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Syngenta

abamectin at 0, 0.5, 1.5 or 6 mg/kg bw. Vehicle was sesame seed oil. Detailed clinical examinations were
performed daily. Body weight was measured prior to treatment and at days 1 (6-7h after dosing, assumed
time of plasma peak concentration), 8 and 15. Food consumption per cage of 5 rats was calculated at
weekly intervals. The rats were tested in a functional operational battery (FOB) and for locomotor activity
prior to treatment and at days 1 (6-7 h after dosing), 8 and 15. At day 15 the animals were killed. Five
rats/sex/dose were macroscopically examined, brains were weighed and the eyes and various nervous

tissues were histologically examined.

Results

Results from a single dose neurotoxicity study with abamectin in the rat.

Dose (mg/kg bw) 0 0.5 1.5 6.0 dr
Sex m | f m | f m f m f
Mortality Notoxicdogically relevant effects

Clinical signs

see functional observational battery

Body weight

Notoxicoogically relevant effects

Food consumption

Notoxicdogically relevant effects

Functional observational batteryA
day 1
- reduced splay reflex 2110 310 710 810" dr
- tiptoe gait 110
- splayed gait 110
Motor/locomotor activity
measurements
day 1

0-15 min -48%*
Gross pathology No toxicdogically relevant effects
Brain weight | | | | | -5%*

Neuropathology

- macroscopy

Notoxicoogically relevant effects

- microscopy

Notoxicdogically relevant effects

* Statistically significant

4 Number of animals affected/number of animals tested.

P In the 6 mg’kg bw group 3 and 1 females also displayed reduced splay reflex at days 2 and 3,

respectively.

Acceptability

The study is considered acceptable
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(16/sex/dose) received daily oral (gavage) doses of abamectin at 0, 0.4, 1.6 or 4 mg/kg bw for 90 days.
Vehicle was sesame seed oil. Cage-side clinical examinations were performed daily. Body weight was
measured weekly. Food consumption per cage of 5 rats was calculated at weekly intervals. All rats were
tested in a FOB and for locomotor activity at week 14. In addition, at least 10 rats/sex/dose were tested in
the FOB and for locomotor activity prior to treatment and at weeks 2, 5 and 9. Ophthalmoscopy was
performed on all animals prior to testing, and on control and mid-dose animals during week 13. During
week 13 urine samples were collected for urinalysis. At termination in week 14 blood was collected for
haematology and clinical chemistry. Five rats/sex/dose were killed by perfusion fixation and subsequently
brain weight was recorded and nervous tissue (including eye) was histologically examined. All other
anmimals (including any killed prematurely) were killed by over-exposure to halothane and exsanguination,
and subsequently macroscopically examined. For rats killed by over-exposure to halothane and
exsanguinations at termination an extensive range of organs were weighed and subsequently histologically

examined.

Results

Results from a repeated dose neurotoxicity study with abamectin in the rat.

Dose (mg/kg bw/day) 0 04 1.6 4 dr
Sex m f m f m f m f
Mortality™® 1616 1616
Clinical signs no toxicologically relevant effect is"

Body weight no toxicologically relevant effect ds "

Food consumption no toxicologically relevant effect ntre"
Ophthalmoscopy ND ntre ND ND
Functional observational no toxicologically relevant effect is”

battery

Motor/locomotor activity no toxicologically relevant effect

measurements "

Haematology no toxicologically relevant effect ND
Clinical chemistry no toxicologically relevant effect ND
Urinalysis no toxicologically relevant effect ND
Organ weight no toxicologically relevant effect ND

Brain weight no toxicologically relevant effect ND
Macroscopy * no toxicologically relevant effect

- ulceration and red spots of non- 1186° 1186°
glandular stomach

Microscopy ™ no toxicologically relevant effect

- inflammation and focal 416°% | 318"

ulceration of the stomach
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Neuropathology

- Macroscopy no toxicologically relevant effect ND

- microscopy no toxicologically relevant effect ND

. increased significantly. ds: decreased significantly. ntre: no toxicologically relevant effect. ND: no data

Number of animals affected/number of animals tested.

During week 7 the animals of the high-dose group showed a sudden and progressive body weight loss
and mcreased incidence of adverse clinical signs (see B,C). These animals were killed for humane
reasons. In both the low- and mid-dose group one female died due to dosing errors. One female of the
mid-dose group fell onto the floor during handling, was convulsing and immediately humanely killed.
During cage-side observations and FOB testing clinical signs were scen in animals of the high-dose
group at relatively low incidence from week 2 onwards. In these animals, a marked increase in adverse
clinical signs (shaking, tiptoe gait, reduced righting reflex, reduced stability, reduced splay reflex,
hunched posture, “pinched-in™ sides, subdued behaviour, irregular breathing, decreased activity, stains
around the mouth or nose, upward spinal curvature) was observed in week 7.

Slight (up to 7%) but statistically significant reductions in body weights of high-dose females were
observed during weeks 2-5. All high-dose animals showed body weight loss during week 7.

No effects on food consumption were observed up to week 6. No data on food consumption in week 7
are available.

High dosc animals tested at weeks 2 and 5 only.

High dose animals were killed at wecks 7/8.

Acceptability

The study is considered acceptable.

Conclusions

Based on the adverse clinical signs, body weight loss and macroscopic and histological changes in the

stomach, observed at 4 mg/kg bw, the NOAEL is 1.6 mg'kg bw/day.

Evaluation by Competent Authorities

Use separate "evaluation boxes" to provide transparency as to the

comments and views submitted

EVALUATION BY RAPFPORTEUR MEMBER STATE
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10. MECHANISTIC DATA

Mechanistic studics have not been performed (see justification below), but an important aspect to consider
m the risk assessment of abamectin is the role of p-glycoprotein polymorphism. The text below is copied
from the revised addendum (Febr. 2008) for Council Directive 91/414/EC concerning the placing of Plant

Protection Products on the market.

The applicant submitted a summary of the literature on the relevance of MDR-1 polymorphism for humans
which has recently been published:

Macdonald, N. & Gledhill, A. (2007). Potential impact of ABCBI1 (p-glycoprotein) polymorphisms on
avermectin toxicity in humans. Arch. Tox. 81 (8): 553-563.

Below, a summary of the submitted publication (see publication for the cited references) and the RMS’s
concluding remarks will be presented. The summary of the publication is rather extensive, because this is
considered necessary for a good understanding of the role of p-glycoprotein polymorphism and its relevance

for the risk assessment of abamectin.

Summary of the publication by Macdonald & Gledhill (2007)

Function and structure

The ATP binding cassette (ABC) transporters are a superfamily of large, membrane bound proteins that
mediate the active trafficking of molecules across cellular membranes in an ATP dependent manner, often
against considerable concentration gradients. Several ABC transporter proteins exhibit xenobiotic cellular
efflux activity. Perhaps the best characterised of these s p-Glycoprotein (pgp), which has been shown to
transport a structurally diverse range of chemicals, mcluding the anthelminthic drug ivermectin and
structurally related avermectin pesticides. The pgp gene is known as ABCBI, but also as MDR1 (multi
drug resistance) based on its over expression in drug resistant tumours. In humans pgp is expressed in
polarized cells in a wide range of tissues, and in each case it functions as a component of a barrier
protecting one compartment from the contents of another, pumping potentially toxic compounds away from
the sensitive compartment. For example, brain capillary epithelial cells of the blood brain barrier (BBB) are
linked by tight junctions, meaning compounds may only pass across the BBB by diffusion through these
cells. pgp transports substrate chemicals back into the blood, limiting diffusion across the BBB and
protecting the brain. Similarly in the placenta pgp transports xenobiotics back into the maternal blood, thus
protecting the fetus. pgp is also expressed in testis, hepatocytes, kidney proximal tubules, and intestinal
epithelial cells. Because of this tissue specific expression and cellular polarisation pgp contributes to three
layers of protection: limiting absorption of xenobiotics from the gut, removing xenobiotics from the blood

by excretion via bile and urine, and protecting the fetus, and vulnerable organs such as the brain and testis
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through its role in barrier epithelia.

P-glycoprotein genes are found mn all animals. Humans and dogs have a single gene (capitalised when
referring to humans, i.e. ABCB1/MDRI1, lowercase for animals, e.g. abcb1/mdrl in dogs) while rodents
have two (abcbla/mdrla and abeblb/mdrlb; each have similar substrate specificity to their human
homologue, and between them they cover all the tissues in which pgp is expressed in humans). These genes
are highly conserved in mammals and human ABCB1 exhibits 87, 90, and §7% amino acid homology with

rat and mouse abcb1a, and dog abeb 1, respectively.

Role of P-glycoprotein in limiting avermectin toxicity

Avermecting are a group compounds derived from the macrocyclic lactone avermectin b1, which was
initially isolated from Streptomyces avermitilus. They are widely used as treatments for parasitic
infestations in humans and animals, as well as agricultural insecticides and acaricides. In all uses of
avermectins the mode of action is avermectin binding to invertebrate neuronal gamma-aminobutyric acid
(GABA) receptors and GABA gated ion channels, resulting in net cellular influx of chloride ions into
neurones, leading to paralysis and eventual death. Typically humans given ivermectin as an anthelminthic
receive doses of between 0.05 and 0.2 mg/kg. Exposure of workers using avermectin pesticides varies
depending on the use/formulation of the product, but has been estimated to be several orders of magnitude
below the clinical dose.

Although avermecting can also bind to mammalian GABA receptors and GABA gated ion channels, albeit
weakly, neurotoxicity is negated by poor avermectin penetration of the mammalian blood brain barrier in
all but extreme cases of avermectin self poisoning.

C57BL/6 derived abeb1a knockout mice and some CF-1 mice were found to exhibit ivermectin sensitivity.
CF-1 mouse 1vermectin sensitivity exhibited classic Mendelian mheritance patterns, and has since been
shown to be due to retroviral insert in exon 23 of the abcb1a gene in some CF-1 mice. This results in total
absence of properly transcribed, functional pgp in CF-1 mice homozygous for the disrupted form of the
gene. In dog breeds related to the collie a four base pair deletion has occurred in abeb1 resulting in a loss of
pep function leading to an increase in sensitivity to ivermectin neurotoxicity

in dogs homozygous for the mutated version of the gene.

In both the CF-1 and the C57BL/6 mdrla null mice models oral ivermectin dosing results in plasma
ivermectin concentrations 2.5-fold to 3.3-fold higher in pgp null mice than in the wild type mice 24 h after
dosing. Lack of pgp dependent efflux at the BBB also allows vastly increased brain penetration of
avermectins. Brain ivermectin concentrations 24 h post dosing are between 33-fold and 87-fold higher in
pep null mice compared to wild type mice. Studies in our laboratory have shown similar results for two

other avermecting, emamectin and abamectin, which are used predominantly as pesticides. Homozygous
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pep mull (abebla —/—) mice show increased susceptibility to 0.2 mg/kg oral abamectin, while heterozygous
(abcbla +/—) mice and wild type mice (abcbla +/+) are insensitive to up to 2.5 mg/kg abamectin. L.D50
data indicates that at very high doses heterozygous mice are slightly more abamectin sensitive than
homozygous wild type mice (—/+ LD50 = 14 mg/kg, +/+ LD50 = 30 mg'kg, —/— LD50 = 0.3 mg/kg). Thus
although heterozygous mice express less brain pgp, a single copy of a functional abebla gene is sufficient
for adequate pgp functionality in the mouse BBB at doses of avermectins used in the clinic (0.2 mg/kg), or
resulting from worker pesticide exposure.

Where placental pgp activity is compromised avermecting can also exhibit developmental toxicity. In pgp
null mice foetal avermectin exposure is associated with increased incidence of cleft palate. The placenta is
a foetal tissue, and as such avermectin developmental toxicity is dependent on the abcbla status of the
fetus. CF-1 abcbla —/— fetuses of mothers treated with abamectin have significantly higher concentrations
of abamectin in their plasma than their abcbla +/+ and +/— littermates. Similarly when CF-1 dams were
dosed with 1.5 mg/kg abamectin, all ababla —/— fetuses developed cleft palates, while none of their abcb1a
+/+ littermates and only 30% of their +/~ littermates developed cleft palates.

Significant neonatal ivermectin neurotoxicity is seen in rat pups through a combination of ivermectin
exposure of the offspring of ivermectin dosed rat dams via the dams’ milk, and lack of pgp expression in
the neonatal rat brain. However, this is not thought to be relevant to human risk assessment as brain pgp
expression starts early in human development, having been detected in human foetal brain microvessels as

carly as week eight of pregnancy.

P-glycoprotein human polymorphisms and pgp haplotypes

Naturally occurring mutations that lead to non-functional pgp have been found in both the CF-1 strain of
mice and dog breeds closely related to the collie. Millions of humans have received ivermectin as an
anthelminthic treatment for river blindness without reports of major adverse neurological effects, although
arguably adverse effect reporting may be less robust in the areas of the world where river blindness occurs.
In addition, cumulatively more than 4,000 human volunteers have been genotyped for ABCBI [although
often only for known single nucleotide polymorphisms (SNPs)] without reports of major rearrangements of
the ABCB1 gene similar to those in the CF-1 mouse and collie dog. Taken together this may indicate that
individuals with significantly compromised pgp functionality analogous to that seen in the CF-1 pgp —/—
mouse are rare.

More than 50 naturally occurring SNPs have been identifed in the human ABCBI1 gene. The vast majority
are silent, i.e. they either do not occur in the coding region of the gene, or due to the inherent redundancy of
codon usage they do not alter the amino acid sequence of the protein. As has been extensively reviewed

clsewhere there are numerous conflicting reports of the effects of individual ABCB1 SNPs on pgp

Page 236 of 265



Syngenta Abamectin Ctgb February 2010

expression and function in various tissues. Also the submitted publication gives an extensive overview of
publications on the effects of individual ABCB1 SNPs. The conclusion is that there is no clear pattern of
clinical effect of individual SNPs on pgp mediated efflux.

It is therefore suggested that combinations of human SNPs (haplotype) may be important in determining
phenotype. An overview of the literature on pgp haplotypes is presented in the publication. This includes
studies in which human BBB pgp function has been measured directly. Although various human ABCB1
haplotypes and/or SNPs have been reported to alter pgp function in relation to gut absorption, at present
there 1s no conclusive data indicating that any of the known common haplotypes, including homozygosity
for the most common minority haplotype, result in a significant loss of BBB pgp functionality. This would
tend to indicate that the CF-1 mdrla —/— mouse strain, which completely lacks pgp BBB functionality, is

not a representative model for assessing risk in humans homozygous for any of the known haplotypes.

Popudation distribution of pgp haplotypes

Populations with different ethnicities are known to have different distributions of the wvarious pgp
haplotypes. Forty-eight and 79% of ABCBI haplotypes found in the African American and Caucasian
populations, respectively, produce a pgp identical to the reference amino acid sequence. Of the remainder,
38% of African American and 7.5% of Caucasian ABCBI1 genes represent a haplotype which contains only
one nonsynonymous SNP. Data from in vivo studies indicates that alleles in these two categories both
produce pgp that is functional in the BBB. Given the sampled population frequencies of the commonest pgp
haplotypes, and the fact that at clinically relevant doses a single functional copy of abcbla is sufficient to
prevent avermectin neurotoxicity in the CF-1 mouse, it is possible to calculate the proportion of the human
populations that are likely to exhibit normal pgp BBB functionality (sec publication for more details).
>98% of people in African American and Caucasian populations will carry at least one copy of an ABCB1
haplotype that is already known to encode a pgp that is functional in the BBB and will therefore not be at
risk of toxicity from the concentrations of avermectins to which humans are typically exposed. Between 1
and 2% of the population would thus carry only haplotypes with unconfirmed BBB functionality. Each
individual “unconfirmed BBB functionality” haplotype is relatively rare within the population, often only
having been identified in a single heterozygous individual, with each “rare” haplotype having an allelic
frequency of less than 1%. As such, individuals that are homozygous for any one of the haplotypes with
unconfirmed BBB functionality would be very rare within the population (<0.01%). If any of these rare
haplotypes exhibited significantly compromised BBB pgp functionality it is likely that mdividuals
homozygous for that haplotype, and thus having compromised BBB pgp function, would be extremely rare.

Conclusions
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Water/sediment systems. Two types of acrobic water sediment systems were set up and dosed with *H-
avermectin By, to determine degradation kinetics or M(C-avermectin B, for isolation and purification of
metabolites.

Loam. North Dakota river sediment from Grand Forks County (North Dakota, USA): 50 g dwt sediment; CEC
343 mmol/'kg, 3.9 % OC, pH 7.6 for sediment, 8.3 for water. Microbial biomass sediment 323 mg C/kg at start
of test, plate counts of water 5.4 x 10°/mL.

Sand. Warcham river sediment from Plymouth County (Massachusetts, USA): 134 g dwt sediment; CEC 19
mmol’kg, 0.1 % OC, pH 6.9 for sediment, 6.0 for water. Microbial biomass sediment 19.6 mg C/kg at start of
test, plate counts of water 2.0 x 10°/mL.

Sediment wet sieved, 2 mm, corresponding water passed through 0.212 mm. Incubation flasks filled with 2 cm
wet sediment and 6 cm corresponding water (234 ml; sediment/water volume ratio 1:3). Additional sterile
vessels prepared by steam or chemical sterilisation (NaN; or HgCly). Equilibration for one month at 20 + 2 °C in
the dark under ventilation with air.

Application, incubation and sampling. "H-avermectin B,, was applied as a solution in methanol (final 0.1 % v/v)
into the water phase, final concentration 9 ug/L. For isolation of metabolites, systems were applied with "*C-
avermectin By, in methanol at 450 ug/L. A reference control with " C-glucose was included (25 mg/L).
Incubation at 20 = 2 °C in the dark. Water and sediment were sampled in duplicate on t = 0 and after 6 hours and
1 day (only *H), and 2, 7, 14, 30 and 100 days (both labels), pH, redox potential and oxygen content were
recorded on sampling days. Volatiles trapped in ethylene glycol and 10 % KOH (*C-treatment; no traps for *H).
Sterile incubation checked by plate counts during test.

Chemical analysis.

Water. Radioactivity directly determined by LSC. Extraction two times with methylene chloride followed by
acidification of the aqueous phase with HCI and re-extraction with methylene chloride. Methylene chloride
extracts were pooled and analysed by 2D-TLC and/or HPLC-UV (245 nm).

Sediment. Total radioactivity analysed by LSC after combustion. Extractions: Step 1. Three times by shaking
with methanol/water (1/1 v/v) containing 5 mM ammonium acetate. Extracts combined after centrifugation and
analysed by LSC. Step 2: Sediment further extracted two times with ethyl acetate saturated with NH,OH,
extracts pooled and counted by LSC. Extracts of Step 1 and 2 concentrated and analysed by 2D-TLC and/or
HPLC, either combined or individually. Bound residues analysed by L.SC after combustion. Parent and 8a-
hydroxy-avermectin B, (NOA 488112) isolated from sediment extracts (Step 1) of day-100 loam samples by
TLC, and submitted to MS.

Volatiles. Radioactivity in trapping solutions determined directly by LSC.

Glassware. After removal of all fractions, glassware was rinsed with methanol and methanol washes were
analysed by LSC.

Reference compounds: abamectin, 8a-oxo-avermectin B, (NOA 448111), 8a-hydroxy-avermectin B,, (NOA
448112), mono-saccharide of avermectin B, (NOV 419150) and aglycone of avermectin B, (NOV 419153).
Calculations. Degradation of avermectin B, , estimated by non-linear fit of first order kinetics.

Results

Both systems generated > 60 % CO, from glucose, which demonstrates viability. Loam: Redox potential
sediment -25.2 - 134 mV. DO 1.0 - 5.4 mg/L, pH 5.8 - 7.4. Sand: Redox potential sediment 27.2 - 144 mV. DO
29-6.2mg/L, pH5.1-7.6.

’H-label. Distribution of radioactivity for the *H-avermectin B,, incubations is given in the table below for loam
and sand systems.
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measured concentration on day 14 (0.6 g as/L) and the applied dose (59.9 ng product/L, equivalent to 1.22 ng
as/L). The resulting DTs, is 4.9 days.

Remarks by RMS

According to the study plan, information on previous experiments performed with other products in the
microcosms, should be supplied in the report. The report refers to the raw data section, but there the information
1s missing. From the description it is likely that the experiment described above (June 1998) was performed in the
same tanks as the present experiment, but tanks were not assigned to the similar treatments. Analysis was
performed at different laboratories, at Solvias AG, Basel, CH and at Syngenta, Basel, CH. Recovery of Syngenta
method is variable. There are differences between analysis results of both labs, see data for dose level 3x 17 g
as/ha, day 29. In the Solvias report it is mentioned that samples were filtered over 0.45 pm, it is not clear
whether this was done before or after SPE. Authors use average of three tanks to calculate DT, but because
cach tank represents an individual system it is better to estimate the dissipation rate for each tank separately and
then calculate the average rate. By using the estimated initial concentration of 1.822 pg/I., authors assume
instantaneous distribution of the applied dose, which is not necessarily appropriate in these systems. Applying
non-linear regression of first order kinetics on the data from time point 14.25 days onwards and using both day-
29 values, DTs, values for dissipation from water are 6.5 days for tank 1 (r* 0.9644), 3.8 days for tank 2 (r*
0.9450) and 5.3 days for tank 3 (r* 0.8741), average 5.2 days. Other studies show that dissipation from water is
mainly determined by initial sorption. Because sediment and macrophytes are not analysed in the present study, a
clear distinction between sorption and degradation cannot be made. The result DT sy e 5.2 days (dissipation) is
considered for risk asessment.

Syngenta endpoint(s) in originally submitted Document I1I A Section 7:
median dissipation time (DT5,) was estimated to be 4.9 days (range 4.3 — 5.8 days) [1.e. small difference to RMS
endpoint |



