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SUBJECT: REPLIES TO SEHSC CRITIQUE OF OEHHA'’S D5 REVIEW

In September 2007 we forwarded our review of add information on the toxicity and
persistence of decamethylcyclopentasiloxane (Dpypposed alternative for perchloroethylene
in dry cleaning. The review was conducted to pteVARB with information on which to base a
determination of whether D5 could be consideredratoxic alternative to perchloroethylene for
dry cleaning under AB 998 (Lowenthal, Chapter 8thtutes of 2003), pursuant to contract
number 05-414.

On December 13, 2007 we met with the Siliconesianmental, Health and Safety
Council of North America (SEHSC) representativébey made a presentation addressing our
review. On December 21, 2007 Reo Menning, SEH&R&cutive Director, sent a letter to
Robert Krieger which included an extensive writtesponse to the OEHHA review of D5. In
the attachment to this memorandum OEHHA staff epied to the major points made in
SEHSC'’s letter of December 21, 2007.

OEHHA still has concerns about D5. The argumieat the uterine tumors in rats due to
D5 exposure occur by a mechanism not applicabheiteans appears plausible. However,
OEHHA has concluded that 1.) current data are fitseiit to definitively determine that the
proposed mode of action (MOA) for tumorigenesisnaly endocrine action in the rodent
through dopamine agonism, is in fact the MOA, andtre is still a concern for potential
carcinogenicity relevant to humans. In making ttesermination, OEHHA is consistent
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with the judgment of U.S. EPA’s scientists, whoaded a similar conclusion to SEHSC in
December 2006. OEHHA has suggested experimerttadaimprove the data available to
address the MOA. SEHSC has also convened an ecgrarhittee to address the MOA. Further,
as noted in our earlier memo, D5 agonism is i@&bncern for other toxicological endpoints.

D5 theoretically has significant bioaccumulativegntial based on its high
bioconcentration factor (BCF). In the environméd®, has been measured in several aquatic
species at ppm concentrations. Its half-life imlaas is measured in weeks, not in hours.
Pharmacokinetic model results predict that it naketa year to reach steady state in fat tissue.
Thus, D5 persistence in the environment and in ahamd human tissues is a concern. OEHHA
still cannot conclude that D5 is non-toxic.

We hope the review of this material is useful auyimplementation of AB 998. Should
you have any questions or concerns, please caditifgs6) 322-2067, or Dr. Melanie Marty at
(510) 622-3150.

Attachment
cc: Robert Krieger, ARB

Melanie A. Marty, Ph.D.
Andrew Salmon, Ph.D.
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OEHHA'’s Replies to Silicones Environmental, Healtrand Safety Council of North
America (SEHSC) Responses to OEHHA'’s Review of D5 (Memorandum

The SEHSC Responses are slightly excerpted (noteddtation marks), and are followed by
OEHHA's reply to the comments. The complete Resperare available on this web page.

Environmental Fate and Effects of D5

SEHSC Response
“The (OEHHA) Memorandum relies heavily on initi@mreening models used by Environment
Canada in its initial assessment of D5 in early7200Q. “Environment Canada is now aware of
the most recent data, and is expected to releatsegresults in the near future that are based
on a more comprehensive data evaluation.” The cemten notes that OEHHA relied on
extrapolations from other cyclic siloxanes and thate are other routes of degradation besides
biological degradation in the environment, and thate is additional research ongoing. The
comment also states “Publicly available data ingi¢that D5 has little potential for
biomagnifications via the food... (Drottar et al. 0Z(,” and that “...in vivo metabolism of D5 in
fish indicates D5 is metabolized (Springer et2007).” The comment also notes that “Whereas
the Memorandum claims an absence of environmemtality data for D5, there are a number of
aguatic and sediment studies available that ingliadow risk of environmental toxicity for D5
(Springborn Labs, 2000, 2002a, 2002b, 2003a, 20R&ger et al., 2007). The accuracy and
relevance of environmental assessments for D5bewiktnhanced by reliance on actual data
specific for D5.”

OEHHA Reply
Based on earlier conversations, SEHSC does n@ueelhat D5 bioaccumulates, and suggests
that OEHHA used data that were not optimal. OEH3t##f necessarily used the data available
at the time to prepare the Memorandum, but stafarare that this entire topic is still
developing and will definitely review Environmenaada’s updated results when completed.
OEHHA relied on data specific for D5 in wildlife wh noting a concern for persistence and
possible accumulation in the environment, spedlficaeasured or calculated log Kow values
and reports of D5 contamination in fish at the gpwel (Mait, 2005; Norden, 2005).

OEHHA staff reviewed some of the aquatic and sedtrsudies conducted on D5. Many report
no toxic effects near the water solubility limit@6 (e.g., midge, green algae, Daphnia). Some
address the question of whether or not D5 is bionfig@gl or bioaccumulates. The answer to that
guestion can depend on how the terms are defingdh@n the experimental results are
processed and interpreted. For instance, Kentlall €001) give three definitions of related
ecotoxicological properties:

1. Bioconcentration — uptake of contaminants fromekternal environment

2. Bioaccumulation - uptake of contaminants from thkieal environment and food

3. Biomagnification — increasing contaminant concerare at higher trophic levels
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ATSDR (2005) defines the bioconcentration facta€ B as the quotient of the concentration of
a chemical in aquatic organisms at a specific eme@uring a discrete time period of exposure
divided by the concentration in the surroundingerat the same time or during the same
period.

SEHSC presented an experimental bioaccumulatiaty stutrout (Health and Environmental
Sciences Study 10057-108. Dow Corning, 2005a) axample that D5 does not bioaccumulate.
The results were expressed as a biomagnificatictorfédBMF), a lipid normalized BMF, and a
kinetic BMF. This experimental study is an intéireg addition to the available data on D5.
OEHHA has reviewed the data presented and notéssh@ingths and weaknesses in this
particular experimental study. The main questiothe present context is how, if at all, this
experimental result relates to the observationschabove in regard to environmental residues
found in aquatic biota. OEHHA’s concern about B%a environmental contaminant is based
primarily on environmental sampling which has ireded accumulation in wildlife, including
fish (Mait, 2005; Norden, 2005). More widespread atensive use of D5 could therefore
result in human exposure via the consumption of fiShis concern persists regardless of any
experimental data, which may or may not help undadsthe details of the environmental fate
and transport of D5.

Mammalian Pharmacokinetic Profile of D5

SEHSC Response
“In general, the (OEHHA) Memorandum focuses orrditere that report human levels of D5
measured by questionable methods or from routegmdsure relevant only to decades-old
breast implant litigations. Based on such da@Memorandum raises questions about the
validity of pharmacokinetic models developed for'D5 “The 1982 study by EPA cited in the
Memorandum measured levels of D5 human adiposgetigait provided no information as to
the conditions of collection and handling to cohfos D5 contamination from normal handling
or from the analytical instruments, that are nowwn to confound such measurements.
Furthermore, the human milk levels reported by é&tal. (2005) were low part per billion levels,
at or below reported limits of quantitation. Them@andum cites data from systemic exposure
routes to call into question pharmacokinetic modwdgcating a low potential for accumulation
in human tissue, even though those systemic data generated to support litigation claims
rather than to understand the fate of D5 absorlgddilman exposure pathways of interest to the
subject assessment. The studies conducted to $upigation claims in breast implant cases
measured D5 following administration of very highsds by subcutaneous, intraperitoneal, and
intramuscular implantation, routes of exposure bygass known metabolic and elimination
pathways for D5. In contrast, extensive animal lamehan pharmacokinetic data from dermal
and inhalation pathways (Reddy et al., 2005a; 20PF@7b, Anderson et al., 2005; Jovanovic et
al., 2000, 2004, 2007; Tobin et al., 2007) indicai@d elimination in exhaled breath and
extensive metabolism. These data would seem toumd more relevant for evaluating
exposures from dry cleaning and personal care ptedhan the type of implantation data cited
in the Memorandum.”
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OEHHA Reply
The interpretation of the PBPK model by its auth®&®sddy, Dobrev, McNett, Tobin, Utell,
Morrow, Plotzke, and Andersen) is that D5 has uaiglysicochemical properties, such that it is
both stored in fat and rapidly exhaled. Thes@eries are reflected by the lomvivo
blood:air partition coefficient (PC) of 0.26 fortsaand then vitro whole blood:air PC for rats of
0.72t0.20 and by a highn vitro perirenal fat:air PC for rats of 148825 (Table 1 in Reddy et
al.). The use of deep compartments in lung (2 @imgents), liver (2 compartments), and blood
(1 compartment) in the PBPK model arises from @Fagje in fat. Some D5 is also
metabolized. This temporary storage in fat ispetgf bioaccumulation. After D5 exposure
stops, the half-time for removal of stored D5 frtantissue ranges from 4 to 21 days, even after
a single exposure (Table 4 of Tobin et al., 200Mere is no bright line demarcating the
minimal half-time in the body for a chemical to designated bioaccumulative. Also the data do
not reflect chronic exposure.

In the manuscriptPhysiological modeling of the inhalation kinetidsdecamethylcyclopenta-
siloxane (D5) in rats and humaih®eddy et al. (submitted fboxicological Sciencgslescribe
brief (1 hr) exposure of 5 human subjects to 10 p&rand use rat and human PBPK models.
The model comparisons with human data for exhale@dm plasma concentration are based on
average values where individuals vary about 10404 hr plasma concentrations (Fig. 7 of
manuscript). Individually parameterized modeldqren better (Fig. 9). Both the rat and human
models are very complex. The manuscript says @itlout chronic exposure of humans to D5
either continuously or periodically.

In the manuscriptRepeated, periodic inhalation exposures to octayheyblotetrasiloxane and
decamethylcyclopentasiloxane do not result in ksoawulation” Andersen et al. (2006)

compare single, 15 day and 6 month dosing to ratsparallel modeling. The experimental

data indicate that D5 levels off in fat betweerndays and 6 months, but the data are too variable
to make a definitive conclusion on this point. Thedeling indicates a leveling off but actually
the concentration in fat has not reached a stetady after 6 months of occupational-like
exposure. OEHHA staff reran the rat model at 1 p)Brand got essentially the same result.

We thus disagree that D5 is not bioaccumulative

The manuscript by Tobin et al. (2007RiSposition of decamethylcyclopentasiloxane in késc
344 rats following single or repeated inhalatiorpesure to*“C-decamethylcyclopentasiloxane
(**C-D5).” focuses on disposition ¢fC-D5 in rats following single or repeated inhalatio
exposures. Samples were only collected for 1 w&é8& hr). Exposures were: 6 hr at 7 ppm
4C-D5 once; 6 hr at 160 ppHC-D5 once; and 6 hr/day for 14 days at 160 ppm Db the

final 6 hr at 160 ppm*C-D5. The studies show D5 deposition not onlyainand lung but also

in adrenals and thyroid. The table of half-livegslmot list these latter tissues but gives a value
for ty» in fat of 21 days following a single exposure.pBated exposures reduce this to 9 days in
fat but in lung it is still 8 days. Several hydréatgd metabolites appear in blood, tissues and
excreta while exhaled air has mainly D5. With ehied5 exposure, D5 will accumulate in the
fat reservoir and will provide a long term reservoilDd and its metabolites.
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The environmental level of D5 is not zero and theilEbe some increase in air and other
environmental media as more D5 is used. The levile human body will reach a steady state
with environmental levels.

OEHHA staff ran the PBPK model for D5 with the mbdade provided by Dr. Reddy and co-
workers to SEHSC. OEHHA staff found that the DBaantrations in the liver and rapidly
perfused tissues reached steady state rapidlynatifiew days. However, the level of D5 was
still increasing in fat compartments when the madas$ run out to 15 months. Thus we do not
understand how a steady state is reached in fidi ohays as indicated in Table 3 in Andersen et
al. (2006).

OEHHA staff plan to review the papers on D5 PBPKdelmg when they are in their final peer-
reviewed, published form and, if appropriate, to tive final model to answer questions of
interest to staff. Clearly this investigationhaitigh interesting, is a work in progress and is not
at the present time, at a stage where it can ded as answering OEHHA'’s concerns about
D5 kinetics including bioaccumulation. It should@be noted that all these studies are
theoretical modeling exercises which are only iefitial insofar as they help explain, or at least
illuminate, the experimental observations and emritental measurements which underlie
OEHHA'’s concern with D5 toxicokinetics.

Questions Regarding Hormonal Effects of D5

SEHSC Response
“We think that it is similarly inappropriate to spéate regarding hormonal effects of D5 when
that speculation is contradicted by the availalaliad For example, despite noting the
consistently negative results of studies with nwousrendpoints that specifically test the
potential for estrogenic, anti-estrogenic, proggsiic, androgenic, and anti-androgenic activity
(Quinn, et al., 2007), the Memorandum speculatas@® possesses anti-estrogenic or
androgenic properties based on increased anogdrstahce in male offspring observed in a
reproduction and developmental toxicity study. ISspeculation, however, requires ignoring
three critical facts. First, the reproduction Yelepmental toxicity study (Siddiqui, et al., 2007)
was negative for endpoints that should have bdextatl by treatment if D5 were androgenic,
including increased anogenital distance in femé#lgpang and premature balano-preputial
separation and other testicular effects in malepoiihg. Second, the reproduction /
developmental toxicity study was negative for endisothat should have been affected by
treatment if D5 were anti-estrogenic, includingayeld vaginal patency in female offspring and
reproductive effects in breeding females. Thing, teported increase in anogenital distance was
confounded by body weight and was statisticallysicant in only the F1 generation, but not F2
pups which were also exposiedutera”... “the publication by Siddiqui et al. (2007) does
provide the explanation sought” (and the commepotegithe study).

“Because anogenital distance has only recentlyivedevidespread attention in regulatory
toxicology, many scientists may be unfamiliar witle background physiology of this endpoint.
A more detailed review of the literature regardiusg of anogenital distance to assess endocrine
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activity follows, which reveals more thoroughly hepeculations contained in the Memorandum
are inconsistent with published data.

Anogenital distance (AGD) is regulated in the eantybryonic period in the rat during
development of the urogenital tract. In males,ltbgdig cells of the testis begin to secrete
testosterone. Testosterone (T) binds to androgmpters on the cells that comprise the
Wolffian duct (WD). This binding promotes stabilian of the WD in males. Because females
do not synthesize androgens, the WD degeneratelstjWeal., 2007). Although not well
elucidated in the literature, the sex specific dgmment of the urogential tract, as evidenced by
stabilization and differentiation of the WD in maler degeneration of the WD in females, leads
to sexually dimorphic patterning of the AGD; AGDapproximately 2 times longer in males
than in females. It is widely believed, therefdhgt AGD is one of several endpoints that reflect
the degree of masculinization in an animal. The edguantification of this endpoint has
promoted its use ame of several markefsr androgenic / anti-androgenic activity of
compounds.

Effect of androgenic compounds on AGD in males: A change in AGD appears to be a sensitive
endpoint forandrogenic activityn females, but not in males. In females, a poagirogenic
compound will produce a masculinized state thagfiected, among other morphological
endpoints, by an increased AGD more consistent mdte than female AGD length. For
example, treatment of pregnant Sprague-Dawley deithsvarious concentrations of
testosterone propionate (TP), a potent and spenificogen, produced a permanent increase in
AGD on postnatal day (PND) 2, 22 and 112 in fenoddgpring at the mid and high doses of TP.
It must be emphasized that TP treatment producedl@tude of other more sensitive and/or
equally sensitive effects in the female offspri8gch effects at TP concentrations lower than
those observed for the AGD included malformatiofthe external genitalia, inhibition of
areolar/nipple development and presence of prostaige. Effects that occurred in conjunction
with AGD increases included absence of nipplesveginal orfices (Wolf et al., 2002).

In contrast to female sensitivity to androgens,amdfspring from the above mentioned studies
exhibited only aemporary decreasia AGD with increasing TP levels. Moreover, thixosase

in AGD was observed only on PND 2, but not by PNDaRd in the absence of any other effects
at any of the doses of TP (Wolf et al., 2002). Ftbmstandpoint of assessing the androgenicity
of a material, the male rat is not a good modeltdube apparent insensitivity of the endpoints,
including AGD, driven largely by the actions of egenous levels of androgen. Androgenicity
of a material is typically assessed in female rodemdels. In contrast, the antiandrogenicity of
materials is commonly evaluated by assessing fieetsefin males. A reduction in AGD is a
typical outcome oin uteroexposure of males to anti-androgens.

Effect of anti-estrogenic compounds on AGD in males: A thorough search of the literature for
reports of increased AGD in males in response pmgure to an anti-estrogenic compound was
conducted. Search terms included: AGD and antegstrs, estrogen antagonists, aromatase
inhibitors, AGD and classical antiestrogens suclC&s182 and tamoxifen. Searches were also
conducted on reproductive or developmental toxisitidies conducted with anti-estrogens and
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the abstracts or, when available, the entire pabba was evaluated for AGD effects. These
searches did not identify anti-estrogenic compoundaghich AGD was examined and/or that
altered AGD (increase or decrease) in males. Ttuatsn is consistent with the prevailing
scientific understanding that AGD is under andraegenntrol.

Compounds reported to increase AGD in malerodents: Increased AGD in male rodents has
been reported for several compounds. Triazole tides increase the body weight adjusted
AGD on PND 0 in male rats. Later PNDs, however,evnast assessed to determine if this effect
was temporary or permanent (Goetz et al., 200 exaiompounds associated with increased
AGD in males include valproic acid at PND 3-4 (keal) 2004), zinc chloride (Johnson et al.,
2003), tributyltin chloride (Adeeko et al., 2008}nitrotoluene (Aso et al., 2005) and estrogen
active compounds such as diethylstilbestrol (DER)pta 2000) and aroclor (Gupta 2000).

AGD increase was not an isolated effect in anyhesé studies; several other alterations in
endocrine mediated endpoints in male and femagpoffg occurred in addition to increased
male AGD. Multiple effects occurred in the two-geat@n reproductive study with triazole
fungicides, including increased AGD in females, penary increase in testis weights, delayed
onset of puberty, delayed preputial separationraddced fertility in males (Goetz et al., 2007).
Zinc chloride altered pup weights relative to cotsr hastened eye opening in male and female
pups and, although not significant, shortened toneaginal opening in female offspring
(Johnson et al., 2003). Valproic acid increaseddierption rate and increased testicular weight
at 3 months of age (Kallen, 2004). Tributyltin afidie@ exposure increased the incidence of low
fetal weights and delayed ossification of fetallstans (Adeeko et al., 2003). Aroclor and low
doses of DES were reported to increase prostateasid decrease epididymal weight in male
mice (Gupta 2000). Although many of these obsemwnathave not been replicated and a
definitive understanding of the mode of actiondach of these materials is lacking, the
examples suggest that a hyperverilization effecfmssible. Because many of these compounds
do not exhibit classical androgenic activity, ihigothesized that these compounds act
indirectly by altering testicular steroidogenesgsulting in elevated circulating androgen,
increased androgen receptor numbers/sensitivitypawlirect effects on perineal tissue growth.
Regardless of the putative androgenic mechanisnfiowel no reports of increased AGD in the
absence of effects on other androgen-sensitiveaanidp

In contrast to all of the other substances desdrdtimve, D5 exposure did not alter any other
hormone-sensitive tissues or reproductive endpaintsale rats. Agents that alter AGD in males
and females frequently produce additional and rsersitive adverse changes, such as nipple
changes and reproductive malformations, assocwaitidthis endpoint (Foster and Mcintyre,
2002; Wolf et al., 2002). As noted by Siddiqui et(2007), none of these others changes were
seen following exposure to D5.”

OEHHA Reply
In our summary of the toxicity of D5, OEHHA stafbted a statistically significant increase in
the anogenital distance in Sprague-Dawley rat Hesrexposed to 160 ppm D5 in the Siddiqui
et al. (2007) study. OEHHA staff was concerned thiz might be a hormonal effect of D5. In
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a toxicity study statistically significant differees and, in some cases, differences that do not
reach statistical significance but may be bioloycsignificant, must be addressed. There are
several statistically significant differences saéer D5 inhalation, especially at the highest
concentration.

SEHSC expresses concern about the use of anogéisteice (AGD) as an end point for
estrogenic or androgenic effects on both gend®EHHA agrees that it is sensitive endpoint for
female reproductive toxicity. However, OEHHA disags that there is a lack of evidence for
effects of anti-estrogenic compounds on AGD in maleublished literature that contribute
relevant data include the following:

1) Estrogenic compound that increase AGD in maleslif@oét al. 2006; Hyoung et al.
2007; Johnson et al. 2002; Palanza et al. 2001) and

2) Estrogenic compounds decreasing AGD in males (Dioah 2002; Kim et al. 2002; Kim
et al. 2003; Noriega et al. 2003; Ohyama et al.7200

Given the existence of multiple studies indicatingt chemicals which mimic the action of
estradiol in the body could alter the AGD in mahénaals of several species, OEHHA believes
that the concern expressed over the apparent eff€@% on AGD in male rats in the study by
Siddiqui et al. (2007) is still valid..

Questions Regarding Liver Effects of D5

SEHSC Response
D5 produced a reversible increase in liver weightQ%) and transient hepatocyte hypertrophy,
CAR receptor interaction, but no morphological bemical evidence for hepatotoxicity. The
liver effect was reversed even while exposure efrtits to D5 continued. These results are
similar to the actions of Phenobarbital in rodentisich are well-documented adaptive responses
related to the increase in enzymes used by thetiiveetabolize and eliminate the compound
from the rat's body. This type of adaptive respass@dely considered by respected scientific
bodies such as the Society of Toxicologic PathelsgiSTP), National Toxicology Program
(NTP), International Life Science Institute (ILSBuropean Center for Ecotoxicology and
Toxicology of Chemicals (ECETOC), to not be releManhumans. D5 should thus be classified
as having Phenobarbital-like effects on rodentlivedeed, the scientific literature as well as
third party experts agree that liver effects asstied with D5 are adaptive and related to
metabolism and elimination, are not adverse, aondlghot be used as an endpoint for human
health assessment (Klaunig 2007; Holsapple 2006).

OEHHA Reply
OEHHA has reviewed the references cited in the centjra letter submitted by Dr. James
Klaunig (dated November 20, 2007) and the papéfdigapple et al. (2006), of which Dr.
Klaunig was a co-author. Holsapple et al. (20@8)ctuded that, the MOA for phenobarbital
(PB)-like P450 inducers in rodents, due to whiglelditumors can occur, was unlikely in humans
after kinetic and dynamic factors were consider@daddition, phenobarbital is not genotoxic.
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In our memo to ARB, OEHHA did not imply that D5 rhigcause liver tumors in humans by a
mechanism similar to phenobarbital in rodents. hBQtOEHHA noted that there were effects in
rat liver after 3 months of D5 exposure, includingreased liver weight and increased levels in
serum of the liver enzyme gamma-glutamyl transte(8sirns-Naas et al., 1998). These are not
always adaptive responses but rather indicatocgltflar toxicity. In the 2-year chronic study
(Dow Corning, 2005b) there were some sporadic agae of enzymes in the serum. In female
rats exposed to 160 ppm D5 there was a 37% incre&6&T activity at 3 months and a 132.8%
increase at 12 months. OEHHA did not find resuthe submitted materials for 24 months D5
exposure for this enzyme.

The comment notes that D5 effects on rat liversarelar to that of Phenobarbital. The effect of
phenobarbital on serum GGT has a long historyrui8e6GT activity correlates closely with the
activities of alkaline phosphatase artchGcleotidase in various liver diseases. Maximum
elevations of all three occur in liver disease$ gaaticularly affect the bile tract. GGT is
generally increased to a greater extent than ther dtvo enzymes and is thus the most sensitive
indicator of biliary-tract disease. However, eledaserum GGT may or may not indicate
disease (Whitfield et al., 1972). It seems diffidol maintain that phenobarbital-like effects of

D5 in rats are not at all relevant to man sincenpbarbital causes effects in humans that overlap
those in rats.

It has been known for decades that phenobarb#atrtrent in humans results in induction of
cytochrome p450 enzymes. Of 144 epileptics treaiddphenobarbitone, 73 (51%) had
abnormally elevated serum GGT activity (Braide 8radies, 1987). Somnez et al (2006)
reported a statistically significant increase iagpha alanine aminotransferage,
glutamyltransferase, and alkaline phosphatase@&ta&)d 12 months in childen treated with
phenobaribital (< .05) (Table 1). Phenobarbital induces (Raual.eR002) CYP2C9 and
CYP2C19 mRNA content, and CYP2C8 (610%) and CYPE9%5%) mRNA transcripts,
CYP1A, and CYP3A in cultured human hepatocytesn@uet al. 2000; Raucy et al., 2002.
Induction of P450 is not simply an innocuous adeptesponse. It is known to change the
metabolism of other compounds including therapergimpounds, even to the extent that the
therapeutic compounds lose efficacy (see reviewiby2006).

The effects of phenobarbital in rodent liver areught to be mediated by the Constitutive
Androstane Receptor (CAR). D5 also affects radrlipossibly through the same mechanism as
noted in the comment, but liver tumors were noeolsd in chronic inhalation toxicity studies

of D5. Phenobarbital affects human liver in viarad in vivo, and there is evidence for
mediation both by CAR and by the Pregnane X Recgp¥R). We are not aware of data on
the effect(s) of D5 on human liver, but such eeznnot be ruled out.
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Questions Regarding Lung Effects of D5

SEHSC Response
The Memorandum contends that few published rewdfuate acute and subchronic toxicity of
D5, yet fails to cite much of the published liten&t, instead citing a study by Lieberman et al.
(1999a) that was conducted on breast implant ldite# to support litigation claims. The
Memorandum also rejects the NOAEL for D5 of 160 pienived from chronic studies, noting
effects in lung that occur non-specifically duertdant effects of high doses that are
unachievable for humans. Here, the Memorandumiptarthree responses of the lung and
respiratory tract. In a 28-day inhalation studyi(s-Naas et al., 1998a), D5 caused only minor,
transient changes in hematological, serum chemistg organ weight values, further noting
that histopathological changes were confined tadlspiratory tract and appeared to be
reversible. The Memorandum also correctly noted tine NOAEL for the study was based on
liver weight changes, not effects in the respinataact. A second inhalation study evaluating
the subchronic toxicity of D5 showed increaseshisodute and relative lung weights in both
sexes at terminal necropsy, and histopathologicaingnation showed an increase in focal
macrophage accumulation and interstitial inflamoratn the lungs of male and female rats
exposed to 224 ppm, which did not resolve durimgemonth recovery, and a slight increase
in the incidence of these changes at 86 ppm. Teay-ghronic exposure resulted in increased
lung foci (presumably macrophage accumulation)3#Iof the females (8/60) at 160 ppm after
24 months.

In order to interpret the observed responsesjmportant to consider the relative structure of
the nasal cavity of rodents and humans and howutigeclears foreign materials deposited in the
alveoli. For aerosols, the rate and location ofodé@mn is dependent on particle diameter.
Sedimentation may occur in the nasal cavity oragitous points throughout the respiratory tract,
including deposition in the deep lung. The archiuez of the rodent nasal cavity increases the
possibility of irritation or histopathological effts, compared with the structure of human nasal
passages. Due to the absence of mucociliary transgezhanisms in the alveoli, macrophages
play an important role in clearance of foreign mate and aerosols deposited in the deep lung-
(Valentine and Kennedy, 2001; Labiris & Dolovicl®(3). The deposition of particles or
droplets in the alveoli triggers the productiorcgfokines and chemokines, which attract
alveolar macrophages to the site of aerosol daeposithe macrophages then clear 7 SEHSC's
Response to OEHHA'’s Review of D5 these foreign me a process which can take weeks to
months to complete (Labiris & Dolovich, 2003).

At the highest concentration administered in theous tests (224 ppm), approximately 40% of
the D5 dose would have been in the form of a liqaetbsol rather than a vapor, and these liquid
droplets of D5 would be deposited in the alveoti1l80 ppm, D5 atmospheres in the inhalation
chambers can be maintained as a vapor, although sondensation on chamber walls can

occur. At this high exposure level, it is also pblesthat droplet condensation occurivo, in

the respiratory tract of rodents. The inflammatmal increase in alveolar macrophages observed
at high concentrations of D5 indicate active claaeamechanisms rather than overt toxicity.
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While it is true that chronic lung damage can oasitin prolonged exposure to some particles
and fibers that macrophages are unable to clezne th no evidence that D5 is not cleared from
the lung. Furthermore, it is not surprising that ihcrease in alveolar macrophages and slight
interstitial inflammation observed with D5 did nesolve within the one-month recovery period
in the second subchronic study because the cleaf@oncess by macrophages is known to
require weeks to months after exposure ends.

The macrophage response depends on the depoditiqnid aerosols in the alveoli and would
not occur at vapor concentrations below the vaipait for D5. Indeed, the response is not
observed at concentrations below those capableodiiping at least some liquid aerosols. It
should also be considered that, just as with ahgrahhaled aerosol exposure, whether the
substance is water, oil, or other substances ssi€ibathe effects observed in the deep lung
result from a physical disturbance of the alvebtang rather than from overt toxicity. No lung
tumors were observed at any dose level in anyestadies conducted, including the two-year
bioassay.

Thus, it is difficult to infer that the lung effexcto which the Memorandum points could be
chemical-specific effects of D5 relevant to humapasures. Indeed, human exposure to aerosol
concentrations of D5 would not occur during dryaclieg operations, D5 manufacture, or use of
consumer products containing D5. GreenEarth’s welssimmarizing the extant D5 exposure
data reports no such human exposure levels inldaynimg operations. Since human exposures
are more than an order of magnitude below the viaparfor D5, the alveolar macrophage and
inflammatory response noted in the Memorandumraeéeivant to human exposures and should
not be used as a point of departure for evalugtaotgntial human health risks.

OEHHA Reply
OEHHA staff notes that we also did not include 4Heour LG, of 530 ppm D5 in rats
(Thevanez and Biedermann, 1994).

The SEHSC comment adheres to their assertion @apfim is a chronic inhalation NOAEL for
D5. Below OEHHA staff expands on our conclusioatt40 ppm should be the NOAEL.

As noted in the OEHHA memorandum, statisticallyngigant effects seen at 160 ppm D5 in
rats include:

. uterine adenocarcinomas in female rats in tiiea2-chronic study;

. lung foci in females in the chronic study;

. hyaline degeneration in nasal cavity in malasfamales in the chronic study;

. minimal alveolar histiocytosis in FO and F1 féasan the 2-generation reproduction study;
. increased anogenital distance (AGD) in F1 miaélse 2-generation reproduction study;

. liver enlargement and enzyme induction afterddtins exposure

OO WNPE

D5 has several effects on the respiratory systeratsfincluding irritation. Irritation of the
respiratory tract in animals and in humans is adated endpoint used by OEHHA in developing
chronic Reference Exposure Levels (RELs) for mdmgnacals. Out of 80 adopted cRELSs, half
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include the respiratory system as a hazard indegetargan (OEHHA, 2008). Chronic effects
of D5 on the respiratory system in rats includenge?, 3, and 4 above. Thus 160 ppm, the
highest level at which D5 exists only as a vapog chronic LOAEL for D5 in rats. It is
possible that the macrophage response in the mglépends on the deposition of liquid
aerosols in the alveoli and would not occur at vaqjpmcentrations below the vapor limit for D5.
However, in the chronic study the exposure wasstddpm D5, the vapor limit, not to 224 ppm,
above the vapor limit, as in the report of Burnsadlat al. (1998).

It is likely that D5 irritates the human respirataystem at some level of exposure. The only
human exposure of which OEHHA staff is aware isltHeexposure to 10 ppnmsDised in

Reddy et al., in which 5 volunteers alternatelyadsand exercised for 10-20 minute periods. No
mention of respiratory irritation due to D5 expaswas made in the manuscript. Thus based on
available data 10 ppm may be a free-standing 1-aoute NOAEL in humans for respiratory
irritation. OEHHA does not consider a free-stagdNOAEL as an appropriate point of
departure for developing a REL. To determine a EDAn humans we need human data. In
response to the SEHSC comment, OEHHA staff beldimnates an interim chronic REL for D5
using the chronic exposure studies in rats, whidwed respiratory tract irritation and other
effects in order to ascertain potential for pubkéalth impacts.

11
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Interim Chronic REL for D5

}Study |Dow Corning, 2005b; Siddiqui et al., 2007

}Study population |Fischer 344 male and female rats

Exposure method Discontinuous whole body exposure at 0, 10 40,
and 160 ppm

Critical effects Hyaline inclusions in respiratory/olfactory

—4

epithelium in males and female rats; lung foci it
female rats; supported by dopamine agonist efiects
in female rats

LOAEL 1160 ppm
NOAEL 140 ppm
[Exposure continuity 6 h/d, 5 diwk
[Exposure duration 2yr

}Average experimental exposure |7.1 ppm for NOAEL group (40 ppm x 6/24 x 5/7)
}Human equivalent concentration |7.1 ppm

LOAEL UF 1

'Subchronic UF 1

Interspecies UF 3

Intraspecies UF 10

‘Cumulative UF 30

Proposed cREL 0.24 ppm (3600 g/

A statistically significant increase of hyaline lmsions in the respiratory/olfactory epithelium
was noted at 160 ppm in both sexes when all lexfellse nasal cavity were considered, both
after 24 months of exposure and after 12 montlexpbsure plus 12 months of recovery. At 40
ppm D5, females exposed for 24 months and malessexifor 12 months with 12 months
recovery showed significantly increased hyalindusions. Since five other effects were seen
only at 160 ppm, 160 ppm was considered a morendiffie LOAEL than 40 ppm and 40 ppm
was designated a NOAEL.

The interim chronic REL estimate was calculateddBHHA staff using the methodology which
was peer-reviewed and approved by the Air ResouBoasd’s Scientific Review Panel on Toxic
Air Contaminants. This estimated interim REL haslmeen subject to external peer-review.
OEHHA is currently updating its risk assessmenthoeblogy to specifically address effects on
infants and children as mandated by the ChildrEméironmental Health Protection Act (Senate
Bill 25, Escutia, Statutes of 1999). Thus thepmsed cREL may be revised if a different
methodology is endorsed by the Scientific ReviewdPan Toxic Air Contaminants.

D5 residue from dry cleaning is treated as hazardeaste. This is appropriate based on current
California regulations. Pure D5 has an inhalati®3, of 530 ppm in Fischer 344 rats. Since

12
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D5’s LCsp is less than 10,000 ppm and D5 has bioaccumulptivgerties or is persistent, it
meets the definition of hazardous waste in Californ

Questions Regarding Effects of D5 on Young Animals

SEHSC Response
The Memorandum claims several gaps in the toxigottajabase for D5, including the claim
that there is no information on toxicity due to egpre in very young animals. Such statements
ignore key peer-reviewed literature on D5, suctha2-generation reproductive toxicity study
by Siddiqui et al. (2007), which included prenataposure, perinatal exposure of the pups
resulting from contact with the dams and off-gag$mom the dams’ fur, and direct exposure
beginning at weaning, at 22 days of age. Not @am@ye very young animals evaluated, this 2-
generation reproductive study included a neurodgreental arm that found no adverse effects
in a functional observational battery, indicatiniaek of neuroendocrine toxicity for D5 (a copy
of the report can be provided).

OEHHA Reply
OEHHA acknowledges that rat pups less than 21 dilaysight have some D5 exposure from
contact with their mothers. However, it would b#idult to quantify the exposure on days 1-21
resulting from contact with the dams and off-gag$mm the dams’ fur to use in risk
assessment. Thus we lack quantitative exposuseotatery young animals (PND 1-21).

Health Effects of Dopamine Agonists

SEHSC Response
Finally, the (OEHHA) Memorandum speculates thaardgss of whether the proposed
mechanism of D5-induced uterine tumor productiorais is relevant to human carcinogenicity,
D5 has dopamine agonist activity that could haveadverse health impacts. It should be
noted that the extensive database of toxicity ssidonducted on D5 has not demonstrated any
of these effects in rats even at highest achievédtes, possibly indicating that it is a low
potency dopamine agonist.

OEHHA Reply
The argument proposed by SEHSC to account for tagenne tumors rests on their conclusion
that D5 is a dopamine agonist. We have not segiarstudies which address other dopamine-
related effects. However, it seems improbable drddpamine agonist is an agonist for only one
effect of dopamine. Further, no dose-responsefdatidopamine agonism have been provided
precluding estimation of the potency of D5 as aasoine agonist.

Mode of Action Study Design Questions

SEHSC Response
“The Memorandum made three specific criticisms reigg experimental design in the mode of
action work to date used to characterize the dopamgonist activity of D5 (bullet 2 on page 18
of the Memorandum).
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First it is not clear if all the experiments wererformed in an animal from which the ovaries
had been removed.

The study design included but a single group ofiectomized rats. This single group served as
an intra-assay control group to demonstrate thelédeel of circulating prolactin that would be
expected in a female rat without influences relatestage of the estrus cycle. This
misunderstanding is easily resolved by clarifying teproductive physiology of the rat.”

“... The single group of ovariectomized rats servetha basis for which to judge the
effectiveness of the reserpine treatment.”...

“Second, the authors in the experiment that usesrgne interpreted the results of D5
inhibiting the action of reserpine as an effecttba dopamine receptor.... In summary, these
experiments showed only that D5 decreased theraoficeserpine but do not provide evidence
for a possible MOA.

This criticism is also easily resolved by reviewihg pharmacological basis of
agonist/antagonist competition assays, such asogenin the subject studies, which are
classical methodologies used in identifying receptediated effects.” ... “The selection of this
reserpine-treated rat model was deliberate beazitbe above characteristics and for the fact
that a direct acting dopamine D2-receptor agomistccbe used as a tool to investigate the role
of dopamine receptor agonism.” ... “The reserpinated rat model has indeed provided
supportive, though not definitive, evidence forl)iological activity not previously ascribed to
D5 and 2) supportive data regarding one of the “Eegnts” within a proposed MoA framework
related to the finding of uterine tumors in theasfic bioassay; dopamine agonism.

Third, the experiments with sulpiride also lack épgpropriate control groups. If sulpiride were

to directly increase PRL, then the D5 effect wowdtinecessarily demonstrate an interaction

with the DR but could simply be an inhibition olpstide action by any mechanism. In summary,
this experiment only demonstrated that the sulpimtreases PRL and does not demonstrate the
interaction of D5 and DR that the author suggests.

The Memorandum seems to suggest that sulpiridetsagbn of circulating prolactin levels in
reserpine-treated rats could be occurring via mashas independent of its known dopamine
receptor antagonist activity.” ... “Experimentallizetadministration of sulpiride produced a
marked elevation in circulating prolactin indicatitnat the D5-induced reduction in circulating
prolactin involved interaction at or above the levethe dopamine receptor. It is doubtful that
D5 is acting at a level higher that (than) the dojpe receptor considering that these
experiments were conducted in reserpine treatsd rat

OEHHA Reply
In regard to the interaction of D5, reserpine, sualpiride on circulating prolactin levels in the
female rat, the OEHHA concern was, and continudgetdhat the experiments in which only
one group of ovariectomized (OVX) rats was includente not complete. The removal of the
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rat ovary not only disturbs the estrous cycle & aesults in other physiologic changes; for
example, ovarian steroid and protein hormones dserelf the question is how reserpine affects
PRL levels and the experimental group has intaaries included) female rats, it is not correct
to compare it to an OVX control. The experimegtalups should also be OVX to avoid the
confounding participation of the ovaries in theutes Then, to compare the effect of D5 on
reserpine-treated animals, an OVX + reserpine €ferimental group is needed. The PRL
level in the OVX control group is 11 ng/ml; the laoit refers to this level as “steady and low.”
Since we do not know what the basal (and likelgtthating) PRL level is in an intact animal, the
experiment with reserpine in such conditions lake®mparison control group. How much of
the PRL in that group is related to the ovaries?

Similarly, D5 decreases the PRL level of the reserreated animal. How much of that
decrease is due to the interaction of D5 with g@seror to the interaction of D5 with the
ovaries?

OEHHA staff also believes that the prolactin expemt with sulpiride lacks an important
control: reserpine + sulpiride. The PRL (ng/mljadtom Table 3 (Dow Corning, 2005c) are:

Reserpine 58
Reserpine + D5 38 (35% decrease)
Reserpine + D5 + Sulpiride 395

The author suggests that sulpiride overcomes fieetedf D5. Therefore D5 acts most likely at
the dopamine 2 receptor (D2R). There are at l@aspossible outcomes from such a missing
control in the experimental design:

1. Reserpine + Sulpiride: 200 ng/ml (one possibleltesu
or
2. Reserpine + Sulpiride: 600 ng/ml (second possisealt)

The conclusion will be different in each case. Whemparing the 395 ng/ml value for
reserpine + D5 + sulpiride with the theoreticautesf 200 ng/ml for reserpine + sulpiride, it
would be possible to conclude that sulpiride insesaPRL, probably by antagonizing D2R, and
that the effect is augmented by D5 by some mechmanBut comparing the 395 ng/ml value

with the theoretical result of 600 ng/ml, the carsobn would be that D5 is decreasing the action
of sulpiride by some mechanism. Unfortunately thigist speculation since the experiment was
not done in this way.

The data in the following table are taken from Ealil,3, and 4 in Dow Corning HES Study
Report 9939-102: Nonregulated study: Effect of iysiloxanes on dopamine receptor
regulation of serum prolactin levels in female Rexc344 rats (Dow Corning, 2005¢). OEHHA
staff believes that for completeness all the engptls should be populated with data from
appropriate experiments.
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PRL (ng/ml)— normal PRL — ovariectomized
Treatment Tbl1*; Thl3; Thl4 Tbl 1;bT3; Thl 4
Control 11+6; 5+3; 816
Reserpine 72+36; 58+34; 6634
D5 (160 ppm)
Sulpiride
D5 + reserpine 37+20; 38+37; 37129
D5 + sulpiride
D5 + reserpine + sulpiride 395+200
reserpine + sulpiride

*Thl 1, 3 and 4 refer to Tables 1, 3 and 4 in Dowarning HES Study Report 9939-102.
The values are mean * 1 standard deviation. ntingber of rats used to determine each
mean ranged from 7 to 19.

OEHHA staff also acknowledges that D5 likely aatstioe dopamine 2 receptor (D2R).

However, SEHSC has no direct evidence about thairfgrof D5 to any dopamine receptor.
OEHHA staff would like to see data on direct birglaffinity of D5 to dopamine receptors (D2
and possibly others) in vitro, preferably using launecloned dopamine receptors) and how such
data compare with known dopamine receptor agoarsisantagonists. The study by
Enzensperger et al. titled "Dopamine/serotoninpgtardigands. 16.(1) Expanding
dibenz[d,g]azecines to 11- and 12-membered homekduateraction with dopamine D(1)-D(5)
receptors” (J Med Chem. 50(18):4528-33, 2007 cauehis that methods are available. The
authors synthesized homologues of known, potenamhage receptor antagonists and determined
their affinity for the human cloned receptors DhiRough D5R by radioligand binding.

Staff understands the rationale of using tradifiafessical pharmacological experimental design
to figure out the relationship between D5 and dapameceptors and prolactin secretion in the
rat model. However, SEHSC can not answer the foeddal question without conducting an in
vitro dopamine receptor binding assay of D5 an@wottopamine agonists and antagonists (such
as sulpiride, reserpine, etc.). After that, thierah model study can be performed to see if the
same effects happen in vivo. However, other pa@khOAs of D5 (other than through
dopamine receptor pathway) need to be clarifiedthgr well designed studies. The single
experiment provided here is not convincing. Fitsgére is no direct evidence that D5 can bind to
any dopamine receptor. Second, other potential BI€ax not be ruled out by a single
experiment.
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