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This memo transmits documents (including the charge questions) developed by EPA in
preparation for the July 23, 2010 meeting of the FIFRA Scientific Advisory Panel (SAP) entitled
“Comparative Adult and Juvenile Sensitivity Toxicity Protocols for Pyrethroids.” Three
documents are being submitted for SAP panel member consideration. The first document,
Transmittal & charge questions SAP July 2010.PDF, contains the charge questions and
supporting background information. The second document, PPTWG Response to EPA
100618_final.PDF, is the Pyrethrin and Pyrethroid Technical Work Group (PPTWG) study
proposal submitted to the Agency on June 21, 2010. A previous version of the study proposal
was submitted to the Agency on May 21, 2010, PPTWG Response to EPA

100521 _final_Resubmitted.PDF. However, the PPTWG updated the May 21 proposal to
provide clarification on issues raised by the Agency, resulting in the June 21 submission. The
June 21 submission is the focus of the July 23 meeting; the May 21 proposal is being
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provided to the Panel to assure transparency. These documents will be available in the docket
EPA-HQ-OPP-2010-0378 at www.regulations.gov.
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Charge Questions

Synthetic pyrethroids and naturally occurring pyrethrins® have seen increased usage over the
past decade as replacements for organophosphate and N-methyl carbamate insecticides. At
present time, the Office of Pesticide Programs (OPP) is actively evaluating the human health
risks associated with pyrethroids through its registration review program
(http://www.epa.gov/oppsrrd1/reevaluation/pyrethroids-pyrethrins.html). In addition, OPP is
working on pending new uses of pyrethroids requested by pesticide registrants through the
Pesticide Registration Improvement Act (PRIA).

The Agency has proposed that pyrethroids share the same mode of action (MOA), namely the
ability to interact with voltage-gated sodium channels (VGSCs) ultimately leading to
neurotoxicity (USEPA 2009a). In June 2009, a Scientific Advisory Panel (SAP) met to evaluate
the Agency’s preliminary conclusions which were provided in the document, “Draft Science
Policy Paper: Common Mechanism Grouping (CMG) for Pyrethrins and Synthetic Pyrethroid
Pesticides.” The panel members agreed with the Agency that pyrethroid insecticides share the
VGSC as a common molecular target site. Pyrethroids modify the sodium channel kinetics,
resulting in a delayed channel closing and altered nerve cell transmission ultimately leading to
fine tremors or choreoathetosis and salivation. Furthermore, the Agency proposed subdividing
the pyrethroids into two subgroups, Type | and Type Il, largely based on structure (the absence
or presence of an a-cyano moiety) and distinct toxicity syndromes. The Panel agreed with the
Agency that there was sufficient scientific evidence to subgroup the pyrethroids into Type 1 and
Type Il based on structure, the nature and extent of sodium channel modification, ability to
interact with calcium and chloride voltage gated channels, and behavioral manifestations at
high doses (USEPA 2009b, 2010). However, there were a few pyrethroids which did not fit
neatly into either subgroup due to intermediate effects and were considered “mixed”
pyrethroids.

As part of the pesticide registration process, numerous guideline studies® evaluating the
exposure and toxicology of pyrethroids have been conducted and submitted to EPA for review.
Among these registration studies, experimental laboratory studies using a variety of durations
(acute to chronic), routes (oral, dermal, inhalation), species (e.g., rat, rabbit, mouse, dog), and
lifestages are available. Developmental toxicology studies in rat and rabbit and reproductive
toxicity rodent studies are available for virtually all of these pesticides, and are of particular
interest for considering the potential for age-dependant sensitivity. In addition, six
developmental neurotoxicity (DNT) studies in rats are also available for evaluation.

EPA has recently reviewed several DNT studies (deltamethrin, bifenthrin, esfenvalerate, beta-
cyfluthrin, lambda-cyhalothirn, fenpropathrin) and concluded that they did not provide
evidence of neurotoxicity or increased juvenile sensitivity and did not contribute significantly to
the selection of points of departures (PoD) as part of risk characterization of these chemicals

1 This document applies to the naturally occurring pyrethrins and the synthetic pyrethroids. For ease of discussion, herein, the naturally
occurring pyrethrins and the synthetic pyrethroids will be called ‘pyrethroids’.
? 40 CFR Part 158 Toxicology Data Requirements for Conventional Pesticides. http://www.epa.gov/lawsregs/search/40cfr.html
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(USEPA 2010). Based on this review, the Agency believes that the results of these six studies
can be applied to other members of the class and that no additional DNT studies need to be
conducted for pyrethroids®. This conclusion, however, does not alleviate concern for
potentially increased sensitivity to juveniles, particularly from post-natal exposure, as reported
in the scientific literature (Shafer et al. 2005; USEPA 2010).

Through decades of research, much is known about the exposure, MOA and toxicological
profiles of pyrethroid insecticides (Soderlund et al. 2002; Shafer et al. 2005; USEPA 2009a).
However, even with the robust scientific literature on pyrethroids, gaps in knowledge exist in
understanding the potential for postnatal age-dependant sensitivity. In order to assess this
potential, the Agency solicited proposals® from the pesticide registrants for study design
proposals to evaluate potential differential sensitivity between juveniles and adults. The
Agency provided little guidance to interested parties on what types of experiments may fill
these gaps in scientific knowledge. Instead, the Agency simply stated in a February 2010 letter
to the pesticide registrants that:

“In order to make best use of available experimental techniques appropriate for the
toxicological properties of pyrethroids, the Agency will consider protocols which include data
from in vivo, in vitro, and/or in silico studies (or combinations thereof).”

The Agency received only one proposal, a joint proposal from the Pyrethroid/Pyrethrin
Technical Working Group (PPTWG) on May 21, 2010. The PPTWG is a consortium of 24
registrants who hold U.S. registrations for almost all pyrethrin and pyrethroid insecticides. The
Working Group proposal consists of three areas or “study blocks” to address the data gaps;
Block 1 — Further studies of possible age-related sensitivity in the rat; Block 2 - Experimental
determination of parameters for PBPK models; and Block 3 — Age-dependent in vitro
metabolism of pyrethroids in human liver tissue. For the purpose of the charge questions, the
Agency has combined these blocks and separated the proposal into two major components: 1)
in vivo experiments designed to evaluate behavioral changes in juveniles and adults; and 2) in
vitro experiments to inform and develop a series of physiologically-based pharmacokinetic
(PBPK) models relevant for assessing young children.

The current one day consultation will focus on specific aspects of the PPTWG proposal. The
issues that are most critical to the PPTWG commencing their experiments include the in vitro
experimental studies to inform the PBPK models, development of the PBPK models, and a
review of the use of the acoustic startle reflex. These issues will be the sole focus of the
meeting. The Agency expects to follow up with an additional SAP meeting in 2011/2012,
focusing on issues not addressed at this meeting, such as the ontogeny of sodium channels. At
the 2011/2012 meeting, the PPTWG will also provide the Panel and the public with a status
update on its PBPK efforts. The charge questions for this meeting below are organized into two
broad areas; 1) behavior and 2) PBPK model development.

? http://www.epa.gov/oppsrrd 1/reevaluation/pyrethroids-pyrethrins.html
4 Letter from T. Levine, February 16, 2010. http://www.epa.gov/oppsrrd1/reevaluation/pyrethroids-pyrethrins.html
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1.0 Auditory Startle Response or Acoustic Startle Reflex (ASR)

1.1 The auditory startle is a commonly used technique to assess neurobehavioral effects in
rats. Auditory startle reflex is a motor reflex characterized by a sequence of reflexive muscle
movements elicited by sudden and intense acoustic stimuli measured by a change in motor
output. The proposed reflex path is short, consisting of the auditory nerve, posteroventral
cochlear nucleus, the nucleus reticularis pontis caudalis, and motor neurons in the spinal cord
(Davis et al. 1982). This mechanism is susceptible to a variety of drugs and toxicants making the
reflex a useful model of sensorimotor reactivity across animal taxa, including rat and human
(Lee et al. 1996). With regard to pyrethroids, auditory startle data in adult rats have
demonstrated differing response patterns related to pyrethroid structure (Crofton and Reiter
1984; Tilson et al. 1985; Crofton and Reiter 1988; Hijzen et al. 1988; Hijzen and Slangen 1988);
Type | pyrethroids produced an increase in startle amplitude and Type Il pyrethroids produced a
decrease in startle amplitude. In addition, ASR has been used to demonstrate age-dependent
toxicity in rats following high oral doses of pyrethroids (Sheets et al. 1994; Sheets 2000).
Therefore, ASR is a potentially sensitive measure to evaluate differences in neurobehavioral
effects between adults and pups.

Since ASR is a behavioral measurement, it is important to consider development, dose-response
and variability during interpretation of the results. In rats, the onset of ASR response
corresponds to the development of the external auditory meatus. In the rat, this usually occurs
between 13 and 16 days of age. Sheets et al. (1988) have shown the ability of rats to respond
to ASR as early as PND 13, however, the amplitude of response continued to increase through
PND 21. Pyrethroids modify the voltage gated sodium channels in the central nervous system
and therefore the brain is considered the major target organ for toxicity. Kim et al. (2010)
determined the distribution of deltamethrin, a Type Il pyrethroid, in brain, fat, liver, plasma,
and muscle in PND 10, 21, 40, and 90 rats for up to 510 hours. Brain concentrations in PND 10
pups were elevated for a longer time relative to the adults. This suggests that pyrethroid
kinetics in the brain of pups may not mirror those of adult rats. The Kim et al. (2010) study
emphasizes the importance of determining the appropriate time course of effects (i.e., time-to-
peak-effect and/or time-to-tissue-recovery) in both adult and non-adult lifestages prior to
measuring ASR responses. Additionally, the standard deviation for peak amplitude, the ASR
measure proposed by the PPTWG, can vary greatly in guideline DNT studies (20-125%) and
literature reviews (Raffaele et al. 2004). However, this variability can be reduced down to 20-
30% if the studies are conducted in proven laboratories (Sette et al. 2004).

The PPTWG is proposing that the ASR provides a robust and sensitive measure of
neurotoxicity and is well suited to assess age-dependent sensitivity to pyrethroids. Please
comment on the appropriateness of the ASR technique as a measure of pyrethroid induced
toxicity, including suggestions to assure quality of the study design (i.e., appropriate time-to-
peak response, variability of peak response, etc.) and resulting data.

1.2 Age-dependent toxicity has been observed in rat studies following high doses (i.e., LDsq
studies resulting in 50% mortality of test subjects) of Type Il pyrethroids (Cantalamessa 1993;
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Sheets et al. 1994; Sheets 2000). However, in sublethal studies using the ASR as a measure of
toxicity, EDso (dose at which 50% of the test subjects are affected) values were similar between
postnatal day (PND) 21 and adult rats. These findings suggest that age-dependent toxicity may
only be observed at high doses. Based on in vivo (Cantalamessa 1993) and in vitro (Anand et al.
2006) studies, the apparent discrepancy between high- and low-dose age-dependent toxicity is
likely attributable to incomplete maturation of the enzymes that detoxify pyrethroids in
immature animals, particularly the carboxylesterases and cytochrome P450s. These clearance
mechanisms are overwhelmed in younger animals given LD50 doses, leading to increased
accumulation of the pyrethroids in nervous tissue and ultimately increased toxicity.

Carboxylesterases and P450 enzymes are the two major enzyme families responsible for
metabolism of pyrethroids. In the rat, it has been shown that carboxylesterase activities are
below adult levels at weaning (Moser et al. 1998; Karanth and Pope 2000; Anand et al. 2006; de
Zwart et al. 2008; Yang et al. 2009). Information on the ontogeny of carboxylesterase
development in the human is more limited. However, increased plasma esterase activity during
postnatal maturation has been reported (Ecobichon and Stephens 1973). In contrast, Pope et
al. (2005) found carboxylesterase activity in hepatic tissues were similar for humans ranging in
age from 2 months to 36 years, however, the sample sizes were small and variability among the
age groups was high. Maturation of the P450 enzymes show a similar trend. 2C19, a P450
enzyme which has shown high pyrethroid metabolic activity (Godin et al. 2006), increases
rapidly in the human during first 2 years of life, whereas numerous P450s examined in the rat
have minimal expression levels through gestation and do not approach adult levels of
expression until PND10 days or later (de Zwart et al. 2008).

Comparisons between lifestages in the rat and human are difficult because of the ontogeny of
the brain development and metabolizing enzymes are not an exact match. However, PND 11
rats are considered to be close in development to newborn humans and PND 17 rats are
believed to be closer developmentally to human toddlers (Davision and Dobbing 1966; Dobbing
and Smart 1974; Benjamins and McKhann 1981). From the aspect of exposure, previous
experience with developing cumulative risk assessments for other insecticide groups, ongoing
work on HED's Standard Operating Procedures for Residential Pesticide Exposure Assessment,
and the Agency's Guidance on Selecting Age Groups for Monitoring and Assessing Childhood
Exposures for Environmental Contaminants http://www.epa.gov/raf/publications/guidance-on-
selecting-age-groups.htm, the Agency believes that children three years old and younger,
particularly those who are mobile (crawling, walking) and who exhibit hand-to-mouth behavior,
have the potential for the greatest exposure to pyrethroids. Based on 1) the current
understanding that the two major enzyme families responsible for the metabolism of
pyrethroids are below adult activity levels at weaning (i.e., PND 21); 2) PND 17 rats are
approximately comparable to human toddlers in terms of development; and 3) children
younger than 3 years of age are expected to have the greatest exposures to pyrethroids, the
Agency is concerned with the PPTWG’s proposal to conduct ASR studies in PND 21 rats.
Instead, PND 15 to 17 rats, which have been shown to respond to ASR stimuli (Sheets et al.
1988), may better represent the most susceptible human lifestage.
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The PPTWG has proposed to use conduct ASR studies on 21-day old rats. Please comment on
the appropriateness of this age group in regards to i) assessing age-dependent toxicity and ii)
assessing whether the 21-day old rat will adequately inform the Agency regarding toxicity as
it relates to children three years of age and younger.

2.0 Physiologically-Based Pharmacokinetic (PBPK) Modeling

The PPTWG is proposing to use a model developed collaboratively by EPA’s Office of Research
and Development (ORD) and the University of Georgia as a starting point in their modeling
effort. EPA’s ORD has published a series of papers that describe the development and
enhancement of pyrethroid PBPK models starting with a deltamethrin model in rats by
Mirfazaelian et al. (2006) , improved by Godin et al.(2010), modified for permethrin by Tornero-
Velez et al. (in prep.), and finally expanded to include age- and chemical-dependent parameters
by Tornero-Velez et al. (2010). In 2007, ORD and OPP jointly presented an issue paper to the
SAP (USEPA 2007) which described an approach for using a generic model structure with
chemical specific parameters for pyrethroids. The “family modeling” approach was endorsed
by the SAP and has been successfully applied in the above PBPK efforts. The Agency believes
that it is both reasonable and scientifically sound to use the Tornero-Velez et al. (2010) PBPK
model as the starting point for the PPTWG effort to build PBPK models for pyrethroids to assess
young children. Furthermore, the PPTWG is proposing to develop PBPK models using in vitro
and in vivo rat data, and then using human in vitro data to inform model to predict human
internal dosimetry, similar to the approach which was previously supported by the 2007 SAP.

2.1 The PPTWG proposes to increase the complexity of the Tornero-Velez et al. (2010) PBPK
model by modifying some aspects. For example, the PPTWG is proposing to:

a. Predict intestinal permeability through the use of Ussing Chamber technique
with rat cells and human Caco-2 cells, with the potential to increase the number
of compartments within the intestinal tract
In vitro determination of partition coefficients

c. Obtain estimates of protein binding

Please comment on the proposed modifications to the Tornero-Velez et al. (2010) model as
described in sections 4.3 of the PPTWG proposal. Please include in your comments
consideration for balancing potentially improved performance resulting from the increased
complexity with model parsimony.

2.2  Microsomal incubation studies have been used to inform the pyrethroid PBPK models
developed by ORD (Mirfazaelian et al. 2006; Scollon et al. 2009; Godin et al. 2010; Tornero-
Velez et al. 2010; Tornero-Velez in prep.). The PPTWG has proposed to use intact hepatocytes
instead because they may provide a better prediction of metabolism compared to microcellular
fractions (Hewitt et al. 2007). While hepatocytes may provide a more realistic representation
of pyrethroid metabolism, the Agency is concerned about the limited number of human
hepatocyte samples available to inform the PBPK model. Pooled human microsomes are
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available representing large segments of the population. In the past, the practical and technical
difficulties posed by hepatocyte isolation have limited their availability relative to hepatic
microsomes. While technical advances have changed this perception and the use of
hepatocytes is increasing, the Agency is not confident in the market availability of hepatocytes
to represent human variability, particularly for the early ages. Please comment on the
strengths and weaknesses of the PPTWG proposal to use hepatocytes in the PBPK effort.

3.0 Alternative Study Design(s) For Evaluating Age Differences in Pharmacokinetics

The Agency gives special consideration to the potential pre- and postnatal lifestages regarding
potential exposure to pesticides. Pre-natal exposure to pyrethroids has been evaluated
extensively in over 80 developmental toxicity, reproductive toxicity, and DNT test guideline
studies and no sensitivity from in utero exposure has been observed. As previously described,
there are gaps in knowledge surrounding the potential for post-natal sensitivity and, as
described in Question 1.2, the Agency considers children less than 3 years of age to be the most
susceptible population. The PPTWG has proposed a robust PBPK model development effort to
describe pyrethroid dosimetry across several lifestages; however, these models will not be
ready for use by the Agency until approximately 2013. Are there alternative approaches using
empirical or data generation techniques potentially requiring less time than the PBPK effort
proposed by the PPTWG for evaluating the potential for post-natal sensitivity, particularly
with respect to differences in pharmacokinetic profiles, that could be used by the Agency?

Page 8 of 11



4.0 References

Anand, S.S., J. V. Bruckner, W. T. Haines, S. Muralidhara, J. W. Fisher and S. Padilla (2006).
"Characterization of deltamethrin metabolism by rat plasma and liver microsomes."
Toxicology and Applied Pharmacology 212(2): 156-166.

Benjamins, J. and G. McKhann, Eds. (1981). Development, regeneration, and aging of the brain.
Basic Neurochemistry. Boston, Brown and Co.

Cantalamessa, F. (1993). "Acute toxicity of two pyrethroids, permethrin and cypermethrin, in
neonatal and adult rats." Archives of Toxicology 67: 510-3.

Crofton, K. M. and L. W. Reiter (1984). "Effects of two pyrethroid insecticides on motor activity
and the acoustic startle response in the rat." Toxicol Appl Pharmacol 75(2): 318-28.

Crofton, K. M. and L. W. Reiter (1988). "The effects of type | and Il pyrethroids on motor activity
and the acoustic startle response in the rat." Fund Appl Toxicol 10(4): 624-34.

Davis, M., D. Gendelman, M. Tischler and P. Gendelman (1982). "a primary acoustic startle
circuit; lesion and stimulation studies." ] Neurosci 6: 791-805.

Davision, A. N. and J. Dobbing (1966). "Myelination as a vulnerable period in brain
development.” Br Med Bull 22(1): 40-44.

de Zwart, L., M. Scholten, J. G. Monbaliu, P. P. Annaert, J. M. Van Houdt, |. Van den Wyngaert, L.
M. De Schaepdrijver, G. P. Bailey, T. P. Coogan, W. C. Coussement and G. S. Mannens
(2008). "The ontogeny of drug metabolizing enzymes and transporters in the rat."
Reproductive Toxicology 26(3-4): 220-230.

Dobbing, J. and J. L. Smart (1974). "Vulnerability of developing brain and behavior." Br Med Bull
30(2): 164-168.

Ecobichon, D. and D. Stephens (1973). "Perinatal development of human blood esterases."
Clinical Pharmacology and Therapeutics 14(1): 41-7.

Godin, S. J., M. J. DeVito, M. F. Hughes, D. G. Ross, E. J. Scollon, J. M. Starr, R. W. Setzer, R. B.
Conolly and R. Tornero-Velez (2010). "Physiologically Based Pharmacokinetic Modeling
of Deltamethrin: Development of a Rat and Human Diffusion-Limited Model." Toxicol.
Sci. 115(2): 330-343.

Godin, S. J.,, E. J. Scollon, M. F. Hughes, P. M. Potter, M. J. DeVito and M. K. Ross (2006).
"Species Differences in the in Vitro Metabolism of Deltamethrin and Esfenvalerate:
Differential Oxidative and Hydrolytic Metabolism by Humans and Rats." Drug Metab
Dispos 34(10): 1764-1771.

Hewitt, N. J., M. a. J. GA®mez LechA3n, J. B. Houston, D. Hallifax, H. S. Brown, P. Maurel, J. G.
Kenna, L. Gustavsson, C. Lohmann, C. Skonberg, A. Guillouzo, G. Tuschl, A. P. Li, E.
LeCluyse, G. M. M. Groothuis and J. G. Hengstler (2007). "Primary Hepatocytes: Current
Understanding of the Regulation of Metabolic Enzymes and Transporter Proteins, and
Pharmaceutical Practice for the Use of Hepatocytes in Metabolism, Enzyme Induction,
Transporter, Clearance, and Hepatotoxicity Studies." Drug Metabolism Reviews 39(1):
159-234.

Hijzen, T., R. D. Beun and J. Slangen (1988). "Effects of pyrethroids on the acoustic startle reflex
in the rat." Toxicology 49(2-3): 271-6.

Page 9 of 11



Hijzen, T. H. and J. L. Slangen (1988). "Effects of type | and type |l pyrethroids on the startle
response in rats." Toxicology Letters 40(2): 141-152.

Karanth, S. and C. Pope (2000). "Carboxylesterase and A-Esterase Activities during Maturation
and Aging: Relationship to the Toxicity of Chlorpyrifos and Parathion in Rats." Toxicol.
Sci. 58(2): 282-289.

Kim, K. B., S. S. Anand, H. J. Kim, C. A. White, J. W. Fisher, R. Tornero-Velez and J. V. Bruckner
(2010). "Age, dose, and time-dependency of plasma and tissue distribution of
deltamethrin in immature rats." Toxicol Sci 115(2): 354-68.

Lee, Y., D. E. Lopez, E. G. Meloni and M. Davis (1996). "A Primary Acoustic Startle Pathway:
Obligatory Role of Cochlear Root Neurons and the Nucleus Reticularis Pontis Caudalis."
J. Neurosci. 16(11): 3775-3789.

Mirfazaelian, A., K. Kim, S. Anand, H. Kim, R. Tornero-Velez, J. Bruckner and J. Fisher (2006).
"Development of a physiologically based pharmacokinetic model for deltamethrin in the
adult male Sprague-Dawley rat." Toxicol Sci 93(2): 432 - 442.

Moser, V. C., S. Chandra, S. R. Mortensen and S. Padilla (1998). "Age- and gender-related
differences in sensitivity to chlorpyrifos in the rat reflect developmental profiles of
esterase activity." Toxicological Sciences 46(2): 211-22.

Pope, C. N., S. Karanth, J. Liu and B. Yan (2005). "Comparative carboxylesterase activities in
infant and adult liver and their in vitro sensitivity to chlorpyrifos oxon." Regulatory
Toxicology and Pharmacology 42(1): 64-69.

Raffaele, K. C., J. E. Fisher Jr, S. Hancock, K. Hazelden and S. K. Sobrian (2004). "Determining
normal variability in a developmental neurotoxicity test A report from the ILSI Research
Foundation/Risk Science Institute expert working group on neurodevelopmental
endpoints." Neurotoxicology and Teratology 30(4): 288-325.

Scollon, E. J., J. M. Starr, S. J. Godin, M. J. DeVito and M. F. Hughes (2009). "In Vitro Metabolism
of Pyrethroid Pesticides by Rat and Human Hepatic Microsomes and Cytochrome P450
Isoforms." Drug Metab Dispos 37(1): 221-228.

Sette, W. F., K. M. Crofton, S. L. Makris, J. D. Doherty and K. C. Raffaele (2004). "Auditory startle
reflex habituation in developmental neurotxicity testing; a cross-laboroatory
comparison of control data." The Toxicologist 78: 275.

Shafer, T., D. Meyer and K. Crofton (2005). "Developmental neurotoxicity of pyrethroid
insecticides: critical review and future research needs." Environ Health Perspect 113(2):
123-136.

Sheets, L. (2000). "A consideration of age-dependent differences in susceptability to
organophosphorus and pyrethroid insecticides." Neurotoxicology 21: 57-63.

Sheets, L., K. Dean and L. Reiter {1988). "Ontogeny of the acoustic startle response and
sensitization to background noise in the rat." Behavioral Neuroscience 102(5): 706-13.

Sheets, L. P, J. D. Doherty, M. W. Law, L. W. Reiter and K. M. Crofton (1994). "Age-Dependent
Differences in the Susceptibility of Rats to Deltamethrin." Toxicology and Applied
Pharmacology 126(1): 186-190.

Soderlund, D., J. Clark, L. Sheets, L. Mullin, V. Piccirillo, D. Sargent, J. Stevens and M. Weiner
(2002). "Mechanisms of pyrethroid neurotoxicity: implications for cumulative risk
assessment." Toxicology 171(1): 3 - 59.

Page 10 of 11



Tilson, H. A,, J. S. Hong and C. F. Mactutus (1985). "Effects of 5,5-diphenylhydantoin (phenytoin)
on neurobehavioral toxicity of organochlorine insecticides and permethrin." Journal of
Pharmacology and Experimental Therapeutics 233(2): 285-289.

Tornero-Velez, R. (in prep.). "Permethrin PBPK model."

Tornero-Velez, R., A. Mirfazaelian, K.-B. Kim, S. S. Anand, H. J. Kim, W. T. Haines, B. James V and
J. W. Fisher (2010). "Evaluation of deltamethrin kinetics and dosimetry in the maturing
rat using a PBPK model." Toxicol Appl Pharmacol 244: 208-17.

USEPA (2007). "Assessing Approaches for the Development of PBPK Models of Pyrethroid
Pesticides.
www.epa.gov/scipoly/sap/meetings/2007/august/pyrethroidpbpk_sap_2007_finalvl.pd
f."

USEPA (2009a). "Draft Science policy Paper: Common Mechanism Grouping for the Pyrethrins
and Synthetic Pyrethroid Pesticides. www.regulations.gov."

USEPA (2009b). "SAP Minutes No. 2009-07: Final Meeting Minutes for June 16 - 17, 2009 FIFRA
SAP Meeting on Evaluation of the Common Mechanism of Action of Pyrethroid
Pesticides. Docket ID: EPA-HQ-OPP-2008-0489; www.regulations.gov.

USEPA (2010). "Pyrethroids: Evaluation of Data from Developmental Neurotoxicity Studies and
Consideration of Comparative Sensitivity. Document ID: EPA-HQ-OPP-2008-0331-0028;
www.regulations.gov.

Yang, D., R. E. Pearce, X. Wang, R. Gaedigk, Y.-J. Y. Wan and B. Yan (2009). "Human
carboxylesterases HCE1 and HCE2: Ontogenic expression, inter-individual variability and
differential hydrolysis of oseltamivir, aspirin, deltamethrin and permethrin."”
Biochemical Pharmacology 77(2): 238-247.

Page 11 of 11



