient for
classification
Acute toxicity — No classification - No classification Conclusivet bu
dermal not sufficient for
classification
Acute toxicity - No classification - No classification Conclusivetbu
inhalation not sufficient for
classification

3.2. | Skin corrosion / No classification - No classification Conclusivetbu
irritation not sufficient for

classification

3.3. | Serious eye damageMo classification - No classification Conclusivetbu
eye irritation not sufficient for

classification

3.4. | Respiratory No classification - No classification Conclusivet bu
sensitisation not sufficient for

classification

3.4. | Skin sensitisation No classification - No slfisation Conclusive but

not sufficient for
classification

3.5. | Germcell No classification - No classification Conclusivet bu
mutagenicity not sufficient for

classification

3.6. | Carcinogenicity No classification - No clagsifion Conclusive but

not sufficient for
classification

3.7. | Reproductive toxicityNo classification - Repr. 1B (Hazard | Conclusive but

statement: H360D: | not sufficient for
May damage the classification
unborn child)

3.8. | Specific target organNo classification - No classification Conclusivet bu
toxicity —single not sufficient for
exposure classification

3.9. | Specific target organNo classification - No classification Conclusivet bu
toxicity — repeated not sufficient for
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CLP Hazard class | Proposed classification |Proposed Current Reason for no
Annex | SCLs and/or | classification” classificatior?
ref M-factors
exposure classification
3.10. | Aspiration hazard No classification - No sléisation Conclusive but
not sufficient for
classification
4.1. Hazardous to the Addition of | Aquatic acute 1
aquatic environmen M (chronic) = | Aquatic chronic 1
1000 M (acute) = 1000
5.1. | Hazardous to the |No classification - No classification Data lacking
ozone layer

Dncluding specific concentration limits (SCLs) andfattors

2 Data lacking, inconclusive, or conclusive but ndfisient for classification

Proposed labelling:
Signal word:

Hazard pictogram:

Hazard statements:

Warning

H410: Very toxic to aquatic life with long lastirdfects.

Proposed notes assigned to an entry:

Not applicable

TABLE 4. PROPOSED CLASSIFICATION ACCORDING TO DSD

Hazardous property

Proposed
classification

Current classificatiorY

Reason for no
classificatior?

Acute toxicity

No classification

No classification

Conclusive but not
sufficient for
classification

Acute toxicity — irreversiblg
damage after single expos|

No classification
ure

No classification

Conclusive Imot
sufficient for
classification

Repeated dose toxicity No classification No clasaifon Conclusive but no
sufficient for
classification

Irritation / Corrosion No classification No class#tion Conclusive but no

sufficient for
classification

t

Sensitisation

No classification

No classification

ornClusive but not]
sufficient for
classification

Carcinogenicity

No classification

No classification

Conclusive but not
sufficient for

classification
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Hazardous property Proposed Current classificatior? Reason for no
classification classificatior?
Mutagenicity — Genetic No classification No classification Conclusive Inatt
toxicity sufficient for
classification
Toxicity to reproduction — | No classification No classification Conclusive Inatt
fertility sufficient for
classification
Toxicity to reproduction — | No classification Repr. Cat. 2; R61 May cause htarm| Conclusive but not
development the unborn child sufficient for
classification
Toxicity to reproduction — | No classification No classification Conclusive Inatt
breastfed babies. Effects gn sufficient for
or via lactation classification
Environment N; R50-53

DIncluding SCLs
2 Data lacking, inconclusive, or conclusive but ndfisient for classification

Proposed labelling:
Indication of danger:

DANGEROUS FOR THE ENVIRONMENT (N)

R-phrases: R50/R53 very toxic to aquatic organisms, may coisg term
adverse effects to the aquatic environment

2 BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labéng

Flumioxazin (1SO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynyl-2H-1,4-h#oxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide was included Annex | of Commission Directive
2001/59/EEC adapting to technical progress for28time Council Directive 67/548/EEC™"6
August 2001.The classification “Category 2; R61 Mayse damage to the unborn child” is based
on effects observed in the rat developmental toxgtudies.

2.2  Short summary of the scientific justification 6r the CLH proposal

The previous studies are considered to be adequaissessing the developmental toxicity of
flumioxazin, however since the initial inclusionfidmioxazin further mechanistic work has been
undertaken to demonstrate the effects observeldeimat (embryolethality, teratogenicity (mainly

ventricular septal defects and wavy ribs) and ghovetardation) are species specific and not
considered relevant for humans.

Mechanistic research has established that toxéctsfiobserved in the developmental studies and
to a lesser extent the repeat dose studies (haemiatty) result from inhibition of the enzyme
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protoporphyrinogen oxidase (PRO)he effects reported in the rat developmentalystuvere
observed in the absence of maternal toxicity. éwrtdbbit developmental study, whilst the
administered dose was 100-fold greater and matewraity was observed; no embryolethal or
teratogenic effects were observed. There is comgnevidence for a single mode of action
causing the developmental toxicities in the rae $aquence of key biological events in the
proposed mode of action has been elucidated. bimbof PPO interferes with normal haem
synthesis, which causes loss of blood cells leattirfgtal anaemia, embryolethality and the
development of malformations. Rats are particuladgsitive to the effects of PPO inhibition
induced by flumioxazin in erythroblasts. This ledésnaemia that is a critical precursor of the
developmental toxicity resulting from flumioxazirposure. The systemic dose-response for this
key event has proved to be very steep: half-dosdéoban without any effect.

In contrast, humans are unlikely to develop anaereglting from inhibition of PPO. This
conclusion is based on (1) clinical findings th&dPdeficient patients with Variegate Porphyria
show no signs of anaemia, (2) experimental evideheé flumioxazin does not reduce haem
production in K562 cells, which are derived frormtan erythroleukemia, and (3) that humans are
less sensitive to PPO inhibition than rats.

Pharmacokinetic modelling in the rat and the hupradlicts that human erythroblasts would be
insusceptible to flumioxazin at exposure equivaterd maternal dose exceeding 1000 mg/kg/day,
thus demonstrating the large species differensemsitivity. In addition, as a result of the
decrease in absorption rate with oral dose, theesys daily dose cannot exceed value of
approximately 100 mg/kg bw.

Overall, it is concluded that the rat is an inappiate model for assessing the developmental
toxicity of flumioxazin in humans because, unlikentans, they are highly sensitive to PPO
inhibition, resulting in fetal anaemia and conseduievelopmental toxicity. There is considered
to be no plausible scenario whereby humans woulat sk of developmental toxicity given the
species differences in susceptibility to flumioxaand potential for anaemia.

According to both Boobist al (2008) and Lavellet al (2012) where a mode of action in animals
can be demonstrated and judged to be quantitatirelgvant to humans this should be integrated
in the risk assessment improving both the religbdind validity of the results. Consequently, if
the mode of action for reproductive toxicity candemonstrated to be irrelevant to humans, there
IS no requirement to classify flumioxazin. Thereaigonvincing weight of evidence to conclude
that flumioxazin would not present a reproductiedrd to humans and should not be classified
for reproductive toxicity based on the criteria fdassification in Regulation EC 1272/2008.
Therefore, removal of the current reproductive ¢dyiclassification is warranted.

The 2nd ATP to CLP brought in new criteria for sifisation of long-term hazards to the aquatic

environment (e.g. use of chronic toxicity datalassification and separate M factors for acute and
chronic toxicity). The environmental hazard assesgmvas performed in order to determine the
chronic M-factor, currently not included in Annex & CLP Regulation.

Environment CLH proposal justification:

L1 PPO is responsible for th& Btep in haem production, by removing hydrogen aténem protoporphyrinogen IX to
form protoporphyrin IX. Ultimately protoporphyrinXl forms haem in the "8 step of haem productioria
ferrochelatase.
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Aquatic acute category 1 (H40f@llows from the acute toxicity of the active sudoste toLemna
gibba EGo < 1 mg a.s./L (E€ = 0.00035 mg a.s./L, Hoberg, 1996b). A M-factorl®00 is
applicable based on 0.0001 <4420.001 mg a.s./I.

Aquatic chronic category 1 (H410) follows from thleronic toxicity of the active substance to
Navicula pelliculosaNOEC< 1 mg a.s./L (NOEC < 0.000042 mg/L, Hoberg, 199Ga) the fact
that the active substance is not readily biodedyiadand not rapidly biodegradable. A M-factor of
1000 is applicable based on 0.00001 < NGHT0001 mg/I.

R50 follows from the acute toxicity of the activebstance to the most sensitive tested aquatic
organisms with E€ < 1 mg a.s./l{Lemna gibbaECs, = 0.00035 mg a.s./L, Hoberg, 1996b).

R53 follows from the fact that the active substaisagot readily biodegradable.
2.3 Current harmonised classification and labelling

2.3.1 CURRENT CLASSIFICATION AND LABELLING IN ANNEX VI, TABLE 3.1 IN THE CLP
REGULATION

Classification

Repr. 1B, H360D (May damage the unborn child),
Aquatic Acute 1; H400,

Aquatic Chronic 1; H410,

M factor acute = 1000.

Labelling
Signal word: Danger

Hazard pictogram:
GHSO08

GHS09

Hazard statements: H360D: May damage the unborn child
H410: Very toxic to aquatic life with long lastimffects

2.3.2 CURRENT CLASSIFICATION AND LABELLING IN ANNEX VI, TABLE 3.2 IN THE CLP

REGULATION

Classification

T; R61 (May cause harm to the unborn child)

N: R50-53
Labelling
Indication of
danger:

Toxic (T) Dangerous for the environment (N)
R-phrases: Repr. Cat. 2; R61 May cause harm to the unborm chil
N: R50-53

-11 -
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2.4  Current self-classification and labelling

2.4.1 CURRENT SELF-CLASSIFICATION AND LABELLING BAS ED ON THE CLP
REGULATION CRITERIA

Classification
As perthe Annex VI entry

2.4.2 CURRENT SELF-CLASSIFICATION AND LABELLING BAS ED ON DSD
CRITERIA

Classification

As perthe Annex VI entry
Labelling

As perthe Annex VI entry

3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY  LEVEL

There are data available to show that the exidtangnonised classification for flumioxazin (ISO);
N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-
dicarboximide, Repr. 1B (H360D) in accordance wWithP (Repr. Cat. 2; R61 in accordance with
Dir 67/548/EEC) is incorrect. Therefore, actionrexjuired at the Community level and this
proposal seeks to amend the existing entry in Anfiex

This proposal has been prepared by Sumitomo Ché@aaltd. in accordance with Article 37(6)
of CLP and submitted by the Czech Republic
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Part B.

SCIENTIFIC EVALUATION OF THE DATA

LIDENTITY OF THE SUBSTANCE

1.1 NAME AND OTHER IDENTIFIERS OF THE SUBSTANCE

TABLE 5: SUBSTANCE IDENTITY

EC number: -

EC name: Flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk21,4-
benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboximide

CAS number (EC 103361-09-7

inventory):

CAS number: 103361-09-7

CAS name: 2-[7-fluoro-3,4 —dihydro-3-ox0-4-(2-prowy)-2H-1,4- benzoxazir
6-yl]-4,5,6,7-tetrahydro--isoindole-1,3 (&)- dione

IUPAC name: N-(7-fluoro-3,4 —dihydro-3-o0xo0-4-prop-2-ynylk21,4- benzoxazin
6-yl)cyclohex-1-ene-1,2-dicarboximide

CLP Annex VI Index 613-166-00-x

number:

Molecular formula: GoH15FN2O4

Molecular weight range: | 354.33

-13 -



CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0O-4-PROP-2-
YNYL-2H-1,4-BENZOXAZIN-6-YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMDE

Structural formula:

HC\\

)
?;N o
F 0
1.2COMPOSITION OF THE SUBSTANCE

TABLE 6: CONSTITUENTS (NON-CONFIDENTIAL INFORMATIO N)

Constituent Minimum concentration Concentration range Remarks

Flumioxazin (ISO)N-(7- | 96.0% (w/w) 96.0 - 100% (w/w)
fluoro-3,4-dihydro-3-oxo- (equivalent to 960 g/kg)
4-prop-2-ynyl-H-1,4-
benzoxazin-6-yl)cyclohex-
1-ene-1,2-dicarboximide

Current Annex VI entry: flumioxazin (ISON-(7-fluoro-3,4-dihydro-3-oxo0-4-prop-2-ynylk2
1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxienhnex VI index numbe$13-166-00-X.

Details on the current classification are refertedn Part A, Section 2.3. There are M-factors
associated with flumioxazin (ISO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-
benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboximided a@here are no notes associated with its
Annex VI entry.

TABLE 7: IMPURITIES (NON-CONFIDENTIAL INFORMATION)

Impurity Minimum concentration Concentration range Remarks

- - No impurities of
toxicological concern

Current Annex VI entry: Not applicable

The manufacturer has requested that the impuridfilerremains confidential, therefore this
information is presented in the IUCLID 5 techniadbssier only. The minimum purity of
flumioxazin (1SO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk21,4-benzoxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide is 96.0% aneréhare ten process impurities present. These
have been taken into consideration in the clasgifio and are not considered to be of additional
concern.

TABLE 8:ADDITIVES (NON-CONFIDENTIAL INFORMATION)

Additive Function Typical concentration | Concentration range | Remarks

None

Current Annex VI entry: Not applicable
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1.2.1.Composition of test material

Where available, the purity of the tested mateisaprovided in the relevant sections. The
reported studies are considered to be representatithe material as specified above.
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1.3 PHYSICO-CHEMICAL PROPERTIES

TABLE 9:SUMMARY OF PHYSICO - CHEMICAL PROPERTIES

key study

Property Value Commernt Remarkd Reference
(quideling, GLP status)
State of the substance at 20°C and 101,3 kP&Vhite powdery solid Visual
(Guideline n/a; GLP)
Melting/freezing point 203.51 —209.74°C Measured 1 (reliable without
(OECD 102, EEC A.1; GLP) restriction)
— : : — K d Foster (2011)

Boiling point Could not be determined due decompositipMeasured ey study
OECD 103, EEC A.2; GLP) at 273°C purity: 99.6%
Relative density 1.4157 g/crfi(20.1°C) Measured
(OECD 109, EEC A.3; GLP)
Vapour pressure 0.00032 Pa (22°C) Measured 1 (reliable withoytPesselman (1990
(OECD 104 (gas saturation method), GLP) restriction)

key study

purity: 99.5%
Surface tension 70.9 mN/m (20°C) Measured 1 (reliable without Wells (1999)
(EEC A.5; GLP) restriction)

key study

purity: 99.0%
Water solubility 0.786 +0.1081 mg/L (20°C) Measured 1 (reliable with | Foster & Moseley
(OECD 105, EEC A6 (column elution restriction) (2011)
method); GLP) key study

purity: 99.6%
Partition coefficient n-octanol/water Log R, = 2.55 (20°C, pH 5.92 — 5.98) Measured 1 (reliaitbout | Yamadaet al
(OECD 107 (shake flask method); GLP) restriction) (1990)

purity: 99.9%
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YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMIDE

(EU method A.16; GLP)

restriction)
key study
purity: 99.4%

Property Value Commernt Remarks Reference
(quideling, GLP status)
Flash point n/a Not measured as flumioxazin| - -
(n/a) is a solid with m.p >40°C
Flammability Classified as not highly flammable, no Measured 1 (reliable without | Russell (1994a)
(EEC A.10; GLP) ignition observed restriction)

key study

purity: 99.4%
Explosive properties Flumioxazin did not explode under the tes 1 (reliable without | Sweetapple
(EEC A.14, GLP) conditions restriction) (1990)

key study

purity: 97.6%
Auto-flammability No auto-flammability occurred up to 420°( Measured 1 (reliable without | Russell (1994b)

(US EPA OPPTS 830.7100; GLP)

flumioxazin is a solid

Oxidising properties n/a Not measured as flumioxazin| - Radcliffe (1993)
(Theoretical assessment; non-GLP) does not contain functional

gps associated with

oxidising/reducing activity
Dissociation constant n/a Not measured as flumioxazin| 1 (reliable without | Furuta (1991)
(OECD 112; Non-GLP) decomposed at pH>9 and no| restriction)

spectral changes were key study

observed at pH7. purity: 99.5%
Viscosity n/a Not measured n/a as - -

1.Where appropriate, methods employed were guielelimpliant

2.Measured or estimated

3.Studies evaluated according the criteria sebgulimischet al (1997)

-17 -




CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0O-4-PROP-2-
YNYL-2H-1,4-BENZOXAZIN-6-YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMDE

2MANUFACTURE AND USES

2.1MANUFACTURE

Flumioxazin is manufactured in Japan.

2.2IDENTIFIED USES

Flumioxazin (1SO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk21,4-benzoxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide is a herbicwlgh a long history of agricultural use for the
pre-emergence control of many annual broad-leavesta/and some annual grasses.

3  CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-o0xo0-4-prop-2-ynylk-1,4-benzoxazin-6-
yhcyclohex-1-ene-1,2-dicarboximide is not classifiwith respect to physico-chemical properties.
This is not considered further in this dossier.

4  HUMAN HEALTH HAZARD ASSESSMENT

The focus for this classification proposal is tlystematic evaluation of the reproductive hazard
potential of flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-benzoxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide and consequerithe following human health hazard
assessment is restricted to information relevatiéoproposal, including additional information on
repeat dose toxicity, toxicokinetics during gestatin vitro toxicity and reproductive toxicity. All
unpublished regulatory guideline studies condudietbre and after flumioxazin (ISON-(7-
fluoro-3,4-dihydro-3-oxo-4-prop-2-ynyl¥2-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-

dicarboximide was last reviewed for harmonised sifasition in 2001 are summarised. Where
relevant, published studies from the scientifierbiture are also summarised and those published
after 2001 are highlighted as new information.

The information provided in sections 4.7 and 4.0® @sed only as supportive data for toxicity to
reproduction.

4.1 TOXICOKINETICS (ABSORPTION, METABOLISM, DISTRIBUTIO N AND
ELIMINATION)

Refer to Section 4.12.1.

4.2 ACUTE TOXICITY

Not relevant for this proposal.

4.3 SPECIFIC TARGET ORGAN TOXICITY — SINGLE EXPOSURE (S TOT SE)

Not relevant for this proposal.

4.4 |IRRITATION

Not relevant for this proposal.
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45 CORROSIVITY

Not relevant for this proposal.

4.6 SENSITISATION

Not relevant for this proposal.

4.7 REPEATED DOSE TOXICITY

The results of the subchronic repeat dose toxgtiiglies considered relevant to this proposal are
summarised. For convenience the chronic toxicigulte in the combined chronic toxicity and
carcinogenicity study in the rat are summarisefention 4.10.

4.7.1 NON-HUMAN

4.7.1.1REPEATED DOSE TOXICITY: ORAL

The results of experimental studies on repeat dftee oral exposure are summarised in the
following table:

TABLE 10: OVERVIEW OF EXPERIMENTAL STUDIES ON REPEA TED DOSE TOXICITY AFTER ORAL
ADMINISTRATION

Method Results Remark$ Reference

90d, rat (SD) (12 animals/sex/gdJOAEL: ca. 1000 ppm (male/female) based dh(reliable withou|Hagiwara
oral: feed changes in haematological parameters alongrestriction) (1989)
0, 30, 300, 1000, 3000 ppm with increased incidences of extramedullary | ey study SBT-91-0002

. haematopoiesis in the spleen and increased o
E:/?)u;:]' d062'23’22(2)'17’76$'17’52;1§é5 Llabsolute spleen weights, relative liver and purity: 98.4%

D . .
ma/kg/d (F)] spleen weights in both males and females at
3000 ppm
EPA OPP 82-1, GLP
90d, rat (SD) (10 animals/sex/g@OAEL: ca.300 ppm (male) based on 1 (reliable withou|Adachi (1991
oral: feed increased liver, heart, kidney and thyroid  |restriction) SBT-10-0023

0, 30, 300, 1000, 3000 ppm | VeIgNts key study
[equiv. 0, 1.9, 19.3, 65.0, 196.7|NOAEL: ca. 30 ppm (female) based on | nyrity: 94.8%
(M) and 0, 2.2, 22.4, 72.9, 218.4haematological changes (including anaemia and

mg/kg/d (F)] extramedullary haematopoiesis

EPA OPP 82-1, GLP

1.Studies evaluated according the criteria sebgi€limischet al (1997)

90-day oral studies in rats

In first 90-day study (Hagiwara, 1989 SBT-91-0008)e groups, 4 treatment and 1 control
group of 12 animals/ sex/group were fed flumioxamrthe diet for 13 consecutive weeks.
Dietary concentrations of 0, 30, 300, 1000 and 3ppth were administered, equivalent to
compound intakes of 0, 2.3, 20.7, 69.7 and 243.Kkgiday for males and 0, 2.2, 21.7, 71.5
and 229.6 mg/kg/day for females, respectively.

Haematology and bone marrow examination resulteateld anaemia (decreased haemoglobin
concentration (Hb), decreased haematocrit, incteesteculocyte count, increased erythroblast
count, decreased red blood cell (RBC) count) in3b@0 ppm group. Increased platelet count
and decreased mean corpuscular haemoglobin (MC#i)reean corpuscular volume (MCV)
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were observed in the 1000 and 3000 ppm (both sexesps. Increased spleen weights and
spleen-to-body weight ratios were observed in th@003pm group (both sexes).
Histopathological examination revealed a high ieoice of extramedullary haematopoiesis
(slight to moderate) of the spleen in the 3000 gmr{12/12 M and 8/12 F). Other findings in

the study were considered unrelated to treatment.

TABLE 11: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE HAGIWARA (1989) 90-DAY STUDY

*p<0.05, *p<0.01

Parameter Male Female

Dose level (ppm) 0 30 300 1000 | 3000 0 30 300 1000 | 3000
Dose level: 0 23 | 207 | 69.7 | 2435| © 22 | 217 | 715 | 2296
approximate
equivalent mg/kg/d
Erythrocyte count 9.34 9.36 9.47 9.50 9.41 8.7% 8.30 8.56 9.11  7.47*
(x10°/pL)
Hb conc. 15.78 | 15.92| 1598 15.7114.53* 15.26 | 14.80| 15.38 14.76 11.42*}
(g/dL)
Haematocrit 48.64 | 48.98( 49.37 47.99 44.48* 48.33 | 45.63| 46.94 45.82 36.25*}
(%)
MCV 52.11 | 52.51| 52.13 50.53*47.28* 55.28 | 55.19| 54.90 50.26* 46.79*4
(fL)
MCH 1693 | 17.06| 16.97 16.5%15.46™ 17.56 | 17.91| 18.00 16.24*14.75*%
(P9)
MCHC 3248 | 32.53| 3255 32.7% 32.7 31.77 32/48 32.80 3532.31.51
(%)
Platelet count 1.30 1.33 1.38 1.45( 1.80% 1.26 1.2% 118  1.5%** 13*
(x10%/uL)
Erythroblast ratio 0.4 0.7 0.5 0.5 7.8** 0.4 0.3 0.2 1.1 31.3f*
(/100WBC)
Reticulocyte 0.86 0.81 0.79 1.13| 1.68% 1.2 147 0.80 1.1 1®*
(%)

Based on the results of this study, the NOAEL wa@801lppm (69.7 mg/kg/day for males and
71.5 mg/kg/day for females) based on changes imasmogical parameters along with
increased incidences of extramedullary haematojgoiasthe spleen and increased absolute
spleen weights, relative liver and spleen weightisath males and females at 3000 ppm.

In a second 90-day study (Adachi, 1991 SBT-10-0083} groups, 4 treatment and 1 control
group of 10 animals/ sex/group, were fed flumiorami the diet for 13 consecutive weeks. A
further 6 animals/sex/group were fed the diet focdnsecutive weeks before an interim
sacrifice. Dietary concentrations of 0, 30, 3000ACand 3000 ppm were administered,
equivalent to compound intakes of 0, 1.9, 19.306&nd 196.7 mg/kg/day for males and 0, 2.2,
22.4, 72.9 and 218.4 mg/kg/day for females, reppsygt

Toxic changes observed were most prominently aatatiwith changes in the haematopoietic
system. Females were more susceptible to this thales. Haematology and bone marrow
examination results indicated microcytic and hypoofic anaemia (decreased Hb
concentration, decreased haematocrit, decreased QVICHcreased reticulocyte count,
increased erythroblast count and decreased RBCt)catiri000 ppm and greater. Decreased
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MCV and MCH were also observed at 300ppm in femalée anaemia was associated with
acceleration of the haematopoiesis, such as irmdeesticulocytes and erythroblasts in the
blood, hypercellularity and decreased myeloid/enith ratio in the bone marrow.
Extramedullary haematopoiesis in the liver and esplevere thought to be related and
secondary effects to the anaemia. Pigmentatiohdadiver might have resulted from increased
erythrocyte destruction and increases in heart hteigight be regarded as compensatory
hypertrophy resulting from lasting anaemia.

TABLE 12: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE  ADACHI (1991) 90-DAY STUDY

Parameter Male Female
Dose level (ppm) 0 30 300 | 1000 | 3000 0 30 300 | 1000 | 3000
Dose level: 0 1.9 19.3 | 65.0 | 196.7| © 22 | 224 | 729 | 2184

approximate
equivalent mg/kg/d

INTERIM SACRIFICE (WEEK 5)

Erythrocyte count 778 | 780 | 7.91| 804/ 820 766 779 7.3 804  7.p3*
(x10°/puL)

Hb conc. 14.9 14.7 148 13.9* 13.3% 14.6 14.6 14.0  13.110.6**
(9/dL)

Haematocrit 40.8 40.7 41.1 39.1 38.771 38.8 39.p 376 35.9** 330.
(%)

MCV 525 52.2 52.0| 48.7* 47.2* 50.7 50.3 49.4  44.6+91.9**
(fL)

MCH 19.1 18.8 18.7| 17.3* 16.3" 19.1 18.8 18.4  16.214.7**
(p9)

MCHC 36.3 36.0 35.9( 35.5% 34.5* 37.7 37.4 37.3 36.3*35.0**
(g/dL)

Neutrophil count 0.76 0.60 0.97 0.63 0.77 0.5 0.4b 0.47 0.48 0.96**
(10% puL)

Erythroblast ratio 0 0 0 1 4+ 1 0 0 8 53**
(/100WBC)

Reticulocyte 16.0 18.8 17.4 21.9| 359% 7.6 10.( 9.4 22|19  73.1*

(%)

WEEK 13

Erythrocyte count 8.34 8.39 8.59 8.61| 9.00*  7.69 7.94 7.98 8.38 6.b1
(x10°/uL)

Hb conc. 14.6 14.8 14.8| 13.9% 13.6 13.7 14.1 13.8 1244 8%8.
(g/dL)
Haematocrit 39.7 | 39.8| 406| 384| 3797 38. 389 382 359 26/6*
(%)
MCV 476 | 47.4 | 47.3| 44.6* 4227 496 49.4d 47.9% 42.9F40.7*
(fL)
MCH 17.5 17.6 17.3| 16.2¢1 15.17 17.9 1771 17.3* 14.9(*13.4*
(P9)
MCHC 36.8 | 37.2 38.5| 36.3Y 35.9%F 36.2 36.1 36.0 34.62.8
(g/dL)
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Parameter Male Female
Dose level (ppm) 0 30 300 1000 | 3000 0 30 300 1000 | 3000
Dose level: 0 1.9 19.3 65.0 | 196.7 0 2.2 22.4 729 | 218.4

approximate
equivalent mg/kg/d

Neutrophil count 0.68 0.89 1.88 0.72 0.77 0.48 0.46 0.45 042  0.92*
(10 uL)

Erythroblast ratio 0 0 1 1 5** 0 0 0 9 103**
(/100WBC)

Reticulocyte 7.8 9.0 6.7 9.7 13.8*% 9.7 8.1 9.7 17.4* 38.9p*

(%o)
*p<0.05, *p<0.01

Based on the results of this study, the NOAEL wassered to be 30 ppm (2.2 mg/kg/day)
based on haematological changes (including anaandaextramedullary haematopoiesis) in
females. For males, the NOAEL was considered t@@&ppm (19.3 mg/kg/day) based on
increased liver, heart, kidney, thyroid weights an@tlence of low grade anaemia.

4.7.1.2REPEATED DOSE TOXICITY: INHALATION

Not relevant for this proposal.

4.7.1.3REPEATED DOSE TOXICITY: DERMAL

The results of experimental studies on repeat dfise dermal exposure are summarised in the
following table:

TABLE 13: OVERVIEW OF EXPERIMENTAL STUDIES ON REPEA TED DOSE TOXICITY AFTER
DERMAL EXPOSURE

Method Results Remark$ Reference

21d, rat (SD) (5 animals/sex/gp)NOAEL: > 1000 mg/kg/day (male) based on|do(reliable withou|Osheroff
dermal: semi-occuled adverse effects observed up to the maximumrestriction) (1991)

0, 100, 300, 1000 mg/kg/day ﬁl‘gié‘fted 300 mglka/day (fermale) based key study SBT-11-0026
) : ca. mg/kg/day (female) based 0g,rity: 94.8%
EPA OPP 82-2, GLP decreased mean Hb and haematocrit values Burity 0

1.Studies evaluated according the criteria sebgi€limischet al (1997)

21-day dermal toxicity study (SBT-11-0026)

Four groups, 3 treatment and 1 control group ofnfimals/ sex/group, had flumioxazin
administered dermally in corn oil to pre-clippedttesites once daily for 21 days. After
application gauze was applied and wrapped to ptdeesa of dose and potential oral ingestion.
Following a 6 h exposure dressings were removed thedtest site wiped using gauze
moistened with distilled water. Doses used werk00, 300 and 1000 mg/kg/d.

There were no indications of treatment related cffeobserved on body weight, food
consumption, gross pathology, dermal responsejcalirsigns of toxicity or biochemical

parameters. Signs of toxicity were limited to feesaln the high dose group with significant
decreases in both Hb concentration and haemat@duiés.
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TABLE 14: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE  21-DAY DERMAL STUDY

Parameter Male Female
Dose (mg/kg bw) 0 100 300 1000 0 30 300 1000
Hb conc. (g/dL) 16.4 16.4 16.6 15.9 16.9 16.2 16.p 15.7*
Haematocrit (%) 48.3 48.5 48.7 46.9 49.1 46.9 485 46.1*
* p<0.05

Based on the results of this study, the NOAEL wasstlered to be 1000 mg/kg/d for males
(the maximum dose tested). For females the NOAE& eamsidered to be 300 mg/kg/d based
on decreased mean Hb and haematocrit values.

4.7.1.AREPEATED DOSE TOXICITY: OTHER ROUTES

No relevant information.

4.7.1.5HUMAN INFORMATION

No relevant information.

4.7.1.6 OTHER RELEVANT INFORMATION

None.

4.7.1.7 SUMMARY AND DISCUSSION OF REPEATED DOSE TOXCITY

Overall, irrespective of the route of administratiforal (dietary) or dermal) toxic changes
observed following flumioxazin exposure in the @t associated with changes in the
haematopoietic system. The changes are charaicteostanaemia and generally involve
decreased Hb concentration, decreased haemattexigease RBC count along with increases
in reticulocytes and erythroblasts in the blood.eDw the decrease in the parameters
mentioned, the compensatory mechanism involves rbgpelarity and decreased myeloid :
erythroid ratio in the bone marrow accompanied \aitbeleration of haematopoiesis (hence the
increase in circulating immature RBC (i.e. retiayles and erythroblasts). Secondary effects
to the anaemia involve extramedullary haematop®iesihe liver and spleen, with evidence of
increased erythrocyte destruction in the liver (ifemh as pigmentation of the liver) and
potential compensatory hypertrophy of the heart.

Repeat dose toxicity studies showed that the ratth@ most susceptible species and there was
no evidence of anaemia in either the mouse (28-diagpg (90-day and 1 year) studies (these
data have not been reported in this proposal asdltenot provide any evidence of toxicity
relevant for the mode of action proposed in thg tdbwever, the absence of haematological
effects in these other species is discussed latéha context of species differences in the
toxicity of flumioxazin.

Further discussion of the mode of action of theeama is presented in Section 4.12.2.

4.8 SPECIFIC TARGET ORGAN TOXICITY (CLP REGULATION) — R EPEATED
EXPOSURE (STOT RE)

Not relevant for this proposal.
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4.9 MUTAGENICITY (GENOTOXICITY)
Not relevant for this proposal.
4.10 CARCINOGENICITY

4.10.1 NON-HUMAN INFORMATION

4.10.1.1CARCINOGENICITY: ORAL

Not relevant for this proposal. The results of theonic toxicity component of the combined
chronic toxicity and carcinogenicity study in thet are relevant and are summarised in the
following table:

TABLE 15: OVERVIEW OF EXPERIMENTAL STUDIES ON CHRON IC TOXICITY AFTER ORAL
ADMINISTRATION

Method Results Remark$ Reference
52 or 104 wk, rat (SD) Non-neoplastic effects: 1 (reliable withou|Seki (1993)
(50 animals/sex/gp) NOAEL: ca. 50 ppm (male/female) (based ofrestriction) SBT-30-0040
oral: feed chronic nephropathy (male) and haematologiggl, study

0, 50, 500, 1000 ppm [equiv. O, changes (anaemia, both genders)

1.8, 18.0,36.5 (M) and 0, 2.2,
21.8, 43.6 mg/kg/d (F)]

EPA OPP 83-5, GLP
1.Studies evaluated according the criteria sebgi€limischet al (1997)

purity: 94.8%

Summary of oral chronic toxicity data (SBT-30-0040)

Four groups, 3 treatment and 1 control group o&litnals/ sex/group were fed flumioxazin in
the diet for 24 consecutive months. A further 2#rets/sex/group were fed the diet for 12-18
consecutive months as satellite groups. Dietaryceotnations of 0, 50, 500 and 1000 ppm
were administered, equivalent to compound intake8, d..8, 18.0, and 36.5 mg/kg/day for
males and 0, 2.2, 21.8 and 43.6 mg/kg/day for femakspectively.

Toxic changes observed were most prominently agtatwith changes in the haematopoietic
system. Haematological changes associated withn@aa@ rats of the 500 and 1000 ppm
groups. A slight increase (p<0.05) in extramedyllflaematopoiesis was observed. The
anaemia lasted throughout the treatment periodghienit was not aplastic in nature. Chronic
nephropathy was observed in males in the internediad high dose groups.

TABLE 16: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE = RAT CHRONIC STUDY

Parameter Male Female
Dose level (ppm) | Wk 0 50 500 1000 0 50 500 1000
Dose level: 0 1.8 18.0 36.5 0 2.2 21.8 43.6

approximate
equivalent mg/kg/d

Erythrocyte count 14 8.82 9.06 8.85 9.11 7.99 7.94 8.21 8.4g**
(xL0%L) 27 8.96 9.00 9.17 9.21 8.07 7.621 8.2§ 8.51*
53 8.65 8.94 8.76 9.10 7.19 7.08 7.51 7.71+*
79 7.94 8.35 8.38 8.43 7.37 6.99 7.13 7.35
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Parameter Male Female
Dose level (ppm) | Wk 0 50 500 1000 0 50 500 1000
105 7.68 7.41 7.12 7.92 6.37 6.44 7.15 6.5¢4
Hb conc. 14 154 15.5 15.0* 14.9* 15.0 14.9 14.0%  13.4%
(g/dL) 27 15.3 15.1 154 15.0 15.0 14.7 14.6 13.8**
53 14.2 14.2 13.8 14.1 13.2 12.9 12.7 12.0%*
79 13.6 14.2 13.9 13.7 13.8 134 12.6* 12.1p*
105 14.0 134 12,5 13.6 12.3 12.3 12.9 112
Haematocrit 14 44.1 44.8 434 43.1 415 41.3 39.67*  38.77*
(%) 27 45.6 454 45.8 45.1 44.0 42.8 43.0 41. 2%
53 42.8 435 425 43.0 38.6 38.0 37.7 36.3
79 39.1 40.8 40.3 40.3 38.7 37.7 36.7 35.3*
105 39.3 37.7 35.9 38.5 35.1 34.9 36.7 321
MCV 14 50.0 495 49.1 47 4= 52.0 51.9 48.2*%  45.8%*
(L) 27 50.9 50.4 50.0 49.2 54.5 56.1 52.1t*  48.5%*
53 49.5 48.7 48.6 47.3 53.7 53.7 50.21*  47.2%
79 49.3 48.9 48.1 47.9 52.6 547 52.2 48.3*
105 52.3 50.8 50.3 48.5 55.8 53.9 51.9* 49.7p*
MCH 14 17.4 17.1 17.0 16.4** 18.8 18.7 17.0%  15.9%
(pQ) 27 17.1 16.8 16.8 16.3** 18.6 19.2¥ 17.6*F  16.1%
53 16.4 15.9 15.8 15.5%% 18.4 18.2 16.9%  15.6%
79 17.1 17.0 16.6 16.3 18.7 19.2 17.77 16.61*
105 18.6 17.8 17.4 17.2 194 19.d 18.2* 17.2p*
MCHC 14 34.8 34.6 34.5 34.6 36.1 36.1 35.3* 34.7f*
(g/dL) 27 33.6 334 33.5 33.2 34.2 34.3 33.5}3 33.4*
53 33.1 32.7 32.5 32.8 34.2 33.9 33.8 33.1*
79 34.8 34.8 34.5 34.0% 35.6 35.5 34.2% 34.3t7
105 35.6 35.1 34.6 35.4 34.9 35.3 35.1 346
Erythroblast ratio 14 0 1 0 1 0 1 0 14
(100WBC) 27 0 0 0 1 0 0 2 4*=x
53 0 1 0 1 0 1 1 19*
79 0 1 0 P 0 0 5 18**
105 1 0 0 6 1 1 1 25%*
Reticulocyte 14 8.0 104 11.0 10.9 11.4 14.6 18.4¢ 18.7+*
(%0) 27 18.9 13.1 16.6 16.3 13.7 17.9 19.2 231
53 13.3 147 14.0 12.6 12.7 14.3 15.3 174
79 18.2 13.7 15.2 15.2 15.7 16.7 30.9 26.2
105 23.1 314 35.1 21.4 37.9 33.5 241 42,5
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* p<0.05, ** p<0.01

Based on the results of this study, flumioxazin e@scluded not to be carcinogenic. The
NOAEL for chronic toxicity was considered to be@m (equivalent to 1.8 and 2.2 mg/kg/d,
for males and females respectively) based on ctrmephropathy (males) and haematological
changes (anaemia, both genders).

Note: there was no evidence of adverse haematalogfifects in the mouse carcinogenicity
study (SBT-30-0040). Therefore the study is nagwaht to this proposal and it has not been
summarised.

4.10.1.2CARCINOGENICITY: INHALATION

Not relevant for this proposal.

4.10.1.3CARCINOGENICITY: DERMAL

Not relevant for this proposal.

4.10.1.4HUMAN INFORMATION

None.

4.10.2 OTHER RELEVANT INFORMATION
None.

4.10.3 OVERALL SUMMARY AND DISCUSSION OF CHRONIC TOXICITY DATA

Overall, chronic flumioxazin exposukea dietary administration in the rat was associatetth wi
increased incidences of extramedullary haematoijsogesd associated anaemia throughout the
treatment period. The anaemia however was not taplasnature. No haematopoietic changes
were observed in the mouse, suggesting that thevaat more susceptible. There were no
treatment related oncogenic effects in either gzeci

Further discussion of the mode of action of thesama is presented in Section 4.12.2.
4.11 TOXICITY FOR REPRODUCTION

4.11.1 EFFECTS ON FERTILITY

The results of experimental fertility studies anensnarised in the following table:

TABLE 17: OVERVIEW OF EXPERIMENTAL STUDIES ON FERTI LITY TOXICITY

Method Results Remarks Reference
rat (SD) two-generation study |NOAEL parental toxicityca. 200 ppm 1 (reliable withou|Hoberman,
(30 animals/sex/gp) (male/female) (based on adverse clinical sign®striction) A.M. (1992)
oral: feed reductions in body weight, body weight gain, ey study SBT-21-0035

0, 50, 100, 200, 300 ppm [equiy _food consump.tion an_d_organ weights)

P.: 0, 3.2, 6.3, 12.7, 18.9 mg/kgflWOAEL offspring toxicity:ca. 100 ppm

(M) and 0, 3.8, 7.6, 15.1, 22.7 |(male/female) (based on reduced pup body
mg/kg/d (F); |: 0, 3.7, 7.5, 15.0 weights, increase in stillbirths with viability
22.4 mg/kg/d (M) and 0, 4.3, 8.5index and litter size reduced)

17.2, 25.6 mg/kg/d (F)] NOAEL reproductiveca. 200 ppm (female)

purity: 94.8%
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Method Results Remark$ Reference

EPA OPP 83-4, GLP (based on reduced gestatiox iimdgoth R
and F generations and an increase in the
number of F dams that did not deliver a litter

1.Studies evaluated according the criteria sebgi€limischet al (1997)

Summary of fertility data (SBT-21-0035)

Flumioxazin was administeredia the diet to 30 Sprague-Dawley rats/sex/group atady
concentrations of 0, 50, 100, 200 or 300 ppm indie¢ These doses were equivalent to 0, 3.2,
6.3, 12.7 or 18.9 mg/kg/day for Fhales and 0, 3.8, 7.6, 15.1 or 22.7 mg/kg/dayPfdemales,
respectively. For the;Fjeneration, equivalent doses were 0, 3.7, 7.9, d522.4 mg/kg/day for
males and 0, 4.3, 8.5, 17.2 or 25.6 mg/kg/day dandies. The fand k parents were given the
test diets for 12 weeks prior to mating to prodineehR and F, litters. i pups were weaned at 21
days of age and approximately 30 pups/sex/groue wamdomly selected as parents of the F
generation. Sperm parameters were not evaluatédeiparental males and sexual maturation
and developmental landmarks were not evaluateaeimtfspring.

Parental toxicity was evidenced with decreased bwdights in  males accompanied by
increased food consumption.

TABLE 18: EFFECTS ON PARENTAL ANIMALS (P1 GENERATIO N)

Parameter Male Female
Dose level (ppm) 0 50 100 200 300 0 50 100 200 300
Dose level: approximatf 0 3.2 6.3 12.7 18.9 0 3.8 7.6 15.1 22.7
equivalent mg/kg/d
Clinical signs

Vagina: red substance 1/28 | 0/28 | 1/27 | 1/30 | 9/25°

present

Body weights (g)
premating Day 83 604.2 | 619.9 | 596.2 | 595.7 | 613.6 | 332.3 | 337.3 | 328.7 | 332.9 | 331.6

gestation Day 20 464.3 | 471.1 | 462.6 | 460.8 | 416.3
lactation Day 21 362.3 | 364.7 | 369.1 | 360.9 | 384.4
terminal 700.1 | 728.6 | 698.0 | 695.8 | 708.2 | 367.3 | 370.5 | 369.7 | 372.2 | 369.7

Food consumption (g/d)
premating (Day 1-83) 28.8 | 29.5 | 285 |285 |288 |204 20.9 20.3 20.4 20.4
gestation (Day 0-20 25.3 25.7 25.8 25.0 25.7
lactation (Day 1-14 453 | 438 |452 |439 |36.9

**: Statistically significance (p<0.01)
The changes of clinical sign and body weigh gaithenfemales of the 300ppm group were consideréa tttributable
to the foetal toxicity.

-27 -



CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0O-4-PROP-2-

YNYL-2H-1,4-BENZOXAZIN-6-YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMDE

TABLE 19: EFFECTS ON PARENTAL ANIMALS (F1 GENERATIO N)

Parameter Male Female
Dose level (ppm) 0 50 100 200 300 0 50 100 200 300
Dose level: approximat{ 0 3.7 7.5 15.0 22.4 0 4.3 8.5 17.2 25.6
equivalent mg/kg/d
Clinical signs
Total mortality 0/30 | 1/30 | 2/30 | 0/30 | 1/30 | 0/30 | 1/30 | 0/30 | 0/30 | 5/30"
Pale 0/30 | 0/30 | 0/30 | 0/30 | 3/30°| 0/30 | 0/30 | 0/30 | 0/30 | 3/30"
Vagina: red substance 0/27 0/28 0/25 0/25 | 1/20
present
Body weights (g)
premating Day 99 | 616.1 | 641.4 | 637.0 | 612.7 | 570.1 | 347.9 | 356.8 | 350.4 | 345.2 | 330.0
gestation Day 20 483.0 | 474.9 | 479.4 | 461.8 | 430.8
lactation Day 21 385.6 | 390.0 | 393.6 | 387.0 | 379.1
terminal 692.5 | 726.4 | 726.8 | 688.7 | 647.6 | 388.4 | 396.2 | 396.3 | 383.8 | 377.0
Food consumption (g/d)
premating (Day 1-99) 29.5 |30.7 |31.0 |299 |277 |217 |223 |215 |21.3 |201
gestation (Day 0-20 27.0 26.5 25.8 25.7 25.0
lactation (Day 1-14) 476 |444 |46.1 |442 |37.6
Organ wt (g)
Epididymis(L) 083 |0.79 |0.85 |0.77 |0.74
(R) 083 |081 |0.85 |0.77 |0.72
Testis(L) 1.99 | 201 |196 |1.87 |1.87
(R) 1.98 | 202 |196 |1.86 |1.83
Prostate 1.22 |1.16 |1.16 |1.12 |1.08
Necropsy
Liver: yellow 0/30 | 0/30 | 0/30 | 0/30 |3/30
Histopathology
Liver:
bile stasis 2/4
necrosis, centrilobulal 3/4

*: Statistically significance (p<0.05)
**: Statistically significance (p<0.01)

Litters in the 200 ppm group had significant inses in stillbirths with related significant
reductions in live born pups in F2 generation.|l®iiins were not increased in the high dose
groups in F2 generation as embryo-fetal death oeduearlier in gestation. Pup weight was
significantly decreased in the pups of 200ppm grioupl generation. The gestation index (live
litters delivered/pregnant females), number of pdgls/ered, number of liveborn pups, viability
index, pup weight and litter size were significgnteduced in the 300ppm group in both
generations. The gestation index (and the numbdf, dams that did not deliver a litter) is

related to the embryo-foetal death.

A general reduction in mating performance acrokgralips including controls was attributed to
a genetically mediated problem in the rats supphigdCharles River breeding laboratory. No

treatment related effects on fertility were obsdrve
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TABLE 20: LITTER EFFECTS IN THE FERTILITY STUDY (P1 FEMALES — F1 PUPS)

partum

Parameter Dose level (ppm)
0 50 100 200 300
Dose level: approximate 0 3.8 7.6 15.1 22.7
equivalent mg/kg/d
Gestation index 23/23(100.09%) 22/22(100.0p6) 25/@6%) | 28/28(100.0%) 16/21(76.2%)*

Dams with stillborn pups 3/23(13.0% 3/22(13.6%) 26311.5) 2/28(7.1%) 1/16(4.8%)
Implantations (mean) 16.1+2.8 159+ 3.9 15.5Gt 4 16.5+2.6 15.0+ 3.7
Pups delivered (mean) 14.4 +3.6 15.2+4.0 13387+ 146 +3.8 7.2 £5.3*
Live born (mean) 142 +3.7 14.8+4.0 14.2 +4.( 451+ 3.8 7.0+5.1*
Still born (mean) 0.1+0.3 0.3+0.8 0.2+0.7 #.0.3 0.2+0.8
Viability index (%) 99.4 98.5 96.3* 95.1%+ 2 87.5*
Pup weight (g) D1, post 6.9+0.6 6.5+0.5 6.7+0.8 6.1 +0.7* 5.7+0.6

These changes were unrelated to treatment bedaisalties were within the historical control ra@e.8-100%)

TABLE 21: LITTER EFFECTS IN THE FERTILITY STUDY (F1 FEMALES — F2 PUPS)

Dose level: approximate
equivalent mg/kg/d

Parameter Dose level (ppm)
0 50 100 200 300
0 4.3 8.5 17.2 25.6

Gestation index

23/23(100.09

)

20/21(95.29

6)  19/10QA%) | 18/18(100.0%

16/18(88.9%

partum

Dams with stillborn pups 2/23(8.7%) 3/20(15.0%) H1D.5%) 4/18(22.2%) 2/16(12.5%)
Implantations (mean) 17.6+£29 154 +5.1 17.3@t 2 154+47 16.2+3.1
Pups delivered (mean) 15.8+3.6 13.6+54 1274+ 134+44 9.6 +5.1*
Live born (mean) 15.6 +3.7 13.3+5.3 156+23 2.8H44.3* 9.4 £ 5.0
Still born (mean) 0.1+0.3 0.2+0.7 0.1+0.3 H.6.3* 0.1+0.3
Viability index (%) 98.6 97.6 97.3 96.5 79.2%*
Pup weight (g) D1, post 6.4+0.5 6.7 +£0.6 6.3+0.5 6.1+0.7 5.6 £ 0.4*

Based on the results of this study the NOAEL fareptal toxicity was 200 ppm (12.7 mg/kg/d),
based on clinical signs of toxicity and reductiansbody weight, body weight gain, food

consumption and organ weights. The reproductive EDAvas also considered to be 200 ppm,
based on reduced gestation index in both thenE ik generations and an increase in the number

of F; dams that did not deliver a litter in the generation. The NOAEL for offspring toxicity
was 100 ppm (7.6 mg/kg/d) based on reduced pup vieidirts, increase in stillbirths with

viability index and litter size reduced and clidiead necropsy effects related to increased pup

mortality.
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4.11.2 EFFECTS ON DEVELOPMENTAL TOXICITY

4.11.2.1DEVELOPMENTAL TOXICITY: ORAL

The results of rat and rabbit developmental studiessummarised in the following table:

TABLE 22: OVERVIEW OF EXPERIMENTAL STUDIES ON DEVEL OPMENTAL TOXICITY AFTER
ORAL ADMINISTRATION

Method

Results

Remark$

Reference

rat (SD) developmental study

NOAEL maternal toxicity: >30 mg/kg/day

1 (reliable withou

Kawamura, S

0, 300, 1000, 3000 mg/kg/d
(exposed GD 7 — 19)

EPA OPP 83-3; GLP

consumption

NOAEL developmental toxicity:
>3000 mg/kg/day no effects observed up to

highest dose tested

purity: 94.8%
he

(22 females/gp) based on no signs of maternal toxicity obseruetriction) (1990a)
oral: gavage up to the highest dose tested key study SBT-00-0012
0, 1, 3, 10, 30 mg/kg/d (exposedNOAEL developmental toxicitca. purity: 94.8%
from GD 6 — 15) 10 mg/kg/day based on increased incidence|of
EPA OPP 83-3: GLP cardiac ventricular septal defects, wavy ribs,
curvature of the scapular and reduced
ossification of sacrococcygeal vertebral bodies
rabbit (NZW) developmental |NOAEL maternal toxicityca. 1000 mg/kg/day|1 (reliable withou|Hoberman
study (20 females/gp) based on reductions in maternal body weightrestriction) (1991)
oral: gavage gains and relative and absolute food key study SBT-11-0017

1. Studies evaluated according

the criteria sebgidlimischet al (1997)

Rat oral developmental study (SBT-00-0012)

Flumioxazin was administered oralljia gavage to groups (22) pregnant female rats at
concentrations of 0, 1, 3, 10 and 30 mg/kg/day fgastation day 6 to 15. Dams were culled on
GD 20 and fetuses were removed by caesarean sectibexamined.

No maternal signs of toxicity were observed, withhd consumption, body weights or clinical
signs of toxicity in treated animals being compérato the concurrent control group. The
number of live fetuses (p<0.05) and fetal body Wiigp<0.01) were significantly decreased in
the high dose group, where as the numbesoopora lutea implantations and sex ratio were

similar in all groups.

TABLE 23: EFFECTS ON MATERNAL ANIMALS

Parameter Dose level (mg/kg/d)
0 1 3 10 30

Body weight gain (g)

gestation day 6-20 | 95 96 101 97 85**
Necropsy

Retention of dark 0/22 0/21 0/21 0/22 1/19

reddish  fluid in

uterus 0/22 0/21 0/21 0/22 1/19

Retention of dark

reddish material in

uterus

**: Statistically significance (p<0.01)

The changes of body weigh gain and necropsy in 8kgd group were

toxicity.

considered to be attributabl¢hto foetal
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The incidence of fetuses with cardiovascular abmdities, primarily ventricular septal defects
(VSD), were increased in the 30 mg/kg/d groupschiay statistical significance at the high
dose group (p<0.01). Test material related incredadich reached statistical significance,
p<0.01) for scapular curvature (malformation) aral/wribs (minor anomaly), were observed.
Test material related decreases in ossified saccggeal vertebral bodies were also observed
and which were considered to be related to theedsed fetal body weights, rather than due to
a direct effect of the test material.

TABLE 24: SELECTED FETAL DATA FROM THE RAT ORAL DEV ELOPMENTAL STUDY

Parameter Dose level (mg/kg/d)
0 1 3 10 30
LITTER DATA
Mean live fetuses (n) 14+1.0 13+2.6 14+2.0 +1A1 11+4.1*
Fetal body weights M /F| 3.51/3.34 3.563/3.39 3.53/3.34 3.54/3.34 08.02.79*

(@

VISCERAL EXAMINATION

No. examined (n) [M / F] 147 138 144 144 102
[67 /80] [73/65] [76 7/ 68] [64 /80] [54 /48]
Cardiovascular 8 7 10 13 36**
abnormalities (n) [%] [5.4%] [5.1%] [6.9%] [9.0%] [35.3%]
Historical control data for cardiovascular abnormalities 7.5%
VSD (n) [%)] 2 1 2 6 26**
[1.4%] [0.7%] [1.4%] [4.2%] [25.5%)]
SKELETAL EXAMINATION
No. examined (n) [M / F] 154 144 152 153 111
[71783] [76 /1 68] [78174] [68 /95] [60/51]
Scapula curvature (n) 0 0 0 0 10**
[%0] [0.0%] [0.0%] [0.0%] [0.0%] [9.0%)]
Wavy ribs (n) [%] 1 1 7 0 27**
[0.6%] [0.7%] [4.6%)] [0.0%] [24.3%]
Ossified sacrococcygeall 8.9 +£0.61/ 9.0+£0.48/ 9.1+£0.48/ 9.0+£0.46/ 8.5 £ 0.55**/
vertebral bodies (n) (M/H) 8.8 £0.62 8.9+£0.49 8.8 £0.62 8.9+0.34 8.2 £ 0.44*

* p<0.05; ** p<0.01

Based on the result of this study, the NOAEL fovelepmental toxicity was considered to be
10 mg/kg/d, based on increased incidence of mtytalardiac VSDs, wavy ribs, curvature of
the scapular and reduced ossification of sacrogeaiyvertebral bodies, and decreased body
weight in the fetuses of rats. The litter obsesativas considered to be related to the decrease
in fetal body weights. No signs of maternal toxicitere observed, therefore the maternal
NOAEL for considered to be greater than 30 mg/kg/d.

Rabbit oral developmental study (SBT-11-0017)

Flumioxazin was administered oraya gavage to groups of 20 pregnant female rabbits at
concentrations of 0, 300, 1000 and 3000 mg/kg/dasn fgestation day 7 to 19. Dams were
culled on GD 29 and fetuses were removed by caamsaection and examined.
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Reductions in maternal body weight gains and nedatind absolute food consumption were
observed in the 3000 mg/kg/day group.

TABLE 25: EFFECTS ON MATERNAL ANIMALS

Parameter Dose level (mg/kg/d)
0 300 1000 3000
Body weight gain (kg) | 0.17 0.18 0.14 0.05*
gestation day 7-19
Food consumption (g/d)| 165.1 160.2 150.3 135.1*
gestation day 7-19

*: Statistically significance (p<0.05)

No significant differences in pre or post implamatloss or early / late resorptions were
observed. No test material related fetal change® wbkserved, with external / visceral and
skeletal malformations / variations in test matetiaated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fovelepmental toxicity was considered to be
greater than 3000 mg/kg/d (the highest dose testdéd) maternal NOAEL was considered to
be 1000 mg/kg/d based on reductions in maternay ladght gains and relative and absolute

food consumption.

4.11.2.2 DEVELOPMENTAL TOXICITY: DERMAL

The results of rat developmental studies are sumethm the following table:

TABLE 26: OVERVIEW OF EXPERIMENTAL STUDIES ON DEVEL OPMENTAL TOXICITY AFTER

DERMAL ADMINISTRATION

0, 30, 100, 300 mg/kg/d (exposed OAEL developmental toxicityca.

purity: 94.8%
e of

Method Results Remarks Reference
rat (SD) developmental study |NOAEL maternal toxicity: >300 mg/kg/day |1 (reliable withou|Kawamura
(24 females/gp) based on no effects observed up to the highasstriction) (1991)
dermal: occluded (6 h/d) dose tested key study SBT-10-0021

from GD 6 — 15) 100 mg/kg/day based on increased incidenc
EPA OPP 83-3; GLP

cardiac ventricular septal defects, wavy ribs and
reduced ossification of sacrococcygeal vertebral
bodies

1. Studies evaluated according the criteria sebgulimischet al (1997)

Rat dermal developmental study (SBT-10-0021)

Flumioxazin was administered dermally to group24fpregnant female rats at concentrations
of 0, 30, 100 and 300 mg/kg/day from gestation 6lag 15. Dams were culled on GD 20 and
fetuses were removed by caesarean section and re@mi

No maternal signs of toxicity were observed, withhd consumption, body weights or clinical
signs of toxicity in treated animals being compéralo the concurrent control group. The
number of live fetuses (p<0.01) and fetal body Wweig(F: p<0.05) were significantly
decreased in the high dose group, where as theerushborpora luteaand implantations were
similar in all groups.
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TABLE 27: EFFECTS ON MATERNAL ANIMALS

Parameter Dose level (mg/kg/d)
0 30 100 300
Clinical sign
Attachment of| 1/23 0/22 2/22 4/22
reddish materia

around vagina

Body weight gain (g)
gestation day 6-20 | 99 90* 97 72%*

**: Statistically significance (p<0.01)
The changes of clinical sign and body weigh gaiB00 mg/kg/d group were considered to be attridatéibthe foetal
toxicity.

The incidence of fetuses with cardiovascular abmdities, primarily VSD was significantly
increased (p<0.01) in the 300 mg/kg/d group. Teatenml related increases in wavy ribs
(minor anomaly; p<0.01)), were observed. In addititest material related decreases in
ossified sacrococcygeal vertebral bodies (statibyicsignificant for females [p<0.05]) were
also observed. This was considered to be relatati¢ialecreased fetal body weights, rather
than due to a direct effect of the test material.

TABLE 28: SELECTED FETAL DATA FROM THE RAT DERMAL D EVELOPMENTAL STUDY

Parameter Dose level (mg/kg/d)
0 30 100 300
LITTER DATA
Mean live fetuses (n) 13.6 +2.41 12.2 + 3.07 H32336 8.1+ 5.90**
Fetal body weights M/F (g) 3.38/3.24 3.51 ** 33. 3.43/3.24 3.10*/3.04
Total no. of embryonic 20 (6.0%) 16 (5.6%) 20 (6.4%) 122 (40.7%)**
deaths (%)

VISCERAL EXAMINATION

abnormalities (n) [%]

No. examined (n) [M/F] 153 133 144 88
[75178] [58/75] [751769] [53/35]
Cardiovascular 5 (3.3%) 4 (3.0%) 10 (6.9%) 19 (21.6%)**

Historical control data fo

r cardiovascular abnormalities 7.5%

VSD (n) [%)] 1 (0.7%) 1 (0.8%) 2 (1.4%) 13 (14.8%)**
SKELETAL EXAMINATION
No. examined (n) [M / F] 159 136 149 90
[81/78] [62/74] [77172] [57 /1 33]
Wavy ribs (n) [%6] 0 (0.0%) 0 (0.0%) 2 (1.3%) 18 (@)
Ossified sacrococcygeal 8.8+0.41/ 9.0+£0.37/ 8.9+0.66/ 8.5+0.78/
vertebral bodies (n) (M/F) 8.7£0.37 8.8 £0.45 8.6 £0.55 8.4 £ 0.50*

* p<0.05; ** p<0.01

Based on the results of this study, the NOAEL fevelopmental toxicity was considered to be
100 mg/kg/d, based on increased incidence of VS&yywibs and reduced ossification of
sacrococcygeal vertebral bodies in the fetuseatsf The latter observation was considered to
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be related to the decrease in fetal body weightssigns of maternal toxicity were observed,
therefore the maternal NOAEL for considered to teater than 300 mg/kg/d.

4.11.3 SUMMARY AND DISCUSSION OF REPRODUCTIVE TOXICITY

Flumioxazin induced embryolethality and teratogewim the rat following dosingia both the
oral and dermal routes. Evidence of teratogenisig exhibited in the form of cardiovascular
abnormalities, mainly VSD, and an increase in tih@dience of wavy ribs was also observed.
Furthermore, fetal growth retardation was also olexkin both studies. These effects observed
in the rat were in the absence of maternal toxiditycontrast to the rat, flumioxazin showed no
evidence of developmental toxicity in the rabbieevn the presence of maternal toxicity. The
maximum dose administered in the rabbit study wa@&fald greater (3000 mg/kg/d) than the
maximum dose administered in the rat oral developaietudy.

In the multi-generation study there was an increéasesorptions and a decrease in pup survival
and average pup weight which were probably seesmasxtension of the causal effects which
resulted in the increased embryolethality and gnowetardation observed in the rat

developmental studies. No treatment related eff@ctertility were observed.

4.12 MECHANISTIC STUDIES

The results of mechanistic studies are summarisélis section. New mechanistic studies which
were conducted after the publication of flumioxairirthe 28th ATP of the DSD are summarised
first (Section 4.12.1), whilst the previous meclséinistudies which established the mode of action
for teratogenicity in the rat are summarised intides 4.12.2 to 4.12.4.

4.12.1 NEW MECHANISTIC STUDIES

TABLE 29: OVERVIEW OF NEW MECHANISTIC STUDIES CONDUCTED ON FLUMIOXAZIN

Method Results Remark$ Reference
rat pharmacokinetic study The total amounts dfC excreted into bile and2 (reliable with |Takaku, T.
(3 females/gp) urine and**C remained in the carcass showegrestrictions) (2012a)
oral: gavage that the absorption (bile + urine + carcass) iNkey study SBM-0092
rat (Crl:CD (SD)): females was 12.3% after a single oral [phenyl-U
1000 mg/kg/ 3.7 MBg/single do 3aedmlmstratlon of flumioxazin at 1000 mg/kg. MCIflumioxazin
No guideline available; non-GLP purity: 98.6%
Flumioxazin
rat / rabbit pharmacokinetic studin rats significantly higher transfer of 2 (reliable with  |Shirai, N.
(4 females/gp) radioactivity to blood cells was observed restrictions) (2009)
oral: gavage compared with rabbits. Elimination of key study SBM-0081
rat (HW): radioactivity from female reproductive tissue fh U
: both species was slower than that from plasnvf enyt-’ .

30 mg/11.3 MBqg/5 mL/kg/d : : o : Jflumioxazin

) with only a small amount of radioactivity belr% itv- 99 90/
rabbit (NZW): transferred to the fetus. unity: 99.9%
30 mg/1.12 MB@g/0.5 mL/kg/d Flumioxazin
(exposure from GD 6 — 12) purity: 99.4%
Japanese guidelines on non-
clinical pharmacokinetic studies
no.496; non-GLP
development of rat erythroblastsin rats differentiation of circulating 2 (reliable with |lhara, R.
in rat embryosex vivo erythroblasts in rat embryos from embryonic|restrictions) (2011)

day 11 to 14 was synchronised.
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Method Results Remarks Reference
rat (SD) male/female key study SBT-0117
No test material added, study purity: n/a
used to examine differentiation pf
developing erythrocytes
No guideline available; non-GLP
inhibitory action against the Flumioxazin has the strongest inhibitory actiy2 (reliable with |Abe, J.
enzyme PPO obtained from rat|among the 4 substances tested, followed by |8estrictions) (2011a)
liver mitochondriajn vitro OH S-53482 and 4-OH S-54382, which wer€yey study SBT-0118
S-53482: 10 pM - LM 13.7 and 147 times weaker than flumioxazin Flumioxazin
. APF does not have any inhibitory activity o

3-OH S-53482: 100 pM - 1M against PPO up to 1G0M. purity: 99.4%
4-OH S-53482: 1 nM - 100M 30H S-53482
APF: 1 nM - 10QuM purity: 99.6%

b 40H S-53482

No guideline available; non-GLE

purity: 99.0%
APF
purity: 99.9%

K562 cell differentiation into PPIX accumulation in K562 cells was observ@d(reliable with |Kawamura, S
erythroid cells in the presence gkt concentrations of IM and greater in dose |restrictions) (2012a)
flumioxazin,in vitro dependent manner, there however was no effggf study SBT-0119
0.01 - 5uM on cell proliferation or haem synthesis at the uritv: not
N - . . highest dose tested. purity-

0 guideline available; non-GL¥ stated

K562 cell differentiation into

There was no effect on protoporphyrin 1X

2 (reliable with

Kawamura, S

erythroid cells in the presence gtontent, heme synthesis and cell proliferatiofrestrictions) (2012hb)
metabolites of flumioxazirin when K562 cells were treated with the key study SBT-0123
vitro metabolites, while flumioxazin increased urity: not
5 uM protoporphyrin IX in K562 cells. gtate)g
No guideline available; non-GLP
species difference in The induction ratios of PPIX following 2 (reliable with  |Abe, J.
accumulation of PPIX in primarytreatment with flumioxazin at 0483/mL were |restrictions) (2011b)
hepatocytes from rat, rabbit, |10.3, 1.1, 1.4 and 4.4-fold in primary key study SBT-0120
monkey & humanin vitro hepatocytes of rat, rabbit, monkey and humanurit - 99.4%
0.01 - 0.3ug/mL respectively. These results suggest that rat punity: 9.
No guideline available: non_GLPhepatocytes are more sensitive to fI_um|ox_az n

' treatment than the other 3 species, including

human.

PBPK modelling of flumioxazin | The developed human PBPK model 2 (reliable with  |Takaku, T.
in rats and humans) vitro andin |demonstrated that the human fetal exposure|testrictions) (2012hb)
silico flumioxazin following a maternal oral dose of key study SBM-0093
5.6 — 100uM 1000 mg/kg would be 0.68 ppm (1.0®1), [phenyl-U

No guideline available; non-GLE

elucidating that exposure to flumioxazin in a
human fetus would be relatively low, even at|

HClflumioxazin
purity: 98.6%

1000 mg/kg.

1. Studies evaluated according

the criteria sebgidlimischet al (1997)

Biliary excretion study in female rats (SBM-0092)

The biliary excretion of [phenyl-U'C] flumioxazin was investigated in bile duct-carated
female rats at a dose of 1000 mg/kg bw. Three femrak were orally dosed with radiolabelled
flumioxazin by gavage, and bile, urine and faecesewcollected at approximately 0-24, 24-48
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and 48-72 hours after dosing. The gastrointestnaat (with contents) was also collected from
each animal at time of sacrifice. Total radioactresidues were determined in tissue samples
and in the residual carcass. Most of the radioagt(84.7%) was eliminated in the faeces by 72
hours after dosing. Excretion in urine and bile carted for 6.8 and 5.2% of the dose,
respectively, with very low amounts remaining ire tgastrointestinal tract (0.6%) and the
residual carcass (0.3%). TotHIC recoveries accounted for 97.6% of the dose. Ti& o
absorption of flumioxazin at 1000 mg/kg bw was ag&dted to be 12.3% by summing the urinary
and biliary**C excretion and th&C remaining in the carcass.

Rat / rabbit pharmacokinetic study (SBM-0081)

Non-fasted pregnant rats and pregnant rabbits admenistered“C-flumioxazin at 30 mg/kg/d
for 7-daysvia oral gavage from gestation day 6 to 12. Conceatratof radioactivity in blood
and plasma, excretion in urine and faeces, tissneantrations, tissue distribution and transfer
to female reproductive tissues were investigatean@sition of flumioxazin and its metabolites
in urine, faeces, plasma, blood cells, liver, amaitbuid and fetus were also examined.

Blood, plasma and excreta were obtained daily gosing. In order to complete a time course,
blood and plasma were also collected up to 24 bt the final administration. Tissues were also
collected at 7 and 24hrs (rats) or 3 and 24hrd(tsdpost the final dose. Tissues collected
included kidney, liver, spleen, fat, ovaries, plaeg uterus and fetus along with amniotic fluid to
determine concentration of radioactivity. Concetmntres of flumioxazin and its metabolites were
determined in urine, faeces, plasma, blood ceéller,|fetus and amniotic fluid.

Flumioxazin was rapidly excreted in pregnant rablfitrine and faeces) and pregnant rats
(mainly faeces). The concentration of radioactivityblood and plasma almost reached steady
state on day 4 and on day 2 for rats, respectivaaiyg, the concentrations in both blood and
plasma of rabbits did not reach steady state witen7 day dosing period. In rats flumioxazin
was distributed at higher concentration in allues except for the uterus, amniotic fluid and
fetus. In rabbits flumioxazin was distributed atvéy concentrations in all tissues, except for
liver and kidney than in plasma. Elimination of icattivity from female reproductive tissue of
both species was slower than that from plasma, entlg a small amount of radioactivity being
transferred to the fetus.

Study examining chronological changes of morphologyand population of circulating
erythroblasts (SBT-0117)

Differentiation of circulating erythroblasts in rambryos was investigated from embryonic
development day (EDD) 11 through to EDD 14. Timeelgpant females were anaesthetised in
the morning of the scheduled necropsy, uteri andrgos were removed. Embryos were
exsanguinated from severed umbilical cord and earbeyblood cells from the same litter were
pooled.

On day 11 of embryonic development more than 95%cicfulating erythroblasts were
composed of basophilic erythroblasts. From day 4218 of embryonic development the
predominant cell population was the polychromatipherythroblast (PCE). At day 14 the
population of PCE was markedly reduced, with th@arhromatophilic erythroblast population
becoming predominant.

The results of this study show that differentiatadrcirculating erythroblasts in rat embryos from
embryonic Day 11 to 14 was synchronized.
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Study examining the inhibition of PPO activity by fumioxazin and its major metabolites
(SBT-0118)

Potential inhibitory enzyme activity of flumioxaz(®-53482; at 10 pM, 100 pM, 1 nM, 10 nM,
100 nM, 1uM) and its major metabolites, 3-OH S-53482 (at P60 1 nM, 10 nM, 100 nM,

1 uM, 10 uM), 4-OH S-53482 (at 1 nM, 10 nM, 100 nM,uM, 10 pM, 100 uM) and APF (at

1 nM, 10 nM, 100 nM, 1uM, 10 uM, 100 uM) against protoporphyrinogen oxidase (PPO) was
conductedn vitro using rat liver mitochondrial fraction.

In conclusion, flumioxazin has the strongest intoityi activity among the 4 substances tested,
followed by 3-OH S-53482 and 4-OH S-54382, whichrev&3.7 and 147 times weaker than
flumioxazin. APF does not have any inhibitory aityivagainst PPO up to 1GM.

Study examining the effects of flumioxazin on the &m synthetic pathway and cell
proliferation (SBT-0119)

The objective of this study was to investigate dffect of flumioxazin on the haem synthetic
pathway in human erythroid cells, whereby K562 sellere induced to differentiate into
erythroid cells using sodium butyrate (NaB), folldv by treatment with flumioxazin at
concentrations of ranging from 0.01 t@/gl.

K562 cells were plated at 1 x’1€ells/mL/well (24-well plate) cells in RPMI mediucontaining
flumioxazin at concentrations ranging from 0.015tpM. In order to stimulate differentiation,
NaB was added to RPMI medium containing flumioxadiherefore, the concentration range of
flumioxazin used was examined in the presence & &laall concentrations, 0, 0.01, 0.1, 1 and
5uM. Cell densities were determined on days 2, 4nd & (following sub-culturing at Day 4)
with PPIX and haem content determined at the sateevials using LC/MS detection.

In conclusion, PPIX accumulation in K562 cells & M and above was observed in a dose
dependent manner, with no effect on cell prolifierabr haem synthesis up to the highest dose
of 5.0uM.

Study examining the effects of metabolites of fluroixazin on the haem synthetic pathway
and cell proliferation (SBT-0123)

The objective of this study was to investigate dffilects of metabolites of flumioxazin on the
haem synthetic pathway in human erythroid cellsenehy K562 cells were induced to
differentiate into erythroid cells using sodium yrate (NaB), followed by treatment with
flumioxazin or each of three metabolites (3OH-florazin, 40H-flumioxazin and APF) at a
concentration of M.

K562 cells were plated onto 6 cm dishes at 5%cklls/5mL/dish in RPMI medium containing
flumioxazin or the metabolites at a concentratiéd @M. In order to stimulate differentiation,
NaB was added to RPMI medium containing flumioxaamthe metabolites. Therefore, the
concentration range of flumioxazin or the metaleslitsed were examined in the presence of
NaB at two different concentrations, 0 anduMd (flumioxazin, 3OH-flumioxazin, 40OH-
flumioxazin and APF). Cell densities were deterdimma days 2, 4, 6 and 8 (following sub-
culturing at Day 4) with PPIX and haem content dateed at the same intervals using LC/MS
detection.

There was no effect on PPIX content, heme synthasiscell proliferation when K562 cells
were treated with the metabolites of flumioxazirPIP accumulation in K562 cells was
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observed with flumioxazin but there was no effeat eell proliferation or haem synthesis
(consistent with the results of SBT-0119).

Study examining the species differences in accumti@n of PPIX in primary hepatocytes
SBT-0120)

The objective of this study was to investigatespecies difference in the accumulation of PPIX
due to the inhibition of protoporphyrinogen oxiddgeflumioxazinin vitro using cyropreserved
primary hepatocytes from rat, rabbit, monkey anchan.

Cells were thawed and seeded at 0.5%ckls/mL in a 24 well plate for approximately
24 hours. Flumioxazin was dissolved in DMSO andealdtb at final concentrations of 0, 0.01,
0.03, 0.1 and 0.8g/mL. No less than six replicates of each concéntravere prepared, with
each experiment conducted in triplicate for eatlotdnepatocytes.

Following exposure to flumioxazin for 24 hours medi was removed, cells harvested and
processed for potential PPIX accumulation usingM&/analysis. The concentration of PPIX
was expressed in terms of protein concentration.

Basal PPIX concentration in rat hepatocytes was [#§81g protein and was increased by the
addition of flumioxazin dose dependently, with &-ftld increase above the basal level when
cells were exposed to Oug/mL of flumioxazin.

Basal PPIX concentration in rabbit hepatocytes wiaslar to that in the rat, however PPIX
concentration was not increased in rabbit hepagscythen exposed to flumioxazin. A similar
effect was seen in monkey hepatocytes, whilst #ealbPPIX concentration was much lower
(42 pg/mg protein), no accumulation of PPIX waserbbed when monkey hepatocytes were
exposed to flumioxazin.

In all 3 batches of human hepatocytes, basal PENXI$ were much lower than that of the rat
and rabbit, and the mean PPIX concentration oBthas in the control samples was 180 pg/mg
protein. An approximate 4.4 fold increase in PPI¥nhaentration was observed following
exposure to flumioxazin up to O.@/mL.

In conclusion, the induction ratios of PPIX followi treatment with flumioxazin at O.&/mL
were 10.3, 1.1, 1.4 and 4.4 fold in primary hepgtes of rat, rabbit, monkey and human
respectively. These results suggest that the naatbeytes are more sensitive to flumioxazin
treatment than the other 3 species, including hgman

PBPK modelling of flumioxazin in rats and humans (8M-0093)

The objective of this study was to develop a pHggically based pharmacokinetic (PBPK)

model for flumioxazin in order to predict parenirflioxazin concentrations in blood and fetus of
pregnant humans based on data obtained in th&mah vitro metabolism study using rat and

human liver microsomes was carried out to deterramespecies differences in the metabolism
of flumioxazin between rat and human. Physiologidata for humans were cited from the
literature and the human model was developed tdigréhe pharmacokinetics in humans in

several tissues. Whilst it is impossible to measxgerimentally human fetal concentrations of
flumioxazin, development of the PBPK model in thegmant rat was scaled to humans to
provide an estimate of the disposition of flumiaxan pregnant humans.
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The metabolites produced by human microsomes weaglynidentical to those produced by
female rat liver microsomes, it was therefore codetl that there was no species difference in

the metabolism of [phen

The rat PBPK model accurately simulates the blologgr and fetus concentrations of

flumioxazin at single oral doses of 30 mg/kg. The model was extrapolated to the pregnant
human based on human physiological data anthtligro metabolism data. The fraction of dose
absorbed at 1000 mg/kg in the rat was 12% (see 8882). These values were then combined

yl-&fCJflumioxazin.

to develop the PBPK model at a dose of 1000 mg/kg.

Simulated blood and fetus concentrations of fluraiom at an oral dose of 1000 mg/kg in

pregnant humans were estimated at 0.86 ppm and pPré8 (maximum concentration),

respectively, elucidating that exposure to flumimran the pregnant human and fetus would be

relatively low, even at 1000 mg/kg.

The developed human pregnant PBPK model demorstthéd the human fetal exposure to

flumioxazin following a maternal oral dose of 100@/kg would be 0.68 ppm (1.92M).

4.12.2 HAEMATOTOXICITY AND PLACENTAL TRANSFER MECHANISTIC

STUDIES

TABLE 30: OVERVIEW OF HAEMATOXICITY AND PLACENTAL T RANSFER MECHANISTIC

STUDIES CONDUCT

ED ON FLUMIOXAZIN

oral: feed
study 1: 0, 3000, 10000 ppm
study 2: 0, 3000 ppm

(exposurestudy 1: 37 days; stuc
2: 15 days)
No guideline available; non-GLE

considering the increase in porphyrins and
siderocytes. The increased blood porphyrin
level suggested the S-53482 induces porphy
in rats.

U

during the process of haemoglobin biosynthe

BUrity: 94.8%

ria

Method Results Remarks Reference
rat (SD) study examining the |Flumioxazin induced anaemia in rats can be|2 (reliable with |Yoshida
mechanism of haematotoxicity |classified as sideroblastic anaemia resulting |restrictions) (1996)
(up to 30 animals/sex/gp) primarily from the defective haem pathway key study SBT-0059

rat / mouse (SD / ICR) study
examining placental transfer of
flumioxazin (24 animals/gp)

oral: gavage

30 mg/kg
(exposure:GD12)

EPA OPP 85-1, non-GLP

In mice significantly higher transfer of
radioactivity to blood cells was observed
compared with rats. Elimination of radioactiv
from female reproductive tissue of both spec
was slower than that from blood (blood cell &
plasma), with only a small amount of
radioactivity being transferred to the fetus.

1 (reliable withou
restriction)

_%y study
iﬁ:%enyl—u
1Clflumioxazin
purity: >99%

tisobe (1992)
SBM-20-0015

rat / rabbit (SD / JW) study
examining placental transfer of
flumioxazin

oral: gavage

30 mg/kg

(exposure: rats GD 12 / mice
GD10)

In rats significantly higher transfer of
radioactivity to blood cells was observed
compared with rabbits. Elimination of
radioactivity from female reproductive tissue
both species reached maxima 2-4 hrs after
administration and decreased rapidly thereatf
with only a small amount of radioactivity bein
transferred to the fetus.

2 (reliable witlout
restriction)

key study

f 14
?phenyI-U Cl-
{é mioxazin
Qu’rity: >99%

EPA OPP 85-1, non-GLP

Isobe (1993)
SBM-30-0032

1. Studies evaluated according

the criteria sebgidlimischet al (1997)
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Study examining the mechanism of haematotoxicity ithe rat (SBT-0059)

In a 15 and 37 day study S-53482 was fed to rats0(230 animals/sex/group) at doses of 0,
3,000 and 10,000 ppm. The purpose of the study twasletermine the effects on the
haematological system to explain the mechanism biglwthe test material induces anaemia.
Haematological parameters were assessed by exanhenerythrocyte count, reticulate count,
neutrophil count, haemoglobin concentration, haeprdt value, bone-marrow myeloid/
erythroid (M/E) ratio, MCV, MCH and MCHC. Additiohaurinary coproporphyrin and
biochemistry were evaluated. During the treatmemiod, no animal died, nor did body weights
or food consumption show any consistent remarketdeges.

The haematological changes at 3,000 ppm and higse groups included decreases in
erythrocyte count, haemoglobin concentration anehteocrit value with decreases occurring
progressively over time from day 5 through day 15.

The neutrophils and reticulocytes decreased dwearty treatment but increased thereafter, and
the bone-marrow M/E ratio tended to increase diighh day 2 but then decreased. These
observations suggest that erythropoiesis was deguteduring the early treatment period but
subsequently was stimulated.

In contrast MCV, MCH and MCHC were decreased froaysd15 through day 37. These
decreases suggest the persistence of a haemogdlefitiency in erythrocytes even after
increased erythropoiesis and the generation of ¢tyjonic, microcytic erythrocytes.

In the blood biochemistry tests, the abnormal figdi in treated groups included increases in
serum iron, total cholesterol, blood urea nitrogerdium & potassium as well as decreases in
GOT, uric acid, calcium and triglyceride. Increasigdr and spleen weights were also observed
in the treated groups. The urinary coproporphynd arythrocyte protoporphyrin levels were
increased in the 3,000ppm group.

There was an increase in the number of sideroaytége peripheral blood and the concentration
of porphyrin in urine and erythrocytes increasethwiime. The accumulation of porphyrins in

the body signifies that porphyrin is not convertedto haemoglobin, and the increase in
siderocytes indicates that due to defective haeobaglsynthesis, iron accumulated in excess
erythrocytes.

In conclusion, S-53482 (flumioxazin) induced anageimi rats can be classified as sideroblastic
anaemia resulting primarily from the defective hgsathway during the process of haemoglobin
biosynthesis considering the increase in porphyans siderocytes. The increased blood
porphyrin level suggested the S-53482 induces poigpin rats.

Study examining the placental transfer in rats andnice (SBM-20-0015)

Non-fasted pregnant rats and pregnant mice werénistered“C-flumioxazin at 30 mg/kg
once by oral gavage from gestation day 12 foraatsday 10 of gestation for mice to determine
the extent of fetal exposure to flumioxazin andnistabolites.

Blood, blood cells and plasma were collected atifsae, 1, 2, 4, 8, 24 and 72 hrs after
administration. Tissues were also collected attthie included bone marrow, fat, fetus, kidney,
liver, ovary, placenta, spleen and uterus to detegriine concentration of radioactivity.
Concentrations of flumioxazin and its metabolitesevdetermined in urine, faeces, blood, blood
cells, plasma, liver and fetus (mice only).
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Flumioxazin was rapidly excreted in pregnant rais mice (mainly faeces), with excretion
being more rapid in mice than rat&C-concentrations in most of the analysed tissuesioé
reached maxima and decreased more rapidly thae tfaats. In both rats and mice
flumioxazin was distributed at higher concentragiamthe blood. Elimination of radioactivity
from female reproductive tissue of both species slaser than from plasma, with only low
amounts of radioactivity being transferred to teei$. The maximurfC concentration in the
fetus was 1.05 and 1.72 ppm for rats and miceectsely.

The metabolism of flumioxazin was qualitatively t@me between pregnant rats and mice.
However, it was suggested that 3-hydroxylationvagtimight be higher in pregnant rats than in
pregnant mice. The major metabolite in fetus ofenat 1 hr after administration was 4-OH-
flumioxazin.

Study examining the placental transfer in rats andabbits (SBM-30-0032)

Non-fasted pregnant rats and pregnant rabbits admenistered“C-flumioxazin at 30 mg/kg
once by oral gavage from gestation day 12 to deterthe extent of fetal exposure to
flumioxazin and its metabolites.

Blood, blood cells and plasma were collected atifsae, 1, 2, 4 and 24 hrs after administration.
Tissues were also collected at this time includaebmarrow, fat, fetus, kidney, liver, ovary,
placenta, spleen and uterus to determine the ctiatien of radioactivity. Concentrations of
flumioxazin and its metabolites were determinedrine, faeces, blood cells, plasma, liver and
fetus.

Flumioxazin was excreted in pregnant rats and tabfonainly faeces), with excretion being
more rapid in rats than rabbit§!C-concentrations in most of the analysed tissuesatsf and
rabbits including the fetus reached maxima at 2s4 &lthough concentrations in rats were much
higher and decreased more rapidly than in rabbtgoth rats and rabbits flumioxazin was
distributed at higher concentrations in the liverd akidney compared with other tissues.
Maximum“C concentrations in maternal tissues were higheat those observed in the fetus or
amniotic fluid in both species. For those time pginvhere sufficient fetal tissue was available
for metabolite identification (1 and 24 hours fatsand 2 and 24 hours for rabbits), the highest
concentration of parent flumioxazin was 0.06 (dtolir after dosing) and 0.02 (at 2 hours after
dosing) pg/g tissue for rats and rabbits, respelgtivi hese data indicate that flumioxazin crosses
the placenta and that both parent and various kb are present in measurable quantities in
the fetus. At the same dose level, the concentratioadioactivity and of flumioxazin is greater
in rat foetuses than rabbit foetuses but less floand in the mouse. No clear pattern of
absorption, distribution, metabolism or excretiomswevident which could account for the
species-specific developmental toxicity in rats.

4.12.3FURTHER DEVELOPMENTAL MECHANISTIC STUDIES

TABLE 31: OVERVIEW OF FURTHER DEVELOPMENTAL MECHANI STIC STUDIES CONDUCTED ON
FLUMIOXAZIN AND ITS METABOLITES

Method Results Remark$ Reference

rat (SD) study examining the |The data confirmed that the most sensitive |2 (reliable with |Kawamura

critical period for developmentaldevelopmental stage common to VSD, restrictions) (1993a)
toxicity (5 females/gp) embryonic mortality and reduced fetal body key study SBT-30-0044
oral: gavage weight was GD 12Since all 3 endpoints peak

in incidence on GD 12, it is suggested that gurity: 94.8%

400 mg/kg inechanism involved in all 3 parameters is

(exposure: single dose on GD 1
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Method Results Remarks Reference
12,13, 14 or 15) common to teratogenicity, embryolethality and

EPA OPP 83-1, non-GLP growth retardation.

rat (Wistar) study examining theDirect exposure of developing embryos on GR (reliable with |Wilsonet al
effects of irradiation on 9 at increasing doses of irradiation was restrictions) (1953)

embryonic development
irradiation; direct exposure

25, 50, 100, 200, 400r
(single exposure GD 9)

No guideline available; non-GLE

associated with increased incidences of
cardiovascular abnormalities, which were
associated with the high rate or prenatal
mortality.

D

supporting study
purity:n/a

rat (Donryu) study examining thdRates of resorption tended to be higher in |2 (reliable with |Miyagawaet
effects of nimustine accordance with increasing dosage. The highestrictions) al (1988)
hydrochloride on cardiovasculaffrequency of cardiovascular anomalies was |sypporting study
embryonic development found in the groups treated on GD 8, but thereurit - not
intraperitoneal injection was no difference in the rates induced by the gtate)g
10, 11, 13 mg/kg threg c_iosages of nimustine hydrochloride
(single exposure GD 7, 8 or 9) administered.
No guideline available; non-GLP
rat / rabbit (SD / JW) study Flumioxazin did not induce VSD due to direct2 (reliable with |Kawamura &
examining the histopathologicalinjurious effect on embryonic heart tissue. Theestrictions) Yoshioka
effects of flumioxazin on effects were likely attributed to an indirect key study (1997)
embryonic development mechanism, where flumioxazin inhibits PPO inurit .94.8% |SBT-0064
oral: gavage rat embryos only, thereby interfering with ~ [PUMY- 9% and
0, 1000 mg/kg normal h_aem bios_ynthesis resulting in
(s'in le exposure GD 12) embryonic anaemia. The embryo compensates Kawamura
gie exp for the anaemic hypoxia by increasing heart (1993b)
EPA OPP 83-3; non-GLP stroke volume, leading to hypertrophy of the SBT-30-0043
heart. VSD defects result from mechanical
distortion of the heart
rat (SD) study examining the |Data from this study suggest that the enlarged (reliable with |Kawamura
pathogenesis of developmental|heart, oedema and anaemia preceding the |restrictions) (1997)
effects produced by flumioxazinoccurrence of fetal mortality may be key study SBT-0065

oral: gavage

0, 400 mg/kg

(single exposure GD 12)
EPA OPP 83-3; non-GLP

instrumental in the cause of dea®milarly, the
occurrence of enlarged heart preceding the
failure of the interventricular closure would b
related to the pathogenesis of this finding.

purity: 94.8%
e

rat (SD) developmental study
(21 females/gp)

oral: gavage

0, 1, 3, 10, 20 mg/kg/d
(exposed GD 6 — 15)

EPA OPP 83-3; GLP

NOAEL maternal toxicity: >20 mg/kg/day
based on no signs of maternal toxicity obser
up to the highest dose tested

NOAEL developmental toxicityca.

10 mg/kg/day based on increased incidence
cardiac ventricular septal defects, growth
retardation and embryo lethality

1 (reliable withou
westriction)
key study

S-23121
Blrity: 94.7%

Kawamura
(1990b)

PPT-00-0023

rabbit (NZW) developmental
study (20 females/group)

oral: gavage

0, 2, 4, 8, 15 mg/kg/d
(exposed GD 7 — 19)

NOAEL maternal toxicityca. 2 mg/kg/day
based on reductions in maternal body weigh
body weight gain and relative / absolute food
consumption

NOAEL developmental toxicity: >15mg/kg/da
based no effects observed up to the highest

EPA OPP 83-3; GLP

1 (reliable withou
trestriction)

key study

S-23121

Wurity: 94.7%
dose

Hoberman
(1990)

PPT-01-0020
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Method Results Remarks Reference
tested

rat (SD) developmental study |NOAEL maternal toxicity: >1500 mg/kg/day |1 (reliable withou|Lemen

(25 females/group) based on no signs of maternal toxicity obseruedtriction) (1991a)

oral: gavage NOAEL developmental toxicity: key study SAT-11-0024

0, 50, 500, 1500 mg/kg/d >1500mg/kg/day based on no effects observeglozg31

(exposed GD 6 — 15) up to the highest dose tested purity: 94.4%

EPA OPP 83-3; GLP

rabbit (NZW) developmental |NOAEL maternal toxicityca. 400 mg/kg/day |1 (reliable withou|Lemen

study (17 females/group) based on reductions in maternal body weightrestriction) (1991b)

oral: gavage body weight gain and mortality key study SAT-11-0025

0, 100, 200, 400, 800 mg/kg/d NOAEL developmental toxicity: S-23031

(exposed GD 7 — 19) >800mg/kg/day based amo effects observed U rity: 94.4%

EPA OPP 83-3: GLP to the highest dose tested

1.Studies evaluated according the criteria sebgi€limischet al (1997)

Study examining the critical period for developmenal toxicity in rats (SBT-30-0044)

Pregnant animals (5/gp) received a single oral adtnation of flumioxazin (400 mg/kg) on
either GD 11, 12, 13, 14 or 15 to determine thcali period of embryonic sensitivity. All dams
were sacrificed on GD 20. Live fetuses were fixad axamined for VSD.

The data confirmed that the most sensitive devetopiat stage common to VSD, embryonic
mortality and reduced fetal body weight was GD 3ixce all 3 endpoints peaked in incidence
on GD 12, it is suggested that the mechanism imelin all 3 parameters is common to
teratogenicity, embryolethality and growth retarolat

TABLE 32: INCIDENCES OF EMBRYONIC DEATHS, FETAL BOD Y WEIGHTS AND VENTRICULAR
SEPTAL DEFECTS

Parameter Time after administration (h)
11 12 13 14 15
Embryonic mortality 2.7% 39.4% 16.1% 9.9% 6.3%
Male fetal body weight 3.34g 3.23¢g 3.73¢g 3.59¢g 8.67
Female fetal body weights 3.22¢g 2.95¢ 3.49¢ 3.14¢g 3.46¢g
VSD 6.9% 14.0% 5.8% 4.7% 2.2%

Both x-ray irradiation (Wilsoret al. (1953) and nimustine (Miyagawet al. (1988) produce
ventricular septal defects mostly likely via dirée@mage to the heart as a result of their abibity t
damage cardiomyocytes. The critical period for @ardlamage by these agents is determined to
be earlier than GD 12. This would further suggast flumioxazin might not produce cardiac
ventricular defectvia direct damage to embryonic heart tissue but ratieugh an indirect
mechanism.

Published paper examining the effects of irradiatia on rat embryonic development

On the 9th day of gestation, female rats were d@hegsed and the ventral abdominal wall
opened by midline incision. One uterine horn wamught to the surface of the incision and lead
plates were then arranged around and underneathntpkantation sites ensuring that all
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remaining embryos and maternal tissues were slielddéter exposure of the unshielded
embryos, they were promptly returned to their odgdiposition in the abdominal cavity. The
second uterine horn was then brought to the surfamgerwent similar manipulation but were
not irradiated. Doses of 25, 50, 100, 200 and 4@Cair) were given at a single exposure to the
unshielded embryos. Duration of exposure never edex 2 minutes. After post-irradiation
intervals of 1 to 12 days the mothers were killed &oth uterine horns inspected situ for
resorbed implantation sites and then dissecteckgachined microscopically.

Prenatal mortality was highest among irradiatednals than their non-irradiated siblings after
exposure to all doses employed except 25r andrneased proportionately with higher dosage at
all levels above 50r, with virtually all embryoscetving 200r dying within 4 day of treatment
and the majority of embryos receiving 400r dyinghivi 24h. Whilst multiple developmental
effects were observed, discussion is focused omrdhgiac effects; the paper however does not
clearly state which treatment group (100r or 2@0e)effects were seen in.

Cardiac malformations were noted in 17 instances8 lcases the abnormalities consisted of
defective development in one or more of the 3 megdiac septa, namely the interatrial, the
interventricular or the AV septum.

Although not morphologically indicated on GD 9, tbegans (in particular the heart) later
specifically affected by irradiation must have beepresented by certain cells that had already
been induced or predetermined to form particuleucstires later on in development. Thus it
would appear that predetermined but undiffererdigbeémordia were more sensitive to the
teratogenic effects of irradiation than organs thatl already begun to differentiate. This is
further supported by the observation that the h@agd not structurally represented on GD9, yet
was frequently malformed by irradiation at thiséinbnormalities involving the cardiovascular
system were less frequent in term animals and apgea be associated with, if not responsible
for the high rate of prenatal mortality.

Published paper examining the cardiovascular anomas produced by nimustine
hydrochloride in rat fetuses

Pregnant rats received a single, intraperitonealedof nimustine hydrochloride (nitrosurea
derivative anticancer agent that produces alkyblatb DNA) of 10, 11 or 13 mg/kg. The drug
was administered on GD 7, 8 or 9. Control ratsivecka single dose of saline on GD 8. Rats
were sacrificed on GD 20. The uterine contents we&eamined, the number of dead or resorbed
fetuses were noted, survivors removed and examioedxternal malformations with heart
removed for morphological investigations.

Rates of resorption tended to be higher in accaelamith increasing dosage. The highest
frequency of cardiovascular anomalies was founthéngroups treated on GD 8, but there was
no difference in the rates induced by the threedes of nimustine hydrochloride administered.

The most common cardiovascular anomalies observece WSD and double outlet right

ventricle. A considerable number of affected fetushowed complex cardiac anomalies with
AV mal-alignment and other AV value anomalies. h@nomalies include: double inlet left

ventricle, straddling AV value, atresia or stenadithe AV value and dysplastic AV value.

Study examining the histopathological effects of dimioxazin on embryonic development
(SBT-0064 and SBT-30-0043)

Flumioxazin was administered as a single arial,gavage dose to group of both rats and rabbits
on day 12 of gestation only. The dose administéoeloth species was 1000 mg/kg, based on
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previous developmental work where the developmetazicity was produced by a single
administration at 400 mg/kg in rats and for rabbies NOAEL was in excess of 3000 mg/kg, in
the presence of maternal toxicity.

Rats were sacrificed 6, 12, 24, 36 and 48 h anbitsabvere sacrificed 6, 24 and 48 h post
administration. Control values were obtained fromreated animals sacrificed at time point O.
Embryos with their placentas attached were remdreed the uterus and examined for external
malformations. The number of live and dead embwyese counted. Live fetuses were subjected
to the following examinations: umbilical blood sm&ayolk sac and amnion were opened and
the umbilical cord exposed and embryonic blood sadpSections of the whole embryo
including the thoraco-abdominal region were madeé awaminedvia light and electron
microscopy.

Treatment related histopathological changes westicted to rat embryos only. Microscopy
demonstrated mitochondrial lesions including abradrimon deposition, probably due to the
inhibition of haem synthesis in erythroblasts dedivfrom the yolk sac and subsequent
degeneration of erythroblasts and erythrophagomsytbistological changes in the heart, such as
thinning ventricular walls followed the erythrohii@slesion and likely reflected a compensatory
reaction to the loss of embryonic blood cell popata

It is concluded that flumioxazin induced VSD byesihg haematological functiomia the
inhibition of haem synthesis rather than produ@rdirectly injurious effect on the heart.

Study examining the pathogenesis of developmentdfects produced by flumioxazin (SBT-
0065)

Day 12 of gestation was selected as the day of radtration on the basis of data showing that
rats were the most sensitive to flumioxazin on #iayFlumioxazin was administered as a single
dosevia oral gavage on GD 12 at a dose of 400 mg/kg.

Rats were sacrificed on GD 13, 14, 15, 16, 17 ahdJXeri were removed and the numbers of
implantations were counted. Live foetuses were thdjected to the following examinations:

about half of the litters sampled on GD 14 to 20enexamined for interventricular foramen. The
remaining half of the litters were examined foreeté on haematology (RBC, Hb concentration)
and blood chemistry (serum protein) parameters.eBand cartilage of fetuses on GD 15 to 20
were examined.

On GD 14 treated embryos were observed to havegenleheart, oedema and anaemia. These
effects were also observed on GD 15 and 16. Pesetldates treated litters were similar to
controls. The mortality rate was relatively constdwoughout this period, indicating that all
deaths occurred during the earlier period. Closfiiaterventricular foramen began on GD 16 in
control fetuses. In treated fetuses, closure wésydd and, the percentage of closure was well
below the control value, with the foramen close& 7% of treated fetuses by GD 20 compared
to 95.2% in controls. Serum protein concentrati@s weduced on GD 15 and 16 in treated litter,
with recovery by GD 17.

These data suggest that the enlarged heart, oededhanaemia preceding the occurrence of
fetal mortality may be instrumental in the causeleath. Similarly, the occurrence of enlarged

heart preceding the failure of the interventricdirsure would be related to the pathogenesis of
this finding.
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Rat teratology study with S-23121 (PPT-00-0023)

S-23121(a chemically related herbicide similar lamiioxazin) was administered orallyjia
gavage to groups of pregnant female rats at coratemts of O, 1, 3, 10 and 20 mg/kg/day from
GD 6 to 15. Dams were culled on GD 20 and fetusesewemoved by caesarean section and
examined.

Maternal signs of toxicity were limited to high @ogroup dams, and included dark reddish
material around the vagina. Necropsy data confirdee® reddish material in vagina and uterus.
These findings were considered to be related tod#eths of the litters. Decreases in body
weight and body weight gain at term were limite@iago high dose group animals; whilst not
reaching statistical significance these decreass due to reductions in gravid uterine weight
which was considered to be attributable to thehdeat the litter and the decrease in fetal body
weight.

High incidence of mortality of embryos and decreakéetal body weights were limited to the
high dose groups. There however was no treatmelatede effects on the number of
implantations or sex ratio.

External abnormalities found were considered nobéotreatment-related. The incidence of
foetuses with cardiovascular abnormalities, prilgaiSDs were increased in the 20 mg/kg/d
group (p <0.01). Test material related increaseany ribs (minor anomaly) was observed, this
however did not reach statistical significance. tTemterial related decreases in ossified
sacrococcygeal vertebral bodies were also obseWedst a reduction in the number of ossified
sacrococcygeal vertebral bodies was observedwiisconsidered to be related to the decreased
fetal body weights.

Based on the result of this study, the NOAEL fovalepmental toxicity was considered to be
10 mg/kg/d, based on increased incidence of cardi@D, growth retardation and embryo
lethality. No signs of maternal toxicity were obssd, therefore the maternal NOAEL for
considered to be greater than 20 mg/kg/d.

Rabbit teratology study with S-23121 (PPT-01-0020)

S-23121 was administered orallyia gavage to groups of pregnant female rabbits at
concentrations of 0, 2, 4, 8 or 15 mg/kg/day frastgtion day 7 to 19. Dams were culled on GD
29 and foetuses were removed by caesarean senticexamined.

Maternal signs of toxicity included adverse clinisgns of toxicity, decreases in maternal body
weight and body weight gains and feed consumptalnes during the dosage period in the 4
mg/kg dose group and higher. The 15 mg/kg dosagecalused the death of one dam.

No significant difference in pre or post implantati loss or early / late resorptions were
observed. No test material related fetal change® wéserved, with external / visceral and
skeletal malformations / variations in test maletraated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fovalepmental toxicity was considered to be
greater than 15 mg/kg/d (the highest dose tesidw).maternal NOAEL was considered to be
2 mg/kg/d based on clinical signs, reductions irtameal body weight and body weight gains
and relative and absolute food consumption.
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Rat teratology study with S-23031 (SAT-11-0024)

S-23031 (a chemically similar herbicide to flumiakg was administered orallia gavage to
groups of pregnant female rats at concentration®,060, 500 and 1500 mg/kg/day from
gestation day 6 to 15. Dams were culled on GD 29 fetuses were removed by caesarean
section and examined.

No maternal signs of toxicity were observed, witlod consumption, body weights or clinical
signs of toxicity in treated animals being compé#rab the concurrent control group.

No significant difference in pre or post implantati loss or early / late resorptions were
observed. No test material related fetal change® wéserved, with external / visceral and
skeletal malformations / variations in test maletiaated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fothbdevelopmental and maternal toxicity was
considered to be greater than 1500 mg/kg/d (thedsigdose tests) based on no signs of maternal
or developmental toxicity observed.

Rabbit teratology study with S-23031 (SAT-11-0025)

S-23031 was administered oralyia gavage to groups of pregnant female rabbits at
concentrations of 0, 100, 200, 400 and 800 mg/kgfdam gestation day 7 to 19. Dams were
culled on GD 29 and foetuses were removed by caasaection and examined.

Four dams in the high dose group were found desidgithe study, with a'Sanimal from this
group aborting (which was subsequently sacrific€linical signs of toxicity recorded during
the study were not indicative of a treatment relagffect. Whilst not reaching statistical
significance (due to high variability), body weighiss in the high dose group was notably
greater than the control and was considered toda¢nent related with high dose group animals
not gaining weight during the dosing period. Meaiaug body weight gain for these animals
wasl17% lower than the control for the period of G 29.

No significant difference in pre or post implantati loss or early / late resorptions were
observed. No test material related fetal change® wéserved, with external / visceral and
skeletal malformations / variations in test maletiaated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fovalepmental toxicity was considered to be
greater than 800 mg/kg/d (the highest dose testdéw).maternal NOAEL was considered to be
400 mg/kg/d based on reductions in maternal bodghweains and maternal mortality.
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4.12.4 PPO AND PPIX MECHANISTIC STUDIES

TABLE 33: OVERVIEW OF PPO AND PPIX MECHANISTIC STUD IES CONDUCTED ON FLUMIOXAZIN
AND ITS METABOLITES

S-53482, S-23121 & S-23031 were respecti
23, 36 and 2230 nM for rats and 300, 690 ar
12500nM for rabbits. The relative sensitivity
the species to PPO inhibition by SB series
herbicides was rat > rabbit.

RBY study
4.8%
94.7%

94.7%

%53482 purity:
S-23121 purity:

S-23031 purity:

Method Results Remark$ Reference
rat / rabbit (SD / JW) PPIX PPIX accumulated in rat embryos up to 12 h(2 (reliable with |Kawamura
accumulation in maternal liver |post dosing, reaching 200-fold greater than threstrictions) (1996a)
and embryos post single control values. Icontrast PPIX levels in rabblyey study SBT-0061
administration (up to remained very low throughout the post dosin% itv- 94 8% and
4 females/gp) period. unity: 94.6%
oral: gavage The species difference in PPIX accumulation in (Klagv;agr(;ura
rat / rabbit: 1000 mg/kg embryos correlates with that of the
. evelopmental toxicity produced by SBT-30-0042
(exposure: single dose on GD 1 : .
mioxazin.
EPA OPP 83-3;non-GLP
Rat (SD) PPIX accumulation in |PPIX accumulated in both whole embryos and (reliable with |Kawamura
maternal liver and embryos postmaternal livers following administration of  |restrictions) (1996h)
single administration (up to flumioxazin and S-23121. The extent of key study SBT-0062
5 females/gp) accumulation in embryos was greater than tk ﬁ‘t ioxazin and
oral: gavage observed in maternal livers, with the increase 6 itv- 94 8%
rat- 1000 mark PPIX in the embryos up to 290-fold greater A 9% Kawamura
' 9’9 the control value. For S-23031, PPIX S-23031 (1993d)
(exposure: single dose on GD 12kcumulation was not observed in either rat |Purity: not SBT-30-0042
EPA OPP 83-3;non-GLP embryo or maternal liver samples. stated
S-23212
purity: not
stated
rat / rabbit (SD / JW) PPIX PPIX accumulated in whole embryos of rats,|2 (reliable with |Kawamura
accumulation in maternal liver |peaking on GD 11 to 12. Accumulation of PRI¥strictions) (1996¢)
and embryos (up to 5 females/gpjas not observed in maternal rat or rabbit liVg&sy, study SBT-0063
oral: gavage or in rabbit embryos. ourity: 94.8%  |and
rat / rabbit: 400 / 1000 mg/kg Kawamura
(exposure: single dose on GD 10 - (1993e)
15) SBT-30-0042
EPA OPP 83-3;non-GLP
Inhibition of PPO by flumioxazinThe IG, values for flumioxazin after a 20 min2 (reliable with |Green &
in rat, human and rabbit liver |incubation period for the inhibition of PPO |restrictions) Dabbs (1996)
activity in liver from rats, rabbits and humansg key study SBT-0060
were 0.00715 + 0.0021 pM; 0.138 £ 0.0739 itv: 94.80¢
and 0.0173 + 0.0044 uM, respectively. The purty. 94.6%
relative sensitivity of the species to PPO
inhibition by flumioxazin was rat > human >
rabbit.
SB herbicides on PPO activity ipAll three SB series herbicides inhibited 2 (reliable with  |Noda (1995)
rat and rabbit liver mitochondrig mammalian PPO activity. The IC50 values fgrestrictions) SBT-0058
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Method

Results

Remark$

Reference

PPO activity in rat and rabbit
tissue

Adult liver and embryo mitochondria showed
similar sensitivity to PPO inhibition by the teg

2 (reliable with
testrictions)

Green &
Dabbs (1993)

compounds, S-53482, S-23121 and S- key study SBT-31-0045
23031,with the rabbit enzyme results showin%_53482 urity-
less sensitivity to inhibition by the test 94.8% punty:
compounds than the rat enzyme. ’ )
The relative potency for inhibition was gf;’(yl(fl purity:
flumioxazin (S-53482) > S-23121 > S-23031|”

S-23031 purity:

94.7%

1. Studies evaluated according the criteria sebgulimischet al (1997)

Study examining the effects of flumioxazin on PPIXaccumulation in rat and rabbit
embryos (SBT-0061 and SBT-30-0042)

Day 12 of gestation was selected as the day of radiration for both species on the basis of
data showing that rats were the most sensitiviutoibxazin on day 12 and that rabbit embryos
on day 12 were similar to rat embryos in respethéodevelopmental stage.

Flumioxazin was administered as a single ona,gavage dose to group of both rats and rabbits
on day 12 of gestation only. The dose administépeloth species was 1000 mg/kg, based on
previous developmental work where the NOAEL forsratas 30 mg/kg and for rabbits the
NOAEL was in excess of 3000 mg/kg, in the presaiacaaternal toxicity.

Rats were sacrificed 2, 6, 12, 18 and 24 h anditsallere sacrificed 2, 6, 12, 24 and 48 h post
administration. Control values were obtained frontreated animals sacrificed at time point 0.
Where possible, 3 embryos/litter were pooled antXRias extracted and analysed by HPLC
with a fluorescence spectrophotometer. A sampleaternal liver was dissected out and PPIX
extracted and measured.

Both rat and rabbit embryos in the developmentayestgrew rapidly as shown by a marked
increase in wet weight. There was a remarkableispadifference in PPIX accumulation in

embryos. PPIX accumulation was obvious in rat embrwithin 2 h of post dosing of

flumioxazin. The concentration of PPIX in rat emisycontinued to increase over time and
reached a peak 12 h post treatment. Thereafte@otieentration of PPIX decreased rapidly.

In contrast to the rat, PPIX level in rabbit emlmyeere low, remaining at a fairly constant level
in rabbit embryos throughout treatment.
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TABLE 34: SELECTED PPIX CONCENTRATION IN RAT AND RA BBIT EMBRYOS AND RAT AND

MATERNAL LIVER SAMPLES

Parameter Time after administration (h)
0 2 6 12 18 24 48
RAT
PPIX/embryo 430+ 80.91+ | 373.15+| 84256 +| 312.97 +| 181.63 + -
(ng £ sd) 1.01 11.06 76.10 71.74 174.09 125.60
PPIX conc. 0.147+ | 2.831+ | 10.806+| 19.080+| 5.061+ 2.739 -
(ug/g tissue + sd) 0.038 0.236 0.906 1.583 2.321 +1.852
PPIX/maternal liver samplg 38.70+ | 401.70+| 528.83+| 470.93+| 117.85+ | 140.93 + -
(ng £ sd) 6.81 43.04 74.76 64.82 10.68 83.24
PPIX conc. 0.111+ | 1.078+ | 1.383+ | 1.259+ | 0.359+ | 0.358+ -
(ug/g tissue + sd) 0.013 0.168 0.198 0.179 0.064 0.211
RABBIT
PPIX/embryo Not 547 593+ 8.26 £ - 7.87 Not
(ng + sd) detected 0.00° 2.95 detected
PPIX conc. Not 0.092 0.104+ | 0.110% - 0.06F Not
(1g/g tissue + sd) detected 0.027 0.031 detected
PPIX/maternal liver samplg 21.07+ | 50.40+ | 39.70+ | 80.80 % - 5765+ | 28.73
(ng £ sd) 1.89 10.61 14.66 7.35 44.19 4.14
PPIX conc. 0.054+ | 0183+ | 0.114+ | 0.223 % - 0.160+ | 0.079
(no/g tissue * sd) 0.004 0.092 0.029 0.022 0.102 0.016

value of 1 sample. PPIX not detected in othefgzbsample
mean value of 2 samples

sd standard deviation

A similar pattern was observed in PPIX accumulaiiormaternal liver of rats, with levels of
PPIX peaking at 6 h post treatment, however thel¢eaf PPIX in the liver peaked at ~14 fold
greater than the control, these levels were ~1dl lEds than the peak accumulation observed in
the rat embryo. There was no accumulation of PRIXeé maternal livers of rabbits.

In conclusion, the species difference in PPIX aadation in embryos correlates with that of the
developmental toxicity produced by flumioxazin.

Study examining flumioxazin and other N-phenylimideherbicides on PPIX accumulation
in rat embryos (SBT-0062 and SBT-30-0042)

Day 12 of gestation was selected as the day of radtration on the basis of data showing that
rats were the most sensitive to flumioxazin on tlay Flumioxazin, and 2 other N-phenylimide
herbicides, S-23121 and S-23031 were administerally ovia gavage on GD 12 at a dose of
1000 mg/kg.

Rats were sacrificed 14 h post dosing and 3 embityes were removed from the uterus and
pooled by litter. PPIX was extracted from embryolsand PPIX was extracted and analysed by
HPLC with a fluorescence spectrophotometer. A sampimaternal liver was dissected out and
PPIX extracted and measured.

No treatment related accumulation of PPIX was oleskeim rat embryos exposed to 1000 mg/kg
S-23031, a chemical which has shown no developrhentizity in rats. The PPIX content/g of
tissue in rat embryos treated with S-23031 was &ulylg, which was similar to the control
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value (0.095ug/g). In contrast, treatment with 1000 mg/kg oheit S-23121 or flumioxazin,
which have both produced the same pattern of dpuedatal toxicity in rats, resulted in large
increases in PPIX accumulation in treated embrig&3X concentration in embryos treated with
S-23121 and flumioxazin was 25.85 and 2788, respectively. These values were ~270 and
~290 times greater than the control value, respelgti

Maternal liver PPIX levels for both S-23121 andiioxazin were comparable and were in the
region of 3.6 and 2.9-fold greater than the contedpectively. For S-23031 the extent of PPIX
accumulation in the liver was comparable to therabwalue.

TABLE 35: PPIX CONCENTRATION IN RAT EMBRYOS AND MAT ERNAL LIVER SAMPLES

(0.5% MC) (1000 mg/kg) (1000 mg/kg) (1000 mg/kg)
PPIX/embryo 5.60 +1.38 6.33+1.63 1656.76 + 307.52 1667.31374
(ng £ sd)
PPIX conc 0.095 + 0.030 0.118 £ 0.030 25.850 £ 2.735 27.63%894
(ng/g tissue * sd)
PPIX/maternal liver samplg  74.75 + 23.76 990.68 £ 22.71 212.20+99.31 169.42.83
(ng £ sd)
PPIX conc. 0.236 £ 0.067 0.379 £ 0.068 0.857 £ 0.418 0.6791069
(1g/g tissue + sd)

1. MC - methyl cellulose
sd standard deviation

In conclusion, treatment of pregnant rats with 323 or flumioxazin, two structurally related
chemicals which produce developmental effects s, r@sulted in the accumulation of PPIX in
both the whole embryos and maternal livers. Therexbf accumulation in embryos was greater
than that observed in maternal livers, with thaease of PPIX in the embryos up to 290-fold
greater than the control value. For S-23031, amadtnecturally related chemical, which does not
produce developmental toxicity in rats, PPIX acclation was not observed in either rat
embryo or maternal liver samples.

Study examining the effects of flumioxazin on PPIXaccumulation in rat and rabbit
embryos (SBT-0063 and SBT-30-0042)

Flumioxazin was administered as a single oral daaggavage to groups of both rats and rabbits
to investigate the correlation of PPIX accumulatiwith the critical period of embryonic
sensitivity in the rat. The dose administered tts rand rabbits was 400 and 1000 mg/kg,
respectively from gestation day 10 to 15.

Animals were sacrificed 14 h post final administat Control values were obtained from
untreated animals sacrificed at time point 0. Whmssible, 3 embryos/litter were pooled and
PPIX was extracted and analysed by HPLC with arélscence spectrophotometer. A sample of
maternal liver was dissected out and PPIX extraatedmeasured.

PPIX concentrations in treated rat embryos wereentban 10 times higher than controls on
treatment days 10 through to 15 of gestations. RRGmulation peaked on gestational days 11
to 12. The critical period for induction of PPIXcaenulation determined in the current study
corresponds well with the critical period for intioa of developmental toxicity in the rat
embryo. This would imply that the PPO inhibitiondaiie resulting PPIX accumulation may be
functionally related to the developmental toxigitypduced by flumioxazin
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TABLE 36: PPIX CONCENTRATION IN RAT EMBRYOS AND MAT ERNAL LIVER SAMPLES

Parameter Gestation day of administration
10 11 12 13 14 15
RAT
S-53482 PPIX conc. 3.335+ 10.214+ | 8.701+ 0.610 + 0.684 + 1.853 +
(400 mg/kg) Jembryo 1.204 7.007 5.837 0.249 0.497 1.229
(ng/g tissue * sd)
PPIX conc. 0.245 + 0.364 0.359 + 0.220 + 0.287 = 0.275
(ng/g tissue + sd)
RABBIT
S-53482 PPIX conc. Not 0.060a Not 0.047a 0.045a 0.077
(1000 mg/kg) lembryo detected detected 0.019
(ng/g tissue + sd)
PPIX conc. 0.080 0.256 + 0.175a+ | 0.137 % 0.121b+ | 0.109a *
/maternal liver 0.028 0.166 0.089 0.040 0.027 0.057
(ng/g tissue + sd)

a mean value of three pools. PPIX was not deténtether pool
b mean value of two pools. PPIX was not detectaathier pool

sd standard deviation

PPIX accumulation was not observed at any develofahstage in the rabbit. The rabbit has
been shown in previous studies to be resistanhyodavelopmental toxicity from flumioxazin.
The lack of accumulation of PPIX in the rabbit het supports the relationship between PPO
inhibition, PPIX accumulation and developmentali¢dy of flumioxazin in the rat.

Accumulation of PPIX was not observed in materalar rabbit liver at the doses used in this
study.

Study examining the inhibition of PPO by flumioxazn in vitro (SBT-0060)

The objective of the study was to determine thatred extent of inhibition of PPO activity by
flumioxazin in adult liver mitochondria preparearin rat, rabbit and human tissues.

PPO was measured in viable and metabolically activechondria prepared from rat, rabbit and
adult female human livers. For human liver mitodiraa, the time course of reaction, the
mitochondrial protein concentration, and the swtsticoncentration effects were determined.
The Michaelis constant jKand \nax Of the reaction was determined per human livgr vElues
were 0.328 + 0.301 uM and then¥ values were 111 + 88.9 pmol/min-1/mg protein. The
inhibition of PPO activity was measured at a ranfj@lumioxazin test concentrations of 4,0
10°, 10°, 10, 10°® and 10°M.

The 1G5 values for flumioxazin after a 20 min incubatioaripd for the inhibition of PPO
activity in liver from rats, rabbits and humans €.00715 + 0.0021 uM; 0.138 + 0.0739 uM
and 0.0173 = 0.0044 uM, respectively. The relasgasitivity of the species to PPO inhibition
by flumioxazin was rat > human > rabbit.
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Study examining SB herbicides on PPO activity in niochondria derived from rat and
rabbit liver (SBT-0058)

The objective of the study was to determine theatid extent of inhibition of
protoporphyrinogen oxidase activity by three SBiesererbicides (S-53482 (flumioxazin),
S-23121 & S-23031) in adult liver mitochondria paegd from rat and rabbit tissues.

PPO was measured in viable and metabolically actitechondria prepared from rat and rabbit
female livers. The inhibition of PPO activity wasasured at a range of test concentrations of
10* to10™M.

All three SB series herbicides inhibited mammakO activity. The Igy values for S-53482,
S-23121 & S-23031 were respectively 23, 36 and 2Gor rats and 300, 690 and 12500 nM
for rabbits. The relative sensitivity of the spacie PPO inhibition by SB series herbicides was
rat > rabbit.

Study examining SB herbicides on PPO activity in raand rabbit tissue (SBT-31-0045)

The objective of the study was to determine thatined extent of inhibition of interspecies and
tissue differences in protoporphyrinogen oxidaséivigg and its inhibition by three test
materials, S-53482, S-23121 and S-23031, in ashelt ind embryo mitochondria prepared from
rat and rabbit tissues.

PPO was measured in viable and metabolically activechondria prepared from rat and rabbit
livers and embryos on gestational days of 12 andTh® time-course PPO activity reached
steady-state after 20 min in the rat. In contragibit liver PPO activity reached steady-state at
40 min. The time course of PPO activity was foundbe linear in embryo tissues of both
gestational ages and both species for at leastid0Tine Michaelis constantKand Vjhax Of the
reaction was determined at a single time point widilx different concentrations of
protoporphyrinogen ((5, 10, 25, 50, 75, 100 pmbhe K, values ranged from 1 — 5 puM, except
for rat and rabbit 15-day embryos where thg \lues were higher (8.2 + 1.0 and 12.3 + 0.46
KM for the rat and rabbit, respectively).

The inhibition of PPO activity was measured agaithe three test materials at final test
concentrations of: S-53482 and S-23121°,10°, 107, 108, 10%nd 10'°M. For S-23031: 190,
10°, 10°, 107, 10%and 10°M.

Adult liver and embryo mitochondria showed simit@nsitivity to PPO inhibition by the test
compounds, suggesting that adult liver mitochonddald serve as a source of PPO in future
experiments and eliminating the requirement for gmihic tissue. The rabbit was less sensitive
to inhibition by the test compounds than the rabe Trelative potency for inhibition was
flumioxazin (S-53482) > S-23121 > S-23031.

4.12.5 SUMMARY AND DISCUSSION OF MECHANISTIC WORK

Summaries and evaluations of the mechanistic relsear flumioxazin are presented in Annexes
1 and 2 to this report. Annex 1 (SBT-0122) is famugprimarily on discussing the human
relevance of the mode of action for teratogenieatff in the rat based on new data generated
since the publication of flumioxazin in the 28th RDf the DSD. Annex 2 (SBT-0067) presents
the evidence for the proposed mode of action inrdéihdased on studies conducted prior to the
publication in the 28th ATP of the DSD.
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An overall summary of the mode of action and reteeato humans for the teratogenic effects in
the rat is presented below.

Flumioxazin caused embryolethality, teratogenigityainly VSD and wavy ribs), and growth
retardation in rats at 30 mg/kg without maternalidiby but not in rabbits at the maternal
toxicity level of 3000 mg/kg.

There is convincing evidence for a single modeabiba causing the developmental toxicities in
the rat. The sequence of key biological eventshie proposed mode of action has been
elucidated. Inhibition of PPO interferes with nofrhaem synthesis, which causes loss of fetal
blood cells due to the targeted destruction of mwaguerythroblasts in the yolk sac. The
maturation of erythroblasts in the yolk sac is acéyonised event, therefore catastrophic loss of
this cell population leads to fetal anaemia, emletyality and development of malformations
(VSD and wavy ribs). The critical period for sensiy to the developmental effects of
flumioxazin is day 12 of gestation and this coresawith the peak period of PPIX accumulation
in the rat fetus resulting from the inhibition dP®. The VSD caused by flumioxazin appears to
result from inhibition of haem biosynthesis ratliean from direct injury to embryonic heart
tissue. Enlargement of the heart is a compensasastion to the fetal anaemia resulting from
increased heart stroke volume observed in survifetgses. Enlargement of the heart precedes
interventricular foramen closure. Therefore, theDMS due to failure of heart closure resulting
from mechanical distortion of the heart and/or abrad blood flow rather than from direct toxic
effects of flumioxazin on cardiac muscle tissueadidition, decreased serum protein is observed
in the fetus, presumably due to reduced produdtiothe liver in response to hypoxia. The
resulting osmotic imbalance causes oedema. Redudaio fetal serum protein leads to
incomplete/delayed ossification of the ribs and Wevy ribs seen at term. The sensitivity to
inhibition of PPO extracted from adult female lives comparable with that of the fetus and
there does not appear that there is a significdfegrence in sensitivity to the development of
anaemia between adult and fetal rats.

An evaluation of other potential modes of actiomij@x 1) revealed no compelling evidence for
any other mode of action for the developmentaldibyxiof flumioxazin in the rat.

Studies in the rabbit (where clear evidence of maletoxicity was observed) revealed no
significant inhibition of PPO by flumioxazin andetle was no evidence of fetal anaemia,
accumulation of PPIX or developmental toxicity imetrabbit fetus, even though there was
evidence of placental transfer of flumioxazin atsdnetabolites.

Rats are particularly sensitive to the effects BORnhibition induced by flumioxazin in
erythroblasts. This leads to anaemia that is aafiprecursor of the developmental toxicity
resulting from flumioxazin exposure. The systemasetresponse for this key event has proved to
be very steep: half-dose has been without anyteffec

In contrast, humans are unlikely to develop anadmim PPO inhibition. This conclusion is based
on:

1. clinical findings that PPO deficient patientsttwNariegate Porphyria show no signs of
anaemia,

2. experimental evidence that flumioxazin and ietabolites do not reduce heme production
in K562 cells, which are derived from human erytboemia, and

3. that humans are less sensitive to PPO inhibitian rats.
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Pharmacokinetic modelling in the rat and the hupradicts that human erythroblasts would be
insusceptible to flumioxazin at an exposure eqeivato a maternal dose exceeding

1000 mg/kg/day, thus demonstrating the large spetifterence in sensitivity. As a result of the
decrease in absorption rate with oral dose, theesys daily dose cannot exceed value of
approximately 100 mg/kg bw.

In addition, a recent medical surveillance reparhducted on manufacturing plant personnel
(Nishioka, 2011 SBT-0116) revealed no evidence aénhmatotoxicity, or other adverse health

effects in workers (n=15) who have been involvedh@ manufacture of flumioxazin for the last

decade. This is considered to demonstrate notedfégtive uses of personal protective equipment,
but also the intrinsic low toxicity of flumioxazin.

Overall, it is concluded that the rat is an inappiae model for assessing the developmental
toxicity of flumioxazin in humans because, unlikenans, they are highly sensitive to PPO
inhibition, resulting in fetal anaemia and consetquwievelopmental toxicity. There is considered
to be no plausible scenario whereby humans woulat bsk of developmental toxicity given the
species differences in susceptibility to flumioxaand potential for anaemia.

4.12.6 ASSESSMENT AGAINST CLP CRITERIA FOR CLASSIFICATION OF A
SUBSTANCE FOR REPRODUCTIVE TOXICITY

The implications of the developmental findings #sr exposed to flumioxazin for hazard
classification are evaluated using the criteridRefjulation 1272/2008 and the ECHA Guidance
on the Application of the CLP Criteria in RegulatiEC) No. 1272/2008 (ECHA, 2011).

Classification of a substance as a reproductivecamt to humans (Category 1A — known,
Category 1B — presumed, or Category 2 — suspeiddijsed on a weight of evidence approach
and expert judgment. Reproductive toxicity is sulmtid under 2 main headings:

*Adverse effects on sexual function and fertility

*Adverse effects on development of the offspring

Consideration is also given to effects on lactation

In the case of flumioxazin the relevant effectsaan development of the offspring.

The guidance considers whether maternal toxicityy nafluence classification but the
developmental toxicity associated with flumioxamras observed in the absence of gross signs
of maternal toxicity even though there was liketylde an underlying anaemia in the dams.
Given the specificity of the cardiac malformationsis considered unlikely that secondary
consequences of maternal anaemia on the develdping would have been responsible.
Although fetal growth retardation, reduced osstfma and wavy ribs may be associated with
overt maternal toxicity this does not seem to leedase with flumioxazin. Therefore, maternal
toxicity is considered not to be a confounding dacin determining the classification of
flumioxazin.

The guidance also considers whether there is metlamformation needs to be evaluated in
deciding the classification for reproductive tokyci The extensive mechanistic research on
flumioxazin has clearly demonstrated that:

1. there is convincing evidence for a single modeaction causing the developmental
toxicities in the rat, and
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2. humans are unlikely to develop anaemia from RR@bition and thus would not be
susceptible to the mode of action causing developah&oxicity in the rat.

The criteria for Categories 1B and 2 are as foltows
Category 1B
“Presumed human reproductive toxicant

The classification of a substance in Category 1Rigely based on data from animal studies.
Such data shall provide clear evidence of an adveffect on sexual function and fertility or on
development in the absence of other toxic effeas if occurring with other toxic effects the
adverse effect on reproduction is considered ndtet@a secondary non-specific consequence of
other toxic effectsHowever, when there is mechanistic information tharaises doubt about

the relevance of the effect for humans, classifidanh in Category 2 may be more
appropriate.”

Category 2
“Suspected human reproductive toxicant

Substances are classified in Category 2 for reptdeli toxicity when there is some evidence
from humans or experimental animals, possibly sempphted with other information, of an
adverse effect on sexual function and fertilityoordevelopment, and where the evidence is not
sufficiently convincing to place the substance atggory 1. If deficiencies in the study make the
quality of evidence less convincing, Category 2lddoe the more appropriate classification.

Such effects shall have been observed in the absehother toxic effects, or if occurring
together with other toxic effects the adverse éffem reproduction is considered ot to be a
secondary non-specific consequence of other tdfects.”

It is concluded that the mechanism of developmebtatity via severe anaemia observed in rats
is not relevant for human health hazard predictn.this basis flumioxazin could be assigned
Category 2 taking account of the statement in Botdcategory 1B. However, according to
Regulation 1272/2008 (3.7.2.5.5): “. . . if it cha conclusively demonstrated that the clearly
identified mechanism or mode of action has no @iee for humans or when the toxicokinetic
differences are so marked that it is certain thathazardous property will not be expressed in
humans then a substance which produces an adviéest @n reproduction in experimental
animals shall not be classified.”

The weight of evidence presented in the CLH rederhonstrates conclusively that flumioxazin
would not present hazard to humans based on thkedhalifferences in species sensitivity.
Therefore, it should not be classified for develeptal toxicity.

The weight of evidence approach followed the pples of an established human relevance
framework (HRF) for non-cancer endpoints prepangthk International Programme on
Chemical Safety (Boobis et al, 2008). The publaratiescribes a structured weight of evidence
approach to assessing the human relevance of alggest MOA in animals. Whilst the HRF is
primarily aimed at chemical risk assessment itjigsadly applicable to hazard classification
where the human relevance of a MOA in animals meguwvaluation. The analogous cancer
HRF is cited in the ECHA guidance (2011) for thassification of carcinogens (page 299 §
3.6.2.3.).
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The non cancer HRF requires 3 fundamental questoobhse addressed in order to reach a
conclusion on the human relevance of toxicologatgdcts observed in animals:

1. Is the weight of evidence sufficient to estdbsmode of action (MOA) in animals?

2. Can human relevance of the MOA be reasonabliué&d on the basis of fundamental,
gualitative differences in key events between @rpamtal animals and humans?

3. Can human relevance of the MOA be reasonablipé&d on the basis of quantitative
differences in either kinetic or dynamic factorsviben experimental animals and humans?

In the case of flumioxazin the answer to questiamyles. The weight of evidence is sufficient
to establish the MOA for developmental toxicitytihe rat. The answer to question 2 is no, it
cannot be concluded that there is a fundamentditaie species difference. The answer to
guestion 3 is yes based on the evidence for a malikierence in sensitivity between rats and
humans attributed to quantitative dynamic and kingifferences. Although Boobis et al
(2008) note that dismissing human relevance basepliantitative differences is likely to be
infrequent, they go on to mention that this is aehble where human exposure could not
possibly be envisaged to reach the levels thatavprdduce the toxicological effect. The
pharmacokinetic modelling presented in the CLH redemonstrates that there is no plausible
scenario whereby human exposure to flumioxazincoalse the developmental toxicity
ascribed to the MOA in the rat.

Another publication by Lavelle et al (2012) endsrtee HRF prepared by the IPCS. Lavelle et
al present an algorithm for categorising the rebeeaof animal data for use in human risk
assessment (Figure 1 in the paper). It incorporideprinciples of the HRF and the relevant
aspects of the algorithm are shown below:

Is the MOA established in animals?
»No. Assume relevant to man
>Yes, see below

Are the key events plausible in man?
»No. Not relevant to man
>Yes, see below

Taking into account kinetic and dynamic factorthis animal MOA plausible in man?
»No. Not relevant to man
»Yes, directly. Relevant to man
»>Yes, with a sensitivity difference. Relevant to man
»Maybe. Assume relevant to man

The elements in bold are applicable to flumioxaanm support the conclusions presented
above.

4.12.7 CONCLUSIONS ON CLASSIFICATION

There is a convincing weight of evidence to conelddat flumioxazin would not present a
reproductive hazard to humans and should not ssifiled for reproductive toxicity based on
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the criteria for classification in Regulation EC7222008. Therefore, removal of the current
reproductive toxicity classification (Repr. 1B HI®BOis warranted.

4.13 OTHER EFFECTS
4.13.1 NON-HUMAN INFORMATION

4.13.1.INEUROTOXICITY

Not relevant to this proposal.

4.13.1.2IMMUNOTOXICITY

Not relevant to this proposal.

4.13.1.3 SPECIFIC INVESTIGATIONS: OTHER STUDIES
Not relevant to this proposal.

4.13.1.AHUMAN INFORMATION

None.
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5 ENVIRONMENTAL HAZARD ASSESSMENT

5.1 Degradation

Table 21: Summary of relevant information on degraetion

Measurement of CO
Evolution

Biodegradation of
flumioxazin was 3% at the

end of the test on Day 28.

Method Results Remarks Reference
EPA — FIFRA 161-1, Flumioxazin was rapidly | Rapidly Katagi et al.,
Hydrolytic degradation of | hydrolysed in all three hydrolysed 1990a.
[THP-*C]-flumioxazin buffered solutions and the

half-lives were calculated

to be 3.43 days, 18.9 - 23|9

hours and 14.0 - 15.1

minutes at pH 5, 7 and 9,

respectively.
EPA-FIFRA 161-1, Flumioxazin was rapidly | Rapidly Katagi et al.,
Hydrolytic degradation of | hydrolysed in all three | hydrolysed 1990b.
[Ph-“C]-flumioxazin buffered solutions and the

half-lives were calculated

to be 4.91 - 5.20 days, 23|2

- 25.9 hours and 21.3 -

22.7 minutes at pH 5, 7

and 9, respectively.
EPA-FIFRA 161-2, Light slightly enhances None Fathulla,
Photodegradation Study | degradation of flumioxazir 1995b
with [Ph-**C]-flumioxazin | in water at pH 5 and a

different degradation

pathway is involved.
EPA-FIFRA 161-2, light slightly enhances None Fathulla,
Photodegradation Study | degradation of flumioxazin 1995a.
with [THP-*C]- in water at pH 5 and a
flumioxazin different degradation

pathway is involved.
OECD No. 301 B, Flumioxazin is not readily| Not readily Graham, R &
Assessment of Ready biodegradable under the | biodegradable | Alderman, D.
Biodegradability by conditions of the test. (2011)

5.1.1 Stability

Hydrolysis

Conclusion: Flumioxazin is readily hydrolysed intera Degradation rate increases with pH since

DTsp values are 3-5 days, 19-26 h and 14-23 min at,pHabhd 9, respectively.
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Study 1: Hydrolytic degradation of [THBC]-flumioxazin
Guideline: EPA-FIFRA 161-1. Study performed in cdiapce with GLP. The study is valid.

Cross reference: 11A.7.2.1.1/01, Katagial, 1990a.

[THP-C]-flumioxazin (purity > 99 %), was incubated ireste aqueous buffered solutions at
pH5, 7 and 9 (0.1 mg/l) for up to 30 days at 25itCthe dark. Samples were taken at regular
intervals throughout the study and were analysedotal radioactivity by LSC. High performance
liquid chromatography (HPLC) was used to deterntigédrolysis rate and to identify degradation
products. Further characterisation of the degradaproducts was carried out by 2D-TLC with
reference standards. The hydrolytic half-livesaathepH were calculated.

The recovery of*C was 96.4 - 104.9 %. Radioactivity was fully reemd. Flumioxazin was
rapidly hydrolysed in all three buffered soluticared the half-lives were calculated to be 3.43 days,
18.9 - 23.9 hours and 14.0 - 15.1 minutes at pH&nd 9, respectively. Degradation proceeded via
opening of the cyclo imide ring at all pH valuedaom 482-HA. Subsequent cleavage of the amide
linkage to form major THPA (> 80 % after 30 daysjianinorA-TPA was only observed at pH 7
and 5 (Table 22).

Table 22 Hydrolysis of [THP*C]-flumioxazin

% of the applied radioactivity
pH 5 pH 7 pH 9
Duration 1d 4d 30d 1d 7d 300 30 min 30d
Flumioxazin 75.5 41.0 - 321 16.2 35 29.2
482-HA 4.2 3.3 - 62.9 49.8 8.1 73.0 96.1
THPA 18.1 54.6 95.5 3.2 34.5 83.6
TPA - 1.9 2.5 - 1.5 6.0

RMS Comments:

Tests on hydrolysis in buffered solutions were emted under EPA-FIFRA 161-1. A review of
this study indicates that it partially meets therent guideline OECD 111 (2004), deviations
include:

«  The hydrolysis test should be performed at pH véluestead of 5.
« Tiered testing at multiple temperatures was notiacted.

However, reconduct is unlikely to yield a signifitly different result because the requirements of
EPA guideline 161-1 are equivalent to OECD 111 thedstudy is scientifically valid.

Study 2: Hydrolytic degradation of [PA€]-flumioxazin
Guideline : EPA-FIFRA 161-1. Study performed in gdiance with GLP. The study is valid.
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Cross reference : 11A.7.2.1.1/02, Katagial, 1990b.
This study was conducted as above, using'fflumioxazin (purity > 99 %).

Table23: Hydrolysis of [Ph**C]-flumioxazin

% of the applied radioactivity
pHS5 pH 7 pH 9
Duration 1d 4d 30d 1d 7d 304 30 min 30
Flumioxazin 81.2 44.9 - 40.7 19.8 5.8 34.3
482-HA 4.7 4.4 - 53.2 46.4 10.4 63.6 98.5
APF 13.2 46.3 86.8 3.8 33.0 80.(

The recovery of*C was 94.4 - 101.6 %. Radioactivity was fully reemd. Flumioxazin was
rapidly hydrolysed in all three buffered soluticared the half-lives were calculated to be 4.91 5.2
days, 23.2 - 25.9 hours and 21.3 - 22.7 minutepHat5, 7 and 9, respectively. Degradation
proceeded via opening of the cyclo imide ring dtpil values to form 482-HA. Subsequent
cleavage of the amide linkage to form APF (> 80féére80 days) was only observed at pH 7 and 5.
(Table23)

RMS Comments:

Tests on hydrolysis in buffered solutions were caneld under EPA-FIFRA 161-1. A review of
this study indicates that it partially meets therent guideline OECD 111 (2004), deviations
include:

«  The hydrolysis test should be performed at pH védluestead of 5.
- Tiered testing at multiple temperatures was notiaoted.

However, reconduct is unlikely to yield a signifntly different result because the requirements of
EPA guideline 161-1 are equivalent to OECD 111 thwedstudy is scientifically valid.

Metabolites

Study 3: Hydrolysis of hydrolytic metabolites

Guideline: In house method. Study not performedompliance with GLP. The study is valid.

Cross reference: 11A.7.2.1.1/03, Katagial,, 1990c.

Hydrolysis kinetics of flumioxazin and its degradat product 482-HA were studied using their
respective radiolabelled preparations, uniformhelged at the phenyl moiety. [PAC]-flumioxazin

or [Ph#*4C]-482-HA (purity > 99 %) were dissolved at 0.1 ppmsterile buffers (pH value ranged
from 2.5 to 9) using acetonitrile as a cosolvenl @). Solutions were kept at 251 °C in the dark
for 30 days. Analysis was performed by HPLC.

Flumioxazin showed an approximately constant rétdegradation under the acidic conditions at
and below pH 5.0 (Table 24). The rate of degradatapidly increased as pH increased above pH
5.0. Thus hydrolysis of flumioxazin proceeds predwntly through neutral and base catalyzed
processes.
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The degradation rate of 482-HA was higher undetiadondition and it decreased as pH increased
especially above pH 4.5 (Table 24). Thus hydrolg$id82-HA proceeds predominantly through an
acid catalyzed process. Half lives of 482-HA weadcalated to be 2.35 hours, 10.7 days and 72
days at pH 5, 7 and 8 respectively.

Table 24: Influence of pH on hydrolysis rate oiflioxazin and its degradation product 482-HA

Apparent hydrolysis rate (sec-1)

pH flumioxazin 482-HA
25 2.401 x 16 5.222 x 10
3.0 1.866 x 10 4.858 x 1¢
35 2.029 x 16 4.387 x 10
4.0 2.202 x 16 3.692 x 10
45 2.358 x 16 2.437 x 10
5.0 1.964 x 16 8.205 x 10
5.5 2513 x 16 3.295 x 1@
6.0 3.742 x 16 1.503 x 10
6.5 7.962 x 16 3.825 x 1@
7.0 1.197 x 16 7.490 x 10
7.5 4.142 x 10 3.215 x 10
8.0 6.195 x 10 1.119 x 10
8.5 1.344 x 10

9.0 6.599 x 10

RMS Comments:
Study is considered as supportive.

Aqgueous photolysis

Study 1: Photodegradation Study with [P8]-flumioxazin

Guideline: EPA-FIFRA 161-2. Study performed in cdiapce with GLP. The study is valid.
Cross reference: 11A.7.2.1.2/01, Fathulla, 1995b.

A sterilised sodium acetate buffer solution at pias fortified with [Ph*C]-flumioxazin (purity >

99 %), at a nominal concentration of 0.1 ug/ml {@acirile < 1 % was used as cosolvent). Samples
were kept at 25°C in the dark or exposed to xermonpl (12h per day) for 30 days. Duplicate
samples were removed from test conditions and sedlat 2, 5, 8, 24, 48, 96, 168, 264, 432 and
720 hours. Samples were flushed with nitrogen mteeries of traps, which contained charcoal,
ethylene glycol and 2-ethoxyethanol : ethanolan{ing). The radioactivity from the liquid traps
was quantitated by LSC. The charcoal traps werebosted and counted by LSC. For radioactivity
characterisation, samples were analysed by 2-D Hod HPLC. The unknown metabolite
corresponding to area 1 of TLC plates was tentitidentified by MS and NMR spectroscopy.

The mean total applied radioactivity recovederexnfthe samples renged from 93.8% to 100.0 %
for the irradiated samples, and from 98.1% to 1@4{0r the dark control samples. Radioactivity
was fully recovered and no volatile compound wasased. In the dark, 3§ of flumioxazin was
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118 h and APF was the main degradation produc¢hdnight, DT5p was 21 h. A metabolite (area 1)
was rapidly formed (up to 74.6 %). MS and NMR dataggest that it would derive from
flumioxazin via opening of the phenyl ring and idéed as 482-PHO. This compound
progressively declined to 24 % whereas a numbankhown metabolites were formed (Table 25).

Table 25: Agueous photolysis of [Pf€]-flumioxazin — irradiated samples

. % of the applied radioactivity
Duration
(days) Parent Origif Area P Area 2 APF Area 4 Unknown
0 100.0 n.d. n.d. n.d. n.d. n.d. n.d.
2 hours 90.6 n.d. 8.9 n.d. n.d. n.d. n.d.
5 hours 82.9 n.d. 16.6 n.d. n.d. n.d. n.d.
8 hours 73.0 n.d. 24.2 n.d. 0.6 n.d. n.d.
1 45.6 n.d. 50.2 n.d. 3.1 n.d. n.d.
2 19.8 10.4 63.1 6.2 n.d. n.d. n.d.
4 5.7 11.8 74.6 7.0 n.d. n.d. n.d.
7 3.4 17.8 69.6 6.5 n.d. n.d. n.d.
11 25 30.2 57.1 6.4 n.d. n.d. n.d.
18 2.4 34.6 41.1 3.5 n.d. 8.5 5.1
25 4.7 37.1 29.7 2.2 n.d. 12.8 8.5
30 1.8 41.3 23.7 1.1 n.d. 16.8 9.0
n.d. = not detected
& consist of several unknown compounds
Pidentified as 482-PHO
Table B 26:; Aqueous photolysis of [Pt€]-flumioxazin — dark control
Duration % of the applied radioactivity
(days) Parent Origin* Area 1 Area 2 APF Area 4 Unknoyn
0 100.0 n.d. n.d. n.d. n.d. n.d. n.d.
2 hours 99.1 n.d. n.d. n.d. n.d. n.d. n.d.
5 hours 99.7 n.d. n.d. n.d. n.d. n.d. n.d.
8 hours 92.1 n.d. n.d. n.d. 6.0 n.d. n.d.
1 85.0 n.d. n.d. n.d. 15.6 n.d. n.d.
2 66.8 n.d. n.d. n.d. 33.1 n.d. n.d.
4 55.7 n.d. n.d. n.d. 45.2 n.d. n.d.
7 37.8 n.d. n.d. n.d. 61.7 n.d. n.d.
11 16.6 n.d. n.d. n.d. 87.4 n.d. n.d.
18 2.0 n.d. n.d. n.d. 97.5 n.d. n.d.
25 n.d. n.d. n.d. n.d. 99.8 n.d. n.d.
30 n.d. n.d. n.d. n.d. 101.1 n.d. n.d.

n.d. = not detected

In conclusion, light slightly enhances degradatmdrilumioxazin in water at pH 5 and a different
degradation pathway is involved. A new metaboBteapidly formed via opening of the phenyl ring
and further degraded to THPA and a lot of unknowgrddation products.
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RMS Comments:

Because of unknown compounds determined in thisgbftic study, a new water/sediment study
conducted under light/dark conditions has been sitduin

Study 2 (EU monograph, 1997): PhotodegradationySuith [THP-**C]-flumioxazin

Guideline: EPA-FIFRA 161-2. Study performed in cdiapce with GLP. The study is valid.

Cross reference: 11A.7.2.1.2/02, Fathulla, 1995a.

This study was conducted as described above, {iEHB-*C]-flumioxazin (purity > 99 %).
Radioactivity was fully recovered and no volatilengpound was released. In the dark,spof
flumioxazin was 96 h and THPA was the main degiadgtroduct. In the light, Dfp was 26 h. A
metabolite (area 1) was rapidly formed (up to 54€86day 2). This metabolite was the same as
above. It progressively declined to 6.8 % wherddBA (max. 23% AR) and a number of unknown
metabolites were formed (Table 27).

Table 27: Agueous photolysis of [THFC]-flumioxazin — irradiated samples

Duration (days) % of the applied radioactivity

Parent Origif Area T THPA Area 3
0 100.0 n.d. n.d. n.d. n.d.
2 hours 77.3 n.d. 25.2 n.d. n.d.
5 hours 72.4 n.d. 26.6 3.7 n.d.
8 hours 69.2 n.d. 28.8 5.1 n.d.
1 54.5 n.d. 40.5 8.2 n.d.
2 24.1 13.7 54.1 12.1 n.d.
4 11.5 26.2 52.5 13.8 n.d.
7 10.0 33.6 40.7 20.2 n.d.
11 9.6 33.4 39.1 23.0 n.d.
17 10.9 30.9 21.2 20.5 19.4
21 13.7 40.4 14.7 15.2 19.3
26 11.6 26.3 16.0 18.4 28.5
30 8.8 35.2 6.8 13.4 35.1
n.d. = not detected
& consist of several unknown compounds
Pidentified as 482-PHO
Table 28: Aqueous photolysis of [THFE]-flumioxazin — dark control
Duration (days) % of the applied radioactivity

Parent Origin Area 1 THPA Area 3
0 100.0 n.d. n.d. n.d. n.d.
2 hours 100.9 n.d. n.d. n.d. n.d.
5 hours 102.6 n.d. n.d. n.d. n.d.
8 hours 100.7 n.d. n.d. 3.2 n.d.
1 101.9 n.d. n.d. 11.9 n.d.
2 102.6 n.d. n.d. 24.1 n.d.
4 105.2 n.d. n.d. 49.4 n.d.
7 106.1 n.d. n.d. 76.3 n.d.
11 105.6 n.d. n.d. 92.3 n.d.
17 106.4 n.d. n.d. 102.9 n.d.
21 106.7 n.d. n.d. 104.6 n.d.
26 105.8 n.d. n.d. 105.0 n.d.
30 105.5 n.d. n.d. 104.4 n.d.

n.d. = not detected
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In conclusion, light slightly enhances degradatdrflumioxazin in water at pH 5 and a different
degradation pathway is involved. A new metaboBteapidly formed via opening of the phenyl ring
and further degraded to THPA and a lot of unknowgrddation products.

RMS Comments:

Because of a lot of unknown compounds determingHigphotolytic study, a new water/sediment
study conducted under light/dark conditions hastsedmitted.

5.1.2 Biodegradation
Biodegradation of flumioxazin was examined in tbkofwving studies:
a) Study on ready biodegradability (Graham, R &ekidan, D., 2011, Report No.SBM-0086)
b) Water sediment study (Ridge M.A. (1998), red&381/9-D2142)
c) Degradation of Flumioxazin in Illuminated Wateediment Systems (Shibata, A., Kodaka,
R., Fujisawa, T & Katagi, T., 2011, Report No.: SENI88)
5.1.2.1Biodegradation estimation

No estimation of biodegradation using QSAR sislab# in the Renewal Assessment Report.

5.1.2.2Screening tests

Report: Graham, R & Alderman, D. (2011)
Flumioxazin TG: Assessment of ReadydBgradability by Measurement of CO2
Evolution
Sumitomo Chemical Co. Ltd Report Ne\VE0086

Guidelines: OECD No. 301 B Ready Biodegradabilkg¢pted 1981, Revised 1992)

GLP: Yes (laboratory certified by UK National Autiitg)

Test materials. Flumioxazin TG, purity 99.6 %

Validity: study is valid

Conclusion: Flumioxazin is not readily biodegragabhder the conditions of the test.

Flumioxazin (15 mg C/L) was added to duplicate e&ssontaining mineral salts medium (3 L)
inoculated with activated sludge (not previouslyokingly exposed to test substance; 30 mg
solids/L) and incubated in darkness for 28 day&?acC.

Duplicate vessels containing inoculated mineraltssahedium alone and duplicate vessels
containing inoculated mineral salts medium plusrdference substance, sodium benzoate (15 mg
C/L) were incubated in the same conditions. An &olol mixture containing sodium benzoate and
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flumioxazin was established to assess the poteimigbitory effects of the test substance on the
activity of the microbial inoculum.

During incubation the evolved carbon dioxide wassueed at 2, 3, 6, 8, 10, 14, 17, 22, 27, 28 and
29 days. The amount of carbon dioxide absorbedalot arium hydroxide trap was calculated by
titration of the remaining barium hydroxide withdrgchloric acid.

Biodegradation of sodium benzoate reached 78% aftedays and 90% after 28 days. In the
additional presence of flumioxazin, biodegradatdérsodium benzoate reached 90% after 28 days,
confirming that flumioxazin was not inhibitory ttid activity of the microbial inoculum. These
results confirm that the inoculum was viable areltést result valid. Biodegradation of flumioxazin
was 3% at the end of the test on Day 28.

RMS comments

Flumioxazin is not readily biodegradable under ¢baditions of the test. The study is acceptable.
The results of the study are plausible.

5.1.2.3Simulation tests

Study 1:

Ridge M.A. (1998), report 1531/9-D2142, GLP, SETé&udeline
Validity: study is valid.

Degradation of Flumioxazine (phenyl or THP labelledrity > 97 %) was studied in 2 water
sediment systems (clay loam, 8 % OC and sandy lokay, 3.6 % OC) in accordance with the
SETAC guideline (2.5 cm sediment + 6 cm water, 2)° Flumioxazine was applied at a rate
equivalent to 600 g/ha. Samples were collected 04729, 60 and 98 DAT and analysed by TLC,
HPLC and LC-MS. The recovered radioactivity wagha range 88 - 103 % and was acceptable.
After 98 d, mineralization was 27 - 31 % for the Hlhoiety and < 9 % for the phenyl moiety.
Bound residue was 29 - 47 % for the THP moiety @8d 61 % for the phenyl moiety (associated
with the humic fractions). Flumioxazine was foundsediment (max. 27 % after 7 d) and it rapidly
disappeared in both water and sediment phasesthEawvhole systems, BJ were < 1.85 d and
DTy were 25 - 69 d. Degradation occurred via hydrslysi APF (max. 58 % in water after 7 d)
and THPA (max. 63 % in water and 18 % in sedimdier & d). These metabolites were further
degraded to C@and bound residue, and they did not persist O& &ter 98 d). A metabolite (SAT
482-HA-2) was found in small amounts in water (maua % after 98 d) and sediment (max. 7 %
after 60 d). Two unknown transient metabolites \aetifrom the phenyl moiety were detected in
significant amount in water on day 14. U@23.8 wakedted at 21.8 % in one system and U@5.5
was detected at 17 % in the other system. Theseowris were clearly not persistent since they
were < 3.4 % after 29 d. Despite further investayet, their chemical structure was not elucidated
but results suggest that unknowns could derive fawgradation of APF. Because of the very
transient nature of the unknowns, the lack of idieation is deemed to be acceptable as far as
ecotoxicological risk assessment can be done.

Conclusions Flumioxazine is rapidly degraded in water seditrsystems with D3 < 1.85 d and
DTy 25 - 69 d (whole system), and temporarily foundsgdiment (max. 27 % after 7 d).
Degradation occurs via hydrolysis to APF (max. 5&%water after 7 d) and THPA (max. 63 % in
water and 18 % in sediment after 7 d) which arentlagor degradation products. These metabolites
are further degraded to GQmax. 31 % THP and < 9 % phenyl after 98 d) anghidaresidue (max.
47 % THP and 61 % phenyl after 98 d). Two unknovamgient metabolites derived from the
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phenyl moiety (and probably from degradation of ABFe detected in significant amount in water
(17 and 22 % on day 14). Identification is not rieggh as far as ecotoxicological risk assessment
can be done.

Table 29: Degradation of THEC flumioxazine in water sediment systems

% of applied RA

DAT Flumioxazine THPA U@5.5 Unknowns BoundCO, | Recov.

Sed. | Wate Sed.| Water Setij. Water S43d. Water (NE)
Millstream (clay loam pH 7.4 in water and 0.01 M CaCWater pH 7.8)
0 10.3 77.7 11 5.6 - - - - 0.1 - 98.8
7 11.3 2.0 18.6 47.2 1.2 - - 10.p 4.4 0.R 97.0
14 16.0 1.2 12.9| 49.2 2.0 - - 0.9 9.0 0.6 97.5
29 14.6 0.7 8.7 32.4 15 3.1 - 1.9 199 2|6 938.2
60 8.9 0.4 3.6 18.9 1.2 2.2 - 3.3 28|7 10.3 88.8
98 4.4 0.6 1.3 5.7 15 4.6 1.9 0.8 2819  26.7 88.4
Emperor Lakdsandy clay loam pH 6.4 in water and 5.4 in 0.0C&C} , water pH 6.3)
0 7.5 75.5 - 5.1 - - - - 0.1 - 92.4
7 10.0 2.0 6.5 62.8 0.3 - 0.5 6.5 .8 0 97.4
14 4.0 2.3 135 60.4 13 2.1 - 0.9 9.0 0)2 96.9
29 12.9 1.6 5.4 50.0 1.0 0.3 0.7 187 0{5 96.9
60 8.9 1.2 0.3 2.4 2.7 1.7 0.8 2.0 58,0 6|8 91.7
98 4.0 - - 0.7 1.9 - - - 47.Q 30.9 89.6

IMOXA < 2.7 %, 482-HA < 0.5 %, Sat-482-HA-2 < 4.6i%each phase

Table 30: Degradation of phem¥Ac flumioxazine in water sediment systems

DAT % of applied RA
Flumioxazine APF U@5.5 U@23.8 Unknowns$ NE L£ORec.
Sed. | Water Sed. ‘ Water Sed. ‘ Water Sed.| Water Sed. | Wate
Millstream
0 10.7 | 62.9 24.2 - - - - - - - 103}1
7 26.8| 2.2 5.0 420 - 1.7 - - 9.7 3.8 - 97.6
14 174| 5.4 4.2 - 3.2 5.6 - 218 28 210 80 0.17.59
29 22.0 1.7 0.9 16.1 0.9 4.1 1.y 4 0{5 5.2 27.8.4 D 96.7
60 9.8 0.3 3.2 12.7 - - 0.4 1.7 3.8 477 96.8
98 5.1 0.4 2.4 4.1 - - 0.7 1.1 11 61.3 96.4
Emperor Lake
0 120| 734 - 1.7 - - - - 5.4 0.1 - 981
7 9.6 2.4 - 57.7 - 5.6 - 11.3 5.1 5.0 - 9§.1
14 9.8 3.3 4.9 29 1.0 17.2 - .0 556 26.0 938 0.97.3
29 18.2| 148/ 04 2.8 - 2.6 2.2 . 23 13.3 2R.7 2 0.96.6
60 10.5 1.1 - 1.2 - 1.4 3.4 1.3 2.0 44  53.8 33 794
98 5.3 - - 0.5 - 0.8 2.4 3.4 3.1 600 9]2 952

IMOXA < 4.1 %, 482-HA < 0.6 %, 482-CA < 1.9 %, SAB2-HA-2 < 7 % in each phase, unknowns < 7.1 % each
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RMS Comments:

Study is accepted. Recalculation of kinetics dateoading to the current FOCUS guidance has
been submitted. Because two unknown transient roktied were detected, a new water/sediment
study has been performed.

Study 2:

Report:.Jarvis, T. & Mamouni, A (2011b)
Recalculation of Flumioxazin sedimesater kinetics according to FOCUS (2006)
Guidance
Sumitomo Chemical Co. Ltd Report N\éBM-0084
GuidelinesFOCUS (2006)
GLP:No, not applicable to simulation modeling
Validity: study is valid
Conclusion: The whole system DT50 values were tated from DT90 (DT90/3.32) with the
geometric mean value of 21.6 days.

The rates of dissipation/degradation of flumioxaziom the existing water sediment study
previously evaluated (Ridge, 1998), were recaledlatccording to current FOCUS guidance using
Kingui 1.1 and ModelMaker 4.

Data for the THP- and phenyl-labelled flumioxazierestreated as true replicates and hence one set
of DTsp/90 Values was determined for the Millstream systeh @me for the Emperor Lake system.
Following the FOCUS kinetics (2006) recommendatidhe optimised parameters and associated
statistics for SFO, FOMC and DFOP kinetics for wele system and the water phase only (i.e. P-
| approach), are shown in Table 31. Although SF@etcs showed acceptable fits for the water
phase of both systems, in all cases (whole systewater phase only) the best fit was shown with
DFOP kinetics (Figure8 and 6 for whole systems).

P-1l approaches were undertaken using ModelMakéeFhé. results in Table 32 show that tife
error (%) value for the water phase is acceptabtethe visual fit is good (Figure 13 and 14), but
the t-test does not show significance. In contrbiim;g2 error (%) value for the sediment phase is
very large and the visual fit is poor (Figure 18d4). This is partly due to the fact that mosthaf
flumioxazin ultimately reaching the sediment waseadly present at the day O timepoint. The
degradation rate in both sediments is predictedetanegative which invalidates the fit in those
systems. Overall, the full acceptance criteriath@ use of P-Il results are not considered to have
been met.

Table 31: Summary of the results of the kinetieed®ainations for flumioxazin from water sediment
studies (P-I approach)

Parameter Millstream Emperor Lake Millstream Emperor Lake
system system water phase water phase
Model SFO SFO SFO SFO
2 error (%) 30.5 27.9 8.8 6.7
k (day") * 0.1308 0.2493 0.4877 0.4912
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(0.0012) (7.4 x 19) (0.0073) (1.8 x 19)
DTso(day) 5.3 2.8 1.4 1.4
DT (day) 17.6 9.2 4.7 4.7
Model FOMC FOMC FOMC FOMC
2 error (%) 10.0 9.7 4.6 2.7
0.3641 0.1721 0.5918 0.5848
« (0.0263) (0.0797) (0.2840) (8.9 x 10%
B 0.2459 1.0 x 10* 0.0319 0.0290
(0.3093) (0.4511) (0.4614) (0.2037)
DTs (day) 1.4 0.006 0.07 0.1
DT (day) 137 65.2 1.5 1.5
Model DFOP DFOP DFOP DFOP
2 error (%) 5.6 9.2 4.2 1.9
1 3.3641 1.9992 2.1179 2.2762
(0.5) (0.4999) (0.5) (0.4999)
o 0.0141 0.0065 0.0268 0.0148
(0.0230) (0.0831) (0.3636) (0.1450)
. 0.6938 0.8482 0.9531 0.9618
g (2.6 x 10° (1.4 x 10°) (2.3 x 10° (6.6 x 10°)
DTs, (day) 0.4 0.4 0.4 0.3
DT (day) 79.5 64.5 1.3 1.2

*P value from the t-test is giviarbrackets.

Table 32: P-1l SFO degradation rates of flumiordmithe water and sediment phases of water
sediment systems

Standard | y° error T- test
compartment K error value (%) (b value) DegTso(day)
Water

Millstream 0.470 0.861 4.6 0.296 15
Emperor Lake 0.540 0.514 3.9 0.154 1.3

Sediment

Millstream -0.034 0.132 27.9 - -
Emperor Lake -0.080 0.131 42.3 - -

Figurel: Millstream system — SFO kinetics
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Figure3: Millstream system — DFOP kinetics
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Figure9: Millstream water — DFOP kinetics
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Measured & Predicted vs. Time

CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0-4-PROP-2-
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Figurell: Emperor Lake water — FOMC kinetics
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Figure 13:_P-IlI Millstream sediment and water plsas&FO kinetics
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Conclusion (proposed by the Notifier):

As the degradation in water is clearly faster tilagediment, the P-I value for the whole system has
been used to derive the endpoint for the slowes@h@he best fit kinetics in the whole system is
DFOP and the slow phase degradation rates are D.614and 0.0065 d in Millstream and
Emperor Lake, respectively. This results in Dggalues of 49.1 and 107 days, respectively and a
geometric mean Dsp value for modelling of 72 days.

The full P-II acceptance criteria were not met. lger, flumioxazin is known to rapidly hydrolyse
at neutral pH (D3, = 19-26 hr) and hence this additional informatman be utilised to help
determine appropriate simulation endpoint valudO %inetics showed acceptable visual fits, as
judged by they? error (%) value for both the dissipation from tater phase (P-1) and the
degradation from the water (P-1l), and there wassystematic bias in the residuals. Therefore,
taking into account that hydrolysis is a known magpathway of degradation, the appropriate
DegTsp for use in modelling is considered to be an SFe/af 1.5 days. This is the DegT
calculated for Millstream and is the most conseveavalue of the SFO data for dissipation or
degradation in water in either system.

RMS Comments:

Recalculation of kinetics values followed FOCUS Eegtion Kinetics guidence. Appropriate
DegT50 for use in modelling is the best fit kinstia the whole system DFOP, DT50 values were
calculated from DT90 (DT90/3.32) with the geometmean value of 21.6 days. As no reliable
DegT50 values have been obtained for water andansed) the geomean whole systemsp/alue

will be used for the water phase and the defadltevaf 1000 days was used for the sediment phase,
instead of 72 days (sediment) and 1.5 days (wpteposed by the Notifier. Because the Koc value
of flumioxazin is between 100 — 2000 mL/g the secapproach of the default for the water phase
and the whole system value for the sediment waseiteati

Study 4:

Report: Shibata, A., Kodaka, R., Fujisawa, T & Katd. (2011)
Degradation of Flumioxazin in llluminated Water-8ednt Systems
Sumitomo Chemical Co., Ltd. Report No.: SBM-0088

Guidelines: OECD 308 was used as a basis as thee fixed study design currently available for
illuminated conditions

GLP: No, published paper

Validity: study is valid

Test Materials: [Phenyt*C]Flumioxazin
[THR*C]Flumioxazin
Purity: [Phenyl**C]Flumioxazin: radiochemical purity >97%
[THP'C]Flumioxazin: radiochemical purity >97%
Water/sediment: Samples of sediment and associattat were collected from two sites and stored
at 4°C until use. Characteristics are shown in @ &08.4.4-6.
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Table 33: Characteristics of the sediment and weted

Characterisation Kasai pond, Calwich Abbey
Japan Lake, UK
Sediment

Particle size distribution

% Sand 14 27

% Silt 56 68

% Clay 30 5
Classification Silty clay loam Silt loam
Organic carbon 1.9 4.9
pH (H0) 6.8 7.9

Overlying water

Suspended solids (mg/l) 42.9 16.2
pH 6.9 7.9

Two systems (Calwich Abbey Lake and Kasai Pond)evsst up containing natural sediment (2
cm) and associated water (6 cm) and suitable (ethglene glycol, alkaline) for collecting volatile
compounds. The system was gently agitated anddkksfwere allowed to equilibrate for at least
14 days at 20°C. Vessels were illuminated (300400 0.672 MJ/fiday) for 8 hr per day and
suitable dark controls were also provided. [Phéf@lFlumioxazin or [THP*!C]flumioxazin (5.47
1g, equivalent to 600 g a.s./ha) dissolved in augtle (20 pl) was added to the water surface. The
flasks were then incubated in the illuminated ctads, or as dark controls, at 20°C for up to 30
days. Similar incubations were undertaken usinguier only.

Duplicate units were taken at 0, 1 (THP label an8)7, 14, and 30 days for the water sediment
systems, or at 0, 0.04, 0.17 (both Calwich Abbeelanly), 0.25, 0.5 (Calwich Abbey Lake only),
0.67 (Kasai Pond only), 1 3, 7, 14 and 30 days$Hemwater only systems.

Water was separated from sediment. Overlying wates directly analysed by HPLC. Sediment
samples were extracted with acetone: water (5:1Lamd then acetone: 0.1 M HCI (9:1 v/v). These
sediment extracts were concentrated and analysddPhyC. Metabolites were identified by co-
chromatography with authentic standards. Unextbdetssoil residues were determined by
combustion/LSC.

The mean results from the duplicate applicatioesshown in Tables 34 to 38. 482-HA, THPA and
APF were present in both illuminated and dark systevhereas 482-PHO and PHO-HA were only
found in illuminated systems, confirming that these photolysis metabolites. Both compounds
exceeded 10% in at least one of the two systemesukhown fractions in "others" exceeded neither
10%AR nor >5% AR in at least two sequential measerds in the water-sediment systems. In the
natural water system there were several unknovwatidras in "others”, but none exceeded 9.1% AR
(Tables 37 to 38).

The following compound codes are used:
482-HA=N-[7-fluoro-3-oxo-4-(2-propynyl)-Bi-1,4-benzoxazin-6-yl]-3,4,5,6-tetrahydrophthalamic
acid

THPA = 3,4,5,6-tetrahydrophthalic acid

APF = 6-amino-7-fluoro-4-(2-propynyl)F21,4-benzoxazin-34)-one
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482-PHO =N-(2-propynyl)-4-[4-carboxy-3-fluoro-2-(3,4,5,6-tatrydrophthalimido)-2-
butenylidene]azetidine-2-one

PHO-HA =N-(2-propynyl)-4-[4-carboxy-3-fluoro-2-(2-carboxy€yclohexencarbonylamino)-2-
butenylidene]azetidine-2-one

Table 34: Distribution of radioactivity followinapcubation of [THP¥'C]Flumioxazin in Kasai
Pond water sediment system

Compounds [llumination Darkness

14 30 14 30

Oday| lday] 3day 7day day day Oday| lday| 3day 7day day day

Volatiles (CQ) na nd 0.3 4.2 8.3 24.0 na nd 0.1 11 42 8.3

Water phase

Flumioxazin 87.1 54.5 23.2 3.4 1.1 nd 94\8 53.3 911. 9.9 35 0.5

482-HA 3.3 143 17.2 5.3 nd nd 3.8 2113 559 27.26.5 | 155
THPA nd 5.6 10.9 9.4 5.4 nd nd 3.9 6.4 756 10.3 5.7

482-PHO nd 2.6 5.4 10.2 2.6 nd ng nd ngd nd nd nd

PHO-HA nd 0.5 3.3 9.8 2.7 1.7 nd nd nd nd nd nd

Other unknowns nd 1.1 0.7 2.6 0.8 na ngd 04 nd 1.33.2 2.4

Sediment phase

Flumioxazin 7.1 15.5| 18.7 9.8 5.0 5.7 na 144 12.96.4 8.3 6.7
482-HA nd 2.0 4.4 4.0 5.9 1.8 na 1.0 7.8 716 154 .5 @
THPA nd nd 0.6 0.9 nd 1.2 na nd ng na ng 2|5
482-PHO nd nd 0.7 2.0 2.0 nd ng nd ng nd nd nd
PHO-HA nd nd nd 0.3 0.9 0.2 na nd nd nd nd nd
Other unknowns 0.3 nd 0.4 4.( 3.7 1.0 ng 11 md 2.3nd 1.2

Bound residues 0.6 4.0 138 270 536 480 0.1 0.04.1 20.3 | 25.0| 36.9

TOTAL 98.3 | 100.6| 99.9| 929 92.( 90.6 100.0 981 999.941 | 96.4| 86.2

nd = not detected, na = not analysed
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Table 35: Distribution of radioactivity followinapcubation of [phenyt*C] Flumioxazin in Kasai

Pond water sediment system

nd = not detected, na = not analysed

Compounds [llumination Darkness
Oday| 3day| 7 day dl:y (f:y Oday| 3day| 7 day dl:y j;)y
Volatiles (CQ) na 1.7 7.4 8.8 24.5 na 0.3 0.7 1.1 2|5
Water phase
Flumioxazin 91.6 9.1 2.6 nd nd 916 306 105 27 d n
482-HA 2.3 27.9 6.1 nd nd 2.3 178 23]7 339 3.7
APF nd 1.2 0.8 nd nd nd 4.9 2.5 ng 0.7
482-PHO nd 9.4 7.2 1.7 nd nd ng nd nd nd
PHO-HA nd 111 17.4 6.7 nd nd nd nd na ng
Other unknownsg 1.4 5.4 8.9 219 3. 14 3l6 1.4 1.0nd
Sediment phase
Flumioxazin 2.0 134 8.4 4.2 3.6 2.0 8.5 169  13.516.9
482-HA nd 4.9 3.8 2.9 21 nd 186 102 105 5|6
APF nd 0.9 25 2.0 nd nd 1.1 2.6 3.8 31
482-PHO nd 1.2 1.4 nd 0.7 nd ng nd nd nd
PHO-HA nd nd 0.3 nd 0.2 nd nd nd nd na
Other unknownsg nd 1.9 4.1 5.7 6.6 na 18 313 36 8 2
Bound residues 0.1 11.8 247 356 583 0.1 144 6 2630.3| 614
TOTAL 97.4 | 99.8| 95.6/ 89.6) 96.9 97.4 101.0 983 99.96.6

Table 36: Distribution of radioactivity followinoneubation of [THP*C]Flumioxazin in Calwich

Abbey Lake water sediment system

Compounds lllumination Darkness
Oday| lday] 3day 7day dlij j’gy Oday| lday| 3day 7day dlij j:y
Volatiles (CQ) na nd 0.4 2.1 7.2 7.5 na nd 0.1 0.3 1i0 7.8
Water phase
Flumioxazin 86.0 1.1 nd nd nd nd 86.0 0.9 142 18 d h nd
482-HA 6.4 60.9| 30.1 6.4 1.9 0.8 6.4 75(8 76.1 64.248.1 | 339
THPA nd 2.9 15.9| 28.8) 23.0 7.9 nd ng 0.9 3|0 3.4 nd
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482-PHO nd nd nd nd nd nd nd Nng nd nd nd f
PHO-HA nd 9.9 11.6 7.0 1.7 nd nd nd ng nd nd 1
Other unknowns nd 4.5 13.5 14.9 12|8 87 M 4.4 4231 15 7.4
Sediment phase
Flumioxazin 2.2 2.3 2.1 1.8 1.2 nd 2.2 1.8 0,8 31173 6.5
482-HA nd 9.9 12.3 5.8 nd 2.4 nd 112 12,8 139 718.204
THPA nd nd 0.5 2.0 6.6 4.5 nd nd nd 0.p 1)0
482-PHO nd nd nd nd nd nd nd Nng nd nd nd f
PHO-HA nd 11 1.8 1.7 6.2 nd nd nd ng na ngd n
Other unknowng nd 1.4 3.1 5.1 2.9 8.7 n 019 14 3 2. 31 3.5
Bound residues 0.1 1.7 6.2 1609 262 404 . D.71.1 3.0 10.0 15.8
TOTAL 97.7 95.6 | 97.5| 925  89.8 80.9 97 958 98.595.0 | 94.1| 95.6

nd = not detected, na = not analysed

Table 37Distribution of radioactivity following incubatioof [THP-**C]Flumioxazin in Kasai

Pond natural water system

Compounds 0 day 0.25dgy 0.67 day 1 day 3 day 7 dayl4 day 30 day
llluminated
Volatiles (CQ) na na na nd 0.1 0.8 1.9 14.8
Flumioxazin 94.8 45.6 21.4 6.6 1.8 nd nd nd
482-HA 6.1 447 63.8 80.3 40.9 7.9 nd nd
THPA nd 1.2 24 1.3 6.9 24.2 37.6 59.1
482-PHO nd 0.5 0.4 1.7 7.4 11.0 11.0 3.2
PHO-HA nd 4.2 7.6 10.0 35.3 50.8 37.6 15.2
Other unknowns nd nd 0.1 0.6 6.9 5.4 9.2 8.3
TOTAL 101.3 96.5 98.1 100.8 99.5 100.4 97.4 101}3
Darkness
Volatiles (CQ) na na na nd nd nd 0.1 0.1
Flumioxazin 94.8 59.9 29.6 7.0 2.1 14 25 0.9
482-HA 6.1 36.6 68.1 89.9 93.9 89.0 76.1 61.0
THPA nd nd nd 1.3 4.3 10.2 21.6 35.9
482-PHO nd nd nd nd nd nd nd nd
PHO-HA nd nd nd nd nd nd nd nd
Other unknownsg nd 0.5 0.3 1.7 1.2 1.2 1.9 2.2
TOTAL 101.3 97.3 98.4 100.3 102.0 102.1 1023 100.4
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nd = not detected, na = not analysed

Table 38Distribution of radioactivity following incubatioaf [THP-**C]Flumioxazin in Calwich

Abbey Lake natural water system

Compounds 0 day %2; %;’; %;5 0.5day| 1day| 3day 7 day 14 day 30 day
llluminated
Volatiles (CQ) na na na na na nd 0.1 0.4 2.9 9.0
Flumioxazin 92.7 62.3 15.7 6.2 nd nd nd nd ndl ng
482-HA 4.8 38.6 77.2 824 73.7 67.3 44.7 4.5 nd nd
THPA nd 0.0 0.7 1.0 31 3.3 11.4 241 57.4 46|19
482-PHO nd nd nd nd Nd- nd nd 2.1 nd 0.8
PHO-HA nd 0.0 5.9 11.5 20.5 14.8 33.9 485 187 nd
Other unknowns 0.4 0.4 1.0 1.8 1.8 10. 7.0 153 915 349
TOTAL 98.3 101.6 | 101.7 103.2 99.5 96.] 97.9 95|7 .69 924
Darkness
Volatiles (CQ) na na na na na nd nd nd nd 0.6
Flumioxazin 92.7 46.6 19.0 9.7 na nd nd Nng na nd
482-HA 4.8 51.6 80.7 95.6 na 93.( 91.0 867 86.8 .772
THPA nd nd nd nd na nd nd 11 3.3 10.8
482-PHO nd nd nd nd na nd nd nd nd ng
PHO-HA nd nd nd nd na nd nd nd nd nd
Other unknownsg 0.4 0.4 0.8 0.3 nal 3.5 5.6 5.4 318 .0 8
TOTAL 98.3 99.0 100.8 106.1 na 97.2 97.8 948 95.7 93.7

nd = not detected, na = not analysed

Mean mass balances were 80.9-106.1% at each timepaill incubation groups.

First order kinetics were considered to be accéptabd D90 values are shown in Tables 39 to
41. Overall, degradation of all compounds was rapith CO, and bound residues accounting for
>48% of the recovered radioactivity after 30 daysliminated water/sediment systems.
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Table 39: First Order Dissipation and degradatairg of flumioxazin in water sediment systems

Location System lllumination Darkness
DTs DTy ¥° error DTs DTy ¥* error
(day) (day) (%) (day) (day) (%)
Natural water | o 0.9 6.6 0.4 12 95
only
. Overlying
Kasai ;
Pond/THP water in w/s 1.5 5.1 1.2 1.1 3.8 10.3
system
Total wis 26 8.5 56 23 76 21.3
system
Overlying
water in w/s 0.9 3.1 3.3 2.1 6.9 4.2
Kasai system
Pond/Phenyl
Total wis 16 53 11.9 36 11.9 21.4
system
Natural water | | 0.2 2.2 0.1 0.2 12.8
only
Calwich Overlying
Abbey water in w/s 0.2 0.5 0.0 0.2 0.5 3.9
Lake/THP system
Total wis 0.2 0.7 5.7 0.2 0.7 193
system

Table 40:_First Order Dif values of flumioxazin metabolites in water seditr@rstems under

illumination
Location System Flumioxazin THPA APF 482-PHO + 2
+482-HA PHO-HA
Natural water only, 2.7 38.4 na 12.4 0.986
Kasai Overlying water
Pond/THP in w/s system 2:2 0.6 na 102 0.972
Total w/s system 4.0 1.1 na 7.1 0.985
Kasai Overlying water
Pond/Phenyl in w/s system 2.1 na 0.1 4.9 0.994
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Total w/s system 3.4 na 0.6 3.2 0.992
Natural water only, 2.3 18.2 na 25 0.977
Calwich Overlying water
Abbey - W}; Sg B 21 2.7 na 18 0.921
Lake/THP y
Total w/s system 3.0 4.3 na 2.3 0.962

Table 41 First Order Dsf values of flumioxazin metabolites in water seditr@rstems in darkness

Location System Flumioxazin | 482-HA THPA APF r’
Natural water only, 0.4 38.7 87.5 na 0.991
Kasai Overlying water
Pond/THP in w/s system 1.4 35 0.7 na 0.883
Total w/s system 2.2 7.2 15 na 0.863
Overlying water
Kasai in wis system 2.5 2.4 na 0.3 0.834
Pond/Phenyl
Total w/s system 3.7 6.4 na 0.8 0.874
Natural water only, 0.1 62.4 5.6 na 0.858
Calwich Overlying water
Abbey - W}; Sg o 03 16.0 05 na 0.986
Lake/THP 4
Total w/s system 0.2 35.0 1.3 na 0.993

The degradation rate of flumioxazin in water in #iesence and presence of sediment, or in
light or dark conditions, is largely unaffecteddicating that sediment or light makes an
insignificant contribution to dissipation/degradati(in comparison to hydrolysis). However
the degradation profiles were greatly dependenrigb, with 482-PHO and PHO-HA being
only found in illuminated conditions. The presenéesediment decreased the amounts of all
metabolites (482-HA, THPA, 482-PHO and PHO-HA) feam THPA degraded much faster
in the presence of sediment, whilst 482-HA degrachedh faster in the presence of light.
Overall, degradation of all compounds was rapidhwdO, and bound residues accounting
for >48% of the recovered radioactivity after 30 daysliiminated water/sediment systems.

RMS Comments:

Study is accepted. Total recovery was low at onee tpoint (30 Days) in illuminated Calwich
Abbey Lake water sediment system (80.9% AR) and d&asai Pond water sediment system
(86.2% AR).
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5.1.3 Summary and discussion of degradation

Flumioxazin is rapidly hydrolysed at pH 5-9 (DT505.2 days at 25 °C). 482-HA is the first
metabolite formed and this then further degradeBHBA and APF, due to sequential cleavage of
the amide bonds. Somel-TPA is subsequently formed as a result of thelibgum with THPA.
Aqueous photolysis studies have been conducted oth phenyl- and tetrahydrophtalimido-
labelled flumioxazin. Photolytic degradation wapidawith DT50 values in the order of 1 day. 482-
PHO (max. 74.6% AR) and THPA (max. 23.0% AR) wedeniified as major photolytic
degradation products. In addition, unknown peakeevpgesent at >10% (max. 35.1% and 16.8%
AR). A significant amount of radioactivity (max. 8%) remained at the origin but was shown to
consist of a number of different peaks. In biotiater/sediment systems at 20°C flumioxazin (both
phenyl- and tetrahydrophtalimido- labelled) degrhdaickly with whole system DT50 <1.85 days
and DT90 25-69 days. Non-extractable residues esheverages of 38-61% and mineralisation
reached averages of 5-29% after 98 days. The nilgeb®HPA (+A1-TPA) reached 62.8% AR
after 14 days in water phase, 18.6 % AR in sediraftat 7 days. A metabolite APF reached 57.7%
AR after 7 days. A metabolite (SAT 482-HA-2) wasirid in small amounts in water (max. 5.6 %
after 98 d) and sediment (max. 7 % after 60 d). Mle¢abolite SAT-482-HA-2 also reached 20.6%
AR in an anaerobic aquatic system, in the totatesys Metabolites 482-HA, 482-CA and IMOXA
were all identified, but at <5% AR as the averafighe TLC and HPLC results. Two transient
unknown compounds, Unk 23.8 and Unk 5.5, were dadnd >10% in one system at one
timepoint but could not be identified despite esiea effort. Previous EU evaluation (7470/V1/98
rev 9) confirmed that these did not require idécdifon since ecotoxicological risk assessment
could be undertaken in the absence of identificatigletabolites requiring risk assessment in
aguatic compartments were deemed to be; 482-HA ATatRl APF.

The additional data submitted in the current dess@nfirm that flumioxazin is not readily
biodegradable within the terms of OECD 301.

The available water sediment studies have beensesssd using FOCUS (2006) kinetics

approaches (Jarvis & Mamouni, 2011b). The bedtiffietics in the whole system is DFOP, DT50

values were calculated from DT90 (DT90/3.32) whk geometric mean value of 21.6 days. As no
reliable DegT50 values have been obtained for waber sediment, the geomean whole system
DT50 value was used for the water phase and thautiefalue of 1000 days was used for the

sediment phase (and the reverse), instead of 72 @agiment) and 1.5 days (water) proposed by
the Applicant.

Since the previous photolysis and water/sedimerttias contained unknown metabolites at >10%,
and because the rapid hydrolysis and photolysiuafioxazin results in uncertainties regarding
which metabolites may be formed under realisticdtibons, a further sediment/water study under
illuminated conditions has been submitted (Shileatal, 2011). In this study all major metabolites
formed have been identified and hence this diremtigressed the unknown peaks from the original
photolysis and water sediment studies. PHO-HA wlastified in the new study and this was not
identified in the previous photolysis study. Thevretudy includes the biotic degradation processes
of a water sediment/system and the photolytic dagran processes of an aqueous photolysis study
and hence is considered more realistic of the ahtemvironment than either of these studies
separately. In this study the maximum levels ofabelites 482-HA, THPA, APF, 482-PHO and
PHO-HA were 95.6%, 57.4%, 6%, 12.2% and 50.8% wspdy. The metabolite 482-HA reached
max. 20.4 % in sediment.
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The calculation of PECsw and PECsed for the meitasobf flumioxazin will be based on
maximum percentage formed based on the entireadatast just values from the new illuminated
study as was proposed by the Notifier. Also, despiAT-482-HA-2 not being found in the new
study, it has been included in the residue definifor risk assessment based on its presence in the
original anaerobic aquatic study (Archer et al9@)9at 20.6%. All of these metabolites have been
shown to degrade rapidly in illuminated water/seshimsystems, with the exception of SAT-482-
HA-2. SAT-482-HA-2 appears to have been previodslyned only from 482-HA and this has
been shown to degrade predominantly to THPA and A&PfRe new illuminated water sediment
study.

Figure 15: _Proposed aquatic degradation rout&$uohioxazin in natural conditions
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5.2 Environmental distribution

Environmental distribution of flumioxazin was detened in batch sorption study, for the soil
compartment, and in water/sediment study. Fomtheompartment the distribution was estimated
on the basis of saturated vapour pressure valuéland/’ s law constant.

5.2.1 Adsorption/Desorption

Study 1 (EU monograph, 1997):

Guideline : Draft OECD screening method. Study grenied in compliance with GLP. The study is
valid.

Cross reference : 11A.7.1.2/01, McKay, 1994c

Due to the high susceptibility of flumioxazin to diglysis, the soil adsorption-desorption
coefficient (log K ) was determined by high performance liquid chragetphy (HPLC) method.

Flumioxazin was dissolved in a mobile phase - metha0.01 M citrate buffer at pH 6.0 (55 : 45
% v/v) - and injected onto a hypersil 10 p ODS 5585, 25 cm x 4.6 mm column and the
retention time was determined four times at twocemtrations (0.08 and 0.8 mg/ml). A total of
seventeen reference compounds (benzamide, naphtatéluraline ...) of known soil adsorption
coefficients (log Koc = 1.26, 2.75, 3.94 ...) wesed to calibrate the column for the soil adsorptio
coefficient against the capacity factor (log K).risamide was used as a non-retained reference
standard. The soil adsorption-desorption coefficieh flumioxazin was determined from the
calibration graph derived from the reference steagla

The mean retention time for flumioxazin was 5.13nm{5.10-5.15). The mean adsorption-
desorption coefficient (log &) of flumioxazin was found to be 3.15 (95 % confide range of
2.88-3.46). The corresponding mean value of Kdelik2 (range 758 - 2884).

On that basis, flumioxazin is expected to have pmtential for mobility.

Study 2 (Addendum, 2000): Lewis C.J. (1999), rep®81/10-D2142, GLP, based on OECD
guideline 106 (May 1981), acceptable.

Methods: Samples (5 g) of 3 soil types were equitdd with 10 ml 0.01 M Cagfor 24 h at 20° C
before centrifugation. Supernatants were discaated! replaced by 20 ml 0.01 M CaCénd a
small volume (17.5 pl) of stock solution of pheM@ flumioxazine (> 98 % radiochemical purity)
prepared in acetonitrile was added to each sanepgve a concentration of 0.5 mg/L. Samples
were removed after 4 and 24 h and centrifuged. i®apents were acidified (to increase the stability
of flumioxazine) and analysed by LSC and HPLC anghme day. Concentrations of flumioxazine
in the liquid phase were calculated. Soils wereaetéd with acetone-water and then with acetone-
0.1N HCI. Extracts were analysed by LSC and HPLU@, @ncentrations of flumioazine on the soil
phase were calculated taking into account waterosnding the soil after removal of the
supernatant. Extracted soils were combusted. Atisarpf RA on flasks was checked.

Table 42: Soil characteristics

Soil type (origin) Sandy loam | (UK) Sandy loam(UK) Clay (UK)

Texture sand (%) 51 74 36
silt (2-63 pm) (%) 38 13 28
clay (%) 11 13 36

OC (%) 25 1.3 1.8

pH water / 1M KCI 7.1/6.8 55/4.8 6.3/5.3

CEC mEqg/100 g 16.3 8.8 15.8
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Table 43: Adsorption of flumioxazine on soil

% of applied RA (mean of 2 repl.) Cw Cs Kd Kog

W (flumio) Soil | Bound| Recovl (ug/ml) | (ng/g)

Sandyloam| 4h 19.4 (15.7) 74.3 0.7 94/3  0.0803 .4321 17.9 716
24 h | 23.1(10.7) 68.5 1.8 93.3 0.0544  1.387 246 839

Sandy loam Il 4 h 26.6 (24.7 67.( 0.4 942  0.1249.285 10.3 791
24 h | 23.5(20.3) 65.9 2.4 91.7 0.1083 1.270 123 459

Clay 4h 28.0 (25.7) 66.1 0.4 94 0.1312 1.280 9/4 521
24h | 25.1(18.3) 65.7 3.0 93.8 0.0940 1.250 133 39 7

Results: RA was not adsorbed on flasks and recevevere acceptable. RA in water was in the
range 19.4 - 28.0 % of that applied and showeld lthange with time. Flumioxazine was 46.3 -

92.8 % (mean 78.5 %) of the RA in water and comegiohs decreased with time. Several

degradation products were detected in water bug¢ wet identified. In accordance with degradation
studies, they accounted for low proportions of dpelied RA (1.9 - 12.4 %, mean 5.0 %). RA on

soil was 66.1 - 74.3 % as flumioxazine (no metdbslivere detected) and it showed little change
with time. Unextractable RA was negligible (< 3 %)umioxazine was strongly adsorbed on soil

with Kd in the range 10.3 - 17.9 after 4 h and 1223.6 after 24 h. Koc values were calculated to
be 521 - 791 (mean 676) after 4 h and they incceageto 739 - 983 (mean 889) after 24 h.

Adsorption was higher in the soil with the high@€k content but it did not depend on soil pH.

Conclusions Flumioxazine is strongly adsorbed on 3 UK so¥C(1.3 - 2.5 %, pHw 5.5 - 7.1)
with Kd in the range 12.3 - 24.6 and Koc in thega@39 - 983 (mean 889) for a 24 h equilibrium
period. Because flumioxazine is not stable in waaeilsorption measurement requires qualitative
analysis of both water and soil phases and thusatites were determined for only one high initial
concentration (0.5 mg/l, close to half of waterubdity) for analytical reasons. However,
adsorption is deemed to be sufficiently characteribecause the provided data are likely to cover
adsorption at lower concentrations which is expetbebe more important (for neutral compounds
adsorption isotherms are usually not linear - 1/h).<Results are in accordance with the estimated
Koc value of 1412 mL/g (CI 758-2884). They confithe low mobility of flumioxazine in soil and
the low risk for ground water contamination.

RMS Comments:
Three soil types have been tested but 4 soil thpee to be tested according to a current EC
regulation. These data were considered sufficianhg the previous EU evaluation.

The adsorption and desorption of the active substavas conducted under OECD guideline 106
(May 1981). The main deviations from the curreniGDEguideline 106 (2000) are:

« Test soils do not fit guideline soils. Selectiorsofls from seven soil types with defined
pH, %0C, % clay, and soil texture are preferredoibtypes are specified for
screening test versus 3 tested.

«  Only one concentration of flumioxazin was testetlithe five recommended test
substance concentrations. Freundlich adsorptidhesms were not determined.
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Because of only three soil types tested (data gaprfe soil type), the lowest Koc value of 739
mL/g together with the Frendlich exponent of 1.0 i used for the risk assessment.

5.2.2 Volatilisation

Flumioxazin is not a fumigant. Its vapour pressigr@.21 x 10" Pa at 22° C and the Henry law
constant value is 1.45 x TPa nf mol*. Normal use of flumioxazin is not expected to tegu
significant concentrations in air. On that basitedaination of the rate and route of degradation in
air is not required.

Assuming a 12-h daytime hydroxyl radical conceiarabf 6 x 16 molecules.crii, the half-life
was to be 5.84 hours.

Data/information to address this point were prem@nh the dossier submitted in 1994 for first
inclusion in Annex | and were deemed acceptableviahg evaluation and peer review at EU level.
No new data are presented.

RMS comments: According to FOCUS Air report (docam8ANCO/10553/2006 Rev 2 June
2008) flumioxazin has the potencial to reach thevpi >10* Pa. Short range transport via Step 4
atmospheric deposition into surface water is nouired because mitigation measures are not
needed. Flumioxazin has no potencial for long rargesport (DT50 < 2 days).

RMS made a request in the June 2013 reporting :tab(@2) Vol. 3, B.2.1.19, Atkinson
calculation: RMS will prefer an update of calculation even # thew value is below the trigger 2
days for long-range transportTherefore the notifier has repeated the calculateomd report SBP-
0062 is available, which gives a half-life of 2126urs using the AOPWIN v1.92 model. This report
will be submitted to ECHA during the public commiegtperiod, according to the procedure.

5.2.3 Distribution modelling

Not performed

5.3 Aquatic Bioaccumulation

Table 22: Summary of relevant information on aquatc bioaccumulation

Method Results Remarks Reference
Not applicable No experimental data are Not applicable Not applicable
available.

5.3.1 Aquatic bioaccumulation

5.3.1.1Bioaccumulation estimation

The octanol-water partition coefficient (log Pow)lamioxazin is 2.55 at 20°C. The flumioxazin is
also rapidly hydrolysed in aqueous solution {RB-5 days, 19 - 26 hours and 14 - 23 minutes at
pH 5, 7 and 9, respectively). The 3 major hydralgtegradation products : 482-HA : 7-fluoro-6-
[(2-carboxyl-1-cyclohexenoyl)amino]-4-(2-propynyl)4-benzoxazin-3-()- one, APF : 6-amino-
7-fluoro-4 -(2-propynyl)-1,4-benzoxazin-3H2-one and THPA : 3, 4, 5, 6-tetrahydrophthalic acid
have calculated log Pow values of 0.804, 0.127 @B& respectively. These data indicate that
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flumioxazin and its major hydrolytic degradatiorog@ucts are unlikely to partition into fatty tissues
and, therefore, it is considered unnecessary tdura bioaccumulation study in fish.

5.3.1.2Measured bioaccumulation data

No experimental data are available.

5.3.2 Summary and discussion of aquatic bioaccumulation

The data available indicate that flumioxazin argl major hydrolytic degradation products are

considered to have a low bioaccumulation potential.

5.4  Aquatic toxicity
Table 23: Summary of relevant information on aquatc toxicity
Method Test organism | Test Results Remarks | Reference
system Endpoint LCsy/ECso | NOEC
[mg/L] [mg/L]

EPA72-1 | Oncorhynchus | Flow- mortality 2.3 0.92 mm Takimotoet

mykiss through al., 1989b
96 h

EPA72-1 | Lepomis Flow- mortality >21 3.9 mm Takimotoet

macrochirus through al., 1989a
96 h

OECD 204 | Oncorhynchus | Flow- weight >1.2 0.37 mm Swordet
mykiss through reduction al., 1992

21d
EPA 72-2 | Daphnia magna| Flow- immobilization| 5.9 8.54 mm Reedet al.,
through 1992
48 h

EPA72-4 | Daphnia magna| Flow- reproduction - 0.057 mm Drottaret
through al., 1994
21d

OECD 211 | Daphnia magna| Semi-static | growth - 0.1 nom Cafarella,

21d reduction 2000

ASTM E Chironomus Static emergence, - 0.73 im Mattock D.

1398-94 riparius 23 d survival (mg a.s./kg (1997)

sediment)

OECD 201 | Pseudokirchne-| Static cell number 0.000852 | 0.000383 im Blasberget
riella 72 h inhibition al., 1992
subcapitata

EPA 122-2, | Navicula Static cell number 0.0015 <0.000042 im Hoberg,

123-2 pelliculosa 120 h inhibition 1996a

EPA 122-2, | Lemna gibba Semi-static | biomass 0.00035 0.000051| im Hoberg,

123-2 14 d reduction 1996b

mm — mean measured concentration
im — initial measured concentration

nom — nominal concentration
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5.4.1 Fish

5.4.1.1Short-term toxicity to fish
Acute toxicity to blueqill sunfish

Reference: Takimoto Y., Hagino S., Saito S. (1988&)dy number SBW-90-0002 - OLD STUDY
(DAR 1997, Addendum 2000)

Test guideline: FIFRA, Subdivision E 72-1

GLP compliance: yes

Test item: S-53482 (purity 94.8%)

Lot No./Batch No.: PYG-89021-M

The acute toxicity of flumioxazin to bluegill susffi (Lepomis macrochiryshas been determined
over 96 hours in a flow-through system at a tentpegaof 22 °C.

Groups of ten fish were exposed to various conagatrs of flumioxazin, as a solution in N,N-
dimethylformamide and polyoxyethylene hydrogenatadtor oil, diluted in distilled water. A
control group of fish was exposed to the solvemiales alone. Dissolved oxygen, pH, temperature
and test solution concentrations were measuredgatiar intervals throughout the study. The fish
were observed for mortalities and symptoms of tbx@fter 24, 48, 72 and 96 hours of exposure.

Due to low solubility of the a.s., testing was penfied using a suspension in a mixture of 50%
DMF and 50% polyoxyethylene hydrogenated casto(tdLO-40). The solvent concentration in
water for all test and control groups was 3.2 iggl, 32-fold higher than the acceptable level (100
mg/l). Mean measured concentrations were in thged&?2-70% of nominal (nominal test values:
3.2, 5.6, 10, 18 and 32 mg/l), therefore the resalle based on mean measured concentrations. The
dissolved oxygen concentration in the water wastgrethan 7.26 mg/l at all times and the pH
values were in the range 7.06 - 7.44.

There were no mortalities in any of the groups dlgfeout the study. Symptoms of toxicity were
seen in fish exposed to concentrations of 6.3 laugdl above. These symptoms included abnormal
respiration and swimming at the surface. It waschated that the 24, 48, 72 and 96 houd<Cof
flumioxazin to bluegill sunfish were all greaterath 21 mg/l. The "no-effect” concentration
determined in this study was 3.9 mg/I.

RMS Comment (DAR 1997)

Study conducted in compliance with GLP. The stuglyalid. The flumioxazin is of slight acute
toxicity to bluegill sunfish.

RMS Comment (Addendum 2000)

It is agreed by the Rapporteur that very high catre¢ions of solvent were used in an unsuccesful
attempt to overcome the intrinsic low solubility tife substance (1.79 mg/l). However, a) no
mortality was observed in both solvent and watertrats, whatever the dose, and b) there is no
reason to assume that a lower level of solventcclaald to a higher toxicity of the compound.
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RMS Comment (2012)

The reported study is GLP compliant and was comdlatcording to FIFRA 72-1 guideline. The
test results are in compliance with the guidelinegdidity criteria. The study is acceptable for
regulatory use.

Acute toxicity to rainbow trout

Reference: Takimoto Y., Hagino S., Saito S. (1989t)ydy number SBW-90-0001- OLD STUDY
(DAR 1997)

Test guideline: FIFRA, Subdivision E 72-1

GLP compliance: yes

Test item: S-53482 (purity 94.8%)

Lot No./Batch No.: PYG-89021-M

The acute toxicity of flumioxazin to rainbow tro(®ncorhynchus mykisdas been determined
over 96 hours in a flow-through system at a tentpeseof 13 °C.

Groups of ten fish were exposed to various conagatrs of flumioxazin, as a solution in N,N-
dimethylformamide and polyoxyethylene hydrogenatadtor oil, diluted in distilled water. A
control group of fish was exposed to the solvemmiales alone. Dissolved oxygen, pH, temperature
and test solution concentrations were measuredgafiar intervals throughout the study. The fish
were observed for mortalities and symptoms of tbxiafter 24, 48, 72 and 96 hour b values
were calculated by probit analysis.

The mean measured concentrations for the testi@atutvere in the range of 91 - 111 % of the
nominal concentrations. The dissolved oxygen camatan in the water was greater than 8.3 mg/I
at all times and the pH values were in the ran@e 7.3. The water temperatures were in the range
12.6 - 12.9 °C. Mortalities and symptoms of toxicitere seen in fish exposed to concentrations of
2.0 mg/l and above. The symptoms of toxicity inelddwimming at the surface, swimming at the
bottom of the tank, loss of equilibrium and letharghe highest concentration causing no
mortalities was 0.92 mg/l and the lowest conceiuinatausing 100 % mortalities was 5.4 mgl/l.
There were no mortalities or symptoms of toxicitythe solvent control group. The 24, 48 and 72
hour LGsg's of flumioxazin to rainbow trout are 2.9 — 5.4/iend 96 hour L& is 2.3 mg/l, based
on mean measured concentration. The 96 hour "mmtffconcentration for flumioxazin
determined in this study was 0.92 mg/l, based cammeeasured concentration.

RMS Comment (DAR 1997)

Study conducted in compliance with GLP. The stuglyalid. The flumioxazin is of moderate acute
toxicity to rainbow trout.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to FIFRA 72-1 guideline.
The test results are in compliance with the guiaed validity criteria. The study is acceptable for
regulatory use.
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5.4.1.2Long-term toxicity to fish

Chronic toxicity test on juvenile fish rainbow trout

Reference: Sword M. @t al. (1992), Study number SBW-21-0009 - OLD STUDY (DAS97)
Test guideline: OECD 204

GLP compliance: yes

Test item: S-53482 (purity 94.3%)

Lot No./Batch No.: PYG-89021-M

The chronic toxicity of flumioxazin to rainbow tro{Oncorhynchus mykis$ias been determined
over 21 days in a flow-through system at a tempeeabf approximately 15-16°C with a 16 : 8-
hour light-dark cycle.

Groups of twenty fish were exposed to various cotregions of flumioxazin, as aqueous dilutions
of a solution in dimethylformamide (DMF). The contmtions of flumioxazin in the test solutions,
temperature, dissolved oxygen and pH were measunegyular intervals throughout the study. The
fish were observed for mortalities and symptomsosifcity at various time intervals and the 4,C
values were calculated by the method of Stephaa.l@igths and weights of fish surviving to the
end of the study were recorded and compared wilcontrol values.

The mean concentrations of the stock solutions 9886 of the nominal concentration and the
mean measured concentrations of the diluted solsitisere in the range of 60 - 80 % of the
nominal concentrations. Therefore the results aaseth on mean measured concentrations.
Dissolved oxygen concentration were in the rangeB.@f - 9.5 mg/l (representing 91 - 98%
saturation, respectively) and the pH of the sohdiocanged from 7.9 - 8.3. There were no
mortalities in fish exposed to flumioxazin at contcations of up to 0.37 mg/l. There were 10, 10
and 60 % cumulative mortality in the groups expagefiumioxazin at concentrations for 0.61, 1.2
and 2.4 mgl/l, respectively. Fish exposed to coma&ans of 0.61 mg/l and above exhibited reduced
food consumption. The most common signs of toxiamgre surfacing, loss of equilibrium, dark
discoloration, fish on the bottom of the test chambaboured respiration, vertical orientation,
erratic swimming and/or quiescence. There was ndatity or abnormal effects in the negative
control, solvent control or groups exposed to floxaizin at concentrations of 0.20 and 0.347 mg/I.
Statistical analysis indicated no significant regut in survival in groups exposed to flumioxazin
at concentrations of up to 1.2 mg/l. There wasadissically significant reduction in the mean
weights of fish surviving to 21 days which were eged to concentrations of 0.61 and 1.2 mg/I
when compared to the pooled control groups. Thestiold level for observed effects was 0.61
mg/l.

It was concluded that the 21 day d©f flumioxazin to rainbow trout was greater thad g/l and
the 21 day "no-observed-effect” concentration ia sudy was found to be 0.37 mg/l.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.
RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 204 guideline.
The test results are in compliance with the guiaed validity criteria. The study is acceptable for
regulatory use.

-93 -



CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0O-4-PROP-2-
YNYL-2H-1,4-BENZOXAZIN-6-YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMDE

5.4.2 Aquatic invertebrates

5.4.2.1Short-term toxicity to aquatic invertebrates
Acute toxicity to Daphnia magna

Reference: Reed D., Swigert J.P. (1992), Study ear8BW-21-0007 - OLD STUDY (DAR 1997,
Addendum 2000)

Test guideline: FIFRA, Subdivision E Series 72-2

GLP compliance: yes

Test item: S-53482 (purity 94.7%)

Lot No./Batch No.: PPG-90111-M

Methods: Duplicate test chambers each containingDte magnawere exposed to a series of
concentrations of flumioxazin in a 1:1 mixture of ,NNdimethylformamide (DMF) and
polyoxyethylene hydrogenated castor oil (HCO-40). fldw-through system was used at a
temperature of 20 °C with a 16 : 8 hour, light rkdaycle. The concentration of flumioxazin in the
test solutions was measured at regular intervaisugihout the study. Duplicate analyses were
performed on samples that had been centrifugedhangtentrifuged. Dissolved oxygen and pH was
measured at 24 hour intervals and the temperataeemeasured at the beginning and end of the
study.

The effects of the substance on Bephniawere assessed at 18, 24 and 48 hours and the/aldes
were calculated by the method of Stephan. Negadiveé solvent control groups were tested
simultaneously. There were considerable differertoetsveen the nominal, centrifuged and non
centrifuged measured concentrations in the testisnk. These differences were related to the low
water solubility, the presence of precipitated makeand the rapid degradation of flumioxazin under
slightly basic conditions. The Lsg values were, therefore, calculated using the rmedsu
concentrations of both the centrifuged and nonfifeged samples. The dissolved oxygen
concentrations ranged from 7.8 - 8.2 mg/l and thegmained constant between 8.1 and 8.4.

It is reported in the study (page 9) that, duew $olubility of the a.s., testing was performethgs
suspension in a mixture of 50% DMF and 50% polytixylene hydrogenated castor oil (HCO-40).
The concentration of the DMF/HCO-40 mixture was M m all treatment levels, in water control
and in solvent control groups. The nominal coneiains were 15.6, 25.9, 43.2, 72, and 120 mg/I.

Visual observation showed that a large amount etipitate occurred in groups treated at higher
doses. It was assumed that the immobility obsemmesome groups was likely the result of the
"mechanical” interaction with the precipitated nnalle Water samples were collected: a part was
centrifuged prior to analysis to remove the preatpd material (5 min x 2 000 rpm) and the other
part was analysed without prior centrifugation. Tésults show differences between the nominal and
measured values, these differences increasingratigdavith the increase in nominal concentrations.
Finally, very high variability occurred in sampleSwater from groups treated at the highest doses.
However, if the lowest dose is considered.(15.6 mg/l), percent of nominal values were in the
range 20-31% of nominal in the 6 centrifuged sampled 27-33% of nominal in the non-centrifuged
samples. The mean values were 3.74 and 4.58 Miga.sentrifuged and non-centrifuged samples,
respectively. Only 10% immobilisation was obseraethis dose.

Mortality ranged from 15 % in the group exposedhi® highest concentration, to 0 - 10 % in groups
exposed to lower concentrations of flumioxazin. lofifisation ranged from O - 85 % in the treated
groups. Combined immobilisation and mortality ie tregative and solvent controls was 5 and 10 %,
respectively. A dose-related increase in the coatbimortality and immobilisation data was noted
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when compared to the concentrations of flumioxazithe non-centrifuged samples. However, no
dose-response relationship existed with the coratamis of flumioxazin in the centrifuged samples.
Immobilisation was considered to be a result ofreechanical" effect of the precipitated material
rather than due to substance toxicity. The lowestentration causing 100 % immobilisation and
mortality was 73.46 mg/l (concentration in non céinged samples). The 24 and 48 hoursg&Care
presented in Table B.9.2.1. The effects on mobaitygl mortality seen in the groups exposed to
concentrations of 3.74 and 8.54 mg/l (non centatligoncentrations) were comparable to those seen
in the solvent control and, therefore, 8.54 mg/$wansidered to be a "no-observed-effect” level for
flumioxazin toDaphnia

Table B.9.2.1 EC50 values

Time EC50, mg a.s./L (95% confidence limits)
Centrifuged sample Non-centrifuged sample

24h >9.25 >73.46

48 h 5.9 (5.4 — 6.5) 17 (14 — 22)

Tinsufficient effects at 24 h precluded the caltataof an EC50
2 EC50 calculated by probit method

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.
RMS Comment (Addendum 2000)

It appears that the a.s. is very difficult to diggein water even after solubilisation in common
solvents such as methanol, acetone triethylen®lgiyel dimethylformamide (see Takimoto (1989a),
Acute effects of S-53482 on the bluegdtudy number FTX-89006).

It is believed by the Rapporteur that the condgiohcentrifugation are not sufficiently effectite
remove all light suspended/dispersed material. idegéation at higher speed could lead to values
close to the solubility of the a.s in water (inchgl solvents) and it was estimated (page 15 of the
study) that the solubility of the substance in phesence of a concentration of emulsifiers of 4lmg/
was probably in the range of 4-6 mg/l. In thesedttoons, it is considered that the calculation of a
relevant EC50 is not possible, as it is recognise@uideline OECD 202. The EC50 value of 5.9
mg/l which was tentatively proposed in the studg k@ be considered as a rough estimate. This
value was not considered as "irrelevant” by the fedpur and was used in a provisional risk
assessment.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to FIFRA 72-4 guideline,
which is in line with the current OECD 202 guidelinThe test results are in compliance with the
guideline’s validity criteria. Given the solubiligroblems, the study is acceptable for regulategy u
with limitation.

5.4.2.2Long-term toxicity to aquatic invertebrates

Study 1: Chronic toxicity to Daphnia magna

Reference: Drottar K.R., Swigert J.P. (1994), Stadynber SBW-41-0014 - OLD STUDY (DAR
1997, Addendum 2000)
Test guideline: FIFRA, Subdivision E Series 72-4
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GLP compliance: yes
Test item: S-53482 (purity 94.8%)
Lot No./Batch No.: PYG-89021-M

Methods: A study was performed to evaluate theceffef the flumioxazin on the survival, growth
and reproduction oDaphnia magnaduring a 21 day exposure period under flow-throtegst
conditions. Nominal concentrations of flumioxazam¢ [Ph}*C]-flumioxazin) applied were 25, 50,
100, 200 and 400 pg a.s./l. Mean measured contiensaf flumioxazin were 15, 28, 57, 107 and
205 pg/l. Mean measured [PfG]-flumioxazin concentrations determined by LSCgeah from 93

to 101 % of nominal values, indicating that theixd®ly system was working properly. As a result,
mean measured concentrations were 24, 49, 101,ab86372 pg flumioxazin equivalent/l.
Temperature was at 20 £ 1 °C, dissolved oxygenaanation exceeded 60 % of saturation and pH
ranged at 8.2 - 8.5.

It is reported in the study (page 10) that "thecemrtration in the treatment and solvent group was
approximately 0.1 ml/I". Working stock concentraowere prepared with 0.0264, 0.527, 1.06, 2.11,
and 4.22 mg a.s./ml solvent (DMF). To obtain thenmal concentrations which were used in this

study (25, 50, 100, 200 and 400 microg a.s./l dewaa dose of 0.095 ml of these working solutions
per litre of water was used. The concentrationdphant is then slightly lower than the threshold

level indicated in OECD 202Guideline (100 mg#,, ca0.1 ml of solvent/l).

Results:
Effects at 21 d are indicated in Table B.9.2.2.

Table B.9.2.2 Effects of flumioxazin obaphnia magna after 21 days

No_mlnal concentrations Negative | Solvent o5 50 100 200 400
(microg/l) control control

Me_asured concentrations 0 0 15 o8 57 107 205
(microg/l)

Immobilisation (%) 9 14 14 0 5 55 73
Neonate production 60 51 45 39 37 0 0
(in brackets: CV's) (28.5%) (34%) |[(37.1%) |(55.4%) | (37.2%)

After 21 days of exposure, survival was 91 and 8éh%ne negative control and solvent control,

respectively. In the treatment groups, survivagehfrom 100 % at 28 pg a.s./l to 27 % at 205 pg
a.s./l. Survival was significantly reduced in bdlB7 and 205 pg a.s./I treatments groups in
comparison with solvent control. Consequently, ioeobserved effect concentration (NOEC) for

survival was 57 pg a.s./l.

Adult daphnids produced an average of 60 and 5hates per adult in the negative and solvent
controls, respectively, with no statistical diffeces. The reproduction was not significantly
reduced in the 15, 28 or 57 pg/l treatment grotips. within group variability (RSD = 28 and 34 %
in both control groups) do not seem to be unreddgriagh. The mean carapaces length and mean
dry weight of adult daphnids in the negative anldestt control groups were 4.0 mm / 0.51 mg and
4.1 mm / 0,45 mg respectively, with no statistickiferences. Length and weight were not
significantly reduced in the 15, 28 or 57 pg/l treant groups.

In conclusion, there is no apparent treatmentadlaffects upon survival growth or reproduction of
D. magnaexposed to a 57 pug a.s./l. Reproduction was thst ensitive biological parameter

-96 -



CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0O-4-PROP-2-
YNYL-2H-1,4-BENZOXAZIN-6-YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMDE

measured in the chronic toxicity test. The no obsgiconcentration was 57 pug a.s./l and the lowest
observable effect concentration was 107 pug adxded on mean measured concentrations.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.

RMS Comment (Addendum 2000)

Analyses of reproduction, length and weight darenconducted using statistically relevant
methods. Some variability occurred in the numbenednates per female in negative and solvent
control groups (CV's equal to 28 and 34%, respeltjyv No indications are provided in the
guideline OECD 202 about acceptable values. Howevas considered that a high variability
intra-groups could lead to falsely accept the null higpets (.e., no difference between groups).
Study was conducted according to FIFRA Guidelinest, to OECD 202, thus the number of
replicates in each group is different (7 in thedgtus 10 in OECD). Furthermore, reproduction
success is low in negative and solvent control gsq®0 and 51 neonates for 21 d, respectively).

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to FIFRA 72-4 guideline,
which is in line with the current OECD 211 guidelinThe test results are in compliance with the
guideline’s validity criteria (the mortality of ¢hparent animals should not exceed 20% at the end
of the test in control; the mean number of offspnoer female in control should b€0). The study

is acceptable for regulatory use.

Study 2: Chronic toxicity to Daphnia magna

Reference: Cafarella M.A. (2000), Study number 836202 (SBW-0050) — OLD STUDY
(Addendum 2000)

Test guideline: OECD 211

GLP compliance: yes

Test item: S-53482 (purity 99.0%)

Lot No./Batch No.: 50721

Methods: Flumioxazine (99%) was dosed at 0.05-0&/ o 10 individual daphnids per
concentration, along with acetone (0.01%) and wadatrols. Stock solutions and test solutions were
renewed every 3 d. Adult survival, reproduction gralvth were observed for 21 d.

Samples were analysed by HPLC/UV for the deteaifdhe primary hydrolysis product 482-HA due
to the rapid hydrolysis of flumioxazine at basic.gFurther degradation of 482-HA to APF and
THPA was determined at the highest test conceotrdty HPLC/UV. Flumioxazine was analysed by
GC/ECD method immediately after fortification amdeiged solutions.

Results: The water quality parameters were unalfebtty the concentrations of flumioxazine and
remained within acceptable ranges for the sunaval reproduction of daphnids. The pH measures
ranged within 7.6 to 8.5.
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The recoveries of flumioxazine from the exposuretsms immediately after the fortification were
approximately 90% and ranged between 79 and 91t#teafiominal values. After 3 d, the recoveries
of flumioxazine from exposure solutions were adisleéhan the limit of quantification. Flumioxazine
and 482-HA analyses showed that most of the pahtydrolysed to 482-HA during the 30 min of
stirring the exposure solutions prior to conducting renewal. Further degradation of 482-HA was
minimal (i.e., < 10%) between the 3 d renewal wdés, indicating that 482-HA was generally stable
under test conditions. Thus, the quantitation wfnfbxazine was based on the detection of 482-HA
and equated to a measured concentration of flurein@aThe measures obtained for the new freshly-
prepared solutions generally ranged between 80 1@ of nominal values, while the aged
solutions generally ranged between 70 and 80% afimal values. In conclusion, due to rapid
hydrolysis of flumioxazine to 482-HA at a basic pHjs likely that the daphnids were exposed
primarily to the hydrolysis product throughout @ik d test period. Therefore, statistical analysis f
all biological endpoints and treatment effectskased on nominal concentrations of flumioxazine.

The 21 d EC50 was estimated by non-linear intetjpolao be 0.37 mg as/l with 95% confidence
limits of 0.2 and 0.8 mg as/| (calculated by binahprobability). Although significant, the reduced
total body length observed at 0.05 mg/l was coms@léo be a statistical anomaly, since it was not
part of a dose-response and the small 2.9% reduatas not considered biologically significant.
Growth parameters are the most sensitive indicatbtexicity of flumioxazine taD. magnaunder
chronic exposure.

NOEC = 0.1 mg as/l, MATC = 0.14 mg as/l, LOEC = Mg as/l (hominal concentrations)

RMS Comment (Addendum 2000)
Acceptable.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 211 guideline.
The test results are in compliance with the gumded validity criteria (the mortality of the parent
animals should not exceed 20% at the end of thdrtentrol; the mean number of offspring per
female in control should e50). The study is acceptable for regulatory use.

5.4.3 Algae and aquatic plants
Toxicity to Pseudokirchneriella subcapitata (formerly hamed Selenastrum capricornutum)

Reference: Blasbergét al (1992), Study number SBW-21-0008 - OLD STUDY (DA897)
Test guideline: OECD 201

GLP compliance: yes

Test item: S-53482 (purity 94.3%)

Lot No./Batch No.: PYG-89021-M

Triplicate flasks ofSelenastrum capricornutumere exposed to flumioxazin in acetone at nominal
concentrations of 0.54, 1.1, 2.1, 4.3 and 8.5 |ibQfke concentration of flumioxazin in the test
solutions were measured at the beginning and entheofstudy by gas-liquid chromatography
(GLC). The algae were cultured under continuouistleg 24 °C for up to 72 hours. Acetone was
tested as a solvent control. Temperature and phe werasured at the beginning and end of the
study. Samples were taken at 0, 24, 48 and 72 liournseasurement of cell densities. The effect of
flumioxazin on the inhibition of growth of the akyavas assessed from the cell densities by
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statistical analysis and the BECEG, and EG values for inhibition were calculated from these
data.

Initial mean measured concentrations of flumioxarithe test solutions were 71 % of the nominal
concentrations. However, by the end of the study,concentrations in the test solutions were much
lower than the initial nominal concentrations, cating that flumioxazin was unstable under the
conditions of the study. The temperature remair@tstant at 24 °C throughout the study and the
pH ranged from 7.3 to 7.7. There were statisticailgnificant inhibitions in growth of algae

exposed to flumioxazin at nominal concentrationd.df 2.1, 4.3 and 8.5 pg/l (Table B.9.2.4). The

24, 48 and 72 hour &g values for algal growth were calculated to be 1.2, and 1.2 ugl/l,
respectively.

It was concluded that the 72 hour ECEG, and EGp values of flumioxazin tdSelenastrum
capricornutumwere 0.88, 1.2 and 1.7 pg/l, respectively, basedaminal concentrations and the

"no-observed-effect" concentration in this studgsdd on nominal concentrations, was considered
to be 0.54 pgll.

Table B.9.2.4 Measured cell counts foBelenastrum capricornutum during the exposure to S-
53482

Mean Cell Counts (3 Flasks)
x 10% cells/mL

Nominal Test

Cone.(pg/L) 0-Hour* 24-Hour® 48-Hour” 72-Hour”
Control 0.82 4.6 25 149
Vehicle Blank 0.78 4.5 25 150
0.54 4.4 23 141
1.1 2.9 14 99
2.1 0.93 1.5 1.7
43 0.78 1.0 0.56
8.5 0.56 '0.29 ﬂw48

* Values were obtained from the cell count data forms
¥ Values obtained from SAS

* Denotes a significant (p<0.05) inhibition effect from the control and vehicle blank as
calculated using transformed (square root) cell counts by Dunnett’s test.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.
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Since initial measured concentrations were 71% arhinal values, the 72 hour E£Lfor algal
growth 1.2 ug/l was recalculated by RMS (see thplfR&o Danish Comments, 15 June 2000).
Thus, EGpis 0.852 pg/l.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 201 guideline.
The test results are in compliance with the curgemdeline’s validity criterium (the increase ofice
numbers, measured in the control between 0 h ardsIduld be greater than the criterion value of
>16). The study is acceptable for regulatory use.

Since initial measured concentrations were 71%owhinal values, the 72 hour NOEC 0.54 pg/l
was recalculated to be 0.383 ug/l.

Toxicity to Navicula pelliculosa

Reference: Hoberg J. R. (1996a), Study number 96710 (SBW-0028) - OLD STUDY (DAR
1997)

Test guideline: EPA-FIFRA 122-2, 123-2

GLP compliance: yes

Test item: V-53482 (~ S-53482; purity 99.5%)

Lot No./Batch No.: 40303

Triplicate flasks ofNavicula pelliculosaat 1.0 x 10 cells/ml were exposed to flumioxazin in
acetone at nominal concentrations of 0.048, 0.093, 0.38, 0.75, 1.5 and 3.0 pg/l. The algae were
cultured at 24+ 1 ° C, under continuous light at 24 °C for up taldys. Acetone was tested as a
solvent control. Temperature and pH were measurdtedeginning and end of the study. Samples
were taken at Day 0, 1, 2, 3, 4 and 5 for measumneofecell densities. The effect of flumioxazin on
the inhibition of growth of the algae was assedse the cell densities by statistical analysis and
the EGs, EGs and EGp values for inhibition were calculated from thesead

Initial mean measured concentrations of flumioxamithe test solutions were 0.042, 0.074, 0 .15,
0.31, 0.61, 1.2 and 2.4 pg flumioxazin per litrdne$e concentrations were used to define the
treatments. The temperature remained between 22amMC throughout the study and the pH
ranged from 7.1 (test initiation) to 8.4 - 8.6 {tewmination). Light intensity was 390 to 480 foot
candles and the shaking rate was 100 rpm.

Statistical analysis demonstrated a significanticédn in cell density in all treatment levels &bt
as compared to the control data (Table B.9.2.5xalé concluded that the 5 day CECGs and
ECsp values of flumioxazin tdNavicula pelliculosawere 0.041, 0.59 and 1.5 pg/l, respectively,
based on initial measured concentrations and tbeoliserved-effect” concentration in this study
was considered to be < 0.042 ugl/l.
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Table B.9.2.5 Cell density (x 1Dcells/mL) of Navicula pelliculosa after 1,2,3,4 and 5 days of
exposure

Initial
Measured Observation Interval Day &
Concentration Day 1 Day 2 Day 3 Day 4 Day 5 Percent
(ug A.LIL) Inhibitien
Control A 3 15 47 85 117
B 3 10 43 88 125
c 2 13 44 83 145
Mean(SD)* 2(1) 13(2) 45(2) 85(2) 129(15) NA®
0042 A 1 10 43 76 118
B 2 g 41 84 121
Cc 4 10 42 82 117
Mean(SD)" 2(1) 10(1) 42(1) g1(4) 118(2)° 8.1
0.074 A 3 10 41 78 1189
B 3 10 34 81 118
Cc 3 9 40 82 115
Mean(SD)* 3(=<1) 9(<1) 38(4) 80(2) 117(2)° 9.2
015 A 2 9 44 75 98
B 3 9 43 100 109
C 2 7 a8 79 113
Mean(SD)® 2(1) 8(1) 42(3) 85(13) 107(8)° 17
0.31 A 2 7 36 75 111
B = & 38 79 107
C 3 10 35 78 110
Mean{SD)" 3(1) 8(1) 36(2) 77(2) 110025 15
0.81 A 1 4 27 85 100
B 2 7 28 66 g6
C 2 5 31 80 102
Mean(SD)* 1) 5(2) 28(2) B3(3) 99(3)° 23

Mean, standard deviation (SD) and percent inhibition were calculated from original raw data, not from
the rounded values presented in this table.

MA = Not applicable .

Significantly reduced (p 0.05) as compared to the control based on Williams' Test.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 201 guideline.
The test results are in compliance with the curgendeline’s validity criteria (the increase of Icel
numbers, measured in the control between 0 h aridsiduld be greater than the criterion value of
>16). The study is acceptable for regulatory use.

Toxicity to Lemna gibba

Reference: Hoberg J. R. (1996b), Study number 96782 (SBW-0027) — OLD STUDY (DAR
1997)
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Test guideline: EPA-FIFRA 122-2, 123-2.
GLP compliance: yes

Test item: V-53482 (~ S-53482; purity 99.5%)
Lot No./Batch No.: 40303

A study was performed dremnagibba G3. Five, three fronds each, plants were introducehree
vessels per treatment plus one for analysis pugpd$@minal concentrations of 0.064, 0.13, 0.25,
0.50, 1.0 and 2.0 pg/l plus one acetone controéweed.

Temperature was maintained at 251°C with a continuous light intensity of 300 to(5fbot-
candles during the 14 days of the test. Observatiowl / or analysis were performed at days 0, 3, 6,
9,12 and 14.

Initial mean measured concentrations of test malterithe test solutions ranged from 85 to 90 % of
the nominal concentrations and, at Day 3, at 23The initial measured concentrations derived
from LSC analysis were 0.051, 0.11, 0.22, 0.447 @u&d 1.7 pug/l and defined the treatment levels.

The temperature remained between 24 and 25 °Cghout the study and the pH ranged from 5.0 -
5.1 (test initiation) to 4.8 - 6.2 (test terminajoLight intensity was 350 to 440 foot-candles.

Statistical analysis demonstrated a significanticidn in frond density in the 3 higher treatment
levels tested as compared to the control data €T&x0.2.14). Based on initial measured test
concentrations, the 14 days £& 0.35 pg/l (95 % confidence limits = 0.14 and00.@/l) and the
14 days no observed effect concentration (NOEC)W@s1 pg/l flumioxazin.
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Table B.9.2.14 Frond production (density) and obseations recorded for Lemna gibba after 3, 6, 9, 12 and 14

days of exposure

Initial . .

Measured Frondsireplicate Percent
Concentration Day 3 Day 6 Day 9 Day 12 Day 14 Reduction
(g ALLIL) {Day 14}

Contral A 39 100 200 480 760
B a8 116 210 450 6530
C 40 113 220 480 750
Mean{SD)}®  39(1.0) 110{8.5) 210{8.1) 470(15) T10{75) MAT
0051 A 39 100 200 400 750
B a8 105 220 00 700
C K15 99 200 400 720
Mean(SD)® 38(1.5) 100{3.2) 210{12) 400(4.7) 740(48) 4.3
011 A 41 98 200 390 T30
8 34 98 200 350 750
& 37 g5 200 380 640
Mean(SD)®  37(3.5 97(1.7) 2002 aroz 700(58)" 2
022 A 35 a8 180 330 650
B 32 g8 180 320 640
c 37 102 200 340 %[1
Mean(SDW¥@  35(2.5) 6(7.2) 190(8.1) 330(11)° 660231 8.1
044 A 35 98 180 240 330
B 33 84 180 240 360
c 3 82 180 240 320
Jean(SD)®  33(2.0) 88(8.7) -‘d‘-‘ 180{(1.7)%%  240(2.0)% 330(22)%" )
0.87 A 34 B1 16 200 220
B 31 80 150 200 230
C 3 83 150 210 210 "
Mean(SD)?*  33(1.5)% 81(1.5)%e 150(6.1)%¢ 200(2.7)% e 200(7 4)50EN 69
1.7 A 35 53 62 78 100
B 32 65 64 84 120
C 27 50 51 81 120 h
Mean(SDP  31(4.0)%  56(7.9)%%  5g(7.00%%  81(3.0)%* 110(3.7)9" 84
Mean, standard 'u.rm i y and percant reduction were calcuisted from ariginal raw data, not from the rounded values
presented in thi
- ‘w-\ = Mot A
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RMS Comment (DAR 1997)
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Study conducted in compliance with GLP. The stugdyailid.

RMS Comment (2012)

The reported study is GLP compliant and was coretlieccording to FIFRA 122-2 and, 123-22
guideline. However, the study is not in line witle tcurrent guideline OECD 221, that recommends
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observations on two response variables: averageifispgrowth rate and yield. Both response
variables should be based on frond numbers andcheradditional parameter of observation (frond
area or dry/fresh weight). The results of the stdidiyonly allow calculation of inhibition of the tw
response variables (growth rate and yield) basedramd numbers - since biomass was only
observed on day 14 (and no estimate of startingi&ss was available). Since a higher tier study on
phytoplankton and aquatic macrophytes was available reported study ohemna gibbais
considered as supplemental information.

5.4.4  Other aquatic organisms (including sediment)

Chronic toxicity to the sediment dwelling invertebmate Chironomus riparius

Reference: Mattock D. (1997), Study number 1530/P81(SBW-0042) - OLD STUDY (DAR 1997)
Guideline: ASTM E 1398-94, DoE 3460 P2

GLP compliance: yes

Test item: S-53482 (purity 99.0%)

Lot No./Batch No.: 50721

Twenty Chironomus ripariudarvae were used in each of eight vessels pemniezd. The sediment,
coming from a site known to be free of contaminatioontained 3.35 % organic carbon set by
dilution with sablesand; particle size distributiaciay 11.6%, silt 11.3%, sand 77.2%; texture
classification: sandy loam; organic matter 4.0%diBient was spiked with acetone stock solutions
to prepare nominal concentrations of 1.5, 0.5, ,001G6 and 0.02 mg/kg. Two control treatments:
dilution water + sediment and dilution water + acet + sediment. Aeration was given all along the
test. Overlying lost water through evaporation wegsaced by reverse osmosis water. Larvae were
fed with ground TetraMin™ 3 times per week during the 23 days of the tesatihm. Test
organisms were observed daily from the onset ofrgemee until Day23, flumioxazin analysis was
performed in overlying water at Days 0, 14 23, andediment at Days 0, 1, 3, 7, 14 and 23. The
majority of determinations in water were at or belihe limit of quantitation (0. 5 pg/l) with two
exceptions: 3.9 and 22.4 ug/l were obtained forcibrgrol and 1.5 mg/kg treatment respectively.
Measured concentrations in the sediment are givéimei table B.9.2.3.

Table B.9.2.3 Measured concentrations in the sedime

Nominal concentratic Measured concentration (mg/kg)

(mg/kg) Day 0 Day 1 Day 3 Day 7 Day 14 Day 28
Control <LQ <LQ <LQ <LQ <LQ <LQ
Solvent control <LQ <LQ <LQ <LQ <LQ <LQ
0.02 0.01 0.02 0.02 <LQ <LQ <LQ
0.06 0.05 0.03 0.02 0.01 <LQ <LQ
0.17 0.09 0.07 0.05 0.03 0.02 <LQ
0.5 0.22 0.19 0.14 0.08 0.05 0.02
1.5 0.73 0.63 0.45 0.27 0.13 0.08
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The toxicity of flumioxazin to Chironomus ripariuswas based on the initial measured
concentrations in test sediment. Emergendg.afparius was first observed on day 11. By day 23,
all vessels had 100 % emergence (20 out of 2@). oiparius. There was no significant reduction in
emergence in any of the treatments relative tostiieent control group. The highest measured
concentrations resulting in no observable reductbremergence, hence survival ©f riparius
after 23 days exposure (NOEC) was 0.73 mg/kg irsduement.

RMS Comment (DAR 1997)

Study conducted in compliance with GLP. The stuslyalid. This study demonstrates that the
normal use of flumioxazin will not present a sigeait risk to sediment dwelling insects.

RMS Comment (2012)

The reported study is GLP compliant and and waslectied according to ASTM guideline (1995),
which is in line with the current OECD 218 guidelif2004). Natural sediment was used in the
study instead of formulated sediment preferredhey ®ECD guideline, which is also acceptable.
The test results are in compliance with the curgemdeline’s validity criteria (the emergence i th
control at least 70% at the end of the test; enmaxgéo adults in control should occur between 12
and 23 days; oxygen concentration should be at 6G8#% of air saturation value; pH of overlying
water should be in the 6-9 range; the water tentperashould not differ by more than = 1.0 °C).
The study is acceptable for regulatory use.

545  COMPARISON WITH CRITERIA FOR ENVIRONMENTAL HAZARDS
(SECTIONS 5.1 — 5.4)

Conclusion of environmental classification accogdio Regqulation EC 1272/2008:

Pictogram: GHS09

Signal word: Warning

Aquatic acute 1, M = 1000, H400: Very toxic to angiéfe.

Aquatic chronic 1, M = 1000, H410: Very toxic touatic life with long lasting effects.

Justification for the proposal:

Aquatic acute category 1 (H40@®)llows from the acute toxicity of the active sudoste toLemna
gibba EGC5 < 1 mg a.s./L (E€& = 0.00035 mg a.s./L, Hoberg, 1996b). A M-factor1®00 is
applicable based on 0.0001 <4420.001 mg a.s./I.

Aquatic chronic category 1 (H410) follows from thbkronic toxicity of the active substance to
Navicula pelliculosaNOEC< 1 mg a.s./L (NOEC < 0.000042 mg/L, Hoberg, 199%&] the fact
that the active substance is not readily biodednadand not rapidly biodegradable. A M-factor of
1000 is applicable based on 0.00001 < NGHT0001 mg/l.

Pictogram is required for ‘Aquatic acute 1’ and Udgic chronic 1’ category substance.
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Signal word ‘Warning' is required for ‘Aquatic aeutl’ and ‘Aquatic chronic 1’ category
substance.

The statements P273, P391 and P501 are requiréddaatic acute 1’ and ‘Aquatic chronic 1’
category substance.

Conclusion of environmental classification and |abe according to Directive 67/548/EEC:

N Dangerous for the environment.

R50 Very toxic to aquatic organisms.

R53 May cause long term effects in the environment.

S60 This material and its container must be dispo$sas hazardous waste.

S61 Avoid release to the environment. Refer toigpetstructions/Safety Data Sheet.

Justification for the proposal:

R50 follows from the acute toxicity of the activebstance to the most sensitive tested aquatic
organisms with E€; < 1 mg a.s./l{Lemna gibbaEGCso = 0.00035 mg a.s./L, Hoberg, 1996b).

R53 follows from the fact that the active substaisasot readily biodegradable.
The safety phrases S60 and S61 have to be appisedilon the proposed R50/53.

5.4.6 CONCLUSIONS ON CLASSIFICATION AND LABELLING FOR
ENVIRONMENTAL HAZARDS (SECTIONS 5.1 —5.4)

Conclusion of environmental classification accordig to Requlation EC 1272/2008:

Pictogram

Signal word Warning

Classification categories: Aquatic acute 1
Aquatic chronic 1

M-factor (acute/chronic) 1000/1000
Hazard statements H400: Very toxic to aquatic life.

H410: Very toxic to aquatic life with long lastingeffects.
Precautionary statementsP273 Avoid release to the environment

P391 Collect spillage
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P501 Dispose of contents/ container to ... (in agdance
with local/ regional/ national/ international regulation (to
be specified))

Conclusion of environmental classification and labg according to Directive 67/548/EEC.:

Hazard Dangerous for the environment
symbol:
N
Risk R 50/53 Very toxic to aquatic organisms, may cause long tar adverse effects in the
phrases: aquatic environment
Safety | S60 This material and its container must be disposed ais hazardous waste
phrases:
S61 Avoid release to the environment. Refer to speciatstructions/safety data
sheets

6 OTHER INFORMATION

None.
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7  ABBREVIATIONS

AV atrioventricular

EDD embryonic development day

DMSO dimethyl sulphoxide

GD gestation day

GLP good laboratory practice

Hb haemoglobin

HW Han Wistar

ICR imprinting control region

JW Japanese white

M/E myeloid / erythroid

MCH mean corpuscular haemoglobin

MCHC mean corpuscular haemoglobin concentration

MCV mean corpuscular volume

NaB sodium butyrate

NZW New Zealand white

PBPK physiologically based pharmacokinetic

PCE polychromatophilic erythroblast

PPO protoporphyrinogen oxidase

PPIX protoporphyrin IX

RBC red blood cell

S-53482 flumioxazin

sd standard deviation

SD Sprague Dawley

VSD ventricular septal defects

WBC white blood cell

CLP Regulation (EC) 1272/2008 of the European i&#adnt on the Classification
Labelling & Packaging of substances and mixtures.

mg/kg milligrams per kilogram

mg/kg/d milligrams per kilogram per day

ppm parts per million

NOAEL no observed adverse effect level

ATP of the Adaptation to the Technical Progress of the Danger8ubstances Directive
DSD (67/548/EEC)

bw bodyweight
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LC/MS liquid chromatography/ mass spectrometry
GOT glutamic-oxaloacetic transaminase

DNA deoxyribonucleic acid

HPLC High Performance Liquid Chromatography
HRF human relevance framework

MOA mode of action

ECHA European Chemicals Agency

ICPS International Programme on Chemical Safety
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ANNEX 1
DISCUSSION ON HUMAN RELEVANCE OF THE DEVELOPMENTAL EFFECTS
INDUCED BY FLUMIOXAZIN (BASED ON NEW DATA SINCE THE PUBLICATION OF
FLUMIOXAZIN IN THE 28TH ATP OF THE DSD)
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An update of a discussion on human relevance of the
developmental effects induced by flumioxazin in rats

Executive summary

Flumioxazin caused embryolethality, teratogenicity [mainly ventricular septal defects
and wavy ribz]. and growth retardation in rats at 30 me'ks without maternal toxicity
but not 1n rabbits at the maternal tomcity level of 3000 mgke Flumioxazin was
claszified as category 2 R61 or category 1B (CLP) for developmental toxcity due to the
rat developmental effects and presumed relevance to humans.

Sumitomo Chemical Company has carried out an extensive program of research with
flumicxaznn and has succezsfully elucdated the mechamizm of the developmental
toodeity in rats. Exsting mechanistic studies, which were evaluated durnng the previous
review of flumioxazin for Annex 1 mnchusion, have been supplemented by additiomal
studies to strengthen the mechaniztic case and to allow an asseszment of the relevance
to human of developmental effects found 1n rats.

There 15 convincing evidence for a single mode of action causing the developmental
toxacifies 1n the rat. The sequence of key biclogical events in the proposed mode of action
haz been elucidated Inhibition of PPO interferes with normal heme synthesis, which
causzes logs of blood cellz leading to fetal anemua, embryolethalbty and the development
of malformations.

Rats are particularly sensitive to the effects of protoporphyrinogen cadase (PPOYD
mhibition induced by flumioxazin m erythroblasts. Thiz leads to anemia that iz a
crifical precursor of the developmental toscity resulting from flumickann exposure. In
contrast, humans are unlikely to develop anemia from PPO mhibition. This conclusion
1= based on (1) chnical findings that PPO deficient patients with Variegate Porphyma
cshow no signs of anemia, (2) experimental evidence that flumicoxazin does not reduce
heme production in K562 cells, which are derived from human erythroleukemia, and (3}
that humans are less sensitive to PPO inhibition than rats.

Pharmacolonetic modeling mm the rat and the human predictz that human
erythroblasts would be msusceptible to flumioxazin at exposure egquivalent to a
maternal dose excesding 1000 mpglke/day, thus demonstrating the large cpemes
difference in sensitivity,

Orerall it 1= comcluded that the rat iz an inappropriate model for assezzing the

developmental toncity of flumioxazin in humans because, unlike humans, they ars

[R]
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highly szenszitive to PPO inhibition, resulting in fetal anemia and conseguent
developmental toxicity. There iz considered to be no plansible scenario whereby humans
would be at rizk of developmental toxicity given the species differences in susceptibility

to flumioxazin and potential for anemia
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1. Introduction

Flumioxazin is an WN-phenylimide herbicide. The herbicidal activity of flumiozazin is
due to photodymamic action of accumulated protoporphymn IX (PPIX) resulting from
inhibition of protoporphyrinogen oxidase (PPO)., which is an enzyme in porphyrin
hiogynthesiz and common to plants and animalz as part of chlorophyll and heme
hinzynthesis (Fig. 1). In mammalzs eight enzymes are invelved in the heme biosynthetic
pathway which startz 1n the mutochondria and, after passmmg through cytoplasmic
stages, re-enters the mitochondria for the final steps of heme formation. The first and
last three enzymes mchuding PPO are located in mmtochondria while the others are in
the cytosol. It 1= postulated that the mechanizm of PPTX accumulation im mve resulting
from PPO mhibition 1= as follows: the accumulating protoporphyrnogen eventually
leaves the mitochondria, enters the plazma, and 1= omdized nonenzymatically there to
PPIE. Because of abnormal subcellular location, the resulting PPIX 1= heyond reach of
ferrochelatase and cannot be transformed to heme (1). In humans malfunction of this
pathway leads to metabolic disorders termed porphyra.
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Fiz. 1 Heme biosvnthetic pathway and mode of herbicidal action of flumioxazin

In studies, there were strilong spenes-zpecific differences in developmental tosacity
resulting from  flumioxazin  exposure. Flumioxazin produced embryolethality,
teratopenicity [mainly ventricular septal defectz (VSD) and wavy ribs], and growth
retardation in rats exposed to 30 mg'ke without maternal tosacity. Im contrast, these
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effects were not seen in rabbits expozed to doses az high as the maternal tome level of
3000 me'kg. Flumioxazin has been classified as category 2 R61 or category 1B (CLP) for
developmental tomcity dus to the rat developmental effects (Annex VI of Reculation
(EC} No. 1272/2008).

Sumitomo Chemical Company has carried out an extensive program of research with
flumicxazin, enabling them to elucidate the mechamsm of developmental tosmcity m
rats. Additionally, they have azsezzed the relevance of these findings to predictions of
developmental toxicity in humans. Thiz rezearch has demonstrated that developmental
tosdcity in rats 1= due primarily to PPO inhihition in the fetus, resulting in fetal anemia.
Thizs, 1n turn, leads to the developmental mamnifestations caused by flumioxazin.
Significantly. humans are unlikely to develop anemia aszociated wath PPO inhibition
Ac a result, the rat is particularly sensitive with respect to the effects of PPO inhibition
and thus 1= an nappropriate model for prediching the potential for developmental
torgcity of flumicxazin in humans.

This report summarizes the mechanizm for the teratogenicity in rats from the previous
review for mclusion of lumoxazin in Annex 1 and discusses the results of subsequent
additional studies included in section ITA 5513 of the prezent dossier and the CLH
report.

2. Besults of the rat and rabbit teratogenicity studies

In a rat teratology study flumoxazin was admimstered to dams by gavage during
gestational days 6 through 15 Fetuses were removed by Caezarian section and
examined for external skeletal and visceral abmormalities on gestational day 20
(SET-00-0012). Flumioxarin caused embryolethality, teratogenicity (mainly VSD and
wavy ribs), and growth retardation at 30 megkg (Table 1). In contrast, flumioxazin
causzed no developmental toxicity at doses to 3000 mg'kg in rabbits treated during days
6 through 18 of gestation (SBT-11-0017),

Table 1 Bummary results of the rat teratology study with dumiczazin

0 mgike 30 me'kg
Embryorec deaths 5.6% 20.4%
Fetal bodyweight Male:d 51z Female:334g | Male;3.00z Female:? 79z
VD 1.4% 255%
Wavy oha 0.6% 24 3%
6
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In the rat multigeneration study there waz an increaze in rezorptions and a decreasze
n hoth pup swrvival and average pup weight which were probably seen az an extension
of the causal effects which produced embryolethality and growth retardaton observed
1n the rat teratology study (SBT-21-0033)

3. Mechanism of rat teratogenicity induced by flumioxazin

The mechanizm of the developmental toxicity of flumicxazin in rats is presented in Fig.
a-

a) Flumioxazin inhibits PPO, which 15 the penultimate enzyme in heme biosynthesis
and is localized m mitochondria (Fig. 1). Its inhibition results in degeneration of fetal
ervthroblasts leading to anemia.

k) Severe fetal anemia leads to the fetal death.

¢! Burvining fetusez are growth-retarded as indicated by a decreasze in body weight.
Thev compensate for thiz anemua by pumpine a greater volume of blood which leads to
chzerved enlarzement of the heart just prior to closure of the interventricular foramen.
Thiz results in delayed closure of the foramen reprezented az VED in the term fetus due
to mechanical distortion of the heart or abnormal blood flow.

d} Concurrently serum protein 1= decreased in the fetus resulting 1n wavy ribs.

Growth
retardation

Enlarged F VSD
heart

Decreased
serum

PPO inhibition Fetal
Degeneration of anemia
ervthroblasts

Wavy ribs

nrotein

Fiz. I Meckamem of developmental toxoiry mduced by flumioxazin
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The mechanizm described above was based on a series of studies desiomed to elucidate
the bases of the species specific developmental tomcity produced by flumioxazin in rats
but not in rabbits. These studies were evaluated during the previous review of

flumioxazin for Annex 1 inclusion and were summarized in the DAR. The mode of action
described below was endorsed by the Scentific Committee on Plantz (Opinion
SCPFLUNMIO/002-Final 23 May 2001).

Az summary it has been demonstrated:

3.1 The cnmtical period for sensitivity to the developmental effects of flumioxazin
including fetal death, reduced fetal bodyweight and VED iz day 12 of gestation
(SBT-30-0044). Thiz suggests a commeon mechaniem for the three types of
developmental effects.

3.2 A strong correlation exists between PPIX accumulation, considered to result from
PPO mhibition, and developmental tosnoty. Evadence for this correlation 1z based on
differences between rats and rabbits, the critical period of sensitivity to
developmental effectz in ratz, and compound-specific differences hetween two
chemicals of the N-phenyhmide famly The latter are structurally related to
flumioxazn: one (5-23121) that produces developmental effects in ratz and one
(5-23031) that does not (PPT-00-0023, SAT-11-0024). Protoporphyrin I accumulates
n rat fetusesz in recpomse to flumioxazin but not in rabbit fetuses (SBT-0061).
Protoporphyrin IX accumulation is observed when rat fetuses are treated with the
developmentally toxic compounds (flumioxazin and S-23121) that cause significant
PPO inhibition (SBT-0062). The peak period of PPIX accumulation in rat fetuses
corresponds to its developmental effects (SBT-0063, SBT-30-0044). This correlation
demonstrates a close link between PPO inhibition and developmental abnormality.

3.3 Histolomical examination of rat fetuses at light and electron microscopic levels after
oral administration of flumiczazin (1000 mgke) to dams cn gestational day 12 (the
day of greatest zenzmitivity) demonstrated mitochondrial lezions. These included
abnormal iron deposits, probably due to imhibition of heme hiosynthesis, in
polychromatophibic erythroblastz that were ohserved az early as 6 hours after
treatment. Subszequent degeneration of theze eryvthroblasts was indicative of fetal
anemia (SBT-0064).

Hiztological examination of hearts from exposed embryos revealed thinming of the
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ventricular wall by 36 hours after treatment. Thiz may reflect compensation for the
lozz of embryvonic blood cells. Therefore, the VED cauzed by flumioxazin appears to
result from inhibition of heme biosynthesiz rather than from direct mjury to
embryonic heart tissue.

Mo effects were observed in rabbits treated in the same manner as rate (SBT-0064).
The ohzerved difference in hizstological changes between rats and rabbitz completely
corresponds to those of developmental tomcity and PPIX accumulation caused by

exposure to flumioxazin

3.4 Ohservations 1n the pathogenesis of developmental effects of flumioxazin in rat
fetuzes mmcluded: anemia, reduced serum protein, enlarged heart. edema. delayed
clocure of the interventricular foramen, and incomplete/delayed ossification of the
ribe (Figs. 3 and 4).

Severe fetal anemia 1s ohserved up to gestational day 16 following treatment waith
flumicxazin (400 mgkg) on gestational day 12. Fetal death occurs by gestational day
15 az additional lethality is not obzerved from gestational day 15 through 20,

Enlarged heart 15 seen among surviving fetusez m concurrence with severe fetal
anemia. Thiz suggests that enlarced heart resultz from pumping greater volumes of
blood in compensation for fetal anemua. Enlargement of the heart precedes
interventricular foramen closure. Therefore, the V5D caused by flumioxazin is due to
farlure of heart closure resulting from mechanical distortion of the heart or abnormal
blood flow rather than from direct toxic effects of flumioxazin on cardiac tissue.

Concurrently. decreased serum protein 1= ohserved in the fetus, presumably due to
reduced production m the hiver in response to hypomma. The resultng osmotic
imbalance cauzes edema. Reduction of fetal serum protein leads to incomplete/delayed
ozsification of the ribs and the wavy ribs seen at term (SET-0063).
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Fiz. 3 Hematology and blood chemistry of fetal blood following flmmioxazin
treatment on gestational day 12
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Fig. 4 Morphological observation of fetuses: following finmicoxazin treatment on
gestational day 12

3.5 Species- and compound-related differences were ohserved 1n in vifre imhibition of
PPO and in e inhibition corresponded closely wath PPIX accumulation and
teratogenicity. Thus, PPO inhibition 1z conzidered to be the primary cause of
developmental toxicity in rats. Sensitivity of PPO activity extracted from adult female
hver was found to be comparahle to that of embryome PPO, suggesting that mhihition

10
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of adult hiver PPO iz indicative of embryvonic PPO inhibition. Bazed on the relative
sensitivity to inhohitiom of adult lhver PPO in the three szpecies tested
irac-human=rabbit}, risk assessments using the NOAFEL. for studies in the rat protect
humans more than adeguately (SBT-31-0045, SBT-0060).

4. Relative sensitivity of adult and fetus

Porphyria and siderchlastic anemia were ohserved in adult rats in studies of the effects
of dietary admmistration of fumicxzaznn. In sideroblastic amemua, 1ron canmot bhe
incorporated inte hemoglobin and deposits in mitochondria. The imitial histological
change ohserved in rat embryos was irom depositz 1n mutochondria, and PPTX was
accumulated n treated embryoz in the mechanistic studies with flumicxazin. Thus, ratz
develop an anemia both in fetuses and adults in the zame manner,

Anemna wazs evident at 1000 ppm (65 - 73 mgkg'd) and slight anemia was present in
females at 300 ppm (22 mgkgd) in a rat 13-week zubacute =tudy by dietary
admimistration (3BT-10-0023). Anerma was present mn the absence of overt tomcty as
shown by no adverse clinical zigns or body weight and food consumption changes. The
developmental LOAEL was 30 mg'ke in the absence of overt maternal toicity in the rat
teratology study by gavage and there 15 hikely to have been an underlying anemia based
on the results of the 13-week study Sensitivaty to mhibation of PPO extracted from
adult female Liver iz comparable with that of PPO from embryoz, az chown in table 2.

Although direct comparisons between adult and fetal responses to flumioxazin are
complicated hy differences in routes and duration of exposure, it does not appear that
there 1z a significant difference in zensitivity to the development of anemia between
adult and fetal rats.

Table 2 Comparison of ICszq. (nhD for rat PPOs derived from adult liver and embryo

Chemicals 5-23031 # 523121 flumicxazin
Adult liver 793 11 ¥
Embryo dayl2 344 47 iz
Embryo dayla 204 20 ¥

a) The N-phenvhmide family structurally related to flumioxazin

3-23031 1= non-teratogenic and 3-23121 is teratogenic.

11
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b. Evaluation of other potential Mode of Action

5.1 Accumulated PPTX

Becausze PPIE accumulation corresponded to the developmental toxicity of flumioxazing
1t night bhe assumed that developmental tosoty of flumioxazin 1z mediated through the
same mode of action as the herbicidal one. If photodiymamic action 1= a cause of
developmental toxicity, a photodynamic dye should be a developmental tosicamt.
However a photodynmamic dye, rose hengal exhibited neither embryolethality nor
teratogenicity 1n rats (2). The light would not sufficiently reach embryos through the
maternal body wall to induce photodynamic action of accumulated PPIE in embryos.
Protoporphyrin IX iz assumed to be an endogenous lipand to the peripheral
benzodiazepine receptor on mitochondria. Presumably acting through the receptor,
PPIX suppressed DNA replication in mouse spleen lymphocytes m wire (3).
Nevertheless many of the benzodiazepoines such as diazepam, lorazepam, clonazepam,
and oxazepam failed to exhibit teratocenicity in rats (4). Accumulated PPIX is
considered te be indicative of PPO inhibition rather than a causative factor in

teratogenicity.

5.2 Form of anemia

Flumioxazin caused hypochromic microcytic anemia that gemerally occurz as a
consequence of impaired hemoglobin synthesis (5). Impairment of hemoglobin synthesis
1= caused by ron-deficency or defective porphyrin metabohizm resulting i abnormal
iron accumulation in ervthroblasts termed sideroblasts. As indicated in mechanistic
studies, iron deposition in mitochondria was an initial histological change and increased
sideroblastz were obzerved Flumioxazin induced anemia iz due to mhibation of
porphyrin metabolizm rather than ron deficiency:

2.3 Relationship between fetal death and malformation

In some cases fetal death i1z attributable to malformation. Beck and Llovde
mmvestigated the relationship between fetal deaths and fetal malformation by treating
rats with trypan blue at day 8.5 and examining the uteri and fetuses on days 11,53, 14.5
and 20.5 of gestation (6). Because the incidence of fetal malformations fell with a
corresponding rise in fetal deaths as pregnancy proceeded, the authors concluded that
fetal death waz a result of pre-existing fetal malformation in the majority of cazes. In
the flumioxazin studies, most of the dead fetuses were observed by day 15 while V5D
can be diagnozed following completion of closure of the interventricular foramen on day
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16. Conzeguently, fetuzez were dead prior to closure of the interventricular septum
mdicating that V3D 1= not the direct cause of conceptal death but rather occurs in some
surviving fetuses. Thiz supports fetal anemia as the cause of embryonic deaths rather
than deaths from malformations.

54 WED

Initial hiztological changes obzerved in rat embriyos were iron deposits in mitochondna
and dilatation of mutochondrial matrnx space in polychromatophilic erythroblasts.
Following the mitochondrial lesioms, affected ervthrohlasts degenerated in the
embryvonic circulation and were engulfed by macrophages. Treatment-related changes
in the embryonic cardiovascular system and liver accompanied the appearance of
erythroblastic lesions. Thinning of the ventricular walls of the heart 15 iIndicative of
dilatation of the ventricles, and reflectz a compensatory reaction to embryonic anemia
since enlarcement of heart was observed corresponding to decreased hemoglobin
content and reduced red blood cell number. Increaszed stroke volume in the heart 1s an
important reaction to anemia (7). No treatment-related changes In myocardial cells
were observed at the electron microscopic level Az noted previously, the
mnterventricular foramen clozes from day 15 to day 16. In our studies, expozed hearts
were enlarged from day 14 and completion of ventricular septa formation was delayed.

Clark has proposed five pathogenic modes of actions for some congemital cardiac
malformations based on mechanism rather than anatomic anomaly They are
ectomeszencymal tissue migration abnormalities, abnormal intracardiac blood flow
(cardiac hemodymamics), cell death, extracellular matriz, and abnormal targeted
growth (8).  Clark stated that perimembranous ventricular septal defect may reprezent
abnormal fusion of the muscular, inflow and outflow zepta, and that deviation of the
septal components by abnormal blood flow pattern may lead to defects in this regmion of
the heart (9).

A comparizon of senzifive periods for development of VED between flumioxazin and
several other agentz shows conziderable differences in peak sensitivity, X-ray
wrradiation (10} and mmustme (11), an alkylating agent, or bisdiammie (12}, which acts
on the proliferation or mogration of mesencyme, probably produce VSD by direct
mjurious effects (cell damage) on the fetal heart. The peak of sensitivity to these agents
occurs between days 8 — 10, while the most sensitive day for lumoxazin-mduced-VSD
1= gestational day 12.

Earlier studies by Haring {13} and Clemmer and Telford (14) support the proposed
mechanizm by showing that prenatal hypoxia produces cardiovascular abnormalities

13
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mcluding VSD in rats. Jaffee stated that, when hypoma was used as a teratogemic agent
following the onset of circulation, distortion of the form of the heart tube was a primary
lezion (13).

Thus, overall it 1= concluded that V5D caused by flumicxazin 15 atirmibuted to fetal
anemia and not to any other direct imurious effect on the heart.

2.5 Wavy ribs

Wavy ribs are mduced in the later stages of rib chondnfication and ossification, and
may be indicative fetal pathology as opposed to malformations. It may be possible that
many agents produce wavy nbs through several mechamzms leading to two final
common effects includine mhibition of monerahzation and meoreased uterine tone. Renal
loop diuretics and beta-stimulants have been studied in detaill because they are
azzonated with a high incidence of wavy ribz. Maternal serum chloride was decreaszed
after treatment with furosemide. a renal loop diuretics. Co-admimistration of a
muscular relaxant reduced the incidence of wavy ribs after furosemude exposure.
Diecreazed fetal zerum alkaline phosphataze and total protein were reported following
exposure of fenoterol, a beta-stimulant (16}, Flumioxazin decreaszed fetal serum protein
and mcreased mcomplete/delayed ossification of the ribs. The mcreased modence of
wavy ribs 15 more likely to be aszociated with theze changes rather than being caused by
a different mechamizm

5.6 Link between fetal anemia and developmental tooacity

A link between fetal anemia and developmental effects obzerved in the flumoxazin
teratogenicity study 1= also demonstrated m recent studies wath artesunate, an
anti-malarial drug. Artesunate mduces developmental abnormalities consisting of fetal
death, growth retardation and anomaliez such as V5D, rib abnormalities and bent long
bomes (17). Embryonic ervthroblazts are the primary target of artesunate toxicity and
consequent embryonic anemia resulted mm developmental toxicity similar to that

produced by flumioxazin (18).

2.7 Specnies difference in metabolizm hetween ratz and rabbits

When pregnant ratz and rabbits received oral administration of #C-flumicxazin at 30
mgky for zeven consecufive days, no clear pattern of abszorption, distribution,
metabohizm or excretion was seen that could account for the species specific
developmental tomoty m rats. After mtial dose, Cmax'min of 14C concentration m
plazma ranged from 4 49 to 0.70 in rats and from 4.14 to 1.02 in rabbitz. In both species

14
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most of the previous dose of 14C was excreted before the next doze, and the metabolic
profiles of flumioxazin were sirmlar (19).

2.8 PPO inhibitory activity of metabolites

Oral dozes of [phenyl-14C] flumioxazin (30 meg'ke) administered to pregnant rats from
gestational days 6 through 12 cross the placenta and reach the rat fetus. Major
metabolites in the fetus included 30H-flumioxazin, 40H-flumicxazin, and APF (19). In
order to determine the active form that imhibitz PPO, we employed in wifre FPO
mhibition assays using hiver extracts prepared from adult, female hivers. Experiments
were conducted with flumicxazin and its three major metabolites (20). The results
showed that flumiozazin was the strongest PPO inhibitor. There was no metabolite that
could account for the species-specific developmental tommecity in rats based on the degres
of PPO inhibition.
The poszibility of a direct effect of metabolites on developmental toxicity 1= also
considersd. APF was detected at higher concentrations in rat fetuses compared with
other metabolites. It 1= a benzozazinone moety formed from cleavage of the amide
linkage. There 1= convincing evidence that embryolethality and V5D are attributed to
the conseguences of fetal anemia and that the fetal malformations are not the causative
factors mn embryvonic deaths. The spectrum of developmental effects associated wath
flumicxazin is consistent with a single mode of action. Therefore, it 1= considered very
unlikely that a metabolite would be a direct acting teratogen causing VED and skeletal
anomalies by a mechanism that was independent of fetal anemia and embryolethality.
Furthermore, the main metabolite APF was also detected in rabbit fetuses and no
developmental tomicity was seen 1n rabhits at a dose level 100 timez higher than that
causing developmental toxicity in the rat. Fetal concentrations of metabolites at this
doze level 1n the rabbit would be much hagher than those in the rat.

A peak sensifive period was common to embryolethality, teratogenicity and growth
retardation with flumiozazin and the effect levels were identical at 30 mgks in
succezsive admimstrations and at 400 mg'ke in single doses during the sensitive period.
The evnidence zupports a single mode of actiom to be the baziz of the three types of
developmental toxacities.

In concluzion there 15 no compelling enidence for any other MOA for the developmental

tordcity of flumioxazin in the rat.
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6. Critical biological events for the rat teratogenicity and their

relevance to humans

Az has been elucidated. PPO inhibitiom by flumioxazin is the primary cause of a
sequence of developmental effectz on the rat fetus, and anemia iz the critical event
resulting in developmental toxicities including morphological abnormalifies.

The mitial site of hemopoiesis n the embryo iz the yvolk zac, later shifting to the hver
Eryithroblasts derived from yolk sac are known to actively synthesize hemoglobin at
mid-gestation. The mitial changes cheerved in flumioxazin-exposed rat embryoz were
iron deposits 1 miutochondria and dilatation of mitochondrial matrix space in
polychromatophylic ervthroblasts, which are derived from wolk sac. The accumulation of
iron destined for incorporation into porphyrin would be proveked by deficient heme
bicsynthesis in mitechondria in erythroblasts (Fig. 1). Polychromatophilic erythroblasts
are mtermediate-stage ervthroblasts m erythroid maturation that actively synthesize
hemoglobin. Late erythroblasts, which are called orthochromatophilic erythroblasts, are
postmitotic. A characteristic of wolk sac hemopoiezsic iz that eryvthroid cells
synchronously undergn maturation as a relatively homogeneous population. Thus cell
death caused by flumioxazin induces an encrmous loss of blood cells in developing rat
embryoz, presumably becauze most erythroid cell: are lost synchronously and
remaiming cells no longer proliferate. As noted a hnk hetween fetal anemia and
developmental effectz has also been demonstrated in studies with artesunate, which
mducez fetal anemna and developmental tomoty similar te that produced by
flumicxazin

Orerall, 1t 1= concluded that the postulated mechanism of developmental toxmcity mn the
ratz has been elucidated with a hich degree of confidence. Sumitomo has further
mvestigated the followimg biological evemtz mn order to assezs thewr relevance az
indicators of potential developmental toxicity of flumiozazin in humans. The new
studies referred to in thiz section are summarized in T4 5613 of the dozsier and the
CLH report.

6.1 Relative sensitivity to mhibition of PPO by flumoxazin among species

Since PPO inhibation 1= the mmtial events in the developmental tomcity of flumicxazin,
species differences in PPO mhibabion im wge (hver! in ratz and humsns were
mvestigated as part of the mechanistic studies dezscribed above. Imhibition curves are
shown in Fig. 5 Rat PPO was most sensitive to inlibition by flumioxazin among the
species tested while humans were intermediate between rats and rabbits (Table 3.

16
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Table 3 Comparizon of ICz0- (nM) among three species for PPO: derived from adult hver

Species rat rabbit human
ICs0 7.15 138 173

PPO exgsts in complicated and highly-organized structure in mitochondria. Accessibility
of flumioxazin to PPO in the cell can be different from that in the in o model
employing mutochondrial extracts. Therefore, PPO inhibition by flummoxazin was
mnvestigated using cryopreserved hepatocytes of rats, rabbits, monkevs and humans
(21). The results are shown in Fig. 6. No PPIX accumulation was observed in rabbit and
monkev hepatocytes at the maxdmum tested concentration of flumicxazin. Remarkable
accumulation of PPIX as the result of PPO mmhition in hepatocytes was cbzerved in
ratz with a smaller amount of PPTX detected in human hepatocytes. Theze results show
that human PPO iz lesz zenmitive to flumioxazin than rat PPO at the cellular level
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Fig & PPIX accumulation m cryopreserved hepatocytes 1nduced by flumioxazin

6.2 Induction of anemia by PPO inhibition

In peneral tomcity studies and teratogenicity studies of flumioxazin, the rat 1z the most
sensitive animal species among rats, mice, dogs and rabbits. Anemia, attributable to
PPO inhibition, iz the primary tomc effect in rats cauzed both in adultzs and embryos.

Sumitomo has mvestigated whether or not PPO inhibation in erythroblasts can cause
anemia m humans. Porphyrias are disorders in which the activities of the enzymes of
the heme biosynthetic pathway, including PPO, are deficient. Theyv can be claszified as
either hepatic or eryvthropoietic, depending on the principal site of expression of the
specific enzymatic defect. The tissue-specific expression of porphyrias 1= largely due to
the tizszue-zpecific control of heme pathway gene expression, especially at the level of
aminolevulinate symthasze (AT AS) the first and rate-limiting enzyme of heme
hicsymthesis (Fig. 1) (22). In Liver, hemoprotein enzymes are rapidly turned over in
response to current metabolic needs. The activity of ATASI the housekeeping
izoenzyme of ALAS in normal liver iz the lowest among all enzymes in the heme
hiosynthetic pathway. In erythrood cells, the activity of ALAS? (the erythroid-specific
1scenzyme of ATAS) 15 mduced only during the period of active heme symithesis, and 15
regulated by the amount of free iron prezent (23},

Variegate porphyria (VP iz a dizease aszociated with PPO deficiency. VP i= categorized

18
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az hepatic porphyria and the main symptoms are neuronal manifestation and dermal
inflammation. Hepatic porphyrias usually do not include anemia or hematological
problems. Anemua was not found in hepatic porphyrias attributable to marked
deficency of delta aminolevulinic acid dehydratase (ALATY). coproporphyrinogen
omdase (CPO), or PPO. This sugrests that defective enzyvmatic activity resulting in
disturbances in heme biosynthesis in liver does not neceszarily limit heme symtheszizs in
ervthroid cells (22). Variegate porphyria is associated with reduced PPO content and
ATAD actimiy i erythrocytes. Ervthrocytes counts were not affected by VP and
hemoglobin, hematocrit, mean corpuscular volume, and mean corpuscular hemoglobin
mn VP were slightly higher than theiwr controls. The low rate of heme production in VP 1z
enough to generate the same, or even greater, quantity of hemoglobin as contral women
24).

In contrast to VP erythropoletic protoporphyria (EFP) resulting from deficiency of
ferrochelatase (FECH), the last enzyme in the heme biosynthetic pathway (Fig 1)
sometimes includes nuld anemua with hypochronna and microcytosis or mild anenna
with reticulocyteszis. Tron accumulation in erythroblasztz and ring sidercblasts occur in
some EPP patients (22). Miocrocyfic anemia occurs in 20% to 60% of patients.
Erythropoiesis was impaired in most patients with dominant EPP from the UK and
France and all had a downward zhift in hemoglobin (25). FECH deficiency in EPP
rezultzs 1n the accumulation of protoporphyrin almost excluzively in erythrood tizsue,
even though FECH i1z defiment m all other tizsues in these patients. This finding
sugeests that FECH activity can become rate hmiting in ervthroid cells, but not in other
tizzues when the enzyme itzelf or its substrate, iron, 1z partially deficient (23}

Recently families with X-linked dominant protoporphyria (XLDPP! have been
descmbed. Pahents with this disorder have normal FECH actrmties, mdicating that
protoporphyTin accumulation is not caused by FECH deficiency (25). Patients showed
neither anemia nor iron overload. Theruption of the C-terminal remon of AT AS? leads to
markedly increased ATAS? activity and the production of protoporphyrin in excess of
the amount reguired for hemoglohimzation. Thess findings suggest that the rate of ATA
formation 1= increazed to such an extent that inzertion of Fe into PP by FECH becomes
rate imiting for heme symthesiz (26).

These chinical findings demonstrate that PPO activity mm human ervthrod cells 1=
much higher than FECH or ATAS? activity, whach is rate-hmiting in heme biosynthetic
pathway in human erythroads. It is therefore unhikely that PPO deficiency would imduce
anemia or disturbances of heme symtheziz in human eryihrmd cells. In contrast, the
results of tosdcity studies in rats suggest that in rat erythroid cells, PPO activty is close

19
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to a rate-lnuting enzyme activity. Therefore decreased PPO activity becomes
rate-limiting in porphyrin production I erythroids resulting in PPIX accumulation.
ron deposit, and anemia.

Enzymatic activities from varous tissues are prezented in Table 4 (27-32). Although
the data are derived from non-eryvthroad tizsues, we present them to llustrate relative
actimities 1n human and raf tizsues. In humans PPO actoaty could be lngher than other
enzymes. In rats FECH activity varies and PPO activity is not necessarily higher than
FECH.

Table 4 Activities of enzymes in the heme synthetic pathway (nmol’h/'me proteint

ATAS CPO FPO FECH

Human | Fibroblast 0.003-0005 |- 212 0.032
Liver - 0.6 10.8 372
Leucocyte = 3 873 024

rat Liver (mitochondria) | - - 3 87
Liver (homogenate) 12 10.2 3.18-42
Liver (mitochondria) | 0.61 27 B85 8.0

- i not reported

To expernmentally demonstrate that human ervthroids are resistant to the disturbance
of heme synthesiz and mduction of anemia by flumoxazn-induced FPO mhihition,
Sumitomo conducted a study with E562 cells, which are derived from human
erythroleukenia. They are uzed az a model for human erythrood maturation since E562
cellz can be differentiated into hemoglobin-synthesizing cells by treatment wath various
mducers. Although accummalation of PPTE resulting from PPO inhibition was observed
m K262 cells, no effects were obzerved on heme comtent and cell proliferaton (Fiz. T)
i33) even when treated with 5 plM of flumioxazin This concentration is cloze to its water
solubility Linut (1.79 mgT) (34). It 1= also 90 times greater than the concentration of
002 ppm (0.056 pAD found in rat embryoz from damc treated repeatedly with
teratogenic doses of 30 mgTkg (19).

20

- 136 -



CLH Report For FLUMIOXAZIN (ISO)N-(7-FLUORO-3,4-DIHYDRO-3-OX0-4-PROP-2-
YNYL-2H-1,4-BENZOXAZIN-6-YL)CYCLOHEX-1-ENE-1,2-DICARBOXIMDE

) PPIX
E e
‘W 25 f/\\. —e— Control
g - i —=0.0M
e - -
5 i r —&—0.1uM
S 4 —a— luM
B g b
—a— SuM
05 ————p
—— —
N s e S —
0 2 4 ] 2
Days
% —e— Control
=
e —a— (.01uM
= —a— 0 1uM
&l
£ —+— luM
50 —a— SuM
EI 1 1 1 1
i 2 4 ] 2

Fiz 7 Efects of flumioxazn on PPIX accumulaton and keme production of E362 cells

A phyziclogically based pharmacokinetic (PEPE) model for flummoxazin was developed
to predict flumicoxazin concentration in the matermal blood and fetus of preonant human.
Flumioxazin concentrations in pregnant rats (30 mgke po) were used to develop the
PEPK model in pregnant rats using physiclogical parameters from the literature and
chemical-specific parameters from our expernmental resultz and Stting, then, the
developed rat PBPE model was extrapolated to the human model. An i wifmo
metabolizm study using rat and human hver microsomes was conducted to analvze the

species differencez in the metabolism of flumnoxazin between rat and human In
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addition, a biliary excretion study was conducted in bile duct-cannulated female rats to
determine the % ahsorbance of flumioxazin after oral administration at 1000 mglke (33).
The developed human pregnant model demonstrated that flumicxazin concentration in
the human fetus at dose of 1000 mgkes po was 0.68 ppm (1.92pAD (36). This
concentration iz lower than the maximum no effect concentration of 5 b in K562 cells
supporting the wew that humans would not be susceptible to anemma and the
developmental effects of flumioxazin

Human erythroblasts are considered to be non-susceptible to flumioxazin when treated
at concentrations as high ag 5 yM.  Theze concentrations are expected to far exceed
thoze attained 1n human embrvos following flumioxazn exposure.

Moreover, a study with K562 cells was conducted to investigate effects of the three
major metaholites including 30H-flumioxazin, 40H-lumioxazin, and APF at 5 phd (37).
Nome of the metabohtes exhabited any effects om heme and PPIX contents, and cell
proliferation although flumicxazin mcreased PPIX in K562 cells. The results showed
that there were no metabolites that could have a more potent effect on human
ervthroids than flumioxazin.

Climical and experimental data demonzstrate that PPO activity in human erythroids
would be higher than the activity of a rate-lmuting enzyme in the heme synthetic
pathway, and that humans would not become anemic as a result of flumicxazin
exposure even in the presence of PPIX accumulation caused by PPO mmhbition.

6.3 Synchronous maturation of erythroblasts

In rats, a characteristic of hemopoiesis in yolk sac 1z that erythrod cells undergo
synchronous maturation as a relattvely homogeneous population. The morphology and
population characteristics of blood cells in rat embryoz demonstrated that a vast
majority of erythroblasts are polychromatophylic on gestational day 12, the day of the
greatest sensitivity, and orthochromatophilic erythroblasts on gestational day 14, when
rat embryos were much less zensitive to flumioxazin (Fig. 8) (38).

Thie explains, in part, why flumioxazin induces an enormous and synchronous loss of
blood cells in rat embryos exposed to flumoxazin. In contrast to rats, a relatively
heterogeneous population was ohserved in human primitive hemopoiesiz by Eelemen
iFig. 8 (39), who classified the erythroblast into three types. It is conceivable that the
type III ervihroblast corresponds to the orthochromatophibic ervthroblast, and type I
and type II correspomd to earlier ervihroblastz, precumably basophilic or
polychromatophilic. Relative populations of type I, I, and ITT obzerved m yolk =ac range
from 7% to 40%, from 1% to 9%, and from 4% to 63%, respectively, during the period

o5
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from commencement of human primitive hemopolesis in week 34 to completion of
ventricular septum formation in week § (40). Thus in humans, even if a particular

population 15 lost. blood cell loss could not be as massive as in rats.

Rat se s'lm e eriod  Rat non-sensitive Human (week 7-8)
day period (day 14
. . l.'. [\ %
Peats
I ®, - . ... ® -
@ e ® ' & - 4
(] |
. Polychromatophilic Orthochromatophilic
erythroblast erythroblast

Fiz. & Exrythroblasts in the rat and haman embryo

6.4 Vulnerahility of erythrocytes exposed to various agents
It 1= known that rat erythrocytes are more framle than human erythrocytes when
exposed to cemotic imbalance, pH change (41) and oxidative damage (47).

6.5 Relationship between developmental periods of primitive erythropoiesis and
interventricular foramen closure

The appearance of blood cell lozz and resulting enlarged heart preceding completion of
ventricular septum formation iz indispensable mn VED induction since VSD does not
pccur after the completion of ventricular septum formation. Primitive hemopoiesis
oocurs hefore and durineg ventricular septum formation i hoth rats and humans,
demonsztrating that there 15 no species difference at this stage of development.
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7. Conclusions

There is convincing evidence for a single mode of action causing the developmental
toxdcities in rats. The sequence of kev biolomical events in the propozed mode of action
haz been elucidated.

The studies have lead to the following understanding of the different developmental
suzceptibilities to flumioxazin in ratz and humans, and whether the rat iz a relevant
model in the asseszment of the human hazard of flumicozazin COwverall, it 1= concluded
that the human embryvo would be far less sensitive than the rat embrvo to the effects of

flumicxazin for the following reasons:

7.1 Human PP0 iz significantly less sensitive to flumioxazin than rat PPO in witro and
at the cellular level.

7.2 Decreazed PPO activity in rat erythroids results in anenua leading to developmental
tordcities. In comtrast, reported clinical evidences demonstrate that PPO activity is
much higher than a rate-limiting enzyme in the heme biosynthetic pathway in human
erythroids. It iz therefore very unlikely that the reduction of PPO activity could induce
anemia or disturbance of heme synthesis in human erythroids.

7.3 Human erythroblastz are considersd to he non-susceptible to flumiozazin when
treated at concentrations that are expected to far exceed thoze attained in human
embryoz following flumioxazin exposure. Pharmacokinetic modeling in the rat and the
human predicts that human erythroblastz would be insusceptible to flumioxazin at
exposures exceeding a maternal dose of 1000 mglke'd.

7.4 Becauze of a lesz homogeneous population in primitive erythropoiesizs in humans,
losz of particular population would not lead to a massive drop in red cells.

7.5 Rat ervthrocytes are more fragile than human ervthrocytes.

The rat 1z therefore an nappropriate model for aszessing the developmental toxicty of
flumicxazin in humans hecause of species-specific sensitivity to PPO inhibition inducing
fetal anemia in rats and consequent developmental toxcity. There iz considered to be no
plauzible scemario whereby humans would be at rizk of developmental toxicity given the
species difference in susceptibility to flumioxazin and potential for anemia
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ANNEX 2
AN UPDATE OF A DISCUSSION OF THE MECHANISTIC RESEAR CH CONDUCTED
ON THE DEVELOPMENTAL TOXICITY OF FLUMIOXAZIN (BASED  ON STUDIES
PRIOR TO THE PUBLICATION OF FLUMIOXAZIN IN THE 28TH  ATP OF THE DSD)
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INTRODUCTION

\-53482 WP Herbicide is under deveiopment by Valent U.S.A, for contrei of broadieaf
weeds in soybeans and peanuts. V-53482 WP Herbicide is a fow use rate preemergence
nerbicide which will be packaged as a 51% wettable powder in water solubie bags to
minimize exposure to mixerfloaders, The product controls susceptible weeds as g
preemergence freatment in conventional, minimum, or no-tillage soybeans and
preemergence treatmant in peanuts. V-53482 WP Herbicide Is applied at 1.5 to 3.0
ounces of formulated product per acre, which is equivalent to 21.7 to 43.4 grams active
ingredient per acre. The active Ingredient is flumioxazin, 7-fluoro-6-[{34586-
tetrahydo)phthalimido)-4-(2-propynyl)- 1 4-benzoxazin-3(2H)-one.

The chemical structure of lumioxazin is shown balow:

F
0 N
3734 d

d “\—c=ch

Valent .S A previously submitted a series of developmental toxicity studies and a rat
reproduction study as part of the supporting documents for both a crop-destruct
Experimental Use Permit (EUP) (submission date: February 23, 1283} and a temporary
tolerance EUP {submission date: August 3, 1953} with V-53482 WP Herbicids. The
submitted studies included an oral rat teratology study (Reference 1), a dermal rat
taratology study (Reference 2), an oral rabbit teratology study (Referance 2) and a two-
generation rat reproduction study (Reference 4). Dstailed summaries of these reports are
included in Section C of the Section 3 registration submission.

In essence, it has bean shown that Flumioxazin Technical produces developmental toxicity
in rats in the absence of matemal toxicity, at doses of 30 mog/kog/day by the oral route and
300 mglkg/day by the demmal route. The no-cbservable-effact-level (NCEL) for these
studies are 10 and 100 mg/kg/day, respectively. [EPA's selection of NOELs for these
studies wera 3 and 30 mg/kg/day, respectively, for the oral and dermal rat studies. Valent
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provided a rebuttal (MRID No. 435835506) to EPA’s choice of NOELs and is awaiting EPA's
response.] The developmental effects noted consist primarily of decreased live feluses
and fetal weights, cardiovascular abnormalities {mainly ventricular septal defects [VSD]),
wavy ribs and a decreased number of ossified sacrococcygeal vertebral bodies. On the
ofher hand, the response in rabbits was very different from that in rats. Flumioxazin
Technical produced no developmental foxicity in rabbits even at a maternally toxic dose
of 3000 mao/kg/day. In a very limited study with mice at a dose of 100 mg/kg/day, no
develspmental toxicity was chserved (Referance §5),

The reproductive effect in rats of high doses (200 ppm and greater) of Flumioxazin
Technizal was cbhserved in the reduction of number of livebom, pup weights, viahility index,
litter size, and increased clinical and necropsy cbservations related to pup morbidity for F,
and F, offspring. Reduced epididymal, tastes and prostate weights as well as a reduced
number of rats mated were noted for F, males at 300 pom, the highest doze tested.
Reproductive effects observed for P, and F, females at 300 ppm related primarily to the
logs of litters, pup deaths and an increase in the number of F, fermales that did not deliver
a litter, Overall, the lowest NOEL for both generations for systemic and adult reproductive
toxicity was 200 ppm and for effects on F, and F, offspring the NOEL was 100 ppm.

MECHAMISTIC STUDIES

After reviewing the results of these studies, Valent LLS.A. and its parent company,
Sumitome Chemical Company. bellevad the species difference in developmental toxicity
was striking and initiated an extensive research program to determine which species was
more ralevant to risk assessment for humans and develep a bettar understanding of the
mode of action by which flumioxazin preduces developmental toxicity In rats. This
document is an update of a white paper dated July 21, 1883, discussing the mechanistic
research, which was provided to EPA as part of the submission for the temporary tolerance
EUP.

An hypothesis was developed, outlined In Figure 1, which postulates the mechanism by
which developmantal touieity is produced by flumioxazin. In this scheme, initial research
findings indicaled that flumioxazin inhibits a key enzyme, protoperphyrincgen oxidase
{PPQ), in rats, thareby interfaring with normal heme synthesis, and resulting in anemia.
We postulate that the fetal anemia leads to hypoxia in fetal tissues followed by suppressed
liver function and a decrease in protein synthesis. We suggest that the decreased protein
synthesis would result in wavy ribs and changes in osmotic forces leads to the edema
observed in the fetus. Concurrently, the fetus would compensate for the anemia by
pumping a greater volume of blood leading to the observed enlargement of the heart.
Thus, we belleve the V5D ohserved in the teratolegy study is produced by mechanical
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distortion of the hearl. The two other signs of developmental taxicity reported, growth
retardation and fetal death, we believe, are also related to the hypoxia produced by the
anemie condition In the fetus

This document will discuss the resuilts from the mechanistic research proiect which address
many parts of the postulated mechanism of production of developmental toxicity in rats
foliowing exposure to flumioxazin:

1. Hemsatotoxicity of flumioxazin in rats
2. Placantal transfer of lumnicxazin
3. Critical period of embryonic sensitivity

4. Histopathological study of early stages of development in rat and rabbit embryos
following expozure to flumioxazin

5. Pathogenesis of developmental effects produced by flumisxazin

8. Protoporphyrin IX (PPIX) accumulation in embryos
a. Species differences between rat and rabbit embryos
b. Compound differences in PPIX accumulation in rat embryos
c. Critical period for PPIX accumulation in rat and rabbit embryas

7. Inhibition of protoperphyrinogen oxidase (PPO) in rat, rabbit and human tissues

The reporis of each of these studies are provided as part of the data submission for the
Saction 3 registration submission for V-53482 WP Herbicide. Studies for which only data
summary reports were availabie at the time of the temporary tolerance submission are now
part of Section 3 registration package as full reports.

HEMATOTOXICITY OF FLUMIOXAZIN

Hematotoxicity in the form of reduced hemoglobin level, hematocrit value, mean
corpuscular hemoglobin, mean corpuscular volume, myeloid/erythroid ratios, and red blood
cell counts, was observed in rats following subchronic dietary exposures of 300 to 3000
ppm of Flumioxazin (Reference 6 and 7). Similar findings of anemia were observed in the
chronic/oncogenicity study in rats at doses of 500 and 1000 ppm (Refarence B). The
anemia lasted throughout the treatment period, however, it was not progressive nor
aplastic in nature. Mean hemoglobin and hematocrit were also raduced in rats in a 21-day
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dermal toxicity study at a dose of 1000 mg/kgfday, however, no other signs of
hematotoxicity were present (Reference 9).

The rat appeared fo ba the sensitive species regarding the finding of anemia. No findings
indicative of anemia or other type of hematotoxicity were ohseryad in aither the four-week
subchronic {up to 10000 ppm) (Reference 10) or the 18-month oncogenicity study (up to
7000 ppm) with mice (Reference 11). Anemia was also not obsarved in dogs during the
conduct of the subchronic or chronic studies at doses up 1o 1000 mgfkgi/day (Refarence
12 and 13).

A study was designed to elucidate the mechanism by which flumioxazin induces the
specles-specific anemia in rats (Reference 14). Female Crj.CD (SD) rats ware expozed
to 3000 or 10000 ppm flumioxazin in the diet for up to 5 weeks. Serial determinations of
hematological endpoints, blood biochemistry, urinary coproporphyrin and free erythrocyte
pretoperphynn were obtained. Hematolegical changes at 3000 ppm and the higher dose
ievel Included decreased erythrocyte count, hemoglobin, hematoerit, mean corpuscular
valume, mean corpuscular hemoglobin, mean corpuscular hemeglobin concantration and
bone marrow myeicid/erythroid ratios. Increases in sidercblasts, erythroblasts and
platelets were also noted. Neutrophils and reticulocytes decreased early in the treatment
pariod but increased during the later stages. Urinary coproporphyrin and erythrocyte
proporphyrin lavels were increased in the 3000 ppm group, the highest dose tested for
these endpoints. Treatment-related findings reported for the blood biochemistry analyses
include increases in serum iron, total cholesterol, blood urea nitregen, sodium and
potassium, as well as decreases in GOT, uric acid, calcium and triglyceride, Increased
liver and splean weights were also noted,

These findings suggest that the flumioxazin-associated anemia in adult rats can be
classified as a sideroblaslic anemia. Considering the increases in porphyrins and
sideroblasts, the anemia results primarily from interference by flumioxazin in the normal
heme pathway during the process of hemoglobin bicsynthesis., At the same time, the
increase in blood parphyrin leval suggests that flumioxazin induces porphyria in rats,

PLACENTAL TRANSFER OF FLUMIOXAZIN

Two placental transfer studies were coenducted to determine if the rat fetus was exposed
to flumioxazin following an oral dose deliverad to the dam, the degree of exposure and the
nature of metabolites. In addition the placental transfer studies examined the same
parameters in the rabbit and the mouse, two species in which developmental toxicity was
not produced by flumioxazin. The purpose of the placental transfer studies was 1o
determine the extent of fetal exposure to flumioxazin as well as whether any species
differences existed in this parameter between rats, mice and rabbits.

CIT sprvwhate dos
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In the first study, a single oral dose of 30 mg/kg of [phenyl-“C]V-53482 was administered
to rats on day 12 of gestation and to mice on day 10 of gestation (Reference 15). "“C-
Concentrations in maternal and fetal tissues were measured 1, 2, 4, 8, 24 and 72 hours
after administration. “C-Excretion into urine and feces during 24 hours (mice) or 72 hours
(rats) after administration was also examined. Metabolites in excreta, bloed cell, plasma,
liver and fetus (mouse only) were analyzed in this experiment,

"“C-Concentrations in maternal tissuas reached maxima and decrezased more rapidly in
mice than in rats. “C-Concentration in the felus reached maxima 1 hour after
administration for both species and decreased rapidly thereafter, with half-lives of 14 and
5 hours for rats and mice, respectively. The maximum "“C-concentration In the fetus was
1.05 and 1.72 ppm for rats and mice, respectivaly.

The excretion of “C was almost complete within three and one days for rats and mica,
respectively, The total “C-excretion was 85.7% (feces: 74.7% and urine: 21.0%) for rate
and 85.8% (feces: 72.9% and urine: 22.9%) for mice.

The metabolism of flumioxazin was qualitatively similar between pregnant rats and mice.
Howewer, it appeared that 3-hydroxylation activity was higher in pregnant rats than in
pregnant mice. The major metabolita in the mouse fetus at one hour after administration
was 4-0H-V-53482,

In the second study (Reference 16), a single oral dose of 30 ma/kg [phenyl-*CIV-53482
was administered to pregnant rais and rabbits on day 12 of gestation, Matemal tissues and
fetuses were obtained at 1, 2, 4 and 24 hours after dosing for analysis of "C
concentrafions and at 1 or 2 and 24 hours for analysis of metabolites In blood calls,
plasma, liver and the fetus,

After 24 hours, the "“C excretion in rabbits was found to be much slower (20.2%) than rats
(76.6%). "C Concentrations in the fetus, amniotic fluid and maternal tissues were greater
in the rat than the rabbit with liver and kidney accounting for the greatest concentrations
in each species. The maximum “C-concentrations in maternal tissues were higher than
those observed in the fetus or amniotic fluid for both species. Maximum "'C concantrations
in the fetus were 0.782 and 0.2 ug eguivalents of flumioxazin/g tissue far rat and rabbit,
respectively, observed at 4 hours after dosing for both species. For these timepoints where
metabolite identification was available for fetal tissue (1 and 24 hours for rats and 2 and
24 hours for rabbits), the highest concentration of parent flumicxazin was 0.08 (at 1 hour
after dosing} and .02 (at 2 hours after dosing) uglg tissue for rats and rabbits,
respectively,
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These data indicate flumioxazin does cross the placenta and that both parent and various
metabolites are present in maasurable quantities in the fetus. At the same dose laval, the
concentration of “C and of flumioxazin is greater In rat feluses than rabbit feluses but less
than that found in the mouse. No clear pattern of absorption, distribution, metabolism or
excretion was evident which could account for the species-specific develapmental toxicity
in rats,

CRITICAL PERIOD OF EMBRYONIC SENSITIVITY

One of the first steps in our research program on the developmental loxicity of Flumloxazin
Technical was to determine the critical period of embryonic sensitivity. To this end,
pregnant rats were administered a single dose of 400 ma/kg of Flumioxazin Technical in
0.5% methylealiuloge (MC) on ane day of gestation beginning on day 11 threugh day 15
(Referance 17). This dose was selscted as one which would produce fetuses with VSD
following a single dose without producing excessive fetal deaths. Rats were sacrificed on
day 20 and uterine and fetal examinations were performed. Live fetuses were sexed,
weighed, examined externally and fixed in Bouin's solution for examination for VSD. Day
12 of gestation was determined to be the most sensitive day based on the incidence of
embryonic deaths (39.4%), fetal weight reductions, and incidence of VSD (14%),
suggesting a common mechanism for {eratogenicity, embryolethality and growth
retardation.

In studies of other agents such as x-ray iradiation (Reference 18) and nimustine
{(Reference 18) which produce VYSD, prebably by direct damage to the heart via thelr ability
to damage cells, the critical peried was determined to be earlier than day 12 of gestation.
This suggested to us that flumioxazin might not produce VED through direct damage to
embryonic heart tissua but rather through some indirect means.

HISTOPATHOLOGICAL STUDY OF EARLY STAGES OF DEVELOPMENT IN RAT AND
RABBIT FETUSES FOLLOWING EXPOSURE TO FLUMIOXAZIN

As part of the mechanistic research program, an examination of the histopatholegical
changes in rat and rabbit embryos was undertaken (Reference 20). The cbjective of the
study was to look for evidence of direct and/or indirect effects of flumioxazin on embryenic
development by a histological examination at fight and electron microscopic ievels.
Pregnant rats and rabbits were administered 1000 mg/kg flumicxazin in 0.5% MC on day
12 of gestation. Control animals received 0.5% MC on day 12 of gestation. Rats were
sacrificed at 6, 12, 24, 36 or 48 hours after treatment and rahbits at 5, 24 or 46 hours.
Embryos were axamined extermnally and then subjacted to examinations of umbilica! blood
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smears and light or electron microscopic examination of tissues. Umbilical blood smears
were stained with Berlin blue for detection of cellular iron. Sagittal or transverse sections
of the tharaco-abdominal region of the fetuzes were prepared and stained with hematoxylin
and eosin for light microscopic examinations. Some sections with heart and liver were
stained with Berlin blue and examined. The hearts and livers of some fetuses were
prepared for examination by electron microscopy.

Mo embryonic deaths were observed in rats at 24 hours after treatment. The first
intrauterine deaths were obeerved at 36 hours and embryonic mortality increased to 83.2%
at 48 hours after treatment. A primary effect was observed in circulating erythroblasts.
Mitochondrial iron depesits in polyehromatophilic erythroblasts; dilation of the mitechendrial
matrix in polychromatophilic erythroblasts at 6 hours post-dosing; and erythroblastic cell
death evident after the appearance of the mitochondrial lesions were obsarved. Thess
findings suggested the production of anemia in the rat embrye. No histopatholegical signs
in the embryanic rat heart were observed up to 24 hours after treatment, and no csll death
in the embryonic rat heart was observed up to 48 hours after treatment suggesting that no
primary injury to the embryonic heart was produced by flumioxazin. Histological changes
in the rat embryonic hearts at 36 or 48 hours after treatment did include thin ventricular
wall. poorly developed ventricular trabeculae; and hypoplasia of the muscular septum and
endocardial cushions of the atrioventricular canal.

No treatment-related changes in the external appearance of embryos or intrauterine deaths
ware produced in rabbits. Likewise, neither iron deposits in erythreblasts of rabbit embryos
nor histopathological changes simitar to those produced in rat embryos were produced in
the rabbil embryo.

Clearly, this study supports the species differences observed in other mechanistic studies
and further elucidatas the biochemica! changes and pathogenesis of the developmental
toxicity produced in rats by flumioxazin.

PATHOGENESIS OF DEVELOPMENTAL EFFECTS PRODUCED BY FLUMIOXAZIN

In a continuation of the mechanistic research for flumioxazin, a study was designed o
investigate the ontogeny and pathogenesis of a variety of developmental endpoints in rat
embryos and fetuses (Reference 21). Pregnant rats receivad 400 mg/kg of flumioxazin on
day 12 of gestation and embryos/fetuses were collected on days 13 through 20 of
gestation. Embryosfetuses were axamined extemally for enlargement of the heart and
adema of the whole bady. One half of the litters ware examined internally for closure of
the Intarventricular foramen: the other half of the litters wers used to measure the number
of red blood cells, hemoglobin, and serum protein, and then examined for wavy ribs.
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The indicators of devalopmental toxicity were first apparent on day 14 of gestation when
treatad embryos were observed to have an enlarged heart, edema and anemia (decreased
red blood cell count and hemogiobin), These effects were also observed on days 13 and
16 of gestation, after which the values for treated litters were similar to controls. Beginning
on day 15 and continuing to day 20, mortality in the treated litters was increased. The
martality rate was relatively constant throughout this peried indicating that all deatns
occurred during the earfier period. This is consistent with the early resorptions cbserved
in other developmental toxicity studies with flumioxazin. Closure of interventricular feramen
began on day 16 of gestation |n contral fetuses (72.7% closed). Closure of interventricular
foramen did not ocour in any treated fetuses on day 18 (0%) and the percentage with
closure on day 17 was well below control values (89.7% control vs 23.9% treated). On
day 20, the foramen of 85.2% of the control fetuses had closed with only 57.7% of the
traated fetuses reaching this milestone, In a separate study, it was determined that the
V3D did not resolve during the postnatal period and is a pemmanent malformation
(Refarence 22), Serum protein concentration was reduced on days 15 and 16 of gestation
in treated Iitters and recovered by day 17 to values similar io contrels. In treated litters,
evidence of incomplete chondrification of the ribs was observed on day 16; delayed
ossification was observed on day 17; and on day 20 wavy ribs and other skeletal
abriormalities were observed.

These data suggest that the enlarged heart, edema, and anemia preceding the cccurrence
of the fatal mortality may be instrumentat in the cause of death, Similarly the occurrence
of enlarged heart preceding the fallure of the interventricular foramen closure could be
related to the pathogenesis of this finding.

PROTOPORPHYRIN IX (PPIX) ACCUMULATION IN EMBRYOS

Flumioxazin is a photobleaching agent whose herbicidal activity is considerad to be derived
from inhibition of porphyrin biasynthesis, a key step In chloraphyll production in planis
(Figure 2). Treatment of plants with flumioxazin results in the accumulation of
protoporphyrin IX (PPIX) in plant cells, probably due to inhibition of protoporphyinogen
oxidase (PPQ) and autcoxidation of protoporphyrinogen 1X to PPIX (Reference 23).
Porphyrin biosynthesis is common to plants and animals as pant of chiorophyll and heme
synthesis, respectively. Therefore, considering the blological activity of Flumioxazin in
plants and indications of hematotoxicity in rats in subchronic (Reference € and 7) and
¢hronic toxicity studies (Referenca 8), mechanistic studies were conducted examining the
accumulation of PPIX in animal embryos exposed to flumioxazin,
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Ta datermine if there was a specles difference in accumulation of PPIX in rat and rabbit
embryos, pregnant rats and rabbits were administered a single oral dese of 1000 mg/kg
flumicxazin in 0.5% MC on day 12 of gestation. The concentration of PPIX in embryos and
matemal livers measured al 2, 6, 12, 18 and 24 hours after administration for rats and 2,
6. 12, 24 and 48 hours after administration for rabbits (Reference 24). The concentration
in maternal rabbit liver and rabbit embryos was low al all time points. Bais, on the other
hand, displayed much higher concentrations with peak PPIX concentrations cbserved at
12 hours after administration for embryos and at 8-12 hours for matemnal livers. Relative
to the PPIX concentration in the rabbit tissues, there was approximately a 6-fold greater
concentration in maternal rat liver at 12 hours and approximately a 175-fold greater
concentration in rat embryos at 12 hours. These data support the hypothesis that there is
a biochemical difference in the response of these two species to flumiaxazin,

i : cs5 in PPL Jlation in Ret E

Three chemically related compounds (flumioxazin, V-23121 and V-23031, sea Figure 3}
have been tested in standard FIFRA guidaline developmental toxicity studles in rat and
rabbits. Both flumioxazin and V-23121 were found to produce the same pattern of
developmental toxicity in rats (Reference 1 and 25) and were negative when tested in
rabbits (Reference 3 and 26), V-23031, however, did not produce developmental toxicity
aven when tested at 1500 ma/kg/day In rats, a dose well above the test |imit dose of 1000
ma/kg/day, or at 80D mg/kg/day in rabbits, a dose which produced maternal toxicity
{Reference 27 and ZB).

To investinate whether a compound difference in PPIX accumulation was presant in ral
embryos, pregnant rats were administered 1000 mg/kg of each compound late on day 12
of gestation and PPIX accumulation in whela embryas and maternal livers was measurad
14 hours [ater (Refersnce 29). The 14 hour time peried was selected because it
approximates the peak PPIX accumulation time point reported earliar (Referance 24).

Both flumioxazin and V-23121 induced remarkable and similar amounts of PPIX
accumulation in rat embryos, with the PPIX concentration in treated embryos more than
250 times that of control fetuses. The PPIX concentration in matemal livers of rats treated
with either flumioxazin or V-23121 was approximately three times that observed in livers
of control animals. Tha PPIX concentration in embryos of V-23031 treated rats was similar
to the value for control embryos, while the concentration in maternal livers was similar or
clightly higher than control. Thus, there is 2 strong correlation between PPIX accumulation
in embryos and the chemicals which were identified as developmentsl toxicants
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Critical Perlod for PPIX Accumulation in Rat and Rabbit Embrvos

Further investigations of the comelation of PPIX accumulation in rat embryos in response
to exposure to flumicxazin examined whether the critical period for PPIX accumulation was
similar to that which was found for the production of developmental toxicity. Pregnant rats
received 400 mo/kg flumioxazin and pregnant rabbits received 1000 mag/kg flumioxazin as
a singie oral dese on one day of gestation beginning on day 10 through day 15 (Reference
30). Animals were sacrificed 14 hours later and the PPIX concentration in embryos was
dgetermined, Clear species differences were confirmed, with rat embryos presenting
significant increases in PPIX accumulation compared to both contrel rat embryes and
treated rabbit embryos. Peak PPIX concentrations occurred in the treated rat embryos
after dosing on days 11 and 12, slightly different from the other critical period study
because of the slight difference in time of day at which the dose was administered. Rabbit
embryos showed no significant accumulation of PPIX at any time period. The results of this
study support the correlation of critical period of developmental toxicity with the critical
period for induction of PPIX accumulation in rat embryos exnosed to flumioxazin,

INHIBITION OF FROTOPORPHYRINOGEN OXIDASE (PPD)
IN RAT AND RABBIT TISSUE

As discussed earlier, PPO is a key enzyme In heme synthesls, catalyzing the
transformation of protopomphyrincgen 1X to pretoporphyrin IX which nermally proceeds 1o
formation of protoheme (Figure 2}, Three in vilro studies ware inifiated to determine
whether flumioxazin would inhibit PPO in adult liver and/or whole embryos.

In the first study flumioxazin and two chemically related compounds (V-23121 and V-
23031, see Figurs 3 for structures} were tested far their effect on PPO activity in adult
liver, day 12 embryos and day 15 embryos of rals end rabbits (Reference 31). Viable and
metabolicaily active mitochondria were prepared from each of these tissues and incubated
with substrate, protepomphyrinogen, and the following concentrations of each test chemiczak:

S ———
: ‘Chemical [ Cdrmantraﬁa'n's Tested (M)
flumioxazin 104, 10,107, 10*, 189, 16
V23121 109 10 107 165 107, 167
V-23031 10, 10°%, 10 107, 10°, 10°

The refative potency for inhibition of PPO from mitochondria of all tissues was flumioxazin>
V-23121 == V-23031, IC,, values determined in this study are presented in Table 1.
Differences in senstivity between the two species were observed, with rat tissue exhibiting
a greatar sensitivity ta PPO inhibition by the test chemicals than rabbit tissues. Adult liver
and embryo mitochondria showed similar sensitivity to PPC inhibition by the test chemicals,
suggesting that adult liver mitochondria could serve as a source of PPO in future
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experiments and eliminating the requirement for embryonic tissue. The results of this study
further support the hypothesis that the developmenial toxicity in rats is related to the
interruption of normal heme synthesis by flumioxazin

Since adult liver was shown to be an adequate surrogate for embryonie tissue in the prior
study, only adult liver samples were used in the two studies that followed. The second in
vilro study, conducted in the same labaratory as the study cited above, examinad effects
on PPO activity produced by V-53482 in adult female human liver samples in additien to
those from rats and rabbits (Reference 32). This study is unique and probably the most
significant study of all the mechanistic studies conducted because for the firsttime a direct
comparison of results with human tissues versus those resuits with rat tissue could be
mad.

Mitochondria were prepared from the livers of adult female rats, rabbits and humans. The
human liver specimens were acquired through cooperation with organ procurement
organizations from brain-dead human organ donors. The inhibition of PPO activity was
studied in freshly prepared mitochondria. The final test concentrations were as foliows:
for human - 107, 10°%, 10, 107, 10, and 10 M; far rat and rabbit - 107, 10°, 107, 107,
10 and 10°'® M. The caiculated IC,, values are presented in Table 2. The relative
sensitivity of the species to PPO Inhibition by V-534B82 was rat > human > rabbit, The 1C.,
for human liver PPO was 0.0173 £ 0.0044 uM. The IC,, determined in the current study
for rat liver mitochondria agread very closaly with that determined in the previous study
(0.00715 £0.0021 compared to 0.00808 + 0.0027 1M reported In Reference No, 33). The
1C,, for flumioxazin to rabbit fiver PPO determined in the present study was slightly higher
than the value obiained previously (0.138 £0.0739 uM compared to 0.051810.028 uM).
These data are compelling. Given the extent of asgociation of PPO Inhibition and the
preduction of developmental effects observed in other studies along with the relative
increased sensitivity of the rat comparad to human mitochondria to PPO inhibition, Vaient
enncludes that the rat is a conservative surrogate for the human in the risk assessment for
flumioxazin

The third study, conducted In Sumitomo's lzboratory under different experimental
conditions. examined tha effect of flumioxazin and the other two structurally refated
chemicals on PPO activity in adult female rat and rabbit liver (Reference 31). A summary
of the IC., values from all three studies for adult liver samples is presented in Table Z,
While there were differences in the absclute values for the IC.;s between the two
laboratorias, the relative effects remainad the same. Speeifically, rabbit tissua was iess
sensitive to PPO inhibition than rat tissue and flumioxazin and V-23121, the two agents that
produced developmental effects in rats, both produced the greatest inhibition of PPO.

The data from these three studies support the following conclusions;

1. While thers was somea differance in values between the two laberataries, the relativa
potency of the three chemicals is flumioxazin > V-23121 >> V-23031

7. The ralative relationship of PPO Inhibition between the three species tested is rat =
human= rabbit.
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3. Using only the IC,, values obtained in the same experiment for the three spacies tha
relative relationship is still;

rat (0.00715 LM) > human (0.0173 LM) > rabbit (0.138 M)

Therefara, on the basis of relative sensitivity to PPO inhibition, risk assessments using
NOEL for studies in the rat more than adequately protect humans,

SUMMARY AND CONCLUSION

Studies with filumioxazin indlcate that this chemical produces developmental toxicity in rats
but in not rabbits or mice. An hypothesis is presenied in this document which postulates
a mechanism for the specific devslopmental toxicity observed and accounts for the species
differences as well. A series of mechanistic studies were conducted 1o provide support for
this hypothesis and demonstrate that the rat is a valid and conservative surrogate for the
human In the risk assessment of flumioxazin

We have demonstrated that:

@ Flumioxazin interferes with normal heme biosynthesis resulting in sideroblastic
anemia and porphyria in adult rats,

o "C-Flumloxazin administered to pregnant rats on day 12 of gestation crosses the
plasenta and reaches the rat fetus at maximum levels of Y“C and parent,
flumioxazin, 4 hours later

6 No clear paltern of absorption, distribution, metabolism or excretion was evident
which could account for the species-specific developmental toxicity in rats.

e The critical period for sensttivity to the developmental effects of flumioxazin in rats
is day 12 of gestation. This comrelates with the peak period of PPIX accumulation
In matamal rat liver and tha rat fetus.

e A histological examination of rat fetus indicated signs of fetal anemia within 6
hours after dosing but no histological changes in the fetal rat heart were chserved
until 36 or 48 hours after treatment. No effects wera observed in rabbit embryos
treated in the same manner as the rats.

@ Other cbservations in the pathogenesis of the developmental effects of
flumioxazin in rat fetuses included: enlarged heart, edema, anemia (decreased
red blood cell count and hemoglobin), delayed closure of the interventricular
foramen, reduced serum protein and incomplete/delayed ossification of the ribs.

® The observation of enlarged heart, edema and anemia preceding the occurrence
of fetal mortality suggest these effects may be instrumantal in the cause of fetal
deaths,
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® The occurrence of an enlarged heart preceding the failure of interventricular
foramen closure could be related to the pathogenesis rather than a direc! toxic
effect of flumioxazin on cardiac tissue

® A strong correlation exists betwean PP|X accumulation, an indicator of disrupted
heme synthesis, and developmantal toxicity, Evidence of this correlation ex|sts
or the basis of species differences between rats and rabbits; the critical period
of sensitivity to developmental efiects in the rat. and compound-specific
differences with two chemicals structurally related to Flumicxazin, one which
preduces developmental effacts in rats and one which does not

® Species-and compound-related differances were glso observed in the in vitro
inhibition of PPO, an key enzyme in normal heme synthesis, Based on the
relative sensitivity to PPO inhibition in the threa species tesled
(rat>human=>rabbit), risk assessments using the NOEL for studies in the rat more
than adequately protect humans.
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