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Naphthalene

5 Year Research Program
(2007 — 2011)

INTRODUCTION

A consortium of associations representing diverse industries is funding a five-year
research program to further understanding of the potential human cancer effects that could be
associated with exposure to naphthalene to better inform risk assessment for naphthalene.
Industries supporting the research program include naphthalene manufacturers, petroleum
refiners and marketers and industries that rely on organic fuels (including petroleum, coal and
biomass based fuels).

The US National Toxicology Program conducted two-year bioassay studies of
naphthalene inhaled by mice (NTP 1992) and by rats (NTP 2000). The results of these studies
have been reviewed in the context of many other in vitro and in vivo studies of naphthalene
exposure in experimental animals as well as the context of the absence of evidence of
carcinogenicity of naphthalene in humans by government sponsored scientific review bodies that
have reached different conclusions. The United Nation’s International Agency for Research on
Cancer (IARC 2002) concluded that results of NTP’s mouse study (NTP 1992) are not relevant
for human risk assessment, that naphthalene is not genotoxic, and that the relevance of NTP’s rat
study (NTP 2000) is of uncertain relevance for human risk assessment. In its naphthalene risk
assessment, the European Union reached similar conclusions (EU 2003). Thus, both IARC and
the EU recognize naphthalene as carcinogenic in experimental animals with uncertain relevance
to human carcinogenicity. These same NTP data have, however, been used in attempts to
develop quantitative risk assessments (e.g., California (2005) and a withdrawn EPA draft
assessment) that extrapolate the high-dose effects in observed in laboratory rats and mice to
human cancer risk using multiple default assumptions, resulting in a cancer risk calculated to be
10 to 40 greater than that estimated for benzene.

Efforts to quantitate potential naphthalene risks require multiple default assumptions that
additional research may be able to refine. Thus, interested industry groups joined together in a
coalition to identify research relevant to evaluating the potential carcinogenicity to humans of
exposure to naphthalene and to fund a research program to carry out the identified research. This
document contains an outline of research to be conducted over a five year span beginning in
2007 and continuing through 2011. Documents describing the development and implementation
of the research program are included here as follows:

o Some results of sponsored research have already been made public through abstracts
included here, presented at the American College of Toxicology 2007 annual meeting
(November 2007) or to be presented at the upcoming Society of Toxicology 2008 annual
meeting.

o The US Environmental Protection Agency’s Office of Pesticide Programs recently asked
Dr. Harvey Clewell to present results of his Physiologically-based Pharmacokinetic



Model (PBPK) for naphthalene. Dr. Clewell’s presentation slides are included in this
document.

o The research program was developed using input of scientists who participated in the
independently conducted Naphthalene State-of-the-Science Symposium (NS®), which
was organized and implemented by an independent not-for-profit group (Regulatory
Checkbook) and jointly funded by the US Environmental Protection Agency and the
Naphthalene Coalition. NS® deliberations are detailed in six papers about to be published
in a refereed journal, all of which are included here.

o In 2004, the Naphthalene Coalition commissioned Dr. Byron Butterworth to conduct an
independent review of the scientific literature concerning the genotoxicity of
naphthalene. Dr. Butterworth’s expert opinion is included in this document
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Naphthalene Research Program: 5 Year Plan

ITEM 2007 2008 2009 2010 2011

Laboratory/Computation Toxicology Studies Investigator(s) Facility

Parameters for Naphthalene-specific metabolism A. Buckpitt UC Davis

factors

Upper Respiratory Tract Uptake of Naphthalene J.B. Morris Univ.
Connecticut

PBPK Model H. Clewell Hamner/CIIT

P450 Cross-species modeling D. Lewis Univ. Surrey
(UK)

1-day (acute) dose-response study D. Dodd

5-Day Dose-Response Study D. Dodd CIT

Quality Assurance/Quality Control (J. Baldwin) --

Ongoing Uncertainty Analysis (L. Rhomberg)

Annual Research Planning Meeting as needed --

Mouse lung MOA colony support (program support |X. Ding SUNY Albany

by SIRC)

Analysis of uninary metabolites in 5 day study TBD TBD

90-day Dose-response Study - F344 Rat TBD TBD

Metabolism: nasal effects vs. metabolic differences |TBD TBD

at different doses

Primate studies: nasal lesion induction A. Buckpitt UC Davis

AF study blood & urine samples TBD TBD

Quinone-specific/epoxide studies TBD TBD

Glutathione studies TBD TBD

Metabolism: follow-on metabolic mechanistic studies|TBD TBD

(if warranted by results of previous study)

Primate dose-response studies (if indicated by A. Buckpitt UC Davis

results of previous study)

Human ADME studies TBD TBD

Color Key:

Research initiated; abstract available &or manuscript in preparation
Study design in place; project funding expected to commence in 2008
Study design to be developed; year indicates projected start of funding
Research program support




Nasal Epithelial Lesions in F344 and SD Rats Following Acute Exposure
to Naphthalene Vapor

Elizabeth A. Grosst, Rodney A. Miller?, Darol E. Dodd* and Brian A. Wong?

1The Hamner Institutes for Health Sciences, Research Triangle Park, NC 27709, 2 Experimental Pathology Laboratoties, Inc. Research Triangle Park, NC 27709

Introduction

Chronic inhalation exposure to naphthalene (NP)
vapor at 10 ppm (the lowest concentration studied)
resulted in respiratory adenomas of the nasal
epithelium of male rats, olfactory epithelial
neuroblastomas in female rats, and additional non-
neoplastic nasal lesions (NTP, 2000). Nasal cavity
metabolism of NP (via P450-dependent
monooxygenases) appears to be an important factor
in cytotoxicity and location of NP-induced injury (Lee
et al., 2005). Strain differences in nasal cavity P450
expression may impact potential differences in NP-
induced low dose effects in the nasal cavity. The
purpose of this study was to establish an exposure-
response relationship and threshold for nasal
epithelial effects in male and female F344 and
Sprague Dawley (SD) rats following an acute (single
six hour) inhalation exposure to O (control), 0.1, 0.3,
1, 10, and 30 ppm NP.

Methods

Inhalation Exposures:

Naphthalene vapors: heat solid naphthalene, vapor
carried by nitrogen gas into exposure chamber inlet.

Small generators used for 0.1, 0.3, and 1 ppm exposure
chambers.

Small generators placed in oven to control temperature.
Large generation system used for 10 and 30 ppm
exposure chambers.

Large glass system wrapped with heat tape to sublimate
the naphthalene.

Concentrations in the chambers controlled by adjusting

heating temperature and nitrogen flow rate through
generators.

Naphthalene Concentration Measurements:

Naphthalene concentration measured using a gas
chromatograph (GC, Model 5890 Series Il, Hewlett
Packard, Palo Alto, CA).

Fused silica film, 15 m x 0.53 mm id capillary column.
Flame ionization detector (FID).

Exposures
Single whole body exposure, 6 hours

Female Rat

Target Male Rat exposure Exposure
ppm ppm ppm
Evosee 00 00 00
01 0.09 +0.03" 0.10 +0.02"
03 0.30+0.05 0.28+0.04
10 1.10£0.09 1.07+0.14
100 116412 123+14
30.0 285152 307467
Tmean + standard deviation
Histopathology

* The day after the exposure rats were anesthetized with
sodium pentobarbital and killed by exsanguination.

* Noses were fixed in 10% neutral buffered formalin,
decalcified, trimmed into six standard sections, and
processed to hematoxylin and eosin stained slides for
histological evaluation.

Results

Pathology Incidence Table, Female SD Rat

Control 100 ppb 300ppb 1ppm 10ppm 30ppm

Nose, Tip

Necrosis, Respiratory Epithelium (RE) 0 0 0 0 2 2
Nose, Level |

Necrosis (RE) 0 0 [) 0 5 5
Nose, Level Il

Foreign Body Granuloma 0 0 0 0 0 0

Necrosis, Olfactory Epithelium (OE) 0 0 o 0 5 5
Nose, Level Ill

Necrosis (OE) 1 1 2 4 5 5
Nose, Level IV

Necrosis (OE) 0 0 o 0 1 5
Nose, Level V

Necrosis (OE) 0 0 [) 0 [) [)

Pathology Incidence Table, Male SD Rat
Control 100 ppb 300ppb 1ppm 10ppm 30ppm

Nose, Tip

Necrosis (RE) 0 0 0 0 0 0
Nose, Level |

Necrosis (RE) 0 0 [) 1 5 5
Nose, Level Il

Foreign Body Granuloma 0 1 1 0 0 0

Necrosis (OE) o 0 0 1 5 5
Nose, Level Ill

Necrosis (OE) 0 2 3 4 5 5
Nose, Level IV

Necrosis (OE) 0 0 1 0 5 5
Nose, Level V

Necrosis (OE) 0 0 0 0 1 1
n=5

Photomicrographs of male F344 rat septal olfactory organ (level Ill) to show control
(A & C) and 10 ppm naphthalene treated (B & D) tissues. Note the normal respiratory
epithelium (arrow) above and below the olfactory patch in both treated and control.
The olfactory necrosis is moderate.

of SD male rats to show control (A & C) and 30 ppm naphthalene treated (B & D).
Note that the olfactory necrosis is bilateral (D) and moderately severe.

Pathology Incidence Table, Female F344 Rat
Control 100 ppb 300ppb 1ppm 10ppm 30ppm

Nose, Tip

Necrosis (RE)

o

0

0

o

5

5

Nose, Level |

(RE)

0

0

0

0

0

Necrosis (RE)

0

[

0

0

5

Nose, Level Il

Necrosis (OF)

Necrosis (RE)

Nose, Level lll

Necrosis (OF)

Nose, Level IV

Necrosis (OF)

0

0

0

0

0

Nose, Level V.

Necrosis (OF)

0

0

0

0

0

Nose, Tip

Pathology Incidence T;

Control

able, Male F344 Rat

100 ppb

300pph

1ppm

10ppm

30ppm

Necrosis (RE)

o

0

o

o

1

1

Nose, Level |

(RE)

2

1

0

0

0

Necrosis (RE)

0

[

0

0

5

Nose, Level Il

Necrosis (OF)

Necrosis (RE)

Nose, Level lll

Necrosis (OF)

Nose, Level IV

Necrosis (OE)

Nose, Level V-

Necrosis (OF)

n=5 (*, n=4)

Conclusions

Lesions related to exposure to NP were observed
in some of the respiratory epithelial locations but
were seen predominately as necrosis in the
olfactory epithelium.

Severity of lesions was exposure concentration
dependent and ranged from minimal to marked.

The necrosis was characterized by cytoplasmic
vacuolation, loss of proper epithelial orientation,
condensation of the cytoplasm, pyknotic and
karyorrhectic nuclei, and sloughing of the necrotic
epithelium.

Female SD rats exposed to 10 and 30 ppm have
lesions roughly similar in severity, incidence and
distribution to male SD rats, and male and female
F344 rats.

Clear minimal effects of exposure to NP were
observed in all rats at 1ppm.

While clear NP-induced necrosis was seen at
1 ppm in most rats, the severity was minimal.

The difference in response between the two rat
strains may be due to a difference in the level of
P450 (and their isoforms) located in the olfactory
and respiratory epithelium at the various nasal
levels.

Future Directions

A five day study with recovery groups is underway to
address the further interpretation of this lesion.

For this study, lesion mapping of 5 day treated and
5 day treated followed by a 14 day recovery will be
conducted.
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Nasal Uptake of Naphthalene in the F344 Rat

B. SIMMONS, A.R. BUCKPITT AND J.B. MORRIS
TOXICOLOGY PROGRAM, UNIVERSITY OF CONNECTICUT, STORRS, CT AND DEPT MOLEC BIOSCI, UCDAVIS

ABSTRACT MATERIALS AND METHODS RESULTS, CONT

Naphthalene is a nasal toxicant and carcinogen in the rat. Information on inhalation
dosimetry is needed to support development of a quantitative inhalation risk assessment

In Vitro Studies:
Olfactory and respiratory mucosa were obtained from control or 5-phenyl-1-pentyne pretreated rats (100 mg/kg, ip)

IP Administration of 100 mg/kg 5-Phenyl-1-Pentyne Decreases Uptake

for this compound. In the current study, upper respiratory tract (URT) uptake of and microsomes prepared. Microsomes were incubated with 0.25 mM naphthalene in the presence of optimal Efficiency of Inspired Naphthalene in the Male and Female Rat URT
naphthalene was measured in the malg s d f(_emale F344 rat a.t QXpOSING concentrations of amounts of glutathione (as a metabolite trap) and the formation of metabolites determined by hplc (Shultz et al, *

3, 10 or 30 ppm under constant velocity inspiratory flow conditions at flow rates of 150 or 1999) . 60 - Male 60 - Female

300 ml/min. To assess the potential importance of nasal CYP metabolism of naphthalene, T

groups of rats were pretreated with the CYP inhibitor 5-phenyl-1-pentyne (100 mg/kg, ip). In vivo studies: 50 | : ek " X

In vitro metabolism of naphthalene was reduced by over 80% by the inhibitor. Nasal
uptake of naphthalene in female rats was concentration dependent with uptake efficiencies
(flow 150 ml/min) of 40, 34 and 28% being observed at inspired concentrations of 3, 10
and 30 ppm, respectively. A similar effect was observed in male rats (flow 150 ml/min)
with uptake efficiencies of 53, 38 and 42% being observed at 3, 10 and 30 ppm,
respectively. Uptake was more efficient in the male than female rat, likely do the larger
size (220 g vs 150 g) of the male rats used in the study. Pretreatment with the inhibitor did

Uptake of inspired naphthalene was measured in the upper respiratory tract (URT) of male and female rats by
established techniques (Morris, 1999). This entailed isolation of the URT by insertion of an endotracheal tube in
urethane-anesthetized animals and placement of the animal in a nose-only exposure chamber (see schematic).
Concentration of naphthalene in air entering and exiting the isolated URT was determined by gas chromatography.
Uptake efficiency was calculated from these data and was measured in control and 5-phenyl-1-pentyne pretreated
rats (100 mg/kg ip) at inspiratory flow rates of 150 and 300 ml/min.

40 - 40 -

30 A 30 A

20 A 20 A

Uptake Efficiency (as %)

not alter URT uptake of a non-metabolized vapor (acetone). In contrast, uptake of
naphthalene was significantly reduced by pretreatment with the effect being greater at the
lower inspired concentrations. Specifically, in pretreated female rats (150 ml/min) URT " 10
uptake averaged 25, 29 and 26%, at inspired concentrations of 3, 10 and 30 ppm, o I"J_"'I |
respectively. Thus, the concentration dependence of uptake was abolished by 5-phenyl-1- — g‘;; i 0 . . . . . . 0 . . . . . . .
pentyne pretreatment. These results provide evidence that nasal CYP metabolism of Trap Valvz ¢ 0 s 10 15 20 25 30 350 & 10 15 20 25 30 35
naphthalene contributes to nasal scrubbing of this vapor and is also involved in the Nose- & I v Rotameter . ]
concentration dependence of uptake that is observed. Only Inspired Napthalene Concentration (ppm)
Chamber Rotameter v
l (Note: * Indicates uptake efficiency significantly lower in 5-PP compared to control rats
e l Gas Chromatograph Vacuum Uptake measured at 150 ml/min, similar results were obtained at 300 ml/min)

Vacuum
INTRODUCTION --The same patterns were observed in male and female rats
RESULTS --Uptake was concentration dependent in control rats with lower uptake efficiencies being observed at the

Naphthalene is a nasal cytotoxicant and carcinogen in the rodent. Chronic (2 yr) exposure to naphthalene

at concentrations of 10 , 30 or 60 ppm results in marked inflammation and cytotoxicity in both the o ; higher concentrations.
respiratory and olfactory epithelium of the male and female rat. Increased incidence of respiratory IP Admm_|5trat|°n of 100 mg_l kg 5-Phenyl-1 'Pent_yne Decreases Nasal Olfactory --The concentration dependence was absent 5-PP treated rats suggesting saturation and/or capacity limitation
ademonas was observed in the male rats; in female rats an increased incidence of repiratory adenomas Microsomal Metabolism of Naphthalene in Male and Female Rats of naphthalene metabolism at the higher concentrations was responsible for this phenomenon.
was observed as well as an increased incidence of olfactory neuroblastomas (Long et al., 2003), The -
mechanisms responsible for the gender difference are not known. g Male Female
Shown below is the metabolic pathways for naphthalene. The first step is thought to be catalyzed in the E 12 0\0\ 12 °\°\ CONCLUS I ON
) Al i v— N B control
rodent nose by CYP2F2. Metabolic activation is critical to ‘9 Q = 5-PP Q
naphthalene’ toxicity (Buckpitt et al., 2002; o O 10 10 - 0\0\
(t;r?en tc:e;nei:iStiigg%?;ei?:?menq;;%g’litzeotcﬁh?t oK ol o\o\ (\ Naphthalene is scrubbed with moderate efficiency in the URT. Metabolism contributes to the uptake process,
cytotoxicity and/or the gender difference is O‘ T 8 (\'\ 8 thereforg, species and high-to-low dose extrapolations would most properly include consideration of appropriate
not fully understood. A suicide inhibitor T - . g metabolic parameters.
of this CYP (5-phenyl-1-pentyne) was used in . " H N 6 6
this study to examine the importance of “ o 8 Nasal dosimetry and metabolism appear similar in both male and female rats as evidenced by similar metabolic
metabolism in nasal dosimetry. e O‘ o and URT uptake profiles suggesting pharmacokinetic differences are unlikely to account for the gender
i j Conjugate 4 = 4 1 \ \Q\ 4 ] \ . - 5 %
R2sepoie g g = o\o 60 o\o differences in nasal toxicity.
\ - ? OH - . g 2 - \v \ 2 T ’\0\0\ \6
= Q00 : 8
= \s
Conjugate 3 Coni 8 0 ﬁ — |_.I-—| ' a_ - — |_-I-—| ’_-r_‘
1S,2R-epoxide onjugate 1 o=
Knowledge of inhalation dosimetry is integral to quantitative risk assessment of airborne materials. The = o\? N % b\o «o\"b '\'\ Vv b\o Bl BLIOGRAPHY
current experiments were designed to define to role of nasal metabolism in nasal dosimetry of c A 00\ 00\ N 00\ Bogen, KT et al. (2008) Regul. Toxicol. Pharmacol, in press
naphthalene. Specifically these experiments were designed to: @) @) €) @) Buckpitt, AR et al. (2002) Drug Metab. Rev. 34: 791-820
1) Characterize naphthalene metabolism in the male and female rat and the effect of 5-PP on same. (Note: (%) refers to activity in PP treated compared to control fenteL’)MB etl aléo(égo'?') BIO?hgthIIO%T/SGreS 6(:6me 348: 120-123
Conj 1+3 derived from 1S,2R-oxide; Conj 2+4 derived from 1R,2S-oxide) ong, PH et al. (2003) Toxicol. Pathol. 31: 655-
2) Measure nasal naphthalene uptake in control and PP-treated rats of both genders. Morris, JB (1999) Inhal. Toxicol. 11:101-123.

Such data will define the contribution of local metabolism to inhalation dosimetry and provide insights on G : . . : :
potential mechanisms for the gender difference in induction of olfactory neuroblastomas by inspired Inhibition is likely isoform selective (based on the formation of rates if 1R,2S vs 15,2R oxides)

naphthalene. --No significant differences apparent between male and female rat olfactory mucosa
--ldentical patterns were observed in respiratory mucosa but total activity was 4-fold lower than in olfactory mucosa

Funded by the Naphthalene Coalition, including contributions from the

Asphalt Institute, American Petroleum Institute, Electric Power Research
printed by Institute, Naphthalene Council and Utility Solid Waste Advocacy Group
MegaPrint
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Assessing Nasal Tissue Dosimetry of Naphthalene with a Hybrid CFD-PBPK Model

Jerry L. Campbell?, Teresa R. Sterner?, John B. Morris3, Harvey J. Clewell*

iCenter for Human Health Assessment, The Hamner Institutes for Health Sciences, RTP, NC, USA; 2HJF, Wright-Patterson AFB, Dayton, OH, USA;
3Pharmaceutical Sciences, University of Connecticut, Storrs, CT, USA.

Table 2. Model parameters for nasal compartments.

1
Abstract Methods Parameter Rat  Human Source Conclusions
. . Tissue Surface Areas (o)
Naphthalene is an important intermediate in chemical synthesis of Table 1. Physiological parameters for rat and human. Dorsal Respiratory. 02 101 (Bogdanfy etal. 1999)
N N . . N o . Anterior Dorsal Olfactory 042 132 (Bogdanffy etal. 1999) . . .
phthalic anhydrides, carbamate insecticides, resins and tanning agents; Parameter Rat  Human Source Posterior Dorsal Olfacory 633 (Boguanty etal. 1999) * Incorporation of CFD to a previously published PBPK
it is a component of petroleum fuels and is used as a moth repellent. PE——" Anterior Ventral Respiratory 1.8 421 (Bogdanffy etal. 1999) N
Chronic inhalation of naphthalene leads to nasal inflammation, C::’i:c;"““("":vmwgm o 1w @ometa e :sﬁermTrhV::lval Respiratory u::] 075031 (:Wda;;ﬁe:a‘l ;:;79) model for naphthaler?e was able t‘0 descrlbe the blood
hyperplasia of the respiratory epithelium and metaplasia of the b "“ (Rot. Totin et 12007, Mors e e e sy o0t (Plonelketal. 1997 time-course for both iv bolus and inhalation exposures
olfactory epithelium in rats at concentrations >10 ppm, the lowest Y Copuening Nesal Cavity Blood Fow (6C0) 045 025 etal. 1993 Human: Holmberg 1989, Dorsl Respiatory 0005 0005 (Bogdanflyetal. 1999) to naphthalene.
concentration tested. Increased incidences of adenoma in respiratory Mt Vntlon (™) 1900 1766 :’;‘m?;‘ﬁf) :m:'_ﬂrl;unmllf;“ﬂ::w gg:: - (:u:m"ye:a: :zzz) « Model dicted uptake of hthal inth
epithelium (male rat) and neuroblastoma in the olfactory epithelium ] T ) B o oo oo oo Cowayeral e odel predicted uptake of naphthalene in the upper
. ssue Blood Flows (%C0) pratory (Bogdanty etal. 1999) X e
(female rat) were also noted. Differences between the rodent and Liver - 5 (ownetal 1007 Posterior Vertral Respiratory 0005 0005 (Boganiy etal. 1099) respiratory tract was within 1 SD of nearly all
human nose in anatomy and biochemistry are important considerations H R 7 6 (@owneta 1) oo o ooz plowketal 13 concentration/flow rate combinations.
in conducting interspecies extrapolations for a naphthalene risk rapldly ooty perfussd 100sum  100-sum Anterior Dorsal Olfactory 0002 (Plowchalk et al. 1097) « The adjusted short duration HEC was estimated to be
assessment. As a first step, a physiologically-based pharmacokinetic Perfused ofother  of other Posterior Dorsal Olfactory 0002 0002  (Plowchalk etal. 1997)
model was constructed to assess the localized uptake and metabolism Repicly Perfused 0 44 (Broanetal. 1997) ‘::::::"\i’;’:l';f:'::;’y ggg; gggg E:m::t::: izzg 0.011 ppm for dorsal olfactory and 0.018 ppm for
of naphthalene in the nasal respiratory and olfactory epithelium. E:”V“"mmm 2 25 Eromesin Lamen vatumes Gy ventral respiratory
) h : erfuse . rowne

A were 1 to upper tract Dorsal Respiratory 0.004 074 (Bogdanffy etal. 1999) . . N
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