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SCREENING-LEVEL HAZARD CHARACTERIZATION
OF HIGH PRODUCTION VOLUME CHEMICALS

The High Production Volume (HPV) Challenge Program' is a voluntary initiative aimed at developing and making
publicly available screening-level health and environmental effects information on chemicals manufactured in or
imported into the United States in quantities greater than one million pounds per year. In the Challenge Program,
producers and importers of HPV chemicals voluntarily sponsor chemicals; sponsorship entails the identification and
initial assessment of the adequacy of existing toxicity data/information, conducting new testing if adequate data do
not exist, and making both new and existing data and information available to the public. Each complete data
submission contains data on 18 internationally agreed to “SIDS” (Screening Information Data Set"?) endpoints that
are screening-level indicators of potential hazards (toxicity) for humans or the environment.

The Environmental Protection Agency’s Office of Pollution Prevention and Toxics (OPPT) is evaluating the data
submitted in the HPV Challenge Program on approximately 1400 sponsored chemicals. OPPT is using a hazard-
based screening process to prioritize review of the submissions. The hazard-based screening process consists of two
tiers described below briefly and in more detail on the Hazard Characterization website®.

Tier 1 is a computerized sorting process whereby key elements of a submitted data set are compared to established
criteria to “bin” chemicals/categories for OPPT review. This is an automated process performed on the data as
submitted by the sponsor. It does not include evaluation of the quality or completeness of the data.

In Tier 2, a screening-level hazard characterization is developed by EPA that consists of an objective evaluation of
the quality and completeness of the data set provided in the Challenge Program submissions. The evaluation is
performed according to established EPA guidance™* and is based primarily on hazard data provided by sponsors.
EPA may also include additional or updated hazard information of which EPA, sponsors or other parties have
become aware. The hazard characterization may also identify data gaps that will become the basis for a subsequent
data needs assessment where deemed necessary. Under the HPV Challenge Program, chemicals that have similar
chemical structures, properties and biological activities may be grouped together and their data shared across the
resulting category. This approach often significantly reduces the need for conducting tests for all endpoints for all
category members. As part of Tier 2, evaluation of chemical category rationale and composition and data
extrapolation(s) among category members is performed in accord with established EPA* and OECD’ guidance.

The screening-level hazard characterizations that emerge from Tier 2 are important contributors to OPPT’s existing
chemicals review process. These hazard characterizations are technical documents intended to support subsequent
decisions and actions by OPPT. Accordingly, the documents are not written with the goal of informing the general
public. However, they do provide a vehicle for public access to a concise assessment of the raw technical data on
HPV chemicals and provide information previously not readily available to the public. The public, including
sponsors, may offer comments on the hazard characterization documents.

The screening-level hazard characterizations, as the name indicates, do not evaluate the potential risks of a chemical
or a chemical category, but will serve as a starting point for such reviews. In 2007, EPA received data on uses of
and exposures to high-volume TSCA existing chemicals, submitted in accordance with the requirements of the
Inventory Update Reporting (IUR) rule. For the chemicals in the HPV Challenge Program, EPA will review the
IUR data to evaluate exposure potential. The resulting exposure information will then be combined with the
screening-level hazard characterizations to develop screening-level risk characterizations*®. The screening-level
risk characterizations will inform EPA on the need for further work on individual chemicals or categories. Efforts
are currently underway to consider how best to utilize these screening-level risk characterizations as part of a risk-
based decision-making process on HPV chemicals which applies the results of the successful U.S. High Production
Volume Challenge Program and the IUR to support judgments concerning the need, if any, for further action.

''U.S. EPA. High Production Volume (HPV) Challenge Program; http://www.epa.gov/chemrtk/index.htm.

2U.S. EPA. HPV Challenge Program — Information Sources; http://www.epa.gov/chemrtk/pubs/general/guidocs.htm.

> U.S. EPA. HPV Chemicals Hazard Characterization website (http://www.epa.gov/hpvis/abouthc.html).

4U.S. EPA. Risk Assessment Guidelines; http:/cfpub.epa.gov/ncea/raf/rafguid.cfm.

> OECD. Guidance on the Development and Use of Chemical Categories; http://www.oecd.org/dataoecd/60/47/1947509.pdf.
®U.S. EPA. Risk Characterization Program; http://www.epa.gov/osa/spc/2riskchr.htm.
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SCREENING-LEVEL HAZARD CHARACTERIZATION
Estragole (CAS No. 140-67-0)

Introduction

The sponsor, Flavor and Fragrance High Production Volume Consortia, submitted a Test Plan and Robust
Summaries to EPA for estragole [CAS No. 140-67-0; 9th CI name: benzene, 1-methyl-4-(2-propenyl)] on October
21,2005. EPA posted the submission on the ChemRTK HPV Challenge website on November 4, 2002
(http://www.epa.gov/chemrtk/pubs/summaries/estragole/c14022tc.htm). EPA comments on the original submission
were posted to the website on March 7, 2003. Public comments were also received and posted to the website. The
sponsor submitted revised/updated documents on July 25, 2005, which were posted to the ChemRTK HPV
Challenge website on November 8, 2005.

This screening level hazard characterization is based primarily on the review of the test plan and robust summaries
of studies submitted by the sponsor(s) under the HPV Challenge Program. In preparing the hazard characterization,
EPA considered its own comments and public comments on the original submission as well as the sponsor’s
responses to comments and revisions made to the submission. A summary table of SIDS endpoint data with the
structure(s) of the sponsored chemical(s) is included in the appendix. The screening-level hazard characterization
for environmental and human health effects is based largely on SIDS endpoints and is described according to
established EPA or OECD effect level definitions and hazard assessment practices.

Justification for Supporting Chemical

With the original submission, the sponsor submitted data for two supporting chemicals; methyleugenol (CAS No.
93-15-2) and trans-anethole (CAS No. 4180-23-8). EPA considers methyleugenol to be a reasonable supporting
chemical for characterizing health effects for estragole because of its similar chemical structure, an
allylalkoxybenzene chemical with a 2-propenyl side group. In addition, it has a similar metabolic pathway and
appears to have similar toxicological and biological properties. Aquatic toxicity data for methyleugenol were also
used to address the acute toxicity to fish. Based on similar physical-chemical properties, methyleugenol was
considered to be an appropriate supporting chemical for estragole. Trans-anethole was not an appropriate
supporting chemical for estragole based on its chemical structure, an allylalkoxybenzene chemical with a 1-propenyl
side group. The side-chain double bond in anethole is at a different location than in the estragole and methyleugenol
which results in different metabolism and toxic effects. In response, the sponsor provided developmental toxicity
study on safrole (CAS No. 94-59-7), another allylalkoxybenzene derivative with a 2-propenyl side group. EPA
considers safrole to be an adequate supporting chemical for estragole. With the revised test plan, the sponsor
submitted robust summaries for reproductive and developmental toxicity studies on a mixture containing 10 — 20%
p-allylalkoxybenzene substances (reported as methyleugenol, safrole, myristicin and elemicin). Although these
substances were metabolically similar, the amount of methyleugenol present in this mixture was very small
suggesting that the mixture may not be a good analog for estragole. Thus, studies with this mixture are not used for
characterizing the potential reproductive or developmental effects for estragole, and were not considered in this
hazard characterization.


http://www.epa.gov/chemrtk/pubs/summaries/estragole/c14022tc.htm

Summary-Conclusion

The log K, of estragole indicates that its potential to bioaccumulate is expected to be low. Estragole is readily
biodegradable, indicating that it is not expected to persist in the environment.

The evaluation of available toxicity data for fish, aquatic invertebrates and aquatic plants for the supporting
chemical methyleugenol indicate that the potential acute hazard of estragole to aquatic organisms is moderate.

The acute oral toxicity of estragole in rats and mice and acute dermal toxicity in rabbits is low. Following repeated
oral exposures to estragole, liver lesions, reduced body weights, changes in hematologic variables and changes in
clinical chemistry variables indicative of liver damage were observed in rats and mice. No exposure-related changes
in reproductive organ weights or histopathology were observed in the repeated-dose toxicity studies of estragole in
rats and mice. Exposure of pregnant mice to the supporting chemical, safrole, during gestation produced decreased
fetal weights. Estragole was not mutagenic in bacterial assays and did not induce chromosomal aberrations in
mammalian cells in vitro. Estragole induced DNA repair in one bacterial assay, but not in another; however,
consistent evidence for induction of unscheduled DNA synthesis was found in two in vitro assays with rat
hepatocytes and one in vivo rat assay with estragole. Intraperitoneal injection of estragole induced DNA adducts. In
a l-year carcinogenesis study, there was an increased incidence of liver tumors in female CD-1 mice following
dietary exposure to estragole. This finding for estragole is consistent with results from 2-year carcinogenicity
studies of the analog chemical, methyleugenol, conducted by the National Toxicology Program in which there was
clear evidence of carcinogenic activity of methyleugenol in male and female F344/N rats and B6C3F, mice.

The potential health hazard of estragole is moderate based on the results of the repeated-dose, reproductive and
developmental toxicity tests. Available information suggests estragole has the potential to be genotoxic. An

increased incidence of liver tumors was observed in mice in a 1-year carcinogenesis bioassay.

No data gaps were identified under the HPV Challenge Program.

1. Physical-Chemical Properties and Environmental Fate

Octanol-Water Partition Coefficient

Log Ky 3.47 (estimated)

Biodegradation

In a modified Sturm test using secondary effluent from an unacclimated activated sludge as inoculum, 100%
estragole had degraded after 28 days.

Estragole is readily biodegradable.

Conclusion: The log K, of estragole indicates that its potential to bioaccumulate is expected to be low. Estragole

is readily biodegradable, indicating that it is not expected to persist in the environment.

2. Environmental Effects — Aquatic Toxicity

Acute Toxicity to Fish

Estragole (CAS No. 140-67-0)
A 96-hr LCso for fish, estimated by ECOSAR, was provided to support evaluation of the acute toxicity of
estragole. The estimated concentration is consistent with the results obtained using the supporting chemical,

methyleugenol.
96-hr LCso= 4.6 mg/L (estimated)



http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF

Methyleugenol (CAS No. 93-15-2, supporting chemical)

(1) Bluegill sunfish (Lepomis macrochirus, 10 /concentration) were exposed to methyleugenol at five nominal
concentrations ranging from 3.2 — 10 mg/L for 96 hours. Acetone was used as a solvent. The robust summary did
not report the specific nominal or measured concentrations. At higher concentrations fish became quiescent and
flaccid, swimming or lying on their sides, with slow respiration. Dark discoloration of the integument was also
observed.

96-h LC50 =8.1 mg/L

(2) Rainbow trout (Oncorhynchus mykiss) were exposed at five nominal concentrations (10/concentration) ranging
from 3.2 — 10 mg/L for 96 hours. Acetone was used as a solvent. The robust summary did not report the specific
nominal or measured concentrations. At higher concentrations fish became quiescent and flaccid, swimming or
lying on their sides, with slow respiration. Dark discoloration of the integument was also observed.

96-h LCso=6 mg/L

Acute Toxicity to Aquatic Invertebrates

(1) Daphnia magna were exposed to estragole at nominal concentrations of 0, 6.2, 10, 18, 29, 48 or 80 mg/L under
semi-static conditions for 48 hours. Measured concentrations were 0, 4.73, 7.58, 12.9, 34.5 or 56.9 mg/L.

48-h ECs, = 8.87 mg/L

48-h LCs = 10.5 mg/L

(2) D. magna were exposed to estragole at nominal concentrations of 0, 3.8, 7.5, 30.0 or 60.0 mg/L under static
conditions for 48 hours. Acetone was used as a solvent. Reduction in swimming capacity was noted at 30 and 60
mg/L.

48-h ECso=30.5 mg/L

Toxicity to Aquatic Plants

Green algae (Pseudokirchneriella subcapitata) were exposed to estragole at nominal concentrations of 0, 0.13, 0.25,
0.50, 1.0, 2.0 or 4.0 mg/L under static conditions for 72 hours. Initial measured concentrations were 0, 0.118, 0.223,
0.434, 0.875, 1.79 or 3.39 mg/L (85-91% of nominal concentrations).

72-h ECs, (growth) = 2.81 mg/L

72-h ECsp (biomass) = 1.01 mg/L

Conclusion: The evaluation of available toxicity data for fish, aquatic invertebrates and aquatic plants indicate that
the potential acute hazard of estragole to aquatic organisms is moderate.

3. Human Health Effects

Acute Oral Toxicity

(1) Osborne Mendel rats (5/sex/dose) were administered neat estragole via gavage (doses not specified) and
observed for 14-days. Necropsy was not performed. Clinical signs of toxicity included depression, coma, rough fur,
wet posterior and porphyrin-like deposits around the eyes.

LDso = 1820 mg/kg-bw

(2) Mice (strain and sex not specified) were administered neat estragole via gavage (doses not specified) and
observed forl4-days. Deaths occurred from 1 hour to 4 days after test substance administration. Clinical signs
included depression and coma at the highest doses tested.

LDso = 1250 mg/kg-bw

(3) Wistar rats (10 males/dose) were administered neat estragole via gavage at 820, 1030, 1280 or 1600 mg/kg-bw
and observed for 14 days. Necropsy was performed on all survivors. Incidence for mortality was 0/10, 2/10, 6/10
and 9/10 at 820, 1030, 1280 and 1600 mg/kg-bw, respectively.

LDso = 1230 mg/kg-bw



Acute Dermal Toxicity

New Zealand White rabbits (10/dose; unspecified sex) were administered neat estragole on clipped abraded
abdominal skin at 5000 mg/kg-bw. No deaths were observed.
LDso > 5000 mg/kg-bw

Repeated-Dose Toxicity

(1) In a National Toxicology Program (NTP) study, B6C3F1 mice (10/sex/dose) were administered estragole via
gavage at 0, 37.5, 75, 150 or 300 mg/kg-bw/day for 5 days/week for 93 days. An additional group of 10 male mice
were exposed to 600 mg/kg-bw/day. Body weights, clinical signs, clinical chemistry and hematological parameters
and organ weights (heart, brain, liver, kidney, testes, lung and thymus) were evaluated. Macroscopic and
histopathological examinations were conducted. Survival was significantly reduced in 600-mg/kg-bw/day males,
compared with controls. Statistically significant (p-value not provided) decreases in body weight were observed at
> 150 mg/kg-bw/day and increased relative liver weights were observed at > 300 mg/kg-bw/day. Decreased
erythrocytes and increased leucocytes, lymphocytes, reticulocytes and platelets were observed at > 150 mg/kg-
bw/day. Exposure-related histopathologic changes were noted in the livers of 300- and 600-mg/kg-bw/day male
mice and included oval cell hyperplasia, hepatocyte hypertrophy and hepatocyte degeneration, all of which were of
minimal or mild in severity.

LOAEL = 150mg/kg-bw/day (based on reduced body weight and changes in hematological parameters, increased
relative liver weight)

NOAEL = 75 mg/kg-bw/day

(2) In a National Toxicology Program (NTP) study, F344/N rats (10/sex/dose) were administered estragole via
gavage at 0, 37.5, 75, 150, 300 or 600 mg/kg-bw/day for 5 days/week for 93 days. Body weights, clinical signs,
clinical chemistry and hematological parameters and organ weights were evaluated. Macroscopic and
histopathological examinations were conducted. Survival was not affected in exposed groups. Statistically
significant (p-value not provided) decreases in body weight were observed at > 300 mg/kg-bw/day and increased
absolute and relative liver weights were observed at > 300 mg/kg-bw/day in males and at > 37.5 mg/kg-bw/day in
females. Decreased erythrocytes, hemoglobin, hematocrit and mean cell volume and increased leucocytes,
lymphocytes, reticulocytes and platelets were observed at > 300 mg/kg-bw/day in males and at > 75 mg/kg -bw/day
in females. Exposure-related changes in clinical chemistry, including increased activity of alkaline phosphatase,
succinate dehydrogenase and alanine aminotransferase activities were observed at > 300 mg/kg-bw/day. Exposure-
related histopathologic changes (bile duct hyperplasia, oval cell hyperplasia, hepatocyte hypertrophy and sporadic
periportal inflammation) were found in the livers of exposed rats; lesions of minimal severity were seen at 37.5
mg/kg-bw/day and the severity of these lesions progressed to moderate and marked at and above 150 mg/kg-bw/day.
The lesions were accompanied with signs of hepatocellular necrosis and hepatic periportal fibrosis in males and
histiocytic cell infiltrate and mixed cell foci in female rats.

LOAEL = 37.5 mg/kg-bw/day (based on liver lesions)

NOAEL = Not established

Reproductive Toxicity

No data were submitted to address the reproductive toxicity endpoint for estragole. Evaluation of reproductive
organs reported in the 93-day repeated-dose toxicity studies were used to address the reproductive endpoints for the
purposes of the HPV Challenge Program.

In the repeated dose 93-day toxicity studies in B6C3F1 mice and F344/N rats described previously, no weight
changes or macroscopic or microscopic changes were observed in reproductive organs in exposed groups, compared
with control groups.



Developmental Toxicity

Estragole (CAS No. 140-67-0)

Pregnant Wistar rats (25/dose) were administered estragole in corn oil via gavage at 0, 3, 12, 56 or 260 mg/kg-
bw/day during gestation days 6 through 15. On day 20, all dams were subjected to Caesarian section. There were
no effects on mortality, body weight, number of corpora lutae, number of implantation sites or number of
resorptions. There were no signs of toxicity to offspring. The total number of live fetuses, average number of live
fetuses per dam, sex ratio and average fetal weight were unaffected. No visceral or skeletal abnormalities in fetuses
were noted.

NOAEL (maternal and developmental toxicity) = 260 mg/kg-bw/day (based on no effects at the highest dose
tested)

Safrole (CAS No. 94-59-7, supporting chemical)

Pregnant Swiss mice (15-25/dose) were administered safrole in olive oil via gavage at 0, 5, 50, 100, 150 or 200
mg/kg-bw/day during gestation days 6 through 14 and sacrificed on gestation day 18. Maternal survival, the number
of pregnant dams and the number of implantations were decreased, compared with controls, at > 100 mg/kg-bw/day.
Signs of maternal toxicity were observed at > 50 mg/kg-bw/day. Mean fetal body weights were decreased at > 50
mg/kg-bw/day. Percentages of fetuses with malformations were reported in the robust summary as 9.2, 13.2, 19.4,
15.2 and 19.4% for the control through 150 mg/kg-bw/day groups, respectively. The robust summary noted that the
only consistent anomaly observed in exposed versus control groups was a malformation of the anterior and posterior
phalanges. Statistically significant (p < 0.001) increased percentages of fetuses with malformations were noted only
in the 50 and 150 mg/kg-bw/day groups, compared with control.

LOAEL (maternal/developmental toxicity) = 50 mg/kg-bw/day (based on clinical signs of toxicity and decreased
fetal body weight and malformations)

NOAEL (maternal toxicity/developmental toxicity) = 5 mg/kg-bw/day

Genetic Toxicity — Gene Mutation

In vitro

(1) Salmonella typhimurium strains TA98, TA100, TA1535, TA1537 and in Escherichia coli strain WP2 uvrA trp’
were exposed to estragole at concentrations ranging from 30 — 300 pg/plate, with and without metabolic activation.
Positive and negative controls were included, but the responses were not reported in the robust summary.
Cytotoxicity was observed at 300 pg/plate.

Estragole was not mutagenic in this assay.

(2) Salmonella typhimurium strains TA98, TA100, TA1535 and TA1537 were exposed to estragole at
concentrations ranging from 0.06 — 0.5 uL/plate, with and without metabolic activation. Use of control and
cytotoxic concentrations were not stated in the robust summary.

Estragole was not mutagenic in this assay.

(3) Salmonella typhimurium strains TA97, TA98 TA100, TA1535 and TA1537 were exposed to estragole at
concentrations ranging from 1 — 200 pg/plate, with and without metabolic activation. Both positive and negative
controls were run; however, their responses and cytotoxic concentration were not included in the robust summary.
Estragole was not mutagenic in this assay.

(4) Several other negative gene mutation studies were also submitted.
Genetic Toxicity — Chromosomal Aberrations

In vitro

V79 cells were exposed to estragole at concentrations ranging from 0.01 — 1 mM (1.48-148 mg/L) with or without
metabolic activation for 18 hours. Positive and negative controls were included; however, responses were not
provided in the robust summary.

Estragole did not induce chromosomal aberrations in this assay.



Genetic Toxicity — Other Endpoints

In vitro

(1) In a DNA repair Rec assay with Bacillus subtilis H17 REC" and M45 REC at a concentration of 4 mg/disk in the
presence of metabolic activation, estragole showed negative results. The robust summary did not mention positive
or negative controls or observations of cytotoxicity.

Estragole did not induce DNA repair in this assay.

(2) In a DNA repair Rec assay with B. subtilis PB1652 and PB1791 at concentrations ranging from 10 — 30 pL/plate
in the absence of metabolic activation, estragole was showed a positive response. Positive and negative controls
were included, but the robust summary did not report whether appropriate responses were obtained.

Estragole induced DNA repair in this assay.

(3) In two separate unscheduled DNA repair (UDS) assays with rat hepatocytes at concentrations ranging from
0.148 — 1482 mg/L, estragole showed dose-related increase in UDS. Positive and negative controls were included in
the assay; however, their responses were not included in the robust summary. Cytotoxicity (indicated by lactate
dehydrogenase activities in culture medium) was observed at concentrations > 740 mg/L (5 mM).

Estragole induced unscheduled DNA synthesis in this assay.

In vivo

(1) In several DNA adducts assays, estragole induced adduct formation detected by 32P-post labeling, in livers when
administered up to 14 mg/kg-bw by intraperitoneal injection.

Estragole induced DNA adducts in this assay.

(2) Wistar rats were administered estragole via gavage at doses of 0, 500, 1000 or 2000 mg/kg-bw, hepatocytes were
isolated and cultured. At the highest dose, a clearly positive effect was observed; at the lower doses only very slight
increases were observed.

Estragole induced unscheduled DNA synthesis in this assay.

Additional Information
Carcinogenicity

Estragole (CAS No. 140-67-0)

(1) Female CD-1 mice (number not stated) were administered estragole in the diet at concentrations of 2300 or 4600
ppm or 1’-hydroxyestragole at 2500 ppm for 12 months. The average daily intakes were 225 or 450 mg/kg-bw/day
for estragole and 270 mg/kg-bw/day for 1-hyroxyestragole. Survival at 20 months was slightly lower in estragole-
exposed groups (68 — 70%) than in control mice (78%) and body weights in estragole-exposed groups were
markedly reduced at 4 and 8 months, compared with controls. An increase in liver tumors (hepatomas) was
observed in estragole-exposed (58 and 78% at 225 and 450 mg/kg-bw/day respectively) and the 1-hydroxyestragole-
exposed (56% at 270mg/kg-bw/day) groups, compared with controls (0%) at 10 months. Histological examination
of livers also showed portal fibrosis, chronic inflammation and bile duct proliferation in the estragole- and 1-
hydroxyestragole-exposed mice. Four mice fed estragole at 450/mg/kg-bw-day had hepatic angiosarcomas.

There was an increased incidence of liver tumors in female CD-1 mice following dietary exposure to estragole.



Methyleugenol (CAS No. 93-15-2, supporting chemical)
Evidence for carcinogenicity for the supporting chemical, methyleugenol, is consistent with positive carcinogenicity
findings for estragole.

(1) In a National Toxicology Program carcinogenicity bioassay with F344/N rats, groups of 50 male and 50 female
rats received methyleugenol in 0.5% methylcellulose by gavage at doses of 37, 75, or 150 mg/kg, 5 days per week
for 105 weeks. There was clear evidence of carcinogenic activity of methyleugenol in male and female F344/N rats
based on the increased incidences of liver neoplasms and neuroendocrine tumors of the glandular stomach in male
and female rats and the increased incidences of kidney neoplasms, malignant mesothelioma, mammary gland
fibroadenoma, and subcutaneous fibroma and fibroma or fibrosarcoma (combined) in male rats [http://ntp-
apps.niehs.nih.gov/ntp_tox/].

There was clear evidence of carcinogenic activity of methyleugenol in male and female F344/N rats.

(2) In a National Toxicology Program carcinogenicity bioassay with B6C3F1 mice, groups of 50 male and 50
female mice received methyleugenol in 0.5% methylcellulose by gavage at doses of 37, 75, or 150 mg/kg for 105
weeks. There was clear evidence of carcinogenic activity of methyleugenol in male and female B6C3F, mice based
on the increased incidences of liver neoplasms [http://ntp-apps.niehs.nih.gov/ntp_tox/].

There was clear evidence of carcinogenic activity of methyleugenol in male and female B6C3F; mice.

Conclusion: The acute oral toxicity of estragole in rats and mice and acute dermal toxicity in rabbits is low.
Following repeated oral exposures to estragole, liver lesions, reduced body weights, changes in hematologic
variables and changes in clinical chemistry variables indicative of liver damage were observed in rats and mice. No
exposure-related changes in reproductive organ weights or histopathology were observed in the repeated-dose
toxicity studies of estragole in rats and mice. Exposure of pregnant mice to the supporting chemical, safrole, during
gestation produced decreased fetal weights. Estragole was not mutagenic in bacterial assays and did not induce
chromosomal aberrations in mammalian cells in vitro. Estragole induced DNA repair in one bacterial assay, but not
in another; however, consistent evidence for induction of unscheduled DNA synthesis was found in two in vitro
assays with rat hepatocytes and one in vivo rat assay with estragole. Intraperitoneal injection of estragole induced
DNA adducts. In a 1-year carcinogenesis study, there was an increased incidence of liver tumors in female CD-1
mice following dietary exposure to estragole. This finding for estragole is consistent with results from 2-year
carcinogenicity studies of the analog chemical, methyleugenol, conducted by the National Toxicology Program in
which there was clear evidence of carcinogenic activity of methyleugenol in male and female F344/N rats and
B6C3F, mice.

The potential health hazard of estragole is moderate based on the results of the repeated-dose, reproductive and

developmental toxicity tests. Available information suggests estragole has the potential to be genotoxic. An
increased incidence of liver tumors was observed in mice in a 1-year carcinogenesis bioassay.

4. Hazard Characterization

The log K, of estragole indicates that its potential to bioaccumulate is expected to be low. Estragole is readily
biodegradable, indicating that it is not expected to persist in the environment.

The evaluation of available toxicity data for fish, aquatic invertebrates and aquatic plants for the supporting
chemical methyleugenol indicate that the potential acute hazard of estragole to aquatic organisms is moderate.

The acute oral toxicity of estragole in rats and mice and acute dermal toxicity in rabbits is low. Following repeated
oral exposures to estragole, liver lesions, reduced body weights, changes in hematologic variables and changes in
clinical chemistry variables indicative of liver damage were observed in rats and mice. No exposure-related changes
in reproductive organ weights or histopathology were observed in the repeated-dose toxicity studies of estragole in
rats and mice. Exposure of pregnant mice to the supporting chemical, safrole, during gestation produced decreased
fetal weights. Estragole was not mutagenic in bacterial assays and did not induce chromosomal aberrations in
mammalian cells in vitro. Estragole induced DNA repair in one bacterial assay, but not in another; however,
consistent evidence for induction of unscheduled DNA synthesis was found in two in vitro assays with rat
hepatocytes and one in Vivo rat assay with estragole. Intraperitoneal injection of estragole induced DNA adducts. In


http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF
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http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF
http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF

a l-year carcinogenesis study, there was an increased incidence of liver tumors in female CD-1 mice following
dietary exposure to estragole. This finding for estragole is consistent with results from 2-year carcinogenicity
studies of the analog chemical, methyleugenol, conducted by the National Toxicology Program in which there was
clear evidence of carcinogenic activity of methyleugenol in male and female F344/N rats and B6C3F; mice.

The potential health hazard of estragole is moderate based on the results of the repeated-dose, reproductive and

developmental toxicity tests. Available information suggests estragole has the potential to be genotoxic. An
increased incidence of liver tumors was observed in mice in a 1-year carcinogenesis bioassay.

5. Data Gaps
No data gaps were identified under the HPV Challenge Program.
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APPENDIX

Summary Table of the Screening Information Data Set

as Submitted under the U.S.

HPV Challenge Program

Estragole Safrole Methyleugenol
(supporting chemical) (supporting chemical)
Endpoints 140-67-0 94-59-7 93-15-2
_CH, o}

O
|

CH,

Summary of Physical-Chemical Properties and Environmental Fate Data

Melting Point (°C)

*

Boiling Point (°C) 216 —* %
Vapor Pressure
(hPa at 25°C) 1.3 (52.6°C) —* —*
Log Kow 3.47 (estimated) —x —
Water Solubility
(mg/L at 25°C) 178 — —*
Direct Photodegradation — — Y
Indirect (OH")
Photodegradation 2.36 hours (estimated) —* —*
Half-life (ty,)
Stability in Water (Hydrolysis) —*
(tp) Does not hydrolyze —*
Fugacity
(Level 111 Model)
Air (%) 0.391 —* —*
Water (%) 25.1
Soil (%) 73.4
Sediment (%) 1.12
Biodegradation at 28 days (%) 98.0-102.8 —* —*
Summary of Environmental Effects — Aquatic Toxicity Data
Fish _ %
96-h LCs (Mg/L) 4.6 (e) 6-38.1
Aguatic Invertebrates — %
48-h ECy (mg/L) 8.87
Aguatic Plants
72-h ECso (Mg/L)
(growth) 1.01 —* o
(biomass) 2.81

Summary of Hum

an Health Data

Acute Oral Toxicity

L Dso (mg/kg-bw) 1250 — 1820 _x s
Acute Dermal Toxicity
L Dsp (mg/kg-bw) > 5000 _x %

Repeated-Dose Toxicity
NOAEL/LOAEL
Oral (mg/kg-bw/day)

NOAEL = Not Established

LOAEL =37.5
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Summary Table of the Screening Information Data Set
as Submitted under the U.S. HPV Challenge Program

Estragole Safrole Methyleugenol
(supporting chemical) (supporting chemical)
Endpoints 140-67-0 94-59-7 93-15-2
Reproductive Toxicity Evaluation of reproductive
organs from the repeated- —* —*
dose toxicity studies showed
no effects.

Developmental Toxicity
NOAEL/LOAEL
(mg/kg-bw/day)

Maternal/Developmental NOAEL = 260 NOAEL =5 —*

Toxicity LOAEL =50

Genetic Toxicity —
Gene Mutation Negative —* —*
In vitro
Genetic Toxicity —
Chromosomal Aberrations Negative —* —*
In vitro
Genetic Toxicity — Other
DNA Repair Positive
uDS Positive —* —*
DNA Adduct Assay Positive

Additional Information —
Carcinogenicity

Positive evidence

*

**Clear evidence of
carcinogenic activity

— Indicates endpoint was not addressed for this chemical; ** indicates data not necessary for supporting chemical.
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