Extended One-Generation Reproductive Toxicity Study of
Amitraz in Rats
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ABSTRACT

Amitraz is an acaricide and insecticide used on pets and in apiaries. Mammalian toxicity is associated with alphaadrenergic agonist activity. Following the general approach described in OECD Guideline 443, an Extended Onegeneration Reproductive Toxicity Study (EOGRTS) of amitraz was recently completed in Sprague-Dawley rats using the
gavage route of dosing. Animals were administered 0, 0.5, 1.5, or 7.5 mg/kg of technical grade amitraz daily for nine
weeks and then mated. Dose levels were selected based on a range-finding study showing mortality in parents and
pups at higher dose levels. Immunotoxicity screening was not included in this study, but was assessed in a separate
study.
Filial animals were assigned to four cohorts (1A, 1B, 2A, 2B) for targeted testing and received amitraz by gavage
starting on Day 7 at the same dose levels as parental animals, while the parental generation dams continued to be
dosed until weaning of the F1 generation. Cohorts 1A, 1B, and 2A were dosed for at least 70 days postweaning.
Cohort 1A was examined for effects on reproductive tissues and general toxicity after potential gestation, lactation, and
direct dosing for approximately 90 days. Cohort 1B was retained for the potential parenting of a second generation.
Cohort 2A was assessed for auditory startle, functional observation battery, and neuropathology after approximately 7
weeks of direct exposure and Cohort 2B was assessed for neuropathology on Postnatal Day (PND) 22. All cohorts
were examined for sexual maturation, the presence of nipples in male pups and anogenital distance. Examination of
reproductive parameters indicated that there was no evidence of treatment-related effects on the OECD criteria that
would trigger the need for a second generation. Amitraz-related effects were only found at the highest dose level.

RECOMMENDATIONS

P Fertility (# implantations,
pregnancy rate, gestational
interval)

Mate F1 in the absence of corresponding biologically
relevant and dose-related changes in reproductive
histopathology
Mate F1 if biologically relevant and dose-related
changes in estrous cycle length without severe toxicity
in the damsb

F1 Estrous Cycle Evaluation

OFFSPRING ENDPOINTS

F1 Developmental landmarks
(AGD, nipple retention, puberty
onset, PPS, VO)
F1 pup survival postnatal

Mate F1 in the absence of severe maternal toxicityb

F1 Litter parameters (litter size)

aEach

F1 pup malformations

Mate F1 in the absence of severe maternal toxicityb

F1 live birth index

Mate F1 in the absence of severe maternal toxicityb

F1 pup body weight

Mate F1 if pup body weight decrease is biologically
relevant and in the absence of maternal body weight
decrements

endpoint will be available in sufficient time to determine whether or not the F1 should be mated.
bType, incidence, magnitude and severity of effect(s) should be considered in relation to maternal toxicity.
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Estrous Cycle
Anogenital Distance
Presence of Nipples
= no effect observed.
↑ = increased incidence or effect.
↓ = decreased incidence or effect.
Figure 2

200 pups (1 per sex per littera)
25 per sex per group
A total of 80 pups (1 per litterb)
10 per sex per group
A total of 80 pups (1 per litterb)
10 per sex per group
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Decreased parental body weights were observed in males (Figure 1) and females (not shown) and F1 males (not
shown) and females (Figure 2) at the high dose level. Other effects observed at the high dose level in parental animals
were largely associated with decreased growth. Effects noted in males and females at the high dose level are shown in
Tables 3 (in-life) and 4 (terminal).

P
Females
-

Clinical Pathology

Auditory Startle

Approximately Day
90 postpartum
After Day 90 postpartum.
Details to be added by
amendment, if necessary
Day 25 ±1 postpartum

Effects on reproduction and development were minimal in the F1 generation. The OECD criteria for determining the
need for a second generation assessment were applied (OECD, 2011); it was concluded that the study could be
terminated with the F1 generation. The criteria are shown in Table 2.

P
Males
-

Parameter

Day of Evaluation

No more than one male and one female per litter were assigned to this cohort, when possible.
Each litter was represented by either one male or one female, when possible (not both).

Table 4. Summary of Effects Noted at Termination at 7.5 mg/kg/day

Cohort
2B

Evaluation

RESULTS

3

F1 Generation
Dosing of F1 animals (up to 70/sex/group) began at the same dose levels on PND 7 on continued until PND 65-70. The
pups were divided into cohorts on PND 4 (Table 1). Evaluations required by the OECD 443 test guideline (OECD,
2011) were performed on F1 animals. Histopathology of the brain of filial animals and morphometric measurement of
the brain were made based on recent recommendations of Bolon et al. (2013) and US EPA (2012). Thyroid hormonal
measurements (thyroxine and thyroid stimulating hormone) were conducted for parental and F1 animals.

Treatment-related Mortality
Clinical Observations
Excess Salivation
Urine –Stained Fur
Vocalization
Body Weight/Body Weight Gain
Food Consumption (g/day)
Pup Deaths Prior to PND 4 /Viability
Index
Behavior Assessments
Functional Observational Battery
Motor Activity
Acoustic Startle

Cohort

200 pups (1 per sex per littera)
25 per sex per group

Parental
After nine weeks of dosing, animals were mated for up to 14 days. Dosing of parental animals continued during
pregnancy and lactation. Males were given a minimum of 70 doses of the test substance before euthanasia. Parental
animals were examined for viability, clinical signs of toxicity. A functional observational battery was conducted on Study
Day 66 in males and on Lactation Day 17 in females. Motor activity was measured on the same day in different
animals. Body weights and food consumption was periodically measured for all animals.
Estrous cyclicity was
assessed in females and sperm measurements were obtained for males.
Routine clinical chemistry and thyroid
hormone measurements were assessed in blood from randomly selected males and females (10 animals/dose
level/sex). Organ weights, necropsy, and histology were evaluated for 25 male and female rats (histology at the control
and high dose levels and lower dose when triggered).

P
Males

Table 1. F1 Animal Allocation

Number of Pups/Group

This study was undertaken to address EPA requirements for reproduction, developmental neurotoxicity, acute and
subchronic neurotoxicity studies for the insecticide amitraz. The study design is based on OECD 443, the Extended
One-Generation Reproductive Toxicity Study (OECD, 2011). Parental animals (25/sex/group) were dosed with 0, 0.5,
1.5, or 7.5 mg/kg/day of amitraz in a corn oil vehicle. Dose levels were determined based on a range-finding study that
examined effects on reproduction, a pilot study that focused on perinatal toxicity after gavage dosing, and on previous
toxicity studies of amitraz (JMPR, 1994). Optimal times-to-peak effects were determined in the pilot study to allow for
maximum sensitivity of clinical observations, motor activity, and functional observation battery evaluations.

Parameter

RECOMMENDATIONS
Mate F1 if biologically relevant and dose-related
decreases in litter size are seen in the absence of
severe maternal toxicity or lethalityb
Mate F1 if biologically relevant and dose-related effects
in the absence of body weight-mediated changes in
these parameters
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Table 3. Summary of Effects Noted In-life at 7.5 mg/kg/day

Table 2. Criteria for Assessing Cohort 1B in the F1 Generation
ADULT ENDPOINTS

3Merial

-

-

X = parameter examined.
-= no effect observed.
-CL = corpora lutea.
a. Includes examination of lymph nodes and bone marrow to evaluate any pre- and postnatally induced
immunotoxic effects
b. Process all dose levels from brain weight to paraffin block at same time using counterbalanced design.

Figure 2. Low power photomicrograph of the affected region of the amygdala. In this section,
stained with Fluoro-Jade B, necrotic neurons as a consequence to seizure are a bright yellowgreen color against a non-stained background. (Group 4 Female #9309; Fluoro-Jade B x 60)
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CO NCLUS IO N

The EOGRTS represents a large and complex assessment that provides information
addressing endpoints normally requiring several separate studies. Cooper et al. (2010)
estimated that the EOGRTS requires approximately 1,400 animals compared with 3,880
animals in the multigeneration reproduction study and developmental neurotoxicity studies,
thereby representing a large saving in animal resources. In the case of the EOGRTS of
amitraz there are additional savings of animal resources because general toxicity parameters
normally included in subchronic studies were evaluated in this study.
The extended one generation reproduction study of amitraz found treatment-related effects at
the high dose level (7.5 mg/kg/day) only. Pathological changes in the nervous system
consisted of necrosis in a single animal and this was thought to be secondary to seizures. A
greater sensitivity of the F1 generation compared with parental animals was not observed in
this study. The effects observed in this study are consistent with the toxicity profile of amitraz
in rats.
This research was funded by Amitraz Re-registration Review Committee.
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