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Part A.
1
1.1

PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLING
Substance

Table 1:

Substance identity

Substance name:

Silthiofam (ISO); N-allyl-4,5-dimethyl-2(trimethylsilyl)thiophene-3-carboxamide

EC number:

N/A

CAS number:

175217-20-6

Annex VI Index number:

N/A

Degree of purity:

980 g/kg

Impurities:

The active substance as manufactured does not contain any
impurities of toxicological/eco-toxicological relevance.

1.2

Harmonised classification and labelling proposal

Table 2:

The current Annex VI entry and the proposed harmonised classification
CLP Regulation

Current entry in Annex VI, CLP
Regulation

Not classified

Current proposal for consideration
by RAC

Repr. 2, H361d
STOT RE 2, H373
Aquatic Chronic 2, H411

Resulting harmonised classification
(future entry in Annex VI, CLP
Regulation)

Repr. 2; H361d
STOT RE 2; H373
Aquatic Chronic 2; H411
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1.3

Proposed harmonised classification and labelling based on CLP Regulation
criteria

Table 3:
CLP
Annex I
ref

Proposed classification according to the CLP Regulation
Hazard class

Proposed
Proposed SCLs
Current
classification and/or M-factors classification 1)

Reason for no
classification 2)

2.1.

Explosives

None

None

Conclusive but not
sufficient for
classification

2.2.

Flammable gases

None

None

Substance is not a gas.

None

None

Substance is not an
aerosol.

2.3.

Flammable aerosols

2.4.

Oxidising gases

None

None

Substance is not a gas.

2.5.

Gases under pressure

None

None

Substance is not a gas.

None

None

Substance is not a
liquid.

None

None

Conclusive but not
sufficient for
classification

None

None

Data lacking.

None

None

Substance is not a
liquid.

None

None

Conclusive but not
sufficient for
classification.

None

None

Conclusive but not
sufficient for
classification

2.6.

Flammable liquids

2.7.
Flammable solids
2.8.
2.9.

Self-reactive substances and
mixtures
Pyrophoric liquids

2.10.
Pyrophoric solids
2.11.

2.12.

2.13.

Self-heating substances and
mixtures
Substances and mixtures
which in contact with water
emit flammable gases
Oxidising liquids

2.14.

Data lacking.

None

None

Substance is not a
liquid.

None

None

Conclusive but not
sufficient for
classification

None

None

Conclusive but not
sufficient for
classification.

Oxidising solids
2.15.
Organic peroxides
2.16.

Substance and mixtures
corrosive to metals

3.1.

Data lacking
None

None

Conclusive but not
sufficient for
classification

None

None

Conclusive but not
sufficient for
classification

None

None

Conclusive but not
sufficient for
classification

Acute toxicity - oral

Acute toxicity - dermal

Acute toxicity - inhalation
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CLP
Annex I
ref

Hazard class

3.2.

Proposed
Proposed SCLs
Current
classification and/or M-factors classification 1)
None

None

Conclusive but not
sufficient for
classification

None

None

Conclusive but not
sufficient for
classification

Skin corrosion / irritation
3.3.

3.4.

Serious eye damage / eye
irritation
Respiratory sensitisation

3.4.

Data lacking
None

None

Conclusive but not
sufficient for
classification

None

None

Conclusive but not
sufficient for
classification

None

None

Conclusive but not
sufficient for
classification

REPR 2, H361d

None

None

None

STOT RE 2,
H373

None

None

None

Skin sensitisation
3.5.
Germ cell mutagenicity
3.6.
Carcinogenicity
3.7.
3.8.

3.9.

Reproductive toxicity
Specific target organ toxicity
–single exposure
Specific target organ
toxicity – repeated
exposure

3.10.
Aspiration hazard
4.1.

Hazardous to the aquatic
environment

Aquatic
Chronic 2,
H411

None

5.1.
Hazardous to the ozone layer
1)
2)

Reason for no
classification 2)

Conclusive but not
sufficient for
classification

Conclusive but not
sufficient for
classification

None

Conclusive but not
sufficient for
classification

Including specific concentration limits (SCLs) and M-factors
Data lacking, inconclusive, or conclusive but not sufficient for classification
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Labelling:

Signal word:
Pictograms:

Warning
GHS08; GHS09

Hazard statements:

Repr. 2; H361d: Suspected of damaging the unborn
child.
STOT RE 2; H373: May cause damage to organs
through prolonged or repeated exposure
Aquatic Chronic 2; H411: Toxic to aquatic life with
long lasting effects.

Precautionary statements:
P391 Collect Spillage
P501 Dispose of contents/container to [in accordance
with local/refional/international regulation]
Supplemental Hazard Statement:
EUH401 To avoid risks to human health and the
environment, comply with the instructions for use.
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2

BACKGROUND TO THE CLH PROPOSAL

2.1

History of the previous classification and labelling

Silthiofam was included into Annex I of Directive 91/414/EEC on 01 January 2004
(Commission Directive 2003/84/EC of 25 September 2003). Silthiofam has not been
previously considered for inclusion in Annex VI of Regulation (EC) 1272/2008.
2.2

Short summary of the scientific justification for the CLH proposal

Health Effects CLH proposal
Developmental toxicity:
Silthiofam is currently not classified for reproductive toxicity (developmental). The
significance of the findings in the rat developmental study have been re-evaluated in the
context of current scientific knowledge and regulatory experience. A classification in Repr. 2
for developmental toxicity has been proposed based on significant adverse effects on
development observed at the highest dose tested (1000 mg/kg) in the rat developmental
toxicity study, which was also clearly toxic to the maternal animal. Reduced foetal weight,
reduced ossification of centrum number 1 and sternebrea 1-4, increased 7th cervical rib and
increased number of dead foetuses were considered related to treatment at this toxic dose. A
rare finding, cleft palate, occurred in two litters; one foetus (1/15) in one litter and 8 (8/11) in
a second. Even though 1/1 (0.3% per litter) is within the historical control data, the
occurrence of a second litter with multiple malformed pups, including a high incidence of
cleft palate contributes to an argument for a treatment-related adverse effect.
The effects on development reported above in the rat occurred in the presence of significant
maternal toxicity. Some effects could be directly attributed to this, i.e., reduced foetal weight
(possibly), reduced ossification and the increase in incidence of a commonly occurring
skeletal anomaly, 7th cervical rib. The occurrence of cleft palate in two litters raises the
possibility of a treatment-related effect which is difficult to dismiss. In addition, there was an
increase in dead pups in rats at caesarian section which was practically unknown in the
historical data provided. According to the criteria, classification into Repr. 2 H361d
‘Suspected of damaging the unborn child’ is forseen for such a situation.
Specific target organ toxicity (repeated exposure):
Silthiofam is currently not classified for specific target organ toxicity. The liver was
identified as the main target organ following the short-term oral administration of silthiofam
in the rat, mouse and dog. Elevated liver weights and serum enzyme markers for liver toxicity
were observed in all three species. However, liver histopathology was observed only in rats
and mice, and included hepatocellular hypertrophy, vacuolation, degeneration/necrosis of
individual hepatocytes, bile duct hyperplasia/fibrosis, etc. No liver histopathological findings
were observed in dogs, at a dose level that was significantly toxic. The dog and rat were
identified as the most sensitive species; both of these species were more sensitive to the
effects of silthiofam than the mouse (dog = rat > mouse).
Effects of treatment were seen in the dog at lower doses and within the numerical criteria for
STOT RE 2. Silthiofam causes significant systemic toxicity in the dog on sub-chronic
administration, including mortalities at doses of approx. 350/250 mg/kg bw after 24 doses
11
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(female) and 12/18 doses (male), severe effects on food consumption and weight loss were
seen. Some evidence of liver effects were also observed. Similarly, severe toxicity was seen
at 125/75 mg/kg in the 90-day study with mortality (1), severe effects on body weight (loss)
and some evidence of liver effects without histopathological correlation. The same pattern
was seen in the one year study, at 80 mg/kg bw, with systemic toxicity, some evidence of
liver toxicity but without histopathological correlation (outside the 1 year study extrapolated
guidance value for STOT RE 2 of 25 mg/kg bw). Liver toxicity and systemic toxicity
occurred in the rat and mouse but without mortality at significantly higher dose levels.
However, the effects seen in the dog, which were within the cut-off criteria, are consistent
with general systemic toxicity and also liver toxicity but were not seen in two other species
tested to higher dose levels and classification is not proposed on the basis of systemic/liver
toxicity.
However, in the rabbit range-finding developmental toxicity study (Report WI-95-239, 1997),
increased mortaliy was observed. In this study 4/6 and 5/6 females died in the 100 and 150
mg/kg/day dose groups, respectively. Deaths occurred between days 13-16 and 15-22 for
gravid females in these respective groups. All deaths (except for one intubation error in the
100 mg/kg group) were considered treatment-related. The two other females in the 100
mg/kg group aborted prior to scheduled euthanasia. These findings are within the criteria
(mortality) and the numerical cut-of values (≤ 100 mg/kg bw) for studies of shorter duration
(c.f. and classification as STOT RE 2 H373 ‘May cause damage to organs through prolonged
or repeated exposure’ is proposed on the this basis.
Long-term aquatic hazard:
Silthiofam classifies for ecotoxicological effects. It is non rapidly degradable. Based upon
the results of the 28-day Early Life-Stage Toxicity Test with the Fathead Minnow
(Pimephales promelas) and the 21 day semi-static life-cycle toxicity test with the cladoceran
(Daphnia magna), both with a chronic NOEC ≤ 1 mg/L, Silthiofam classifies as Chronic
Category 2 H411 ‘Toxic to aquatic organisms with long lasting effects’ in accordance with
CLP Regulation 1272/2008.

2.3

Current harmonised classification and labelling

No classification.
2.3.1

Current classification and labelling in Annex VI, Table 3.1 in the CLP
Regulation

No entry.
2.3.2

Current classification and labelling in Annex VI, Table 3.2 in the CLP
Regulation

No entry.
2.4

Current self-classification and labelling

Not applicable.
12
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2.4.1

Current self-classification and labelling based on the CLP Regulation criteria

No classification.

3

JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LEVEL

Silthiofam is a pesticide active substance currently under review for approval to Regulation
(EC) No 1107/2009 of the European Parliament and of the Council. The classification and
labelling proposal includes mammalian and environmental toxicity endpoints and needs to be
evaluated under the CLP Regulation.
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Part B.
Scientific evaluation of the data

1

IDENTITY OF THE SUBSTANCE

1.1

Name and other identifiers of the substance

Table 4:

Substance identity

EC number:

N/A

EC name:

N/A

CAS number (EC inventory):

N/A

CAS number:

175217-20-6

CAS name:

3-Thiophenecarboxamide, 4,5-dimethyl-N-2-propen-1yl-2-(trimethylsilyl)

IUPAC name:

N-allyl-4,5-dimethyl-2-(trimethylsilyl)thiophene-3carboxamide

CLP Annex VI Index number:

-

Molecular formula:

C13H21NOSSi

Molecular weight range:

267.47 g/mol

Structural formula:
CH2CH=CH2
O
C NH

CH3
CH3

S

Si(CH3)3
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1.2.1

Composition of test material

This information is confidential and in the case of Silthiofam not relevant for classification.

1.3

Physico-chemical properties

Table 8: Summary of physico - chemical properties
Property

Value

Reference

State of the substance at
20°C and 101,3 kPa

Fluffy crystalline
powder, white in the
case of the pure active
substance (99.6%) and
beige in the case of the
T.G.A.I. (96.1%).
88°C or 361K (99.67%
purity)

Herren, D. 1998.
Report no. MSL15542.

Melting/freezing point

Boiling point

321.9-340 °C (98.7%
purity)

Relative density

1.07 at 20.0C (99.67%
purity)

Vapour pressure

(8.1  0.7) x 10-2 Pa at
20°C (99.67% purity)

Surface tension

60.4 mN/m at 20 °C
(90 % saturated
solution) (97.3%
purity)
39.9 g/ml at 19.5
0.5C at pH 8.7-9.1
(99.67% purity)
log POW = 3.72 at 19.5
 0.5C (pH 7.8)
(99.67% purity)
Not tested.
Not flammable (97.3%
purity)

Water solubility

Partition coefficient noctanol/water
Flash point
Flammability

Explosive properties

Non explosive (97.3%
purity)

Self-ignition temperature

Not flammable (98.8%
purity)

Oxidising properties

Not oxidising

Granulometry
Stability in organic solvents
and identity of relevant
degradation products

Not tested.
Not tested.

Krips, H. 2000.
Notox Project
291353.
Bates, M. 1999.
Report No. 64/93D2141.
Krips, H. 2000.
Notox Project
291375.
Krips, H. 2000.
Notox Project
291386.
Bates, M. 1996.
Report no. 64/471014.

Comment (e.g. measured or
estimated)
Observed.

Measured.

Measured.

Measured.

Measured.

Measured.

Brekelmans, M.
2000. Notox Project
291432.

Measured.

Brekelmans, M.
2000. Notox Project
no. 291443.

Measured.

Bates, M. 1996.
Report no. 64/471014.
Bates, M. 1996.
Report no. 64/471014.
Edwards, D. 1998.
Report no. 64/47D2141
Edwards, D. 1998.
Report no. 64/47D2141

Silthiofam is not a liquid.
Measured.

Measured.

Measured.

Justification.
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Dissociation constant

No dissociation (97.7%
purity).

Viscosity

Not tested.

2

MANUFACTURE AND USES

2.1

Manufacture

Bates, M. 1995.
Report no. 64/461014.

Measured.

This information is confidential. Please refer to the Silthiofam RAR, Volume 4 - Annex C
(Confidential Information).
2.2

Identified uses

Silthiofam is a selective seed applied fungicide with a limited systemic action and little or no
translocation in the plant. Silthiofam is applied as a surface layer to the seed. It is a selective
fungicide known to affect only one pathogen viz. Gaeumannomyces graminis var tritici
(Take-All) and protect cereal crops including wheat, barley, triticale and spelt. The Take-all
fungus is present in most soils where cereals are grown in the EU.
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3.2

Oxidising properties

3.2.1

Summary and discussion of oxidising properties for silthiofam

Based on the structure of silthiofam the molecule does not have oxidising properties. The
justification is acceptable.
3.2.2

Comparison with criteria

Not applicable.
3.2.3

Conclusions on classification and labelling

Silthiofam is not oxidising. No classification is required.
3.3

Flammability properties

3.3.1

Summary and discussion of flammability properties for silthiofam

Silthiofam does not support combustion.
3.3.2

Comparison with criteria

Not applicable, all standard studies investigating flammability, ignition and combustion
properties were negative.
3.3.3

Conclusions on classification and labelling

Silthiofam is not flammable. No classification is required.
3.4

Auto-flammability properties

3.4.1

Summary and discussion of auto-flammability properties for silthiofam

In the initial evaluation, the test substance melted to a clear yellow liquid, white fumes were
evolved but no flame was observed. In the train test the substance did not ignite. The sample
was heated to 120C which is ~30C above the melting temperature. No significant thermal
events were seen on a chart trace. The experiment was conducted to GLP.
3.4.2

Comparison with criteria

Not applicable.
3.4.3

Conclusions on classification and labelling

Silthiofam is not auto-flammable. No classification is required.
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3.5

Overall conclusion on the classification for physical and chemical properties

Silthiofam is not explosive, oxidising, flammable or auto-flammable and does not classify
from a physical and chemical point of view. Therefore, no classification is required.

4
4.1
4.1.1

HUMAN HEALTH HAZARD ASSESSMENT
Toxicokinetics (absorption, metabolism, distribution and elimination)
Non-human information

In the ADME study which included low-dose intravenous, low- and high-dose single oral,
and low-dose repeat oral administration, silthiofam was rapidly and virtually completely
absorbed by the rat at all dose levels (calculated absorption was 87.0% for the repeated oral
dose, 91.6% for the single low oral dose, and 99.6% for the single high oral dose). The dose
was readily eliminated with 87.3–93.7% of the dose being excreted within 48 hours after
dosing. Urine was the major route of elimination accounting for 48.5–61.5% of the dose.
There was no evidence of accumulation in the animal body. Less than 1.1% of the dose
remained in the animal at 7 days after dosing. Levels of radioactivity in the tissues were low
with fat containing the highest levels (0.11–0.61% of the dose). Except for fat, no single
tissue of any individual animal contained greater than 0.25% of the dose. This pattern of
absorption, distribution and elimination was not significantly changed either by a single high
dose or by repeated administration of low doses. Similarly, the sex of the test animals did not
affect the results. Metabolism of silthiofam by the rat was extensive with no unchanged
parent observed in the urine or faeces. The major routes of metabolism were hydroxylation
of the ring-attached methyl groups and subsequent oxidation to the carboxylic acid,
dihydroxylation of the allyl double bond, oxidative removal of the allyl group to form the
primary amide, and hydrolysis of the amide to form the carboxylic acid. The metabolism of
silthiofam was very similar regardless of the dose level, sex or dosing regimen (oral,
intravenous or repeat oral).
4.1.2

Human information

No data.
4.1.3

Summary and discussion on toxicokinetics

The toxicokinetics of silthiofam were investigated i.v. and orally in single dose and repeat
dose studies in rats. Following single and repeat administration, silthiofam was well
absorbed and widely distributed. Silthiofam was extensively metabolised and excreted
predominantly in the urine. There was no evidence of bioaccumulation.
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4.2.1.4 Acute toxicity: other routes
No data.
4.2.2

Human information

No data.
4.2.3

Summary and discussion of acute toxicity

All studies were compliant with good laboratory practice guidelines and were carried out in
accordance with current OECD guidelines. The acute toxicity potential of silthiofam
following oral, percutaneous and inhalation exposure is low.
4.2.4

Comparison with criteria

The acute LD/LC50s for silthiofam are greater than the cut-off values for classification for
acute toxicity by oral, dermal and inhalation routes, i.e.,
Oral LD50: >5000 mg/kg bw (Cat 4: 300 ATE ≤ 2000 ).
Dermal LD50: > 5000 mg/kg bw (Cat 4: 1000 < ATE ≤ 2000).
Inhalation LC50: > 2.8 mg/l (Cat 4: 1.0 < ATE ≤ 5.0)
4.2.5

Conclusions on classification and labelling

Classification is not required.
4.3
4.3.1

Specific target organ toxicity – single exposure (STOT SE)
Summary and discussion of Specific target organ toxicity – single exposure

There were no functional disturbances or morphological changes or severe toxicity impacting
on health, observed in any of the acute animal studies.
4.3.2

Comparison with criteria

Not required.
4.3.3

Conclusions on classification and labelling

There was no toxicological basis to compare with guidance value ranges for STOT SE
category 1 or 2 as set out in section 3.8.2.2.1 of the CLP guidance. Similarly, there was no
evidence or indication of transient respiratory tract irritation or narcosis nor was there any
human data relating to these effects. The criteria for STOT SE category 3 were not met.
Classification for STOT SE is not supported.

22

CLH REPORT FOR SILTHIOFAM
4.4.2.1 Non-human information
Silthiofam, purity: 91.8%, was instilled into one each of 3/sex NZW rabbits. The single dose
administration was followed by a 3 day observation period. Slight to moderate conjunctival
erythema were seen in all animals after one hour, which was resolved by 48 hours in all
animals.
Table 13:
Animal 1
-conj. erythema.
Oedema
Animal 2
-conj. erythema.
Oedema
Animal 3
-conj. erythema.
Oedema
Animal 4
-conj. erythema.
Oedema
Animal 5
-conj. erythema.
Oedema
Animal 6
-conj. erythema.
Oedema

Summary table of eye irritation scores
Individual scores
1 hour
24 hours

48 hours

72 hours

mean (24,48,72)

2
1

2
0

0
0

0
0

0.7

2
1

1
0

0
0

0
0

0.3

1
1

0
0

0
0

0
0

0.0

2
2

1
0

0
0

0
0

0.3

2
1

1
0

0
0

0
0

0.3

1
1

0
0

0
0

0
0

0.0

There were no iridial or corneal effects.
4.4.2.2 Human information
No data.
4.4.2.3 Summary and discussion of eye irritation
Silthiofam can cause slight/moderate reversible effects to the eye.
4.4.2.4 Comparison with criteria
Classification as an eye irritant according to the CLP criteria is based on evidence of
reversible damage to the eye in experimental animals using criteria for corneal opacity, iridial
congestion and conjunctival inflammation as defined in the Regulation. Slight conjunctival
irritation (24/48/72 mean of 0.3 – 0.7) was seen for silthiofam not meeting the classification
criteria (≥ grade 2).
4.4.2.5 Conclusions on classification and labelling
Classification not required.
4.4.3

Respiratory tract irritation

No data.
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4.6.1.1 Non-human information
Silthiofam, (Lot Number: QPP-9509-6764-T, purity: 91.8%) was tested in a M&K
sensitisation test. 5% (w/v) concentration was used for intradermal induction. Intradermal
injections were made with Freund’s Complete Adjuvant (FCA)/water emulsion (50%v/v),
and a 5% w/v mixture of silthiofam in propylene glycol, and in FCA/water emulsion. The
test substance was employed at a 100% concentration for topical induction and challenge
having been moistened with 0.9% saline. Dose levels were based on the results of a rangefinding test. The area to be treated was pre-treated with 10% sodium lauryl sulphate in
petrolatum on the day before topical induction to provoke a mild inflammatory reaction.
Topical induction and challenge applications were made 7 and 21 days after the intradermal
induction, respectively. Appropriately treated control animals were employed in the study
design in order to differentiate between dermal responses produced by irritation and those
produced by sensitisation.
All test and control animals were free of dermal responses 24 and 48 hours after
administration of the challenge dose. Silthiofam did not exhibit a potential to produce dermal
sensitisation in the guinea pig.
4.6.1.2 Human information
No data.
4.6.1.3 Summary and discussion of skin sensitisation
Silthiofam was negative in an appropriately conducted maximisation assay.
4.6.1.4 Comparison with criteria
Substances are classified as sensitisers on the basis of evidence in humans and/or animal
studies. Silthiofam does not classify as there was no dermal response to challenge.
4.6.1.5 Conclusions on classification and labelling
No classification on the basis of the data submitted.
4.6.2

Respiratory sensitisation

4.6.2.1 Non-human information
No data.
4.6.2.2 Human information
No data.
4.6.2.3 Summary and discussion of respiratory sensitisation
Not relevant.
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Urinalysis
Organ weights
Gross pathology

Histopathology

↑Calcium (♀)
↑↑globulin (♂♀)
↑↑blood urea nitrogen (♂♀)
↑APPT (**♂)
8000 ppm: reddish-yellow colour; (♂♀)
: ↑**volume, bilirubin and urobilinogen increased; females only
8000 ppm: abs (**♀) and rel liver weight increased; (**♂♀)
↑rel kidney weight (**♂♀)
8000 ppm: accentuated lobular pattern and abnormal colour, liver; (♂♀)
: abnormal colour, kidneys; (♂♀)
: small/atrophy, spleen; males only (1 of 5 rats observed with
finding)
8000 ppm: hepatocyte necrosis, karyomegaly and hypertrophy,
multinucleated hepatocytes, increased apoptosis, periportal mononuclear
infiltrate, bile duct hyperplasia and cholangiofibrosis, liver; one or both sexes
: decreased cellularity of red pulp, lymphoid and marginal zone cell
depletion, spleen; males only

** p≤ 0.01 dunnetts test. NS = not significant; BR = biologically relevant.

Conclusions:
Significantly lower body weights, failure to gain weight in males and reduced weight gain in
females, in conjunction with reduced food intake were seen at the high dose. A significant
treatment-related increase in reticulocyte count at the high dose indicated a possible targeting
of the blood system. Activated partial thromboplastin time was also increased at this dose
(statistically significantly in males and increased in females).
The main target organ was clearly identified as the liver. Absolute and relative weights were
increased at the high dose level. There was evidence of toxic hepatocellular damage with
increased serum levels of AST and ALP. Serum cholesterol was increased, albumen
decreased and globulin levels increased. Together with an increase in ALP and γGT and
serum bilirubin, these alterations provide evidence of cholestastic type of injury. These
findings were correlated with microscopic evidence of bile duct hyperplasia and
cholangiofibrosis. Increased AST, ALT, CPK and microscopic demonstration of hepatocyte
necrosis, hypertrophy and apoptosis evidenced injury to the hepatocytes. All changes were
confined to the top dose and were more evident in female animals.
Other potential target organs observed at the 8000 ppm dietary level included the kidney and
spleen. The relative kidney weight was slightly increased and colour was abnormal. Blood
urea nitrogen was increased in both sexes; urine volume was also increased in female rats.
However, creatinine was unaffected and no microscopic changes were observed in this organ
in both sexes. One male was observed grossly to have a small/atrophied spleen. 3 of 5 males
each showed only one of the specific changes described in the table above.
The LOAEL was 8000 ppm/407 – 542 mg/kg bw/day, based on observation of clear liver
toxicity.
Study 3.
Range-finding study of silthiofam administered orally to beagle dogs.
(1996).
Report MSL-14758. No specific guidelines followed (range-finding study). GLP compliant
with the following exceptions: characterisation and verification of the stability of the test
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Haematology

Clinical chemistry

Urinalysis
Organ weights

Gross pathology

Histopathology

Ophthalmology
Reproduction
Offspring body
weight

*Dunnetts test p≤ 0.05

5000 ppm:
-red cell, lymphocyte and platelet counts increased; males only
-mean corpuscular volume and mean corpuscular haemaglobindecreased; males only
*/**
-haematocrit and reticulocyte counts decreased; females only
-activated partial thromboplastin time and/or prothrombin time increased; one or both
sexes
5000 ppm:
↑AST; **♂
↑ALT; **♂
↑γglutamyl transferase: **♂, NS↑♀
↑alkaline phosphatase: ♀**
direct/total bilirubin; */** ♂
↑cholesterol; **♂♀
↓globulin; **♂*♀
↑blood urea nitrogen; **♂*♀
↓albumin; *♀
↓glucose; **♂, NS↑♀
No effects observed
>2500 ppm:
-↑abs * and rel** liver weight; ♂,♀
-↓ abs kidney weight; *♂ and rel **♂♀
5000 ppm:
-↓spleen weight;
>2500 ppm:
-abnormal colour, liver; one or both sexes
5000 ppm:
-abnormal colour, kidney, small seminal vesicles and prostate; males only
>2500 ppm:
-hepatocyte vacuolation, hyperplasia/fibrosis of bile duct, portal inflammation
and/or pigment in Kupffer cells, liver; one or both sexes
5000 ppm:
-brown pigment, tubule epithelium, kidney; males only
No effects observed
No effects observed on mating, fertility, pregnancy or offspring survival (to post-natal
day 4)
>2500 ppm:
pup weights decreased (post-natal day 4)
5000 ppm:
pup weights decreased (post-natal day 0)
** Dunnett‘s test p≤ 0.01

Four of ten males of the high dose group died or were sacrificed in extremis. These deaths
were considered treatment-related. The death of a single female from the low dose group was
not considered related to treatment. Abnormal urine colour was recorded in high dose
animals (9/10 ♂ and 10/10 ♀) and in 3/10 males at 2500 ppm. Mean body weights and
weight gains were profoundly affected at the high dose (p≤0.01). Mean weights of males of
the 5000 ppm group were 30% lower than controls while mean weight gains were 65% of
controls by the end of the study. Mean weights of females of the 5000 ppm group were 16%
lower than controls while mean weight gains were 54% of controls by the end of the study.
Mean body weights and body weight gains were also lower at the 2500 ppm dose level but
the difference was not statistically significant. Mean food intake was also reduced at the high
dose level (statistically significant at all times in males and in females at intervals).
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Organ weights
Liver wt. (rel.)

-

-

-

-

-

-

-

-

↑*

↑**

(*) Trend towards increase with statistically significance at some time points.

A biologically significant reduction in body weight gain was observed in females of the high
dose group, particularly at the early time points. At the end of the study, weight gains in this
group were approximately 52% of control values. Food intakes were not consistently
affected.

There was a trend towards increased platelet counts was observed in both males and females
throughout the study, which was significant at some sampling times.
A profile of clinical chemistry alterations similar to that recorded in the three-month study
was recorded in this study. A statistically significant increase in alkaline phosphatase
(statistically significant in females only) and γGT levels was seen in both sexes at the high
dose (statistically significant in females). NOAEL was considered to be 5 mg/kg bw per day
taking into account the dose-dependent decreased bwg of females (↓20%), weakly increased
ALP (+27%) (however observed at all timepoints, and more so at 90d), decreased Pi (↓21%)
and K (↓8%) at 20 mg/kg bw/d. The reduction in serum potassium and phosphorus seen in
the three-month study was more clearly identified in this study with a statistically significant
reduction in males from ≥ 20 mg/kg bw/day and in females at 80 mg/kg bw/day.
Conclusion:
The liver was identified as the target organ in this study; effects were observed at 80 mg/kg
bw/day only, in both sexes, and included increased organ weight and enzymes. Slight
reductions in serum potassium and phosphorous were observed in one (males) or both sexes
at dose levels of 20 and 80 mg/kg bw/day, respectively. Serum chloride was also reduced in
males at a dose level of 80 mg/kg bw/day. The reduction in these elements peripherally was
considered a treatment related effect of unknown toxicological importance. There was an
absence of obvious physiological, gross or microscopic correlates in the animals from these
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dose levels.5 mg/kg bw/day was a no observed adverse effect level (NOAEL) in this study.
This was based on treatment-related reductions in serum potassium and phosphorous at 20
mg/kg bw/day in males, only with effects on liver weight, marker enzymes and reductions in
serum potassium and phosphorous seen in both sexes at 80 mg/kg bw/day.
4.7.1.2 Repeated dose toxicity: inhalation
Silthiofam is not volatile (vapour pressure <10-2 Pa); therefore inhalation (28 or 90-day)
studies have not been conducted with the test substance. The particle size distribution of
unmilled technical silthiofam indictates that the potential for this substance to penetrate
beyond the nasopharyngeal region of the respiratory tract is low. This limits the potential for
the generation of harmful effects, either on the respiratory tract, or as a result of particulate
clearance mechanisms.
4.7.1.3 Repeated dose toxicity: dermal
Range-finding and 21-day dermal study of MON 65500 in rats.
(1998). Report MSL-15527. OECD 410, FIFRA 82-2, EEC Directive 92/69, Part B9.
GLP compliant with the following exceptions:
1) On day 16 of the 21-day dermal study no trained personnel were available
to administer the test substance. An individual who had previously
assisted in the dermal administration procedures applied the test substance
on this day. Two male rats died shortly after the start of the exposure
period on day 16 from asphyxiation; the result of the occlusive wrapping
having being applied too tightly around the torso. These events did not
affect the interpretation of the study. Trained personnel administered the
test substance on all other days of the study.
2) The reagent for the determination of reticulocyte counts was employed in
the study after the manufacturer’s stated expiration date. The reference
control values were, however, within the manufacturer’s stated accepted
range. This deviation was not considered to have adversely affected the
reticulocyte count results, or the conclusions of the study.
Materials and methods:
Silthiofam, Lot number: SRL-9601-6895-T, purity: 97.7% was administered dermally using
occluded procedures. The test was applied each morning 5 days/week for 3 weeks to a sterile
gauze wrap, moistened with 0.9% saline and applied to an area of skin approximately 25-35
cm2 on the back of each rat. An occlusive wrapping was applied. The application period
each day was 6 hours. The dose levels were 0, 100, 300 and 1000 mg/kg bw/day
(8/sex/group).
Results:
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reviewer that the increase in liver weight seen in this study is, in fact, treatment-related. As
there is no histopathological change in the liver and no clinical chemical change, this effect
may be adaptive rather than toxic. The LOAEL for short-term dermal toxicity is thus
considered to be 1000 mg/kg/day.
4.7.1.4

Repeated dose toxicity: other routes

No data on other routes.
4.7.1.5

Human information

No data.
4.7.1.6

Other relevant information

No other data.
4.7.1.7

Summary and discussion of repeated dose toxicity

The sub-chronic toxicity of silthiofam was investigated in the rat, mouse and dog via the oral
route and 21-day via the dermal route. Studies were of 28-day (mouse, rat and dog) and
60/90 day (mouse, rat and dog), and one year (dog) duration. The liver was identified as the
main target organ following the short-term oral administration of silthiofam in the rat, mouse
and dog. Elevated liver weights and serum enzyme markers for liver toxicity were observed
in all three species. However, liver histopathology was observed only in rats and mice, and
included hepatocellular hypertrophy, vacuolation, degeneration/necrosis of individual
hepatocytes, bile duct hyperplasia/fibrosis, etc. No liver histopathological findings were
observed in dogs, at a dose level that was significantly toxic. Also considered relevant to the
discussion of sub-chronic toxicity was the findings of the range-finding developmental study
in the rabbit (
(1997a).
The dog and rat were identified as the most sensitive species; both of these species were more
sensitive to the effects of silthiofam than the mouse (dog = rat > mouse).
4.8

Specific target organ toxicity (CLP Regulation) – repeated exposure (STOT
RE)

4.8.1

Summary and discussion of repeated dose toxicity findings relevant for
STOT RE according to CLP Regulation

The liver was identified as the main target organ following the short-term oral administration
of silthiofam in the rat, mouse and dog. Elevated liver weights and serum enzyme markers for
liver toxicity were observed in all three species. However, liver histopathology was observed
only in rats and mice, and included hepatocellular hypertrophy, vacuolation,
degeneration/necrosis of individual hepatocytes, bile duct hyperplasia/fibrosis, etc. No liver
histopathological findings were observed in dogs, at a dose level that was significantly toxic.
The dog and rat were identified as the most sensitive species; both of these species were more
sensitive to the effects of silthiofam than the mouse (dog = rat > mouse). All findings in rats
and mice occurred at doses in excess of the guidance values for classification.
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In addition, the occurrence of mortalities in the rabbit range-finding study (DRAR B.6.6.2.2a:
1997a) was also considered relevant to the STOT RE evaluation. The 100 and
150 mg/kg bw/day dose levels employed in this study exceeded the maternal MTD based on
mortality, clinical signs and effects on body weight gain, food consumption and/or organ
weights. No maternal toxicity was observed at dose levels of <50 mg/kg bw/day.
Dog:
Effects of treatment were seen in the dog at lower doses and within the numerical criteria for
STOT RE 2:
28 day dog: One female died at day 24 and two males on day 12 and 18 at the top dose 250
mg/kg bw (reduced from 350 mg/kg at weeks 3/2 respectively). Reduced food consumption
and statistically significant body weight loss occurred at this dose. The liver was targeted
with increased absolute (male/female; 15/10%) and relative (male/female; 15%/26%) weights
greater than respective controls. Serum ALP was greatly increased (>100% greater than
controls; not statistically significant). γGT was also slightly increased (ns). There was no
histologically investigation, so it is not possible to differentiate between adaptive vs toxic
liver effects, other than increased ALP.
90-day dog: The top dose of 125 mg/kg was reduced to 75 mg/kg after 7 weeks due to excess
toxicity. A single female was sacrificed in extremis on day 50. Statistically significant body
weight loss occurred at this dose, also increased absolute (m/f 21%/12%) and relative (m/f
29%/19%) liver weights. ALP was significantly increased (p<0.01) in high dose animals and
females at 50 mg/kg bw (p<0.05). γGT was significantly increased (p< 0.05) in high dose
dogs also. There was no histopathological evidence of liver damage.
1 year dog: At the high dose of 80 mg/kg bw, there were clinical signs of toxicity,
significantly reduced body weight gain (52% of controls at termination), increased ALP and
γGT (stat sig), reduced phosphate and potassium and increased relative liver weights (stat
sig). There was no gross pathology or histomorphologic alterations which could be attributed
to treatment. Reduced electrolytes were also considered relevant at 20 mg/kg bw/day in the
1-yr dog study
Rabbit developmental studies:
During the course of the EFSA Peer evaluation (February, 2016), it was identified that the
results of the dose-range finding rabbit developmental toxicity study (DRAR B.6.6.2.2a:
1997a) may trigger STOT RE. This position was agreed at the EFSA PRAPr
Meeting 414, 22th Feb 2016).
In this study, 6/dose pregnant rabbits were dosed by gavage with 0, 5, 15, 50, 100 or 150
mg/kg bw/day from days 7 to 19 of pregnancy. Four of six and 5/6 females died in the 100
and 150 mg/kg/day dose groups, respectively. Deaths occurred between days 13-16 and 1522 for gravid females in these respective groups. All deaths except for one intubation error in
the 100 mg/kg group were considered treatment-related. The two other females in the 100
mg/kg group aborted prior to scheduled euthanasia. Clinical signs in decedents and/or
survivors from the affected groups were hypoactivity/lethargy, faecal changes, dried or wet
staining of body surfaces. Mean body weight losses occurred from 100 mg/kg during GD 719 (specifically GD10-13 (p≤0.01@ 150 mg/kg) and 13-19). A trend in body weigh loss
continued post treatment. Food consumption was reduced over the treatment period
(specifically GD 10-13 and 13-19) with a trend for reduced food consumption continuing
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Oral, rat: 28-day: ≤ 300 mg/kg bw/d and 90-day: ≤ 100 mg/kg bw/d.
Silthiofam causes significant systemic toxicity in the dog on sub-chronic administration,
including mortalities at doses of approx. 250 mg/kg bw after 24 doses (female) and 12/18
doses (male), severe effects on food consumption and weight loss were seen at this dose.
Some evidence of liver effects were seen. Similarly, severe toxicity was seen at 125/75
mg/kg in the 90-day study with mortality (1), severe effects on body weight (loss) and some
evidence of liver effects without histopathological correlation. The same pattern was seen in
the one year study, at 80 mg/kg bw, with systemic toxicity, some evidence of liver toxicity
but without histopathological correlation (outside the 1 year study extrapolated guidance
value for Cat 2 of 25 mg/kg bw). Liver toxicity and systemic toxicity occurred in the rat and
mouse but without mortality at significantly higher dose levels.
The effects seen in the dog are consistent with severe general systemic toxicity rather than a
specific target organ effect and were not seen in two other species tested to higher dose
levels, therefore classification is not proposed on the basis of these findings.
It is noted that annex 1, Part a, para 3.9.2.7.3 of the Regulation identifies morbidity/death
within the evidence for classification with STOT RE: (‘morbidity or death resulting from
repeated or long-term exposure. Morbidity or death may result from repeated exposure, even
to relatively low doses/concentrations, due to bioaccumulation of the substance or its
metabolites, and/or due to the overwhelming of the de-toxification process by repeated
exposure to the substance or its metabolites).
It is proposed that the pregnant rabbit is a particularly sensitive species (a clear steep dose
response was observed as no toxic effects were observed at 60 mg/kg bw per day in the main
study (DRAR B.6.6.2b;
(1997b)). The increased mortaliy observed in the rabbit
range-finding study is within the criteria for significant toxic effects (mortality). Because
lethality (3/6 animals substance related at 100 mg/kg bw/d) was observed below the trigger
value for classification with category 2 (28-day: ≤ 300 mg/kg bw/d); a proposal for STOT RE
2 is considered appropriate.
Conclusions on classification and labelling of repeated dose toxicity findings relevant for
classification as STOT RE
The effects seen in the dog, which were within the cut-off criteria, are consistent with general
systemic toxicity and also liver toxicity but were not seen in two other species tested to
higher dose levels and classification is not proposed on the basis of systemic/ liver toxicity.
However, the increased mortaliy observed in the rabbit range-finding study is within the
criteria (mortality) and the numerical cut-of values for studies of shorter duration and
classification as STOT RE 2 is proposed on this basis.
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4.9.3

Other relevant information

Not relevant.
4.9.4

Summary and discussion of mutagenicity

No evidence of genotoxicity was noted in a battery of in vitro and in vivo studies which were
previously evaluated during the EU review and which are summarised in Table B.6.4-1.
4.9.5

Comparison with criteria

Not required.
4.9.6

Conclusions on classification and labelling

No classification for germ cell mutatgenicity.
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Step 2: Evaluate if the human relevance of the proposed MOA can be reasonably
excluded on the basis of qualitative differences in key events between animals
and humans;
Step 3: Evaluate if the human relevance of the proposed MOA can be reasonably
excluded on the basis of quantitative differences in key events between
animals and humans.
Step 1. Evaluate if the weight of evidence is sufficient to establish the mode of action
(MOA) in animals
Postulated MOA
Silthiofam activates the CAR and PXR nuclear receptors in male rats. This results in the
altered expression of a number of genes as well as an increase in hepatic cell proliferation
that eventually leads to a slight increase in hepatocellular tumours.
Key events
1.
Activation of CAR and PXR nuclear receptors
2.
Increased hepatocellular proliferation
Strong evidence of CAR and, to a lesser extent, PXR activation by silthiofam was observed
in the 14-day mode of action study in male rats. Dietary administration of 3000 ppm
silthiofam (which was also the high-dose level in the chronic rat study) resulted in substantial
induction of hepatic CYP2B1, CYP2B2 and (to a lesser extent) CYP3A1, as assessed by
enzyme activity, mRNA expression and Western blot analysis. Although there is not total
specificity, CYP2B1 and CYP2B2 are generally considered markers for CAR activation
while CYP3A1 is considered to be a marker for PXR activation. A substantial increase in
replicative DNA synthesis (cell proliferation) was also observed in the livers at 7 and 14
days. However, there was little to no other evidence of hepatotoxicity, as indicated by
unchanged or minimally decreased serum enzyme markers (ALT, AST, ALP) and only slight
histopathology (minimal to slight hypertrophy, decreased glycogen-induced vacuolation, and
slightly increased lipid accumulation). Significant induction of CYP2B1, CYP2B2, CYP3A
and cell proliferation was also observed in an in vitro study with rat hepatocytes.
Cytochrome P450 enzymes and hepatocellular proliferation were not evaluated in any of the
longer-term studies with silthiofam. However, a number of findings in the liver, including
increased liver weights, hepatocellular hypertrophy, and hepatocellular pallor (a tinctoral
change consistent with an increase in cytoplasmic smooth endoplasmic reticulum) were
observed in these studies and are consistent with P450 enzyme induction.
Dose-Response
Only a single dose level (3000 ppm) was utilized in the in vivo mode of action study so in
vivo dose-response relationships cannot be evaluated. However, the dose level used in the in
vivo mode of action study was the same as the high-dose level in the chronic rat study. Thus,
activation of the CAR and PXR nuclear receptors and increased hepatocellular cell
proliferation have been demonstrated at the same dose level that produced a slightly
increased incidence of liver tumours. Dose response was evaluated in the in vitro study with
rat hepatocytes, in which the level of cell proliferation appeared to be consistent with the
level of CAR and PXR induction.
Temporal Association
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Only limited data are available to evaluate the temporal relationships for the key events.
Activation of CAR and PXR and stimulation of cell proliferation were observed within 7 to
14 days of administration of 3000 ppm silthiofam to male rats. Only minimal evidence of
hepatotoxicity was noted at 3000 ppm in this study but slightly greater evidence of
hepatotoxicity was noted at ≥2500 ppm in the 90-day rat study. A slightly increased
incidence of liver tumours, along with indirect evidence of increased enzyme induction and
other signs of liver toxicity, was noted in males at 3000 ppm in the chronic rat study. These
results suggest that short-term exposure to silthiofam activates CAR and PXR, leading to a
number of hepatic changes, including enzyme induction, hepatocellular hypertrophy and
increased hepatocellular proliferation. It is not known how long the cell proliferation is
sustained. However, an early, short-term burst of cell proliferation is sufficient to cause liver
tumours for a number of chemicals, including phenobarbital, which has been shown to act via
a similar CAR/PXR-mediated mode of action as is being proposed for silthiofam. Thus, the
existing temporal data are supportive of the proposed MOA.
Strength, consistency and specificity
Silthiofam has been shown to activate CAR and PXR and stimulate hepatocellular
proliferation in rats both in vivo and in vitro. However, the proliferative response was
species-specific as silthiofam activated CAR and PXR but did not stimulate hepatocyte
proliferation in isolated human hepatocytes. The in vitro results with silthiofam were also
very similar to those for phenobarbital, which has been shown to cause rodent liver tumours
via a similar CAR/PXR-mediated mode of action as is proposed for silthiofam.
Biological plausibility and coherence
The proposed CAR/PXR-mediated MOA for silthiofam is biologically plausible. Activation
of the CAR and/or PXR nuclear receptors is known to lead to changes in expression of a
number of genes, including many that are involved in metabolism, apoptosis, cell
proliferation, etc. It has been well-established that increased hepatocellular proliferation,
even if not sustained for an extended period of time, can lead to an increased incidence of
tumours in rodents.
The proposed CAR/PXR-mediated mode of action is also consistent with the general pattern
of hepatotoxic effects seen in the short-term and long-term studies with silthiofam, and
probably also accounts for the increased levels of hepatic T4-UDPGT, an enzyme known to
be regulated by CAR and PXR.
Finally, the proposed CAR/PXR-mediated MOA for silthiofam is consistent with the growing
body of literature indicating a similar MOA for phenobarbital and a few other chemicals that
have been shown to induce liver tumours in rats and/or mice. In fact, the results from
silthiofam were very similar to those from phenobarbital, when tested in vitro in both rat and
human hepatocytes.
Other modes of action
Silthiofam is not genotoxic so a genotoxic mode of action for the rat liver tumours can be
ruled out.
The slightly increased incidence of liver tumours in the high-dose (3000 ppm) male rats in
the chronic rat study occurred in the absence of substantial liver toxicity. In addition, a
substantial increase in hepatocellular proliferation in the absence of significant hepatotoxicity
was noted at 3000 ppm in the 14 day in vivo mode of action study. Therefore, cytotoxicity
can probably be ruled out as the mode of action for the rat liver tumours.
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No evidence of activation of PPARα (as measured by enzyme activity, gene expression and
Western blot) was noted in the 14-day in vivo mode of action study and no evidence of
peroxisomal proliferation was reported in any of the other studies with silthiofam. Therefore,
peroxisomal proliferation can also be ruled out as a mode of action for the liver tumours.
Other known non-genotoxic modes of action for liver tumours include hormonal perturbation,
immunosuppression, porphyria and activation of the AhR receptor.
CYP1A (a marker for AhR) was not included in the in vivo mode of action study. However,
silthiofam does not appear to have the chemical structure that would likely activate this
receptor. No evidence for any of the other potential MOAs has been observed in any of the
studies with silthiofam. Thus, none of these potential MOAs are considered likely to be
involved. (Note from evaluator: CYP1A was not tested).
Uncertainties, inconsistencies and data gaps
There are no inconsistencies in the data base regarding the proposed carcinogenic MOA for
silthiofam. However, there are a few data gaps and uncertainties, including the following:
1.
Lack of in vivo dose-response data for CAR/PXR activation and hepatocellular
proliferation. It is likely that CAR/PXR activation would be observed at much lower dose
levels than 3000 ppm. But, while dose-response data for this endpoint may have been of use
for correlating with non-neoplastic findings, it would likely not be useful in evaluating the
mode of action for the marginal increase in liver tumours that occurred only at the high-dose
level. Dose-response data for hepatocellular proliferation may have been of more value in
confirming the proposed MOA but lack of this data is not considered to be critical, especially
since a correlation between activation of CAR/PXR and the level of cell proliferation was
observed in the in vitro rat mode of action study.
2.
No studies with CAR/PXR knockout animals. The available data provide convincing
evidence that silthiofam activates CAR and PXR and, especially when evaluated along with
literature data on phenobarbital and other chemicals, strongly suggest that activation of these
nuclear receptors is responsible for the increase in cell proliferation. However, these studies
do not allow a determination as to the relative contributions of CAR vs. PXR or provide proof
that another mode of action was not also involved. Answering both of these questions would
have required use of both CAR and PXR single knockout and CAR/PXR double knockout
rats. However, a double knockout rat was not available. In addition, understanding the
relative contributions of CAR vs. PXR to the proposed silthiofam MOA is considered to be of
limited value.
Overall Assessment of postulated MOA
The available data provide convincing evidence that silthiofam activates the CAR and PXR
nuclear receptors in rats, and strongly suggest that this leads to increased hepatocellular
proliferation, which is a well-established key event in the development of liver tumours. Due
to the lack of availability of a double-knockout CAR/PXR rat, the possibility that another
MOA may also be involved cannot be definitively excluded. However, the in vitro results
from silthiofam were very similar to those for phenobarbital, for which a similar MOA has
been established. Therefore, it is considered to be highly likely that a CAR/PXR-mediated
mode of action is responsible for the slightly increased incidence of liver tumours in highdose male rats.
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This step is not necessary since the human relevance of the proposed CAR/PXR MOA can be
reasonably excluded on the basis of qualitative differences in Step 2.
Rat Thyroid Follicular Tumours
The slightly higher incidence of thyroid follicular tumours in high-dose male rats in the
chronic rat study was not statistically significant and was considered to be only possibly
related to treatment. In addition, only limited MOA data are available. Therefore, a formal
assessment using the IPCS HRF has not been conducted. However, induction of hepatic T4UDPGT was observed after 14 days of dosing with 3000 ppm silthiofam. Although thyroid
hormone and TSH levels were not evaluated, induction of hepatic T4-UDPGT is a wellknown mode of action leading to disruption of thyroid hormone homeostasis and ultimately
the development of thyroid follicular tumours in rats. UDPGT is known to be regulated by
CAR and PXR, and increases in rat thyroid follicular tumours are often observed in
conjunction with liver tumours. Therefore, if treatment related, it is likely that the slightly
increased incidence of thyroid follicular tumours in male rats was a result of a disruption in
thyroid hormone homeostasis arising from induction of hepatic T4-UDPGT caused, at least in
part, by CAR/PXR activation. The rat is known to be particularly sensitive to thyroid
follicular tumours arising from disruption of thyroid hormone homeostasis, and this mode of
action is generally believed to be of little to no relevance to humans. Therefore, the possibly
treatment related increase in the incidence of thyroid follicular tumours in high-dose males
rats in the chronic rat study with silthiofam is not considered to be relevant to humans.
Mouse Liver Tumours
A slight but statistically significant increase in benign liver tumours was noted in the highdose (4000 ppm) female mice. However, these animals also exhibited a high incidence of
individual hepatocellular necrosis. The liver tumours did not progress to malignancy and did
not affect survival. No increase in tumours was seen at non-hepatotoxic dose levels.
Therefore, the slight increase in liver tumours in high-dose female mice was considered to be
secondary to a regenerative response to hepatotoxicity. Although no mode of action data is
available in mice, it is possible that CAR and/or PXR activation may also have played a role.
Thus, the slightly increased incidence of benign liver tumours in high-dose female mice in
the chronic toxcity study is not considered to be relevant to humans.
4.10.1.2

Carcinogenicity: inhalation

No data.
4.10.1.3

Carcinogenicity: dermal

No data.
4.10.2 Human information
No data
4.10.3 Other relevant information
Supplementary studies on the active substance
The liver was the primary target organ following repeated oral administration of silthiofam to
rats, mice and dogs. Increased liver weights were observed in all three species but liver
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4.10.3.1

Study 1: Mechanistic 7 & 14 day dietary study in rats

Elucidation of mode of action: A 7 & 14 day dietary study with silthiofam in male SpragueDawley CD rats.
(2013). Report: CXR-2012-0359, MSL0024815. Non-guideline
and non-GLP mechanistic study. However, study was conducted according to established
SOPs and good laboratory practices.
Materials and methods:
Silthiofam, Lot number: GLP-1008-20873-T, purity: 99.7% was administered in the feed at
concentrations of 0 and 3000 ppm for 7 days and 14 days (10 animals per group, 40 in total).
The dietary concentration (3000 ppm) of silthiofam used in this study was the same as the
highest concentration tested in the chronic rat study (DRAR B.6.5.2). Blood was collected
from all animals at sacrifice and evaluated for serum enzyme markers of liver damage. The
livers from all animals were weighed and evaluated for hepatocellular proliferation using
BrdU immunohistochemistry.
Histopathological and biochemical assessments were
conducted on the livers from the 14-day exposure animals. The hepatic biochemical
parameters evaluated included enzyme activity, gene expression and protein levels for several
cytochrome P450s (CYP2B, CYP3A and CYP4A). Acyl CoA oxidase and UDPGTglucuronosyl transferase (UDPGT) enzyme activities and ACOX gene expression were also
evaluated. Calculated test substance consumption (mg/kg bw/day) for these dietary levels
was 215 and 248 mg/kg body weight/day for the 7-day and 14-day exposure groups,
respectively.
Results:
The test diets were found to be homogeneous and within 6% of the intended concentration.
All animals survived until scheduled termination. No mortality or clinical signs of toxicity
were noted in any of the animals.
Silthiofam-treated animals exhibited slightly decreased food consumption and body weight
and/or weight gain, after 7 and 14 days of exposure (table 6.8.2.1-1, DRAR). Animals
sacrificed after 14 days administration of silthiofam at 3000 ppm showed a 24 % decrease in
bodyweight gain after week 1, and a 16 % decrease after week 2.
Increased liver weights (7-18%), small changes in liver histopathology, and substantial
increases in hepatocellular proliferation (about 7-9 fold) were also evident. A minimal to
slight centrilobular hepatocellular hypertrophy was noted in rats treated with silthiofam at
3000 ppm for 14 days, often associated with a decreased hepatocellular glycogen induced
vacuolation and slightly increased lipid accumulation (fatty change). These alterations are
considered to be related to the treatment. There were no toxicologically relevant changes in
serum chemistry or serum enzymes (table 40).
PROD (marker of CYP2B activity, CAR), BROD (marker of CYP2B and CYP3A,
CAR/PXR) and BQ (marker of CYP3A, PXR) activities were increased approximately 13×,
14× and 3× fold, respectively. A slight (1.5-fold) but statistically significant increase was
observed for UDPGT. Decreased activity was noted for 12-OH LAH (marker of CYP4A1
activity, PPARα) and PCO activity (marker of PPARα), (table 41).
Hepatic CYP2B1, CYP2B2 and CYP3A1 mRNA levels were increased about 1200-fold, 62fold, and 3-fold, respectively. No significant changes were noted in ACOX or CYP4A1
mRNA levels.
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Non guideline no-GLP mechanistic stud\
However, the study was conducted
according to established SOPs and good research practices.
Materials and methods:
Silthiofam, Lot number: GLP-1008-20873-T, purity: 99.7% was used where male rat
hepatocytes were exposed for 96 hours to 1 to 500 µM silthiofam, 10 or 1000 µM
phenobarbital, or 25 ng/ml EGF (cell proliferation assay only).
Male Sprague-Dawley CD rats (Crl:CD(SD)), 7 weeks (approximately 250 g) on arrival,
were terminally anaesthetised using Euthatal and hepatocytes isolated by in situ perfusion.
Viabilities of the hepatocyte preparations, determined by trypan blue exclusion, were in
excess of 80%.
A preliminary experiment was initially performed to select suitable silthiofam concentrations
for the mode of action (MOA) study. For this preliminary study, cytotoxicity was measured
as the change in cellular adenosine-5’-triphosphate (ATP) released from viable hepatocytes
after 96 hours in culture. The hepatocytes were exposed to the test item at 9 concentrations
(0.03, 0.1, 0.3, 1, 3, 10, 30, 100 and 500 μM silthiofam) and included vehicle control (0.1%
v/v dimethyl sulfoxide). Dose levels of 30, 100, 300 and 500μM silthiofam were chosen to
progress into the main study.
In the main study, rat hepatocytes were cultured with medium containing either phenobarbital
sodium salt at 2 concentrations (10 and 1000 μM), silthiofam at one of 4 concentrations (30,
100, 300 and 500 μM, with an expanded range for investigating PROD dose responses at 1, 3,
10, 30, 100 and 300 μM), EGF (25 ng/mL) or vehicle (0.1% v/v DMSO) alone. The total
duration of exposure to the test substances was 96 h, with daily medium changes. There were
3 replicates for each concentration in 25 cm2 flasks for PROD, BROD and BQ analyses, 5
replicates for each concentration in 6-well plates for replicative DNA synthesis (proliferation)
analyses and 6 replicates for each concentration in 96-well plates for ATP measurements.
Rat hepatocytes were evaluated for the following:
•

Cytotoxicity was measured as the change in intracellular adenosine-5’triphosphate (ATP) concentration.

•

Levels of rat cyp2B activity were determined spectrofluorometrically by the
formation of resorufin from pentoxyresorufin (PROD) and benzyloxyresorufin
(BROD).

•

Levels of rat cyp3A activity were determined spectrofluorometrically by the
formation of 7-hydroxyquinoline from benzyloxyquinoline (BQ).

•

The number of hepatocytes undergoing replicative DNA synthesis (S-phase of the
cell cycle) was determined immunocytochemically following the incorporation of
5-bromo-2’-deoxyuridine (BrdU, 10 μM) into hepatocyte nuclei over the last 72 h
of culture. EGF (25 ng/mL, n=5) was used as a positive control.

•

RNA was extracted from cultured hepatocytes and cDNA synthesised from all
available RNA samples. TaqMan analysis was performed using primers specific
for CYP2B1, CYP2B2 and CYP3A1. Rat β-actin was used as the internal
standard. Data was analysed by generation of CT and delta CT values for all
genes.
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The highest dose of 300 μM silthiofam had no effect on CYP2B6 expression but did decrease
CYP3A4 mRNA expression to 35% of the control value.
The magnitude of the responses (relative to controls) to silthiofam and phenobarbital is much
less in human hepatocytes when compared to the responses observed for rat hepatocytes. Rat
hepatocytes in particular, have a very marked CYP3A1 response to silthiofam but have lower
BQ specific activities than those found in human hepatocytes.
Conclusions:
The ATP cytotoxicity observed following treatment with 100 and 300 μM demonstrated that
silthiofam had been tested to a suitably high concentration. As a result of significant
cytotoxicity observed following treatment with 300 μM silthiofam, replicative DNA
synthesis and PROD activity could not be measured at this concentration.
PB is an inducer of CYP2B and CYP3A. At the mRNA expression level, PB induced
increases in CYP2B6 and CYP3A4 of up to 8.6- and 9.4-fold control, respectively.
Treatment of cultured human hepatocytes with silthiofam resulted in weak induction of
CYP2B and CYP3A at both the protein enzyme activity level and the gene expression level.
There was no evidence of PB- or silthiofam-stimulated DNA synthesis in cultured human
hepatocytes. Exposure to 25ng/mL EGF resulted in a statistically significant increase in
replicative DNA synthesis to 11-fold control values indicating that human hepatocytes could
proliferate following exposure to proliferative stimuli.
In conclusion, silthiofam is a weak activator of CAR and PXR (as shown by the effects on
CYP2B and CYP3A respectively) with no compound-stimulated DNA synthesis in human
hepatocytes.
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4.10.3.4

Study 4: Enzyme induction in cultured male rat CARKO/PXRKO
hepatocytes

Reference:

Chatham, L. (2015a): Silthiofam - Cytochrome P450 enzyme an DNAsynthesis induction in cultured male rat CARKO/PXRKO hepatocytes.
Study / Report: CXR-2015-0230, MSL0027211
Guidelines: Non guideline, mechanistic study.
GLP:
No. However, study was conducted according to established SOPs and good
research practices.
Executive summary:
Silthiofam has previously been shown to activate the Constitutive Androstane Receptor
(CAR) and Pregnane X Receptor (PXR) nuclear receptors and stimulate hepatocellular
proliferation in male Sprague-Dawley rats both in vivo and in vitro. The objective of this
study was to confirm that activation of CAR and/or PXR was a key event in the proliferative
response by investigating the ability of silthiofam to induce cell proliferation in cultured
hepatocytes from male CAR/PXR double-knockout rats. CAR and PXR activation were
assessed by cytochrome P450 (CYP) 2B and CYP3A enzyme activity, respectively, along
with mRNA expression. Phenobarbital sodium salt (PB) and epidermal growth factor (EGF)
were included as controls.
Exposure to silthiofam resulted in a slight increase in gene expression for CYP2B1 but no
increase in CYP2B2 or CYP3A gene expression or PROD, BROD or BQ enzyme activity.
Most importantly, there was no increase in cell proliferation. This is in contrast to the
significant increase in cell proliferation previously reported following silthiofam treatment in
wild-type rat hepatocytes. Increased cell proliferation was observed following treatment with
EGF but not with phenobarbital. Thus, the results from this study provide strong evidence
that the mode of action for silthiofam-induced proliferation in rat hepatocytes is CAR and/or
PXR-mediated.
Materials and methods:
Silthiofam, Lot number: GLP-1502-23805-T, purity: 100% and Sodium Phenobarbital, Lot
number: 080M1276V, purity: 100% were added to medium used to culture isolated
hepatocytes for 96 hours. Hepatocytes were isolated by in situ perfusion according to the
method of Mitchell et al. (1984)4. Hepatocytes from one animal were used for the rangefinding study while hepatocytes from two animals were pooled for the main study. Cell
viability was acceptable (>80%). No control rats (wild-type) were used, only double knock
out animals. CARKO/PXRKO rats do not produce functional CAR or PXR. Isolated
hepatocytes were cultured with medium containing the appropriate test or control substance
for 96 hours, with medium changed daily. Hepatocytes were exposed to either 0.1% (v/v)
DMSO, sodium phenobarbital (100 or 1000 µM) or one of seven concentrations of silthiofam
(1, 3, 10, 30, 100, 300 and 500 µM). Epidermal growth factor (EGF; 25 ng/mL) was
included as a positive control for the replicative DNA synthesis assay. There were 3
replicates for each concentration in 25 cm2 flasks for PROD, BROD and BQ analyses, 5
replicates for each concentration in 6-well plates for replicative DNA synthesis (proliferation)
analyses and 6 replicates for each concentration in 96-well plates for ATP measurements.

4

Mitchell et al. (1984). Factors influencing peroxisome proliferation in cultured rat hepatocytes. Arch.
Toxicol. 55:239-246
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Several assay systems were employed in this study. (i) Cell viability was assessed using a
bioluminescence assay to determine the amount of adenosine 5’ triphosphate (ATP) released
from the hepatocytes. (ii) cell proliferation was assessed by exposing the hepatocytes to
bromodeoxyuridine (BrdU, 10 µM) and measuring the BrdU incorporation into nuclear DNA
over the last 72 hours of culture. The results were reported as a labelling index representing
the percentage of hepatocytes that were replicating and thus incorporated BrdU into their
DNA. Approximately 1500 hepatocytes were counted per replicate for each treatment. (iii)
CYP2B and CYP3A activities were assessed by measuring cytochrome P450-dependent Odealkylation of 7 pentoxyresorufin, 7 benzyl-oxyresorufin and 7 benzyloxyquinoline (PROD,
BROD and BQ, respectively). (iv) Gene expression was assessed by measuring CYP2B1,
CYP2B2 and CYP3A mRNA levels using quantitative RT-PCR (TaqMan®). Rat β-actin
was used as the internal standard.
Results:
(i) Cell viability - substantial cytotoxicity (almost 80% reduction in ATP relative to control)
was observed at both 300 and 500 µM silthiofam (table 45 and figure 10). There was no
cytotoxicity associated with lower levels of silthiofam or with the two tested concentrations
of sodium phenobarbital.
(ii) Hepatocellular Proliferation: - Cell proliferation rates (replicative DNA synthesis) were
comparable in the vehicle control, phenobarbital and silthiofam-treated groups (the 300 µM
silthiofam group could not be evaluated due to excessive toxicity) see figure 11. Treatment
with EGF resulted in a 4-fold increase in replicative DNA synthesis, demonstrating the
suitability of this system for assessing cell proliferation.
No increase in cell proliferation was observed following treatment of CARKO/PXRKO rat
hepatocytes with silthiofam or phenobarbital (figure 11). This is in contrast to the significant
increases in cell proliferation previously reported for both compounds in wild-type rat
hepatocytes.
(iii) Cytochrome P450 Enzyme Activity: - PROD, BROD and BQ activities in all silthiofamtreated groups were comparable to or lower than control values (figure 12). PROD, BROD
and BQ activities were comparable to control in the 100 µM phenobarbital group but were
slightly increased relative to control in the 1000 µM phenobarbital group.
(iv) Gene Expression: - CYP2B2 and CYP3A1 mRNA expression were either comparable to
vehicle control or substantially decreased following treatment with silthiofam (figure 13).
However, statistically significant increases in mRNA expression (up to 5-fold relative to
vehicle control) were observed for CYP2B1. No meaningful changes in mRNA expression
were observed following treatment with phenobarbital.
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Figure 10: Adenosine 5’-Triphosphate (ATP) release from cultured rat
CARKO/PXRKO hepatocytes.

* p≤0.05; **p≤0.01; ***p≤0.001
Figure 11: Hepatocellular proliferation in rat CARKO/PXRKO hepatocytes.
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Figure 12: Hepatocellular enzyme activity in rat CARKO/PXRKO hepatocytes.

** p≤0.05; **p≤0.01; ***p≤0.001

81

CLH REPORT FOR SILTHIOFAM
Figure 13: CYP2B1, CYP2B2 and CYP3A1 mRNA expression in rat CARKO/PXRKO
hepatocytes.

* p≤0.05; **p≤0.01; ***p≤0.001
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Conclusions:
The presence of functional CAR and/or PXR appears essential for the initial hepatic
proliferative response from both silthiofam and phenobarbital. No increase in cell
proliferation was observed following treatment of CARKO/PXRKO rat hepatocytes with
either of these substances.
Silthiofam failed to induce CYP2B2 or CYP3A1 mRNA expression levels as shown by
TaqMan analysis in male CARKO/PXRKO rat hepatocytes. However, a small dosedependent increase in CYP2B1 mRNA expression levels was observed after treatment with
silthiofam (100, 300µM levels only), which did not result in an increase in enzyme activity as
determined by PROD or BROD activity measurements. This observation could be due to the
known level of redundancy between various nuclear receptors. Cross-talk between different
nuclear receptors in the absence of active CAR and PXR and due to exposure to silthiofam,
may cause a small increase in CYP2B1 mRNA levels that is not sufficient to result in
detectable increases in PROD or BROD enzyme activity. However, this remains
unsubstantiated and untested.
PB treatment failed to induce CYP2B1, CYP2B2 or CYP3A1 mRNA expression levels in
male CARKO/PXRKO rat hepatocytes. This is in contrast to the significantly increased
expression of these genes following PB treatment in wild-type rat hepatocytes and confirms
the close association between these genes and the CAR and PXR nuclear receptors.
These results strongly suggest that the mode of action for the hepatic effects of silthiofam is
predominantly via activation of CAR and PXR. Treatment of male CARKO/PXRKO rat
hepatocytes with silthiofam did not stimulate cell proliferation and neither were there
increases in CAR/PXR target gene expression and cytochrome P450 activity.

4.10.3.5

Study 5: Enzyme induction in cultured human female hepatocytes

Reference:

Chatham, L. (2015b): Silthiofam - Cytochrome P450 enzyme and DNAsynthesis induction in cultured human female hepatocytes.
Study / Report: CXR-2015-0229, MSL0027258
Guidelines: Non guideline, mechanistic study.
GLP:
No. However, study was conducted according to established SOPs and good
research practices.
Executive summary:
Silthiofam has previously been shown to weakly activate the Constitutive Androstane
Receptor (CAR) and Pregnane X Receptor (PXR) nuclear receptors in isolated male human
hepatocytes (from one donor) but to have no effect on cell proliferation. The objective of this
study was to evaluate the potential for silthiofam to activate CAR and PXR and stimulate cell
proliferation in isolated female human hepatocytes (one donor).
Exposure of the female human hepatocytes to silthiofam resulted in weak induction of
CYP2B6 and CYP3A4 as indicated by slightly increased enzyme activity and mRNA
expression. Slightly greater increases in enzyme activity and gene expression were noted
with phenobarbital. However, there was no evidence of an increase in replicative DNA
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synthesis (cell proliferation) with either silthiofam or phenobarbital, which was in contrast to
a substantial increase in cell proliferation noted with EGF.

Materials and methods:
Silthiofam, Lot number: GLP-1502-23805-T, purity: 100% and Sodium Phenobarbital (PB),
Lot number: 080M1276V, purity: 100% were added to medium used to culture isolated
hepatocytes for 96 hours. Hepatocytes from one donor were used (68 year old female). Cell
viability was acceptable (>70%). DMSO (0.1% v/v), phenobarbital (100, 1000µM),
silthiofam (1, 3, 10, 30, 100µM) and EGF (25 ng/ml) were tested. There were 3 replicates for
each concentration in 25 cm2 flasks for PROD, BROD and BQ analyses, 5 replicates for each
concentration in 6-well plates for replicative DNA synthesis (proliferation) analyses and 6
replicates for each concentration in 96-well plates for ATP (cytotoxicity) measurements.
Several assay systems were employed in this study. (i) Cell viability was assessed using a
bioluminescence assay to determine the amount of adenosine 5’ triphosphate (ATP) released
from the hepatocytes. (ii) cell proliferation was assessed by exposing the hepatocytes to
bromodeoxyuridine (BrdU, 10 µM) and measuring the BrdU incorporation into nuclear DNA
over the last 72 hours of culture. The results were reported as a labelling index representing
the percentage of hepatocytes that were replicating and thus incorporated BrdU into their
DNA. Approximately 1500 hepatocytes were counted per replicate for each treatment. (iii)
CYP2B and CYP3A activities were assessed by measuring cytochrome P450-dependent Odealkylation of 7 pentoxyresorufin, 7 benzyl-oxyresorufin and 7 benzyloxyquinoline (PROD,
BROD and BQ, respectively). In contrast to the rat, BROD is a better marker for CYP2B
induction in humans than PROD. (iv) Gene expression was assessed by measuring CYP2B6
and CYP3A4 mRNA levels using quantitative RT-PCR (TaqMan). Human β-actin was used
as the internal standard.
In a first experiment, hepatocytes were exposed to silthiofam at concentrations of 10, 30, 100
and 300 µM. However, a second experiment was performed due to cytotoxicity at the higher
silthiofam concentrations (>30 µM), additional hepatocytes were thus subsequently exposed
to silthiofam at 1, 3 or 10 µM, EGF (25 ng/mL) and DMSO (0.1% v/v).
Results:
(i) Cell viability - substantial cytotoxicity (almost 80% reduction in ATP relative to control)
was observed from 100µM and greater silthiofam (table 46 and figure 14). There was little to
no cytotoxicity associated with lower levels of silthiofam (1, 3, 10 and 30 µM) or with the
two tested concentrations of sodium phenobarbital.
(ii) Hepatocellular Proliferation: - No statistically significant increases in S-phase labelling
index (cell proliferation) were observed following treatment with either silthiofam (1 to 30
µM) or phenobarbital (100 or 1000 µM). Analyses of hepatocytes exposed to 100 and 300
µM silthiofam were excluded due to excessive cytotoxicity. Treatment with EGF resulted in
a 4- to 7-fold increase in replicative DNA synthesis, demonstrating the suitability of this
system for assessing cell proliferation, see figure 15.
In summary, no increase in cell proliferation was observed following treatment of human
female hepatocytes with silthiofam or phenobarbital (figure 15).
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(iii) Cytochrome P450 Enzyme Activity: - Treatment with silthiofam did not result in any
meaningful changes in PROD activity. Slight (statistically significant) increases in BROD
and BQ activities (1.4-fold and 1.1-fold, respectively) were noted after treatment with 1 µM
silthiofam but decreased BROD and BQ activity were noted at 3 to 100 µM silthiofam.
Increased PROD, BROD and BQ activities (up to 1.9-fold) were noted with both 100 and
1000 µM phenobarbital (16).
(iv) Gene Expression: - Statistically significant increases (up to 2.5-fold) in mRNA
expression of CYP2B6 were noted in human hepatocytes treated with 1 to 30 µM silthiofam.
A statistically significant increase (1.9-fold) in mRNA expression of CYP3A4 was also noted
at 3 µM silthiofam but not at other concentrations. Larger increases in mRNA expression of
CYP2B6 and CYP3A4 (up to 3.7-fold and 6.2-fold, respectively) were observed after
treatment with phenobarbital (figure 17).
Conclusions:
Exposure of female human hepatocytes to silthiofam resulted in a low level induction of
CYP2B and CYP3A, as indicated by increased mRNA expression. Enzyme activity levels
were variable with decreases in BROD and BQ activities with silthiofam treatment in contrast
to PB treatment.
PB was observed to be an inducer of human CYP2B and CYP3A. At the mRNA expression
level, PB induced increases in CYP2B6 and CYP3A4 of up to 3.7- and 6.2-fold control,
respectively. At the protein enzyme activity level, treatment with PB resulted in increases in
PROD, BROD and BQ activity of up to 1.5-, 1.9- and 1.9-fold of control, respectively.
In agreement with the in vitro human male hepatocyte study, no hepatocyte proliferation
(BrdU) was seen in response to PB or silthiofam at any concentration. Positive control with
EGF responded successfully.
Silthiofam is a weak activator of human CAR and PXR (as shown by the effects on CYP2B
and CYP3A mRNA levels, respectively), there is evidence for inhibition of CYP2B and
CYP3A protein activities (BROD and BQ) with no effect on DNA-synthesis in female human
hepatocytes.
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Figure 14: Adenosine 5’-Triphosphate (ATP) release from cultured human female
hepatocytes.

Numbers in parenthesis refer to 1st and 2nd experiments
* p≤0.05; **p≤0.01; ***p≤0.001

Figure 15: Hepatocellular proliferation in human female hepatocytes.

Numbers in parenthesis refer to 1st and 2nd experiments
* p≤0.05; **p≤0.01; ***p≤0.001
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Figure 16: Hepatocellular enzyme activity (PROD, BROD & BQ) in human female
hepatocytes.

Numbers in parenthesis refer to 1st and 2nd experiments
* p≤0.05; **p≤0.01; ***p≤0.001
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Figure 17: CYP2B6 and CYP3A4 mRNA expression in human female hepatocytes.

Numbers in parenthesis refer to 1st and 2nd experiments
* p≤0.05; **p≤0.01; ***p≤0.001

4.10.3.6

Overall Summary of Mechanistic Studies

The mechanistic data supports a CAR/PXR mode of action for tumour development in rodents. The
in-vivo mode of action rat study established that cytochrome P450 enzyme protein levels and
activities and mRNA transcripts were consistent with activated CAR. Indicators of PPARα activity
were decreased. CYP1 and the involvement of the aryl hydrocarbon receptor (AHR) were not
investigated.
The in-vitro rat hepatocyte study confirmed CAR/PXR activation and up-regulation of their
respective target genes and proteins. The PXR response was greater than the CAR response.
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Statistically significant increases in hepatocellular proliferation were observed with 30 and 100 µM
silthiofam.
The in-vitro rat CARKO/PXRKO double knockout hepatocyte study confirmed that the presence of
functional CAR and/or PXR appears essential for the initial hepatic proliferative response from both
silthiofam and phenobarbital
The in-vitro human male hepatocyte study confirmed a weaker CAR/PXR activation relative to rat
hepatocytes. CAR and PXR responses were roughly similar. There was no evidence of increased
hepatocellular proliferation with silthiofam exposure. Similarly, the in-vitro human female
hepatocyte study confirmed a weaker CAR/PXR activation relative to rat hepatocytes. There was a
small induction of CYP2B and CYP3A but increases in protein activity were either unconvincing or
decreased with silthiofam treatment. In agreement with the results for human male hepatocytes,
there was no evidence of increased hepatocellular proliferation with silthiofam exposure.
There was no activation of PPARα or evidence of significant hepatocellular toxicity in rats.
The in vitro results with silthiofam were very similar to those from phenobarbital, which induces
rodent hepatocarcinogenicity via CAR activation but is generally not considered to pose a
carcinogenic risk to humans.
The data are considered ‘limited’ but supportive of a CAR/PXR mediated effect on rodent liver
following exposure to silthiofam.

4.10.3.7

Summary and discussion of carcinogenicity

The results from the long-term toxicity (rat) and carcinogenicity (mouse) studies previously
evaluated during the EU were used to assess the carcinogenicity potential of silthiofam. Additional
important mechanistic studies have recently been conducted to evaluate the mode of action for the
findings in the chronic rat study.
The liver was identified as the primary target organ following the long-term administration of
silthiofam in the rat and mouse. In both species, hepatotoxicity was characterised by elevated organ
weight and serum enzymes, and microscopic changes that included hepatocellular hypertrophy,
vacuolation, and cystic degeneration. Individual hepatocyte necrosis was noted only in mice at the
highest dose level (males: 564 and females: 855 mg/kg/day) that was also much higher than the
high-dose (males: 150 and females: 195 mg/kg/day) utilized in the chronic rat study. Gallstones
were also observed in several high-dose mice but, although considered to be treatment related, were
not accompanied by any microscopic evidence of biliary obstruction or inflammatory, degenerative
or proliferative changes.
Weak evidence of carcinogenicity was noted in both species. A slight but statistically significant
increase in the incidence of hepatocellular adenomas was observed in high-dose (855 mg/kg/day)
female mice (Table 47). The original study summaries were incorrect in expressing tumour
incidences as a proportion of 60 animals, only 50 animals maximum were assigned to the full term
of the study, 10 animals were used for the interim sacrifice at 12 months. The correct incidences
are presented in this re-evaluation. Variable incidences of liver tumours also occurred in male
mice, but against a very high background level, observed in both in the controls and historical
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Liver tumours
Adenoma (%)

4/50 (8)

3/50 (6)

2/50 (4)

5/50 (10)*

7/50 (14)*

0 – 8%

Carcinoma (%)

0/50

2/50 (4)

2/50 (4)

3/50 (6)

4/50 (8)*

0 – 6.7%

Adenoma and/or
carcinoma

4/50 (8)

5/50 (10)

4/50 (8)

8/50 (16)*

10/50 (20)*

0.9 – 10%

Thyroid follicular tumours
Adenoma (%)

3/50 (6)

0/50

0/50

1/50 (2)

5/50 (10)

1.7 – 12%

Carcinoma (%)

0/50

0/50

1/50 (2)

1/50 (2)

2/50 (4)

0.9 – 3.9%

Adenoma and/or
carcinoma

3/50

0/50

1/50

2/50

7/50

0.0 – 14%

*Incidence in high dose is greater than the published rat HCD for Charles River (23 studies; 1995 - 2001). nd: no data. No evidence
of a tumourigenic effect in female rats. Incidences of thyroid follicular tumours is within historical control data as published by
Charles River Labs (23 studies, 1995 – 2001).

4.10.4 Comparison with criteria
CLP: Regulation (EC) No. 1272/2008
The criteria for classification as a carcinogen under the CLP Regulation are as follows;
Category 1: Known or presumed human carcinogens. A substance is classified in Category 1 for
carcinogenicity on the basis of epidemiological and/or animal data. A substance may be further
distinguished as:
a. Category 1A, known to have carcinogenic potential for humans, classification is largely based
on human evidence, or
b. Category 1B, presumed to have carcinogenic potential for humans, classification is largely
based on animal evidence.
Differentiation between classification in Category 1A and 1B is based on strength of evidence
together with additional considerations of all relevant information.
Category 2: Suspected human carcinogen.
“Substances are classified as a category 2 Carcinogen when evidence is obtained from human
and/or animal studies, but which is not sufficiently convincing to place the substance in Category
1A or 1B, based on strength of evidence together with additional considerations. Such evidence
may be derived either from limited evidence of carcinogenicity in human studies or from limited
evidence of carcinogenicity in animal studies.”
Relevant data
There is weak evidence of a carcinogenic effect in mice and rats (liver). In addition, rats show
evidence of an increased incidence in thyroid follicular tumours.
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In the female CD-1 mouse at the high dose (855 mg/kg bw/day), there was an increased incidence
of liver adenomas (10%) that exceeded concurrent controls and the historical control incidence data
for both the testing laboratory (0-3%) and an assortment of Charles River laboratories from 1987 to
1999 (1–8%). The liver tumours did not progress to malignancy and did not affect survival. There
is no mode of action data available for mice treated with silthiofam.
Male CD rats had an increase in incidence of combined hepatocellular adenomas and carcinomas
(20%), and of hepatocellular adenomas alone (14%) and carcinomas alone (8%) in the top dose
group (3,000ppm equiv to 150 mg/kg bw/day). At the mid dose (1,000ppm equiv to 51 mg/kg
bw/day) males also showed an increase in hepatocellular adenomas (10%) that exceeded both
concurrent controls and historical control data. Liver toxicity was evident at the high and mid doses
with non-neoplastic histopathological changes that included increases in the incidences of cystic
degeneration and vacuolisation.
Follicular cell tumours of the thyroid gland were also slightly increased in high dose males but did
not exceed historical control data incidences. Induction of hepatic T4-UDPGT was observed after
14 days of dosing with 3000 ppm silthiofam and is supportive of disruption of thyroid homeostasis
secondary to increased clearance of thyroid hormones by increased hepatic UDPGT activity.
Thyroid hormone and TSH levels were not evaluated.
Silthiofam is not genotoxic.
There was evidence of pre-neoplastic changes in rat liver at the highest dose, a statistically
significant increase in eosinophilic foci was observed in both male and female rats at 3000 ppm
silthiofam.
Some mechanistic data was presented; a CAR/PXR mode of action for tumour development in
rodents can be supported. An in-vivo mode of action rat study established cytochrome P450
enzyme protein levels and activities and mRNA transcripts consistent with activated CAR.
Indicators of PPARα activity were decreased. CYP1 and the involvement of the aryl hydrocarbon
receptor (AHR) were not investigated.
An in-vitro rat hepatocyte study confirmed CAR/PXR activation and up-regulation of their
respective target genes and proteins. The PXR response was greater than the CAR response.
Statistically significant increases in hepatocellular proliferation were observed with 30 and 100 µM
silthiofam. The newly available SD rat CAR/PXR double knockout model illustrated that the
presence of functional CAR/PXR is required for increased CYP2B2, CYP3A1 mRNA levels and
PROD, BROD and BQ enzyme activity levels and the initial hepatocyte proliferative burst observed
following either PB or silthiofam treatment.
Two in-vitro human hepatocyte studies (one using isolated male hepatocytes and one using female
hepatocytes) confirmed a weaker CAR/PXR activation relative to rat hepatocytes. CAR and PXR
responses were roughly similar. There was no evidence of increased hepatocellular proliferation
with silthiofam exposure.
No activation of PPARα or evidence of significant hepatocellular toxicity was noted in rats.
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In vitro results with silthiofam were very similar to those from phenobarbital, which induces rodent
hepatocarcinogenicity via CAR activation but is generally not considered to pose a carcinogenic
risk to humans.
The data are considered ‘limited’ but supportive of a CAR/PXR mediated effect on rodent liver
following exposure to silthiofam.
Classification in Category 1A
Because there is no epidemiological evidence regarding the carcinogenicity of silthiofam to
humans, a classification in Category 1A is not appropriate.
Classification in Category 1B
Since an increase in tumour incidence has been observed in two species (mouse and rat), with an
additional tumour type also observed in rats, an argument for classification in category 1B can be
made. However, on consideration of the available data, there are a number of factors that indicate
that classification in category 2 might be more appropriate in this case:
•

the available genotoxicity data on silthiofam do not support a genotoxic mode of
action for tumour induction;

•

mechanistic data suggests that silthiofam is carcinogenic in liver by a secondary
mechanism involving the nuclear receptors CAR/PXR;

•

the additional tumour type (thyroid follicular adenoma) in rats was not statistically
significant and does not exceed the historical control incidence for the particular strain
of rat at the highest dose of silthiofam. In addition, the increased hepatic UDPGT
activity observed from the rat in-vivo mechanistic study suggests this tumour is not
relevant to humans.

•

the hepatic tumours in mice at very high doses (855 mg/kg bw/day) did not progress to
malignancy, did not show a dose response and did not affect survival. In addition,
liver cytotoxicity (high incidence of individual hepatocellular necrosis), suggests the
tumours could be secondary to a regenerative hyperplasia arising from cytotoxicity.
Also the rat data strongly indicates a CAR/PXR mechanism may also play a role;

Classification in Category 2
On the basis of the 2 long-term rodent toxicity studies alone a good argument can be made for
classification in Category 2 for silthiofam. The increase in thyroid follicular tumours in the male rat
is within historical control data, is of low concern and considered not to be relevant to humans. The
rat liver tumours show a partial dose response and there is little doubt of a treatment related effect.
However, the mechanistic data suggests a role for activated CAR/PXR nuclear receptors with
downstream effects considered to be rodent specific.
No Classification
Increased tumour incidences have been seen in two species so a simple argument for Category 2
classification can be made. However, on consideration of all the available data, there are a number
of factors that indicate classification in Category 2 may not be appropriate. Silthiofam has no
structural relationship with other known carcinogens. There is a complete lack of genotoxicity seen
with silthiofam in in vitro and in vivo studies. The mechanistic evidence provides support for a
CAR-mediated mechanism to explain the liver responses, tumours and enzyme induction profiles in
silthiofam treated animals. Some data gaps remain however, transgenic mouse models such as the
humanised CAR/PXR model were not employed to investigate the mouse liver tumours. However,
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Fertility index %

F0
F1A

69
63

89
79

93
71

97
83

Mean litter size

F0
F1A

13.7
13.1

15
13.1

14.8
12.6

14
13.2

Duration of pregnancy

F0
F1A

22.8
22.6

22.8
22.6

22.8
22.5

22.7
22.4

No of pups (total)

F0
F1A

274(20)
250(19)

365(24)
302(23)

370(25)
252(20)

384(28)
332(24)

No of pups dead

F0
F1A

7
1

5
5

12
2

10
0

Mean implantation sites per dam

F0
F1A

Not counted.

Live birth index

F1
F2

97%
99.6

98.6
98.3

96.7
99.2

97.3
100

% males

F0
F1A

44%
48%

55%
50%

47%
44%

47%
47%

Viability index (PN 4)

F0
F1A

94
99..8

99
96.9

96.3
98

97.8
99

7
12.2
18.9
38.7
64

6.8
11.4
18.7
39.7
66

6.8
11.7
19.3
39.8
65.5

6.7
10.9*
17.6**
33.9**
54.1**

6.7
11.2
17.9
36.3
60.7

6.8
11.2
17.9
36.4
61.6

6.6
11.1
17.8
35.8
60.9

6.4
10.1*
15.7*
30**
49.6**

100
100

99
100

100
99

100
100

Mean pup weight during lactation F0
0
4
7
14
21
F1A
0
4
7
14
28
Survival (%) (PND4-21)

F0:
F1A:

Dunnetts test: * significantly different from control p ≤ 0.05, ** p≤0.01

Conclusion:
The primary target organ identified in parental rats from both generations in the reproduction study
was the liver; hepatotoxic effects were restricted to the 4000 ppm dietary level and included
increases in organ weight, and microscopic changes that included bile duct hyperplasia and
hepatocyte vacuolation. The adrenal gland was also identified as a target organ in male rats from
both generations at the 4000 ppm dietary level; vacuolation of the cortex was observed in this organ
microscopically. Mean body weights of high dose dams were significantly reduced throughout
mating and gestation. This group gained weight normally during gestation and lactation but did not
lose body weight from days 14-21 of lactation in contrast to controls and lower dose groups. This
probably reflects the reduced mean body weight of these dams throughout treatment.
Pup weights were reduced in both generations at the high dose; the effects were mild, occurred at,
or after postnatal day 4 and were considered to be secondary to maternal toxicity and also possibly
to the ingestion of treated feed. No effects were observed on reproduction in this study.
The low observed effect level (LOAEL) for systemic and reproductive toxicity was 4000 ppm (256
and 293 mg/kg bw for males and females respectively, averaged over 2 generations) in both sexes
based on reduced mean body weight and effects on the liver and/or adrenal gland and reduced mean
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127 studies (approximately 2843 litters/40497 foetuses)).
External malformations:
One control foetus and 11 high dose foetuses had external malformations. 8/9 foetuses with cleft
palate were from a single litter. Note: One of these foetuses also had microphthalmia, one had a
major blood vessel variation (no brachiocephalic trunk) and all had unossified entire sternum. The
high incidence (cluster) of cleft palate in this litter was considered by the study author to be related
to developmental delay, as demonstrated by the severely reduced mean body weight in this group.
However, current interpretation of the occurrence of severe and specific malformations, which are
rare in the relevant historical data (such as cleft palate in CRL(CD)SD rats) as a result of maternal
toxicity), does not support a causative effect (Hood, R., and Rogers, J, 2012). The single high dose
litter in which all fetuses were malformed or resorbed may not to be attributable to treatment and
may reflect a total failure of foetal development in this dam. The remaining single occurrence of
cleft palate occurred at the same dose level. The incidence per litter is 0.3%, which is within the
historical control range (0.0 to 0.3% per litter) if the cluster litter is excluded. If the cluster of cleft
palates in a single litter is counted however, then there are two treatment-related occurrences with a
proportional per litter % of 4.6). Single incidences of umbilical herniation of the intestine and
microglossia combined with micrognathia were observed in separate litters at 1000 mg/kg bw/day.
These may occur within the HC data, but are both rare.
Soft tissue malformations:
Hydrocephaly (2/1) at 500 mg/kg bw/day; retroesophageal aortic arch (1/1) at 50 mg/kg bw/day;
situs inversus (1/1) at 50 mg/kg bw/day and (1/1) in the controls. Major blood vessel
variations/anomalies were noted in one control (right carotid and subclavian arteries arise from the
aorta without the brachiocephalic trunk) and the same finding in 1/1 litters at 1000 mg/kg bw/day.
A single foetus at 1000 mg/kg bw/day had an accessory spleen. These were not considered
treatment-related.
Skeletal anomalies:
The following were noted in 1/1 foetuses at 50 and 1000 mg/kg bw/day : absent or malpositioned
thoracic arches and centra and absent rib. There was a significant reduction in ossification of the
cervical centrum from 21.7% in the control group to 10.6% in the 1000 mg/kg bw/day group
(p≤0.01). This was considerable lower than concurrent controls; at the lower end of the historical
control data presented (9.9-27% per litter) but likely to be related to the reduced foetal weights at
this dose. There was also a reduction in ossification of sternebrae 1, 2, 3, and 4 in the high dose
litters (2.0% compared to 0.0% per litter in controls) which may be related to treatment. This was
at the upper margin of the historical control range (0.0 to 3.5% per litter) and consistent with
reduced foetal weights. It is noted that all fetuses with cleft palate in litter 43188 also had entire
sternum unossified giving rise to an overall increase in incidence for the group. An increased
incidence of 7th cervical rib (pinpoint to intermediate, generally unilateral) observed at the high
dose (mean % litter 5.1% (control 0.2%)) was considered treatment-related (historical control range:
0.0-5.6% per litter with 1/127 data sets having an incidence greater than 5.1%). This finding is
described as a variation. It can be considered an anomaly in rats where for conformational reasons
it does not appear to cause problems post-natally; an extra cervical rib can have serious adverse
effects when it occurs in humans (Thoracic Outlet Syndrome TOS), (Paumgarten, 2011. An
Introduction to problems of postnatal anomalies regarding their integration into new terminology
and classification (2011). In: 7th Workshop on the Terminology in Develomopental Toxicology,
Federal Institute of Risk Assessment – Berlin, Germany; May 4-6, 2011)).
Conclusion
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The 1000 mg/kg bw/day dose level employed in this study caused considerable maternal toxicity as
demonstrated by; mortality (1); clinical signs; significant effects on body weight/weight gain, food
consumption and organ weights. Some evidence of maternal toxicity was also observed at the 500
mg/kg bw/day dose level by an increase in liver weight.
Developmental toxicity was observed at the 1000 mg/kg bw/day dose level. A number of
observations were considered treatment-related. There was a clear reduction in foetal weight (74%
of control value). A reduction of ossification of the cervical centrum and also of the 1, 2, 3 and 4
sternebrae was observed and was probably related to general developmental retardation. An increase in
7th cervical rib was seen which could be interpreted as significant to human health. An increase in the
number of dead fetuses, a rare finding in the rat, was also observed at the 1000 mg/kg bw/day dose level.
An increased incidence of a single malformation (cleft palate) was within the historical control data values; if
a second litter with multiple occurrences is disregarded. All of the developmental effects observed in this
study occurred at a dose level which caused severe maternal toxicity. Endpoints which may be related to
maternal toxicity were reduced ossification and foetal weights. The relationship to treatment of specific rare
events such as cleft palate and dead fetuses is more difficult to elucidate; even at very high doses such as
1000 mg/kg bw. The increased incidence of 7th cervical rib, a relatively frequently observed finding in the
HC data, is likely to be treatment-related and not without some relevance to man.

4.11.2.2

Study 2a: Rabbit dose-range finding developmental toxicity study

A dose-range finding developmental toxicity study of MON 65500 in rabbits. Anon. (1997a),
Report WI-95-239. Guidelines OECD 414, FIFRA 83-3, EEC Part B. Methods for the
Determination of Toxicity: Teratogenicity Test (OJ L133, May 30, 1988). GLP compliant with the
following exception: assays to verify the concentration, stability and homogeneity of the test
substance in the carrier were not performed.
Materials and Methods:
Silthiopham, Lot number: QPP-9509-6764-T, purity: 91.8% was administered by gavage in 1%
carboxymethylcellulose/0.1% polysorbate 80 at dose levels of 0, 5, 15, 50, 100 and 150 mg/kg
bw/day (6 artificially inseminated rabbits/group) daily, from gestation days 7 through 19. Foetuses
were examined for external dysmorphology following laparohysterectomy on gestation day 29.
Results:
Maternal observations:
Four of six and 5/6 females died in the 100 and 150 mg/kg/day dose groups, respectively. Deaths
occurred between days 13-16 and 15-22 for gravid females in these respective groups. All deaths
except for one intubation error in the 100 mg/kg group were considered treatment-related. The two
other females in the 100 mg/kg group aborted prior to scheduled euthanasia. Clinical signs in
decedents and/or survivors from the affected groups were hypoactivity/lethargy, faecal changes,
dried or wet staining of body surfaces. Mean body weight losses occurred from 100 mg/kg during
GD 7-19 (specifically 10-13 (p≤0.01@ 150 mg/kg) and 13-19). A trend in body weight loss
continued post treatment. Food consumption was reduced over the treatment period (specifically
GD 10-13 and 13-19) with a trend for reduced food consumption continuing post treatment. One
rabbit in the 100 mg/kg and two in the 150 mg/kg groups had red fluid contents in the urinary
bladder that were considered treatment-related. This was apparently also observed at 150 mg/kg in
non-pregnant rabbits in a 5 day study (not reported). The single surviving dam in the 150 mg/kg
dose group had an elevated liver and reduced spleen weight relative to controls.
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consumption and organ weights. Some evidence of maternal toxicity was also observed at the 500
mg/kg bw/day dose level by an increase in liver weight.
Developmental toxicity was observed at the 1000 mg/kg bw/day dose level. A number of
observations were considered treatment-related. There was a clear reduction in foetal weight (74%
of control value). A reduction of ossification of the cervical centrum and also of the 1,2,3 and 4
sternebrae was observed and was probably related to general developmental retardation. An
increase in 7th cervical rib was seen which could be interpreted as significant to human health. An
increase in the number of dead foetuses, a rare finding in the rat, was also observed at the 1000
mg/kg bw/day dose level. Cleft palate, a rare finding, occurred in two litters; one foetus (1/15) in
one litter and 8 (8/11) in a second. An increased incidence of a single malformation (cleft palate)
was within the historical control data values. However, the occurrence of a second litter with
multiple malformed pups, including a high incidence of cleft palate, may contribute to an argument
for a treatment-related adverse effect. All of the developmental effects observed in this study
occurred at a dose level which caused severe maternal toxicity.
A range-finding study was conducted in the rabbit in which the higher doses employed (100 and
150 mg/kg bw/day) exceeded the maternal MTD based on mortality, clinical signs and effects on
body weight gain, food consumption and/or organ weights. No maternal toxicity was observed at
dose levels of ≤50 mg/kg bw/day.
A sharp dose-response with respect to maternal lethality was identified between 50 and 100 mg/kg
bw/day. There were no adverse effects on developmental parameters up to 50 mg/kg bw. The
evaluation of developmental endpoints was limited at ≥ 100 mg/kg bw/day due to the low number
of surviving dams (1 at 100 mg/kg, 0 at 150 mg/kg bw). This data was used to select dose levels of
5, 20 and 60 mg/kg bw/day for the main developmental toxicity study. There were no effects on
maternal animals up the top dose of 60 mg/kg bw. Foetal and developmental endpoints were not
affected in this dose range. Therefore the test substance goes from no effect to fully lethal within
the range of 60 – 100 mg/kg bw, making the assessment of specific developmental toxicity difficult
within this range. The NOAEL for both maternal and developmental toxicity was 60 mg/kg bw.
4.11.5 Comparison with criteria
According to the criteria for Regulation (EC) 1272/2008, classification may be required where a
substance causes an adverse effect on sexual function/fertility in adult males or females or/and an
adverse effect on normal development in the offspring.
Sexual function/fertility:
On the basis of the data presented above for silthiofam there is no evidence for an adverse effect on
parameters of sexual function or fertility as defined by the criteria. The highest dose tested (4000
ppm/287-312 mg/kg bw) was significantly toxic to the parental animals but without effect on
reproductive parameters. At this dose, mean pup weights were reduced compared to controls only
from lactation day 4. This effect is more likely to reflect maternal toxicity and possibly also
ingestion of treated feed. Classification for sexual function/fertility is therefore not proposed.
Development:
Some significant adverse effects on development were seen at the highest dose tested (1000 mg/kg)
in the rat, which was also clearly toxic to the maternal animal and above the MTD. The effects
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observed were not considered sufficient to propose a Repr. 1 classification. Reduced foetal weight,
reduced ossification of centrum number 1 and sternebrea 1-4, increased 7th cervical rib and
increased number of dead fetuses were considered related to treatment at this high dose. A rare
finding, cleft palate, occurred in two litters; one foetus (1/15) in one litter and 8 (8/11) in a second.
The incidence of 1/1 (0.3% per litter) is within the historical control data; however, the occurrence
of a second litter with multiple malformed pups including a high incidence of cleft palate, may
contribute to an argument for a treatment-related adverse effect.
Criteria for Repr. 2 reproductive toxicant (development):
Substances are classified in Category 2 for reproductive toxicity when there is some evidence from
humans or experimental animals, possibly supplemented with other information, of an adverse
effect on sexual function and fertility, or on development, and where the evidence is not sufficiently
convincing to place the substance in Category 1. If deficiencies in the study make the quality of
evidence less convincing, Category 2 could be the more appropriate classification.
Such effects shall have been observed in the absence of other toxic effects, or if occurring together
with other toxic effects the adverse effect on reproduction is considered not to be a secondary nonspecific consequence of the other toxic effects.
The effects on development in the rat reported above occurred in the presence of significant
maternal toxicity. Some effects could be directly attributed to this, i.e., reduced foetal weight
(possibly), reduced ossification and the increase in incidence of a commonly occurring skeletal
anomaly - 7th cervical rib. The occurrence of cleft palate in two litters raises the possibility of a
treatment-related effect which is difficult to dismiss. In addition, there was an increase in dead pups
in rats at caesarean section which was practically unknown in the historical data provided.
According to the criteria, classification with Repr. 2 is foreseen for such a situation.
4.11.6 Conclusions on classification and labelling
No classification is considered warranted for sexual function and fertility.
Classification for development [Repr. 2; H361d] is proposed on the basis of adverse effects on rat
development; reduced foetal weight, increased 7th cervical rib, cleft palate, and increase in numbers
of dead pups at doses causing maternal toxicity. A high dam mortality rate with a steep dose
response made assessment of developmental toxicity difficult in the rabbit. It is not possible to
conclude whether the effects on development in the rat are related to maternal toxicity or not;
therefore classification with Repr. 2 should be considered.
4.12

Other effects

4.12.1 Non-human information
4.12.1.1

Neurotoxicity

No specific acute or subchronic neurotoxicity studies are available for Silthiofam. Some clinical
signs indicative of potential neurotoxicity were observed in the rat developmental study such as
lethargy and gait changes (rocking, lurching, swaying during walking), but only against a
background of marked general toxicity. There is no firm evidence of specific neurotoxicity.
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4.12.1.2

Immunotoxicity

No evidence for a specific effect on the immune system.
4.12.1.3

Specific investigations: other studies

No data.
4.12.1.4

Human information

No data.
4.12.2 Summary and discussion
4.12.3 Comparison with criteria
Not relevant.
4.12.4 Conclusions on classification and labelling
Not required.
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they represented cumulative maximum values of 4.1% (river) and 2.8% (pond) of applied
radioactivity on day 118. Additionally formation of organic volatiles other than 14CO2 was not
significant, accounting for maximum of 2.6% (river) on day 56 and 1.9% (pond) on day 118 in the
two systems.
Transformation of the Parent Compound
In the total systems, silthiofam decreased steadily with time from an initial level of 102.4% and
100.8% of applied radioactivity to 52.2% and 50.2% at day 118 in the total river and pond systems,
respectively. The parent substance dissipated from the water phase mainly due to adsorption the
sediment layer and to a lesser extent due the metabolic degradation. Initial levels of 98.4% and
100.8% of parent substance declined steadily in the course of the study and on day 118,
[14C]silthiofam accounted for 23.1% and 17.6% of the applied radioactivity in the water phases of
the river and pond system, respectively. The levels of parent substance found in the sediment
extracts on day 0 accounted for only 4.0% in the river system. In the pond system no significant
level of the parent was found in the sediment extracts on day 0. However, levels of silthiofam in the
sediment extracts increased to maximum values of 39.7% and 46.2% on day 28, for river and pond
sediments, respectively. Thereafter, [14C]silthiofam concentration decreased in the sediment
extracts to levels of 29.2% (river) and 32.5% (pond) of applied radioactivity on day 118.
There were only two significant degradation products of silthiofam (designated as metabolites M1
and M2) at maximum concentrations of 5.8 and 6.6% of the applied radioactivity in the river
system, respectively. In the pond total system, metabolites M1 and M2 increased to a maximum of
4.8% and 6.2% of applied, respectively. Metabolites M1 and M2 were identified as MON 65500
Amide and MON 65500 Allyl Acid, respectively. In addition, the HPLC chromatogram of only one
of the replicate sample of the day 118 concentrated sediment extracts from river system showed the
presence of 5.3% of CP 240659 (MON 65500 desilated). However, the TLC chromatogram (no
concentration step needed) of the same sample did not show any significant presence of CP 240659.
In previous environmental fate studies, degradation of silthiofam to metabolite CP 240659 has been
shown to occur via acid-catalyzed hydrolysis and not as a result of biological degradation. Thus,
detection of CP 240659 in the HPLC chromatogram of the concentrated sediment extract of the
replicate B of the day 118 sample is almost certainly due to the catalytic desilylation of the parent
molecule formed during concentration step needed for the HPLC analysis. Similarly in the replicate
A of day 118 water sample from the pond system, formation of metabolite CP 240659 was also
detected. Again since the other replicate (replicate B of day 118) showed no significant formation of
CP 240659, it could be concluded that the detection of CP 240659 is an artifact of sample work-up
and not a genuine metabolite in both water-sediment systems.
Conclusion
The route and rate of degradation of [14C]silthiofam in two aquatic systems (river and pond) under
aerobic conditions were investigated at 20 °C in the dark. [14C]silthiofam dissipated from the water
phases the river and pond aquatic systems relatively fast and continued steadily and by the end of
incubation after 118 days ca. 23.1% and 17.6% of the applied test item was detectable in the river
and pond water phase, respectively. The test item dissipation from water was mainly due to the
adsorption to the sediment layers. Maximum values of test item found in the sediment extract
accounted for 39.7% (day 28) for river and 46.2% (day 28) of applied for the pond. Thereafter,
[14C]silthiofam continued to slowly decrease to levels of 29.2% (river) and 32.5% (pond) of applied
radioactivity by the end of the study. Consequently, degradation of [14C]silthiofam in the total
systems was significantly slower than in the water phase alone. By the end of the study (118 days)
levels of [14C]silthiofam detected in the total system accounted for 52.2% and 50.2% of applied
radioactivity for the river and pond systems, respectively.
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Minimum
Maximum
Bias-corrected Geometric mean
a
b
c

184.3
203.8

612.3
676.9

Minimum
Maximum

184.3
203.8
193.6

DT50 = DegT50 for total system but DT50 for water and sediment phase
Calculated from slower k-rate
no reliable fit achieved

Biodegradation in Soil
Aerobic Degradation
[14C]-silthiofam: Soil Metabolism and Degradation; Lewis, C.J. (1996)
Silthiofam was applied to the surface of a sandy loam soil (PT 102) in a laboratory study. Test
article was applied at a rate of approximately 0.04 ppm, equivalent to 40 g a.s./ha ; the
recommended field rate.
Conclusion
Silthiofam was degraded readily in the sandy loam test soil at 20ºC under aerobic conditions.
Degradation resulted in the formation of bound residues, carbon dioxide and minor degradation
products. None of the degradation products exceeded 10% of the applied radioactivity at any time
during the study.
An additional study was carried out on the aerobic degradation of silthiofam, in the same soil type,
in order to assess the effect of an application rate equivalent to 80 g a.s./ha - twice the
recommended field rate.
(14C)-silthiofam: Aerobic Route of Soil Degradation; Goodyear, A. (1999)
Silthiofam was applied to the surface of a sandy loam soil (PT 102) in a laboratory study at a rate of
approximately 0.08 ppm, equivalent to 80g a.s./ha , which is twice the recommended field rate. It
should be noted that the microbial biomass of the sample of soil PT 102 used in the present study
(557.6 μg C per g soil, pre-study) was significantly higher than that of the sample of soil PT 102
used in the previous study mentioned above (384 μg C per g soil, pre-study).
Conclusion
Following application at twice the recommended field rate Silthiofam (MON 65500) was degraded
steadily in the sandy loam test soil (PT 102) at 20ºC under aerobic conditions, resulting in the
formation of bound residues, carbon dioxide and minor degradation products. None of the
degradation products exceeded 10% of the applied radioactivity at any time during the study.
Comparison of this study with the previous study indicates that an increase in the silthiofam
application rate from 40 g a.s./ha to 80 g a.s./ha has no significant effect on the aerobic route of
degradation in soil PT 102 at 20°C.
Degradation of Silthiofam (MON 65500) metabolites (M2, M5 and M6) in three soils incubated
under aerobic conditions; Völkel, W (2008a)
The degradation of silthiofam was investigated in three soils incubated under aerobic conditions at
20 °C and 40% maximum water holding capacity in the dark for a period of 123 days. Several
metabolites were observed and their structures were determined in the study by Miller, M.J. and
Whitehead, T.L. (2009).
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Conclusion
Silthiofam rapidly degraded in three agricultural soils. Mineralization was high during the study
with 14CO2 representing maximum values of 41.3, 24.6 and 39.7% of the applied radioactivity in
Soils I, II and III, respectively, at the end of the incubation on Day 123.
Besides the test item, up to eleven degradates were detected in the soil extracts. M1 reached a
maximum of 10.2% of the applied radioactivity in one soil, while metabolites M2 and M6
accounted for maximum levels of 9.5 and 6.6% of the applied radioactivity. Metabolite M5 was
found to be associated with metabolite fraction M4, which reached a maximum level of 11.2% of
the applied radioactivity, but was found by further chromatographic analyses to consist of up to
fifteen subfractions. All other unknown degradates remained below 4% of the applied radioactivity.
The mean half-lives for M2 and M6 were calculated to be 42 days and 26 days, respectively.
Characterization and Identification of Unknown Metabolites from the Aerobic Soil Incubation of
Silthiofam; Miller, M.J. and Whitehead, T.L. (2009)
This study was undertaken in order to establish the chemical structure of the metabolites M1, M2
and M6 identified in the previous study undertaken by (Völkel, W 2008a).
The major soil metabolites observed in aerobic soil metabolism studies of silthiofam have been
identified, and pathways for metabolism of silthiofam in soil have been elucidated. Silthiofam is
metabolized in soil by either oxidative removal of the allyl group to form the primary amide
metabolite M1 (MON 65500 Amide), or oxidation of the ring-attached 5-methyl group to a
carboxylic acid forming metabolite M2 (MON 65500 Allyl Acid). Further oxidative metabolism
generates metabolite M6 (MON 65500 Acid Amide) by oxidation of the ring-attached 5-methyl
group of metabolite M1, or oxidative removal of the allyl group from metabolite M2 to form the
primary amide. All three of the identified soil metabolites of silthiofam retained the trimethylsilyl
group.
Silthiofam: Route and rate of degradation of 14C-silthiofam in four soils incubated under aerobic
conditions; Fahrbach M. (2013a)
An aerobic soil degradation study of silthiofam was conducted on four soils using a [14C]silthiofam
dose rate of 0.27 mg a.i./kg dry soil incubated in the dark at 20 ºC for up to 120 days.
[14C]Silthiofam degraded rapidly in all four soils. Besides the parent compound, several degradation
products were detected. Three predominant degradation products, designated M1, M2 and M6, were
formed. Metabolite M1 was identified as MON 65500 Amide and reached a maximum mean
amount of 6.6% of applied on day 7 in soil I. Metabolite M2 was identified as MON 65500 Allyl
Acid and reached a maximum mean amount of 12.0% of applied in soil IV on day 28. Metabolite
M6 was identified as MON 65500 Amide Acid and reached a maximum mean amount of 13.1% of
applied on day 90 in soil III. The formation of radioactive carbon dioxide was significant. The
amount of non-extractable radioactivity was also significant during the entire incubation period.
Organic matter fractionation on day 120 indicated that the majority of the non-extractable
radioactivity was bound to the immobile humic acids and humin. Lower amounts of radioactivity
were detected in the more mobile fulvic acid fraction.
Anaerobic degradation
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(14C)-silthiofam: Anaerobic Soil Degradation Study; Goodyear, A. (1999b)
The anaerobic route of degradation of (14C)-silthiofam was studied in a UK sandy loam test soil at
20°C for 118 days, following application of test article at a rate of approximately 0.08 ppm,
equivalent to 80 g a.s./ha . The soil type (PT 102) was the same as that utilized in the aerobic route
of degradation studies.
Following application at twice the recommended field rate Silthiofam (MON 65500) was degraded
slowly in a flooded UK sandy loam soil (PT 102) at 20°C under anaerobic conditions. Degradation
resulted in the formation of unextracted soil residues, carbon dioxide and minor unidentified
degradation products. None of the degradation products exceeded 10% of applied radioactivity at
any time during the study
Silthiofam: Route and rate of degradation of
anaerobic conditions; Fahrbach M. (2013b)

14

C-silthiofam in one soil incubated under

The route of degradation of [14C]silthiofam was investigated in one soil incubated at 20 °C for an
initial period of 28 days under aerobic conditions followed by incubation for 120 days under
flooded anaerobic conditions.
The levels of [14C]silthiofam in soil extracts decreased to 63.4% of the dose within the 28-day
aerobic incubation period. After flooding on day 28 [14C]silthiofam was degraded relatively slower
with its levels in the total soil/water system declining from the initial level of 63.4% at the time of
flooding to 46.3% of the applied radioactivity at the last sampling day. Besides the parent
compound, numerous low levels degradation products were detected. Only one predominant
degradation product (> 5% of applied), designated as M1, was formed. Metabolite M1 was
identified as MON 65500 Amide. Metabolite M1 reached a maximum concentration of 8.2% in the
total soil/water system after 7 days of anaerobic incubation and subsequently declined to 7.1% after
120 days of incubation.
Up to 33 minor degradation products were detected, but none of them exceeded 3.0% of the applied
radioacitivity. The formation of radioactive carbon dioxide was significant reaching a maximum of
18.0% of the applied radioactivity at the end of the anaerobic incubation period.
5.1.4

Summary and discussion of degradation

Biodegradability: silthiofam is not considered as “readily biodegradable”.
Water/sediment systems
The fate of silthiofam in two new water/sediment systems was investigated to complement the
findings of the two systems presented during the 2000 EU evaluation. In the new water/sediment
study silthiofam dissipated reasonably rapidly from water in both the river and pond water/sediment
systems, consistent with what was observed in the earlier study. Dissipation from water phase
proceeded mainly through binding to the sediment and via degradation to form numerous low levels
degradation products. Degradation of [14C]silthiofam in the total system as a whole was somewhat
slower than water phase due to its adsorption by the sediments. Additionally, the two minor
degradation products (> 5% of applied), designated as M1 (identified as MON 6550 Amide) and
M2 (identified as MON 65500 Allyl Acid) were definitively identified in this study.
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In water/sediment systems: FOCUS surface water modelling, for Silthiofam, bias-corrected
geometric mean DT50 values of 152.3 days for total system, 78.2 days for water column, and 193.6
days for sediment phase are recommended. For the metabolites M1 and M2, no decline phase was
established so a worst case default value of 1000 days is recommended by the RMS evaluator.
Aerobic degradation
Aerobic metabolism studies in soil under laboratory conditions indicated that silthiofam degradation
resulted mainly in the formation of bound residues, carbon dioxide and numerous low levels
degradation products. The degradation products were each less than 10% of the applied
radioactivity, except in one soil (acidic sandy loam), where the metabolite CP 240659 was present
at levels up to 21% of the applied radioactivity. Laboratory aerobic soil studies also demonstrated
that from 10 to 26% of the applied silthiofam is mineralized to carbon dioxide. In the primary route
and rate of degradation conducted on 4 soils (Study 1, Lewis, 1996a), four unknown metabolites
were observed in the range 5-10% of applied dose. In a second study (Study 2, Goodyear, 1999a),
conducted on a single soil at a higher rate (80g/ha), two unknown metabolites exceeded 5% of
applied. These low level metabolites were not identified but these studies were assessed as
“acceptable” based on the evaluation criteria and guidance in force at that time. Although these low
level metabolites were not identified as a concern in the 2000 EU review of silthiofam, individual
Member States subsequently requested identification/additional information on these minor
metabolites.
Following the 2000 EU review, efforts were thus made to further characterize minor metabolites
designated as M1, M2, and M6 in the previous aerobic soil degradation studies in response to these
inquiries and in order to comply with the more recent guidance documents to identify the
metabolites present at levels >5% of applied radioactivity (AR). In a study by Völkel, 2008 (Study
3) [14C] silthiofam was incubated in soil under aerobic conditions in order to generate soil
degradation products for the purpose of isolation and identification of low levels silthiofam soil
metabolites. The identification of silthiofam soil metabolites was then accomplished using soil
extracts from the study by Völkel (2008) and the results were reported in a subsequent study report
authored by Miller and Whitehead (2009). Three additional major soil metabolites observed in the
aerobic soil metabolism studies of silthiofam were identified unequivocally by a combination of
liquid chromatography/electrospray (LC/ESI) mass spectrometry, gas chromatography/electron
ionization (GC/EI) mass spectrometry and reprivatisation (methyl ester formation) where
appropriate. Additionally after Annex I inclusion, a new aerobic soil study (Fahrbach, 2013a) was
conducted in order to address new technical guidance for study design and to comply with the
requirements of the new OECD guideline no. 307 (OECD, 2002 ) for aerobic and anaerobic
transformation in soil.
The results of the new studies are consistent with the conclusions of the first EU review of
silthiofam (2000) and confirm that silthiofam is degraded in soil over time to carbon dioxide and
several low level metabolites. Based on the identities of the minor metabolites, it is proposed that
silthiofam is metabolized in soil by either oxidative removal of the allyl group to form the primary
amide metabolite M1 (MON 65500 Amide), or oxidation of the ring-attached 5-methyl group to a
carboxylic acid forming metabolite M2 (MON 65500 Allyl Acid). Further oxidative metabolism
generates metabolite M6 (MON 65500 Acid Amide) by oxidation of the ring-attached 5-methyl
group of metabolite M1, or oxidative removal of the allyl group from metabolite M2 to form the
primary amide. All three of the identified soil metabolites of silthiofam retained the trimethylsilyl
group. It was also proposed that only in a very acidic soil desilylation of silthiofam via chemical
hydrolysis may occur to form CP 240659 as a potential soil metabolite.
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Anaerobic degradation
During the 2000 EU evaluation, laboratory studies on anaerobic degradation of silthiofam in soil
showed that its degradation was negligible under anoxic anaerobic conditions as dictated by the old
SETAC anaerobic soil test guideline. In this laboratory anaerobic study, silthiofam dissipated
rapidly from the surface water phase, however, its degradation in the total system (consisting of the
surface water and soil phases together) was much slower. Up to five unidentified degradation
products were observed in the surface water phase but individually none of these products exceeded
1.5% of applied radioactivity at any sampling interval. One unidentified component (in addition to
parent compound) was detected for the soil compartment, accounting for 1.7% of applied
radioactivity by the end of the study. Carbon dioxide evolution was minimal, with the level of
14
CO2 at study termination accounting for 0.2% of applied radioactivity.
A new laboratory anaerobic degradation study with silthiofam was conducted according to the
requirements of the new OECD Guideline 307 for anaerobic transformation in soil. The results of
the new study show that silthiofam also degrades under anaerobic conditions although at slower rate
than the aerobic conditions. Only one predominant degradation product (> 5% of applied),
designated as M1, was formed. Metabolite M1 was identified as MON 65500 Amide and reached a
maximum concentration of 8.2% in the total soil/water system after 7 days of anaerobic incubation
and subsequently declined to 7.1% after 120 days of incubation. Up to 33 other minor degradation
products were also detected, but none of them exceeded 3.0% of the applied radioactivity. The
metabolites resulting from the degradation of silthiofam in soil are the same under both aerobic and
anaerobic conditions. Therefore, the metabolic pathway for degradation of silthiofam in soil under
anaerobic conditions is the same as in the aerobic conditions. The results from the new study by
Fahrbach 2013b) are in contrast to the results obtained from the previous anaerobic degradation of
silthiofam (Goodyear, 1999b) conducted under the old SETAC anaerobic soil test guideline. The
Goodyear (1999b) study examined the degradation of silthiofam when applied directly to sandy
loam topsoil that had been flooded and converted to anaerobic conditions during a pre-incubation
period of 32 days. Under the anoxic conditions established for the study, silthiofam did not degrade
significantly. Prolonged and fully anaerobic conditions are expected to be rare throughout the
surface soil zone where silthiofam is expected to be present.
5.2
5.2.1

Environmental distribution
Adsorption/Desorption

The adsorption/desorption behaviour of the active substance silthiofam was studies in two UK soils
(sandy silt loam and clay loam soil types) and two US soils (sand and sandy loam soil types) by
means of the Freundlich adsorption/desorption isotherm. The adsorption coefficient KF for
silthiofam ranged from 0.98 to 6.41 mL/g. When these values were normalized to the organic
carbon content of the soils the corresponding KFoc values ranged between 173 and 328 mL/g. The
results indicate that silthiofam is moderately mobile in soil. The data shows a linear pH dependency
between the coefficient of adsorption to soil organic carbon (KFOC) and soil pH.
At the time of the first EU silthiofam review, the only relevant soil metabolite of silthiofam detected
in the various soil metabolism studies was identified as CP 240659. Therefore, for the first Annex I
inclusion, the adsorption/desorption behaviour of CP 240659 was investigated in three soil types.
This is listed as Study 2 below. The results of the adsorption isotherms showed that adsorption was
independent of the concentration of MON 65500 Amide (M1). The 1/n values ranging from 0.97 to
1.06 showed near linearity for the adsorption process. There was a correlation between the
adsorption constant KF and the pH measured in the soils. The desorption process was also found to
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(14C)-CP 240659 (MON
65500 Metabolite):
Adsorption/Desorption in
three soils.

(tending towards mobile) in these
soils since the observed Koc values
are in the range 75 to 500 (Hollis,
1991).

This study was
performed according to
GLP criteria.

in three soils. Covance
Laboratories, Report
no.: 64/72-1015.
Not published.

OECD Guideline 106
(1981).
Study 3.
Adsorption and desorption
in soil of Amide (M1), a
metabolite of Silthiofam
(MON65500)
MON 65500 Amide (M1)
metabolite,
Adsorption/desorption on
soil.
OECD Guideline 106
(Adopted January 21,
2000)
Adsorption/desorption
using a batch equilibrium
method.

RAR B.8.1.2.2
The results of the adsorption
isotherms showed that adsorption
was independent of the
concentration of MON 65500
Amide (M1). The 1/n values
ranging from 0.97 to 1.06 showed
near linearity for the adsorption
process. There was a correlation
between the adsorption constant KF
and the pH measured in the soils.

This study was
performed according to
GLP criteria.
Study considered
acceptable.

The desorption process was also
found to be independent of the test
substance concentration. The
calculated Kdes,Foc values were in
the same range as those observed in
the adsorption, reflecting a similar
sorption behaviour as found for the
adsorption process. There was no
correlation between the desorption
constant Kdes, Foc and the pH of any
of the soils.

Völkel, W. (2008c);
MON 65500 Amide
(M1) metabolite,
Adsorption/desorption
on soil. RCC Ltd.
Environmental
Chemistry &
Pharmanalytics,
Itingen / Switzerland.
Report No.
MSL20934.
Not published.
RAR B.8.1.2.2

The KFoc values ranged from 60 to
94, while the Kdes, Foc values ranged
from 56 to 112.
Study 4.
Adsorption and desorption
in soil of M2 and M6,
metabolites of Silthiofam
(MON65500)
Adsorption/desorption of
MON 65500 metabolites
(M2 and M6) on soils.
OECD Guideline 106
(Adopted January 21,
2000)
Adsorption/desorption
using a batch equilibrium
method.

Study 5.
Adsorption and desorption

The adsorption/desorption
characteristics of two silthiofam
soil depredates, MON 65500 Allyl
Acid (M2) and MON 65500 Amide
Acid (M6) were studied using the
batch equilibrium method. These
were isolated from the samples
generated in a study of the
degradation of silthiofam reported
in Study 3 (see above).

This study was
performed according to
GLP criteria.
Study considered
acceptable.

The adsorption/desorption
behaviour of silthiofam metabolites
M2 and M6 was investigated on
three different soil types. The result
obtained show that both compounds
have a high potential for mobility in
soil.
The adsorption/desorption isotherm
of the test substance, metabolite

Völkel, W. (2008d);
Adsorption/desorption
of MON 65500
metabolites (M2 and
M6) on soils. RCC
Ltd. Environmental
Chemistry &
Pharmanalytics,
Itingen / Switzerland.
Report No.
MSL0020217.
Not published.
RAR B.8.1.2.2

This study was
performed according to

Allan, J. (2013a);
Determination of
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Conclusion
The mean bioconcentration factor for Silthiofam in whole fish was determined to be 98 mg/L.
5.3.2

Summary and discussion of aquatic bioaccumulation

Although no prolonged or repeated exposure of the aquatic environment is expected, a fish
bioconcentration study was carried. Silthiofam has a log Pow 3.72 and the bioconcentration factor
(BCF) for fish was determined experimentally to be 98 mg/L. The BCF is below the classification
criteria of 00 mg/L and LV therefore QRW FRQVLGHUHG IRU classification SXUSRVHV.
5.4

Aquatic toxicity

Table 74: Summary of relevant information on aquatic toxicity
Method
Fish
Silthiofam: A 96-hour static acute
toxicity test with the rainbow trout
(Oncorhynchus mykiss)

Results

Remarks

LC50 (mg a.s./l) = 14 (95% CI:
13 - 16)

Performed according
to GLP criteria.
(1996).
MON
65500: A 96-hour
static
acute
toxicity test with
the rainbow trout
(Oncorhynchus
mykiss)
Generated
by:
Wildlife
International Ltd
Submitted
by:
Monsanto
Company
Report No.: WL95-276
GLP,
Unpublished.

LOEC(mg a.s./l) = 5.3
OECD 203 and FIFRA Chapter
72-1 Subdivision E.

Reference

NOEC(mg a.s./l) = 3.2
Silthiofam is only slightly toxic
to rainbow trout up to the water
solubility limit.

RAR B9.2.1
Silthiofam: A 96-hour static acute
toxicity test with the Bluegill
(Lepomis macrochirus)

LC50 (mg a.s./l) = 11 (95% CI: >
8.4)
LOEC(mg a.s./l) = 6.0

OECD 203 and FIFRA Chapter
72-1 Subdivision E.

NOEC(mg a.s./l) = 3.7
Silthiofam is slightly toxic to
bluegill sunfish up to the water
solubility limit.

Performed according
to GLP criteria.
(1996).
MON
65500: A 96-hour
static
acute
toxicity test with
the
Bluegill
(Lepomis
macrochirus).
Generated
by:
Wildlife
International Ltd
Submitted
by:
Monsanto
Company
Report No.: WL95-280
GLP,
Unpublished.
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and growth rate were: EbC50
(0-72 h) = 8.6 (confidence
limits: 2.9 and 11) and ErC50
(0-72 h) = 13 (confidence
limits:
13
and
13),
respectively.

unpublished
report No.: WL97-167.
RAR B9.2.6

NOEbC = 4.6 mg a.s./L
NOErC = 2.3 mg a.s./L

MON 65513: A 72 h toxicity test
with
the
freshwater
alga
(Selenastrum capricornutum).
OECD 201 and EEC method C3.

Therefore,
Silthiofam
is
slightly to moderately toxic to
the green algae, Selenastrum
capricornutum.
There were no statistically
significant reductions in cell
density, area under the growth
curve or growth rate of
Selenastrum
capricornutum
exposed to silthiofam at
concentrations of 15 mg a.s./l.

Performed according
to GLP criteria.

Day 3 EC50 values for biomass
and growth rate were: EbC50
(0-72 h) = 21 (confidence
limits: 18 and 23) and ErC50(072 h) = 28 (confidence limits:
24 and 31), respectively.
MON 65513 is slightly toxic to
the green algae Selenastrum
capricornutum.

MON
65500
Allyl
acid
(MON 65533): A 72-hour toxicity
test with the freshwater alga
(Pseudokirchneriella subcapitata).
OECD 201 (2006) and EU
Directive 92/69/EEC, Method C.3.

Based on mean measured
concentrations, the 72-hour
EC50 values for MON 65533
toxicity to Pseudokirchneriella
subcapitata under static test
conditions were determined to
be:
EC50 (cell density):
>112 mg MON 65533/L (95%
confidence interval: n/a)

Performed according
to GLP criteria.

ErC50 (growth rate):
>112 mg MON 65533/L
(95% confidence interval: n/a)

MON
65500
amide
acid
(MON 65534): A 72-hour toxicity
test with the freshwater alga
(Pseudokirchneriella subcapitata).
OECD

201

(2006)

and

EU

The 72-hour NOAEC for both
cell density and growth rate
was 112 mg MON 65533/L.
Based on mean measured
concentrations, the 72-hour
EC50 values for MON 65534
toxicity to Pseudokirchneriella
subcapitata under static test
conditions were determined to
be:

Palmer S.J. and
Krueger
H.O.
(1998).
MON
65513: A 72 h
toxicity test with
the
freshwater
alga (Selenastrum
capricornutum),
Generated
by:
Wildlife
International Ltd.,
unpublished
Submitted
by:
Monsanto
Company
Report No.: WL98-089.
GLP,
Unpublished.
RAR B9.2.6
Porch,
J.R.;
Kendall,
T.Z.;
Krueger,
H.O.
(2010).
MON
65500 Allyl acid
(MON 65533): A
72-hour toxicity
test
with
the
freshwater
alga
(Pseudokirchnerie
lla subcapitata).
Monsanto study
no. WL-2010-237.
RAR B9.2.6

Performed according
to GLP criteria.

Porch,
J.R.;
Kendall,
T.Z.;
Krueger,
H.O.
(2010).
MON
65500 amide acid
(MON 65534): A
72-hour toxicity
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Directive 92/69/EEC, Method C.3.

EC50 (cell density):
>110 mg
MON
65534/L
(95%
confidence
interval: n/a)

test
with
the
freshwater
alga
(Pseudokirchnerie
lla subcapitata).
Monsanto study
no. WL-2010-238.

ErC50 (growth rate):
>110 mg
MON
65534/L
(95%
confidence
interval: n/a)

MON 65561: A 72-hour Toxicity
Test with the Freshwater Alga
(Pseudokirchneriella subcapitata).
OECD Guideline 201, EU
Directive 92/69/EEC, Method C.3.

The 72-hour NOAEC for cell
density and growth rate were
54 and 110 mg MON 65534/L,
respectively.
The 72-hour EC50, based on
cell density, was 19 mg/L with
the 95% confidence intervals
of 15 to 23 mg/L.
The EbC50, based on area under
the growth curve, was 19
mg/L,
with
the
95%
confidence intervals of 16 to
23 mg/L.
The ErC50, based on growth
rate, was the least sensitive and
was determined to be greater
than 23 mg/L, the highest
concentration tested.

RAR B9.2.6

Performed according
to GLP criteria.

Minderhout, T.;
Kendall,
T.Z.;
Krueger,
H.O.
(2008).
MON
65561: A 72-hour
Toxicity Test with
the
Freshwater
Alga
(Pseudokirchnerie
lla subcapitata).
Monsanto study
no. WL-2007-118.
RAR B9.2.6

Dunnett’s test indicated that
cell density, area under the
growth curve and growth rate
were significantly reduced
(p<0.05) in the 5.8, 11 and 23
mg/L treatment levels.
Consequently, the 72-hour
NOEC in this study was
determined to be 3.2 mg/L.

5.4.1

Fish

5.4.1.1 Short-term toxicity to fish
Silthiofam: A 96-hour static acute toxicity test with the rainbow trout (Oncorhynchus mykiss);
(1996)
The acute toxicity of Silthiofam (MON 65500) to rainbow trout (Oncorhynchus mykiss) was
investigated by
in accordance with the OECD 203 Fish, Acute
Toxicity Test and FIFRA Subdivision E § 72-1.
Rainbow trout were exposed to Silthiofam (MON 65500) at nominal concentrations of 3.2, 5.4, 9.0,
15 and 25 mg a.s./l (measured concentrations: 3.2, 5.3, 8.4, 13 and 16 mg a.s./l) under static
conditions for a period of 96h. One negative control (well water) and one solvent control were
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LC50 mg a.s./l

11 (95% CI: > 8.4)

Lowest observed effect (LOEC) mg a.s./l

6.0

Highest test conc. without toxic effect (NOEC) mg a.s./l

3.7

The study concluded Silthiofam (MON 65500) is slightly toxic to bluegill sunfish up to the water
solubility limit.
MON 65513: A 96-hour static acute toxicity test with the rainbow trout (Oncorhynchus mykiss);
(1998)
The acute toxicity of the Silthiofam metabolite CP 240659 (referred to as MON 65513) to rainbow
trout (Oncorhynchus mykiss) was investigated by
in accordance with
OECD 203 Fish, Acute Toxicity Test, EEC Method C1 and FIFRA Subdivision E § 72-2.
Rainbow trout (Oncorhynchus mykiss) were exposed to MON 65513 at nominal concentrations of
13, 22, 36, 60 and 100 mg a.s./l (mean measured concentrations: 13, 21, 35, 60 and 98 mg a.s./l)
under static conditions for a period of 96h, with one negative control (well water). Twenty fish
were allocated to each group, divided into two replicates/dose level. Animals were fasted during
acclimation and test periods. Mortality, signs of toxicity or abnormal behaviour were monitored at
approximately 3, 24, 48, 72 and 96 h. Water temperature, pH, dissolved oxygen, hardness,
alkalinity and specific conductance were monitored as required during the test. Water samples for
determination of silthiofam concentrations were collected from each replicate test chamber at 0, 48
and 96 h.
No mortalities occurred in the 35 and 60 mg a.i./l treatment groups, however, sublethal signs of
toxicity were observed such as surfacing, lethargy, erratic swimming and / or lying on the bottom.
Table 77:

Toxicity of MON 65513 to Rainbow trout (Oncorhynchus mykiss)

Test Substance
Test Object

TG pm*
Rainbow Trout

Test Exposure

96h, Static

LC50 mg a.s./l

71 (95% CI: 60 – 98)

Lowest observed effect concentration (LOEC) mg a.s./l

35

Highest tested conc. without toxic effect (NOEC) mg a.s./l

21

pm*=pure metabolite

The study concluded the Silthiofam metabolite (CP 246059) MON 65513 is slightly toxic to
Rainbow Trout up to the water solubility limit.
MON 65513: A 96-hour static acute toxicity test with the Bluegill (Lepomis macrochirus);
(1998)
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The acute toxicity of the Silthiofam metabolite CP 240659 (referred to as MON 65513) to Bluegill
(Lepomis macrochirus) was investigated by
in accordance with
OECD 203 Fish, Acute Toxicity Test, EEC Method C1 and FIFRA Subdivision E § 72-1.
Bluegill sunfish (Lepomis macrochirus) were exposed to MON 65513 at nominal concentrations of
16, 26, 43, 72 and 120 mg a.s./l (measured concentrations: 15, 26, 44, 72 and 119 mg a.s./l), under
static conditions for a period of 96h, with one negative control (well water). Twenty fish were
allocated to each group, divided into two replicates/dose level. Animals were fasted during
acclimation and test period. Mortality, signs of toxicity or abnormal behaviour were monitored at
approximately 2, 24, 48, 72 and 96 h. Water temperature, pH, dissolved oxygen, hardness,
alkalinity and specific conductance were monitored as required during the test. Water samples for
determination of MON 65513 concentrations were collected from each replicate test chamber at 0,
48 and 96 h.
After two hours of exposure, all fish in the 72 mg a.i./l treatment group appeared lethargic,
however, all fish appeared normal within in 24 hours. Also, in the 72 mg a.i./l treatment group, fish
were found lying on the bottom of the aquaria during the 48, 72 and 96 hours observations. After
two hours, all fish were observed to be lying on the bottom in the 119 mg a.i./l treatment group.
Table 78:

Toxicity of MON 65513 to Bluegill sunfish (Lepomis macrochirus)

Test Substance
Test Object

TG pm*
Bluegill Sunfish

Test Exposure

96h, Static

LC50 mg a.s./l

86 (95% CI: 72 – 119)

Lowest observed effect concentration (LOEC) mg a.s./l

72

Highest tested conc. without toxic effect (NOEC) mg a.s./l

44

pm* = pure metabolite

The study concluded the Silthiofam metabolite (CP 246059) MON 65513 is slightly toxic to
Bluegill sunfish up to the limit of water solubility.

MON 65500 Allyl Acid (MON 65533): A 96-Hour Static Acute Toxicity Test with the Rainbow
Trout (Oncorhynchus mykiss);
(2010)
The 96-hour acute toxicity of MON 65533 to rainbow trout (Oncorhynchus mykiss) was determined
in a static test system. Ten fish per treatment level were exposed in moderately-hard water obtained
from a well for four days to MON 65533 at nominal concentrations of 0 (control), 7.5, 15, 30, 60
and 120 mg MON 65533 Na salt/L. Mortality and signs of toxicity were recorded at 2.5, 24, 48, 72
and 96 hours after test initiation.
Findings
Mortality and signs of toxicity in control and treated groups are summarised in the table below. No
mortalities or effects due to treatment were observed in rainbow trout exposed to MON 65533 at
concentrations of 7.0, 14.0, 27.9, 56.8 and 113.6 mg MON 65533/L. The study was considered
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Daphnids (Daphnia magna) were exposed to Silthiofam (MON 65500) at nominal concentrations of
2.6, 4.3, 7.2, 12 and 20 mg a.s./l (measured concentrations: 2.9, 4.9, 7.8, 13 and 20 mg a.s./l), with
one negative control (well water) and one solvent control. Test system was static, test duration was
48 h. Twenty neonate daphnia (< 24 h old) per group were divided into two replicates per dose
level. Animals were fasted during the test period. Mortality, immobilisation, signs of toxicity and
abnormal behaviour were monitored at 20, 24 and 48 h. Water temperature, pH, dissolved oxygen,
hardness, alkalinity and specific conductance were monitored as required during the test. Water
samples for determination of silthiofam concentrations were collected from each replicate test
chamber at the beginning and end of testing.
Findings
The following table summarises the results obtained for mortality, immobilisation, signs of toxicity
and abnormal behaviour. In the 7.8 mg a.i./l treatment group, one daphnid appeared normal and the
remaining daphnids appeared lethargic. All surviving daphnids in the 13 mg a.s./l appeared
lethargic at test termination. By test termination, 95% of the daphnids in the 20 mg a.s./l treatment
group were dead and / or immobile and one surviving daphnid appeared lethargic.
Table 86:

Toxicity of Silthiofam (MON 65500) to Daphnia magna

Test Substance
Test Object
Exposure
EC50 mg a.s./l

TG a.s.
Daphnia magna
48h Static
14.0 (95% CI: 12 – 16)

Lowest concentration with effect (LOEC) mg a.s./l

7.8

Highest concentration tested without toxic effect (NOEC) mg
a.s./l

4.9

Conclusions
Up to the limit of water solubility, Silthiofam is only slightly toxic to the waterflea, Daphnia
magna.
MON 65513: A 48-hour static acute toxicity test with the cladoceran (Daphnia magna); Palmer
S.J. and Krueger H.O. (1998)
Daphnids (Daphnia magna) were exposed to MON 65513 at nominal concentrations of 7.5, 15, 30,
60 and 120 mg a.s./l (measured concentrations: 7.5, 15, 30, 59 and 119 mg a.s./l), with one negative
control (well water). The test system was static, test duration was 48 h. Twenty neonate daphnia (<
24 h old) per group were divided into two replicates per dose level. Animals were fasted during the
test period. Mortality, immobilisation, signs of toxicity and abnormal behaviour were monitored at
5.5, 24 and 48 h. Water temperature, pH, dissolved oxygen, hardness, alkalinity and specific
conductance were monitored as required during the test. Water samples for determination of MON
65513 concentrations were collected from each replicate test chamber at 0, 24 and 48 h.
Findings
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were estimated to be 73 hours for pH 4 and 77 years for pH 9. Therefore, silthiofam is rapidly
hydrolysed at pH 4 and 20°C but can be considered to be stable at pH 9 and 20°C. The principal
hydrolysis product of silthiofam was CP 240659, resulting from acid-catalysed desilylation of the
parent molecule. This metabolite was also shown to form hydrolytically in acidic soils. There was
no evidence of any significant degradation of CP 240659 during the hydrolysis study with
silthiofam.
Photolysis was a significant route of degradation for silthiofam with a DT50 value of 16 days. The
degradation products each individually account for less than 10% of applied radioactivity. CP
240659 was identified as accounting for up to 2% of applied radioactivity. Considering the
relatively short DT50 value of 16 days for the irradiated samples, it can be concluded that if
silthiofam was exposed to sunlight under field conditions then photochemical degradation could be
expected to be an important factor in its degradation.
Silthiofam is not considered to be “rapidly degradable”.
In water/sediment systems: FOCUS surface water modelling, for Silthiofam, bias-corrected
geometric mean DT50 values of 152.3 days for total system, 78.2 days for water column, and 193.6
days for sediment phase are recommended. For the metabolites M1 and M2, no decline phase was
established so a worst case default value of 1000 days is recommended by the RMS evaluator.
Silthiofam was shown to have a low potential for bioaccumulation in fish, BCF 98 mg/L.
The acute toxicity studies indicate that silthiofam is slightly toxic to fish and daphnia and
moderately toxic to green algae. The most sensitive species tested was Selenastrum capricornutum,
with a 72h EC50 of 8.6 mg a.s/l. This represents the lowest available toxicity value for consideration
of aquatic acute hazard classification. However, the 72h EC50 value of 8.6 mg a.s/l does not satisfy
the criteria for Aq. Acute 1 and silthiofam is therefore not classified for aquatic acute toxicity. All
aquatic metabolites tested (MON 65513, MON 65533, MON 65534 and MON 65561) were of
lower toxicity relative to parent silthiofam at all aquatic trophic levels (fish, daphnia, green algae).
The chronic toxicity studies indicate silthiofam is moderately toxic to fish (Pimephales promelas)
and aquatic invertebrates (Daphnia magna). Aquatic Chronic 2 is considered for silthiofam as
explained below.
Classification criteria for Category Chronic 2
Long-term aquatic hazard
Non-rapidly degradable substances for which there are adequate toxicity data available
Category Chronic 2:
Chronic NOEC or ECx (for fish)
Chronic NOEC or ECx (for crustacea)
Chronic NOEC or ECx (for algae or other aquatic plants)

≤ 1 mg/L and/or
≤ 1 mg/L and/or
≤ 1 mg/L

Silthiofam classifies for ecotoxicological effects in accordance with the classification criteria
stipulated in Table 4.1.0, (b)(i) in Annex I of CLP Regulation (EC) No. 1272/2007, based upon the
results of (1) the 28-day Early Life-Stage Toxicity Test with the Fathead Minnow (Pimephales
promelas) and (2) the 21 day semi-static life-cycle toxicity test with the cladoceran (Daphnia
magna). A chronic NOEC of 0.89 mg a.s./L and 0.47 mg a.s./L was established for the Fathead
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minnow and Waterflea, respectively. Silthiofam classifies as Aquatic Chronic 2; H411 ‘Toxic to
aquatic organisms with long lasting effects’ in accordance with the classification criteria of CLP
Regulation 1272/2008.
5.6

Conclusions on classification and labelling for environmental hazards

In accordance with the CLP Regulation, Silthiofam classifies for Aquatic Chronic 2 - H411 ‘Toxic
to aquatic organisms with long lasting effects’.
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