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Function and uses

D5 is commonly used as volatile excipient in cosmetic products. It is largely used in many cosmetic products due to: low surface tension which allows it to spread rapidly on skin and hair, its hydrophobicity, its volatility (D5 evaporates from skin or hair within 4-12 hours after application) and its stability (low reactivity in acidic or aqueous products).

Due to these properties, D5 can have many different functions in cosmetic products including antistatic, emollient, humectant, solvent, viscosity controlling and hair conditioning.

An extensive survey of Cosmetics Europe's members was conducted in 2013 to better know the use of D5. In total, 38 companies, including the largest personal care products companies operating in Europe contributed to the survey. Whilst these data only provide a partial sample in terms of the total use of D5 in cosmetics, it is believed that the majority of use categories in the EU are captured by these data. Results from this survey indicate that D5 is widely used in cosmetic products by both international companies and small and medium enterprises. The data received spanned a wide range of product categories and a very broad concentration range. The main use of D5 in cosmetic products is in skin care products, deodorants/antiperspirants, hair care products and make up products.

Toxicological Evaluation

Acute toxicity

Acute oral toxicity

Guideline: / Species/strain: rats Sprague Dawley Size: males (n = 5) and females (n = 5) Test substance: Decamethylcyclopentasiloxane Batch: SF1202 Purity:

Decamethylcyclopentasiloxane > 95% Octamethylcyclotetrasiloxane < 5% Other cyclo siloxanes < 3% Vehicle:

no vehicle Dose levels: 5000 mg/kg bw Administration:

oral-gavage GLP:

Yes Study period: 1990

The test article SF1202 was administered by oral gavage to SD male and female rats at the dose of 5000 mg/kg. Clinical observations were conducted daily and included all toxicologic and pharmacologic signs including nature, onset, severity and duration of abnormal or unusual cardiovascular, respiratory, excretory, behavioural and other activities, as well as signs including adverse effect on the central nervous system (paralysis, lethargy, lack of coordination and staggering) and time of death. Individual body weights were determined on the fasted animals on day 0 (shortly before the test article was administered) and again on study day 7 and 14. No mortality or signs of toxicity at 5000 mg/kg bw were observed in any of the tested animals. The test article SF1202 is then considered non-toxic in rats at a dose of 5g/kg. The test article SF1202 was administered by oral gavage to SD male and female rats at the dose of 4800 mg/kg. No mortality or signs of toxicity at doses up to 4800 mg/kg bw were observed in any of the tested animals. The test article SF1202 is then considered non-toxic in rats at a dose of 4.8 g/kg.

Ref The test article T7095 was administered by oral gavage to SD male and female rats at the dose of 20000 mg/kg. No mortality was observed in any of the tested animals. A decreased motor activity within 4 hours of dosing was reported in one male and 3 females. Two males and 3 females were reported to have salivated within the first hour following exposure. The LD50 of T7095 is above 20000 mg/kg bw.

Ref. : 11 In a published paper from [START_REF] Carpenter | Range-Finding Toxicity Data: List VI I I[END_REF], a single oral LD50 for Wistar rats of Decamethylcyclopentasiloxane is reported to be above 64 ml/kg (61g/kg).

Ref.: 12

SCCS comments

This study is poorly described. Moreover the SCCS considers that the amount of D5 administered by the authors from reference 12 is too high to be achieved in a single dosage.

SCCS general conclusion on the acute oral toxicity of D5

The acute toxicity of D5 by oral route has not been studied following standardized guidelines. However based on the available data the acute toxicity of D5 by oral route seems to be very low and the LD 50 > 20 g/kg bw.

Acute dermal toxicity

Guideline: / Species/strain: rabbits New Zealand white Size: males (n = 3) and females (n = 3) The objective of this study was to evaluate the potential health effects and to observe the degree of irritancy of T7095 when applied to the backs of rabbits. Undiluted T7095 was applied at the dose of 2 g/kg bw on the abraded skin of 1 male and 2 female rabbits and to the intact skin of 3 other animals (2 males and 1 female). The skin was then occluded during the 24h exposure period. The rabbits were observed daily for any signs of toxicity, changes in behaviour or mortality; all observations and irritation scored were recorded.

No mortality occurred during either the 24-hour exposure period or the 14-day observation period that followed. No changes in behaviour or signs of systemic toxicity were observed at any time during the study. Incidental observations of green mucoid faeces were noted. One rabbit did not eat during one day. On day 4, 1 rabbit with abraded skin had slight erythema. None of the rabbits had any signs of skin irritation at the test site throughout the study. There were no visible lesions in any of the rabbits at gross necropsy.

In conclusion, T7095 produced no lethal effects when applied to the back of rabbits as a single application of 2g/kg bw. No signs of toxicity were observed during a 14-day observation period. Ref. : 13 In a published paper from [START_REF] Carpenter | Range-Finding Toxicity Data: List VI I I[END_REF], a single dermal LD50 for Wistar rats of Decamethylcyclopentasiloxane is reported to be above 16 ml/kg (15.3 g/kg).

Ref.: 12

SCCS comment

This study is poorly described.

A short report from [START_REF] Ramm | Untersuchung zur akuten cutanen Toxizität an|männlichen und weiblichen Wistar-Ratten[END_REF] is also provided by the Applicant. However, this study is poorly described and the test compound is D4, not D5 under assessment in this dossier.

Ref.: 14

SCCS general conclusion on the acute dermal toxicity of D5

The acute toxicity of D5 by dermal route has not been studied following standardized guidelines. However based on the available data, the acute toxicity of D5 by dermal route seems to be low.

Acute inhalation toxicity

Taken from SCCS 1241/10

Four groups of 5 male and 5 female Fischer 344 rats were exposed by whole body inhalation to D5 during a single, continuous 4-hour period, followed by an observation period of 15 days. The achieved test atmosphere concentrations (sum of the aerosol and vapour phase) SCCS/1549/15

Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ were 4.64, 6.73, 9.82, and 15.37 mg D5/l of air (300, 434, 634, 1000 ppm, respectively). Animals were observed for clinical signs, abnormal behaviour, mortality, body weight, body weight gain, and food consumption during the 15-day observation period. All animals were necropsied and all macroscopic abnormalities recorded at the end of the study. The food consumption and mean body weights were decreased in animals exposed to concentrations of 6.73 mg D5/l (434 ppm) and above but these effects were reversible during the observation period. The clinical signs that were observed following exposure were of low incidence. In animals dying spontaneously post exposure, the lungs were affected (red lungs partly collapsed) while no macroscopic observations were recorded in any animals necropsied at the scheduled sacrifice date. No animals died at the lowest exposure concentration. At the intermediate exposure concentrations, four animals of each sex died. All animals at the highest exposure concentration died during the exposure phase. The LC 50 for both sexes was calculated to be 8.67 mg D5/1 (560 ppm).

Ref. : 15 Five male and 5 female Wistar rats survived a single four hour whole body vapour exposure of >545 ppm of D5 with no overt signs of toxicity and no mortality.

Ref.: 16

SCCS comments

These studies were performed following the OECD guideline 403 and for the reference 15 conducted in compliance with the GLP regulations. In both studies, the concentration used is above the saturated vapour concentration (139 ppm or 2.1 mg/l) and therefore a proportion of the test substance would have been inhaled as an aerosol, rather than a vapour.

Based on the available data, the LC 50 of D5 in rats was calculated to be 8.67 mg (560 ppm).

Irritation and corrosivity

Skin and eye irritation studies in rabbit have been conducted for D5.

Skin irritation

Guideline: / Species/strain: New Zealand White rabbits Size: males (n = 3) and females (n = 3) Test substance: Decamethylcyclopentasiloxane Batch: SF1202 Purity:

Decamethylcyclopentasiloxane > 95% Vehicle:

no vehicle Dose levels: 0.5 ml undiluted Administration:

single topical 24h GLP:

Yes Study period: 1990

The objective of this study was to evaluate the degree of irritancy of SF1202 when applied to the skin. 0.5 ml of undiluted SF1202 was applied on the intact and abraded skin of 3 male and 3 female rabbits. Each animal served as its own control. The test article was kept in contact with the skin for 24 hours under occlusive conditions. The skin was wiped and rinsed with water following the 24 hour exposure period to remove remaining test article. The rabbits were observed 24 and 72 hours post exposure for any signs of toxicity, changes in behaviour or mortality; all observations and irritation scored were recorded.

SCCS/1549/15
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No mortality and no signs of toxicity were observed during the course of the study. No signs of erythema or oedema formation were evident on the test sites of any animal at any of the observation periods, whether the skin was abraded or intact.

In conclusion, according to the established criteria and guidelines, the test article is considered non-irritating to the skin of New Zealand White rabbits.

Ref The objective of this study was to evaluate the degree of irritancy of BYCR0425 when applied to the skin. Undiluted BYCR0425 was applied at the dose of 0.4 ml on the skin of 3 rabbits. The test article was kept in contact with the skin for 4 hours under occlusive conditions. The skin was wiped and rinsed following the 4 hour exposure period to remove remaining test article. The rabbits were observed 4.5, 24 and 72 hours post exposure; all observations and irritation scored were recorded.

Erythema (grade 1) was observed in 2/3 animals. A primary irritation index of 0.33 based on the mean scores (3 rabbits/sample) of the 4.5, 24 and 72 hours was calculated. No oedema was observed.

In conclusion, according to the established criteria and guidelines, the test article is classified in this study as a mild primary irritant.

Ref.:18

SSCS comments

This study is poorly legible.

Concerning reference 19 submitted by the applicant for the skin irritation of D5, the SCCS noticed that this reference doesn't concern skin irritation but only eye irritation.

SCCS general conclusion on skin irritation

Based on the available data (studies on skin irritation and acute dermal toxicity), D5 should be considered as a mild irritant to the skin. The objective of this study was to evaluate the degree of irritancy of SF1202 when applied to the eye. Undiluted SF1202 was applied at the dose of 0.1 ml in the left eye of 6 rabbits. The right eye remained untreated and thus served as control. The eyes of the test animals were not washed out 24 hours following instillation of the test article. Eyes were examined at 24, 48 and 72 hours after treatment using the Draize scale. The rabbits were also observed for any signs of toxicity, changes in behaviour or mortality.

No mortality and no signs of toxicity were observed during the course of the study. No macroscopic alterations to the cornea, iris or conjunctiva were evident in the treated eyes of any test animals at 24, 48 and 72 hours. No fluorescein staining was evident in the treated eyes of any test animals at 24, 48 and 72 hours following treatment. No lesions were evident in the treated eyes of any test animals at any of the observation points.

In conclusion, according to the established criteria and guidelines, the test article is considered non-irritating to the eye of New Zealand White rabbits. The objective of this study was to evaluate the degree of irritancy of T7095 when instilled into the conjunctival sac of the eye. Undiluted T7095 was applied at the dose of 0.1 ml in the left eye of 3 rabbits without rinse (group I) or with rinse (group II). Eyes were examined at 1 hour, 1, 2, 3, 4 and 7 days and weekly after treatment until no irritation was observed. Visual observations were done using the Draize scale.

The test material T7095 without rinse as well as with rinse elicited an eye irritation response (score 1) at the one hour reading. In both instances, the response was characterized by minimal conjunctival inflammation which was completely dissipated by day 1.

Ref.:24 SCCS comment

The test substance is considered as having a slight eye irritation potential.

Guideline:

OECD TG 405 Species/strain: New Zealand White rabbits Size:

females (n = 3 per group) Test substance:

Baysilone-Öl VP AC 3060 Conjunctival erythema (grade 1) was seen in all animals up to 24 hours and the effect was reversible within 7 days in all animals.

The study authors concluded that the test substance was not irritating or corrosive to the eye.

Ref.: 19

SCCS comment

Under the conditions of this study the test substance is considered as slightly irritating to the eye.

In another study, 0.5 ml of undiluted D5 (90% purity) was instilled into the conjunctival sac of six rabbits (strain and sex not specified), in a single treatment or 2 times/day for 4 consecutive days. No corneal injury or eye irritation was observed among treated rabbits and controls receiving comparable amounts of a saline solution. Only minor capillary injection of the eyelids was noted. This study is not well reported.

Ref.: 25

SCCS general conclusion on skin and eye irritation

The SCCS considers D5 as slightly irritating to the skin and to the eye.

Skin sensitisation

Four skin sensitisation tests have been performed. test item resulted in an incorporation of 3HTdR at least 3-fold or greater than that recorded in control mice, as indicated by the stimulation index (S.I.).

Local Lymph Node Assay

Results:

All animals showed the expected weight development and no signs of toxicity were reported.

S.I. at 10 % was 0.7, at 50% 0.8 and at 100% 0.5. No EC3 value could be calculated as all concentrations tested showed a S.I. below 3.

Based on the result in this LLNA in mice, it was concluded that D5 is not a skin sensitizer under defined experimental conditions in the two vehicles tested.

Ref.: 26

SCCS comments

In this study, D5 was not applied under occlusive conditions. As it is a volatile compound, the final doses on the skin might be less than the intended ones. D5 was investigated in one female guinea pig to determine the highest non-irritant dose for use as the challenging dose. One male and one female, respectively, were used as negative and positive controls. Ten animals (5 males and 5 females) were used for the experimental group. There were three epicutaneous induction exposures and one epicutaneous challenge exposure. During the induction phase, 0.4 ml of the test substance (100%) was applied directly to the skin once per week for 3 weeks during 6 hours under occlusive conditions and then rinsed. During the challenge phase, the test substance was applied to the skin for 24 hours. The skin was then examined for erythema and edema, 24, 48 and 72 hours after the challenge phase.

Buehler Test

Guideline

Results

No systemic signs of toxicity were observed during the course of the study. No sign of irritation was observed during the preliminary irritation phase. Therefore, the test substance was applied at 100% during the study.

Skin reactions after induction exposures

No signs of erythema or edema were observed in the test or control animals throughout the induction scoring phase Skin reactions after challenge exposure 

HRIPT

In a Human Repeated Insult Patch Test (HRIPT) designed to assess skin irritation and sensitization of D5 in humans, 28 males and 22 females were treated with a dermal application of 0.05 ml test material three times/week for a total of 9 applications. The D5 was applied using an occlusive patch that remained in place for 24 hours. Skin was graded for erythema, eschar, and oedema after the patch was removed. Twelve days after the ninth application, the site was graded and 0.05 ml of D5 was applied to a new site and covered for 24 hours with an occlusive patch. The site was then re-graded for erythema, eschar, and oedema immediately and at 24 and 48 hours after removal of the occlusive patch. No dermal irritation or sensitization was reported following D5 exposure.

Ref.: 31 SCCS comments

The SCCS considers HRIPT-studies as unethical.

SCCS general conclusion on skin sensitisation

There has been some recent research questioning the validity of the LLNA for silicones (ref 30) in relation to the generation of false positive from excessive concomitant irritation. This is not the case with D5. Therefore, based on the results of the available studies, D5 may be considered as a non-sensitizer. However, in the animal experiments, possible evaporation of test substance and thus loss of D5 was not taken into consideration. Yes Study period: 1999 14 C-D5 was applied to semi-occluded human skin using a flow-through diffusion cell technique. Human epidermis was prepared from intact abdominal skin. The epidermis was separated from the dermis using a Padgett® dermatome. Skin disks from 6 donors were mounted in replicate in the flow-through chambers. A physiological receptor fluid was pumped underneath the skin samples and collected in a fraction collector. The barrier integrity of each piece of skin was evaluated prior to dosing using 3H 2 O. Skin samples were evaluated on two separate days. In experiment 1, skin samples from each of 3 donors were dosed with neat D5 and the remaining 3 were dosed with a generic antiperspirant formulation containing D5. In experiment 2, a second set of skin samples from the same 6 donors were dosed with the other test article (i.e. antiperspirant or neat D5), and immediately after dosing, charcoal baskets were placed above the skin and secured into a custom designed cap to capture any volatilized material. At the end of 24 hours, the charcoal baskets were removed and extracted, skin was washed and solubilised, and the receptor fluid was collected. The radioactivity content in each sample was measured by liquid scintillation counting. The percent dose absorbed was determined as the amount of radioactivity in the receptor fluid and the amount left in the skin after washing and tape stripping.

Dermal / percutaneous absorption

In vitro

At the end of the assay, only 0.04% ± 0.007% of the applied dose of neat D5 was absorbed which was not significantly different from that seen with formulated D5 (0.022% ± 0.005% of the applied dose). The percent of applied dose recovered from all analysed samples for neat D5 was 91.45% ± 1.60% and for D5 formulated in generic antiperspirant formulation was 98.05% ± 1.17%. The majority of the dose was evaporated from the dosing site and was collected from the charcoal baskets.

SCCS/1549/15

Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ No significant differences in absorption between neat D5 and antiperspirant formulated D5 were found, and no significant vehicle related effect on either the percent of applied dose in the charcoal basket or the total percent of applied dose recovered was found. The cumulative penetration over 24 hours for neat D5 was 0.1µg/cm 2 and formulated D5 was 0.3µg/cm 2 . Steady state flux for neat and formulated D5 was between 6 and 21 h (0.004 µg/cm 2 /h) and 6-24h (0.009 µg/cm 2 /h), respectively.

Ref.: 32, 32a, 33

Taken from SCCS/1241/10

Excised split-thickness skin, ranging from 381-629 µm, from young adult Sprague-Dawley rats was mounted on static Franz diffusion cells with 6% polyoxyethylene-20oleyl ether and 1% penicillin/streptomycin in saline solution as a receptor fluid. An initial screening to check barrier integrity of the skin was accomplished by applying 970 μl of 3 H 2 O (0.77 μCi) to the surface of the skin for 20 minutes. Following administration of the 3 H 2 O, the unabsorbed material was removed from the skin; the receptor fluid was sampled and analysed for 3 H at 60 minutes. Once the 3 Η 2 O had been removed, 14 C-D5 (6.4 mg/cm²) was applied to each skin sample. Measurements were made of the 14 C-labelled material that could be washed from the skin, were associated with skin, or penetrated through the skin into the receptor fluid over a 24-hour period. The washing procedure was performed using a 1% soap solution-moistened gauze 3 times, followed by 3 washes with gauze moistened with 70% ethanol. The skin was solubilised in 40% tetraethylammonium hydroxide. The cumulative penetration was calculated based on the amount of radioactivity in the receptor fluid over the 24-hour sampling period. The percentage of radioactivity found in the skin was 0.67% and 1.19% in males and females respectively. The total absorbed (% radioactivity in the skin and receptor fluid) was 1.08% and 1.54% in males and females respectively. According to the applicant, these data need to be evaluated cautiously due to unrecognized technical problems associated with working with this material at the time this study was conducted. More reliable studies are reported below.

Ref.: 34

In vivo

Animals

Taken from SCCS/1241/10 14 C-D5 was applied to the dorsal surface of male and female Sprague-Dawley rats from which the hair was clipped. The skin depot chamber (a Teflon ® gasket attached to the dosing site with cyanoacrylate glue, an activated charcoal trap, and a plastic cap with a hole to allow for air circulation) was covered with a non-occlusive elastic wrap. At the termination of a 24-hour exposure period, animals were removed from the metabolism cages and the exposure site was washed. Animals were rewrapped with a fresh non occlusive bandage and returned to metabolism cages for continued collection of samples. Animals were removed from the metabolism cages 96 hours post-initial exposure, sacrificed, and the exposure site carefully excised. The majority (about 85%) of the 14 C-D5 volatilised from the skin surface. The dose site, which was washed prior to excision at 96 hours, contained 0.35% of the administered dose. Less than 1% of the dosed 14 C was recovered in urine and carcass. There were trace levels of 14 C in faeces, CO 2 traps, and tissues. Total radioactivity in excreta, carcass, and dose site, which was considered to be the amount absorbed, was 0.80 ± 0.62% (n=11) with a recovery of about 89%. According to the applicant, these data need to be evaluated cautiously due to unrecognized technical problems associated with working with this material at the time this study was conducted. The studies reported below were considered more reliable. The objectives of this work were to examine the ability of D5 to penetrate through rat skin and to evaluate the usefulness of an in vitro absorption protocol designed for hydrophobic materials to assess skin penetration of a hydrophobic compound. An in vitro study was run concurrently for comparison and the results from this study have been reported above (ref 34). The above data demonstrate that for D5 under these test conditions, the in vitro system provides good concordance with in vivo data.

In another study, the percutaneous absorption of neat 14 C-D5 was evaluated in Fischer 344 rats when applied topically at 10.9 mg/cm² of skin. Four animals per group were exposed for 6 or 24 hours. Two control animals were euthanized at the 24-hour time point. In order to differentiate expired air from 14 C-D5 that escaped from the skin depot, an additional group of four euthanized rats (i.e., no expired air) was included in the study design. An additional 24-hour exposure group was added to evaluate disposition of the residual D5 following a soap and water wash (i.e., wash group). During exposure, rats were housed in Roth-style metabolism cages to enable collection of urine, faeces, and expired or escaped volatiles associated with D5. Dose sites were washed, charcoal baskets were replaced and the animals were returned to the metabolism cages for continued collection of excreta and expired volatiles for a total 168 hours. All rats were exposed in a semi-occluded manner using an aluminium skin depot with a charcoal basket for collection of volatilized D5. At the termination of exposure at 24 hours or at 168 hours post exposure, rats were euthanized by CO 2 asphyxiation, the charcoal baskets were removed and extracted, skin was washed, tape stripped, excised, and solubilised in 35% tetraethylammonium hydroxide (TEAH). Remaining carcasses were also solubilised in 35% TEAH. Radioactivity content in each sample was measured by liquid scintillation counting. Total radioactivity in charcoal tubes was compared to unchanged D5 determined by GC-MS analysis. The percent dose absorbed was determined as the amount of radioactivity in carcasses, faeces, urine, skin dosing sites, and cage rinses. Absorption of 14 C-D5 after 168 hours was determined to be 0.089 ± 0.0302%.

Ref.: 74; AR1 SCCS comments

Absorption of 14 C-D5 in the wash group after 168 hours (0.089 ± 0.0302) was significantly lower than seen after 24h of exposure (0.243 +/-0.0259% of applied dose). These results demonstrated that the portion of D5 that remained in the skin after 24h of exposure, and was considered as part of the absorbed dose, migrated to the skin surface and continued to evaporate, significantly decreasing apparent absorption of D5.

Humans

Normal, healthy human volunteers (3 male, 3 female) were exposed to either 1.4 g (males) or 1.0 g (female) of 13 C-D5 by applying the D5 to the axilla. The dose was split between axilla and applied once while the subject was breathing from a clean air source. Blood samples were obtained prior to exposure and at 0.5, 1, 2, 4, and 6 hours. Exhaled air samples were obtained prior to exposure and at 15, 30, 45, 60, 75, 90, 105, 120, 240, and 360 minutes and at 24 hours after application. D5 levels were significantly elevated above baseline in blood, plasma, and in exhaled air at all time points after application.

The plasma and blood levels of D5 after dermal application were less than 2.0 ng/g blood or plasma. With dermal application of 1.0 g (female) or 1.4 g (males) of D5, peak plasma D5 levels were 1.2 ng/g at 1 hour and 0.62 ng/g at 6 hours post exposure. D5 levels did not differ significantly between male and female volunteers. There was a relatively poor correlation between blood levels and exhaled air levels of D5 especially at 1 hour after application. Thus it appears that plasma D5 becomes less available to partition in air. One explanation would be the D5, which is very lipophilic, becomes sequestered in plasma lipoproteins thus lowering the vapour pressure of D5 as it travels through the lungs.

Ref.:67

Taken from SCCS/1241/10

SCCS General Comment on dermal absorption

There is some variation in results of in vitro and in vivo studies with D5. In the in vitro study, an average of 0.04% of D5 (applied neat or in antiperspirant formulation) was absorbed in human cadaver skin and the receptor fluid after 24 h of exposure (Ref. [START_REF] Corning | Absorption of Decamethylcyclopentasiloxane (D5) Using the Flow-Through Diffusion Cell System for In Vitro Dermal Absorption in Human Skin[END_REF]). Higher values were found in another in vitro study with rat skin, where dermal absorption of 

21

Based on the available information, the SCCS considered that the results from the in vitro study on human skin may be used for the risk assessment of D5 after dermal exposure in cosmetic products (ref [START_REF] Corning | Absorption of Decamethylcyclopentasiloxane (D5) Using the Flow-Through Diffusion Cell System for In Vitro Dermal Absorption in Human Skin[END_REF][START_REF] Jovanovic | In vitro and In vivo percutaneous absorption of 14C-octamethylcyclotetrasiloxane (14C-D4) and 14Cdecamethylcyclo-pentasiloxane (14C-D5)[END_REF]. The most conservative estimate of absorption obtained with neat D5 will be used. In accordance with the SCCS Notes of Guidance, mean + 1 standard deviation lead to 0.06% absorption (0.04% + SEM x√n with SEM = 0.007 and n =5).

3.3.5

Repeated dose toxicity 

SCCS comment

This study is only reported as a published paper and the original study report was not available for evaluation. A NOAEL of 25 ppm based on the treatment-related changes observed in lung and nasal cavity of rats may be derived from this study. These effects were reversible after the recovery period.

In another study (OECD guideline 412), 5 groups of 10 male and female Fischer 344 rats were exposed by nose-only inhalation for 6 hrs/day, 5 days/week for 4 weeks to 0, 0. Pathology results were evaluated by 3 laboratories. In the nasal cavity there was a significant increase in the incidence and severity of goblet cell proliferation in males and females in the high dose group. The incidence of focal macrophage accumulation and interstitial inflammation of the lung was significantly increased in males and females in the high dose group. At this concentration, approximately 40% of the test atmosphere was expected to be a liquid aerosol which may be impacting the response in the lung. One laboratory reported a significantly increased incidence of hepatocellular hypertrophy in female in the high dose group whereas histopathological changes in the liver were not reported by the 2 others. Ref.: 39, 40

SCCS comment

The changes observed at the highest exposure concentrations (increased incidence of goblet cell proliferation in the rat nasal cavity, and minimal to slight interstitial inflammation in the SCCS/1549/15

Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ lungs) are consistent with changes due to inhalation of a mild irritant. Based on the effects on the lung and the liver observed at the highest dose, a NOAEL of 96 ppm may be derived from this study.

In another non guideline study performed in Fischer 344 rats, effects of repeated wholebody vapour inhalation exposure of rats to D5 on liver and thyroid cell proliferation and liver hypertrophy was assessed. Female rats (30 per dose group) were exposed to D5 at nominal vapour concentrations of 0 or 160 ppm daily for 28 days with 5 days of exposure followed by 2 days of non exposure; On days 0, 7, and 21, 10 rats per dose were sacrificed and examined. Histopathological evaluations were performed on the thyroid/parathyroid, lungs, duodenum, and one section from the median, left and right lateral lobes of the liver.

No overt signs of toxicity were reported. Absolute and relative liver weights were increased 12, 11 and 6% (absolute) and 10, 8 and 7% (relative) compared to control after 1, 2 and 4 five day exposure periods, respectively. A statistically significant increase in the incidence of hepatocellular hyperplasia was reported after the first and fourth 5-day exposure period, which returned to near control levels after 2 and 4-five days exposure periods. Thyroid weights were not affected by treatment. A slight but significant increase (< 2 fold) in the incidence of thyroid hyperplasia was reported following the 2 nd and 4 th five-day exposure period. Results indicate repeated inhalation exposure to D5 induced an early non-sustained increase in liver weight and an early burst of hepatocellular hyperplasia and centrilobular hypertrophy in female rats exposed to concentrations of 160 ppm.

Ref.: 41

Taken from SCCS/1241/10

Ten male and 10 female Wistar rats were exposed via whole body inhalation to 0.081, 0.432 or 2.00 mg D5/l (5, 28, or 129 ppm, respectively), 6 hrs/day, 5 days/week for 4 weeks. Five animals of each sex exposed to either 1 or 129 ppm were allowed a 14-day recovery period following the 4 weeks of exposure. A concurrent control of identical design was exposed to only filtered air. Animals were observed for clinical signs, effects on body weight, food consumption, and organ weights. Haematology, clinical biochemistry, urinalysis and gross and microscopic pathology were performed. In this study, no effects were seen on body weight, body weight gain, food consumption, or clinical condition. There were no gross findings. At 0.432 mg D5/l (28 ppm) and above, there was an increase in white blood cell and neutrophil counts (males only), a decreased number of red blood cells and mean corpuscular haemoglobin concentration. An increase in relative liver weight (percentage not stated) was also observed in male and female rats at 0.432 mg D5/l (28 ppm) and above. All effects were reversible during the 14-day recovery period. The NOAEL reported in this study was 0.081 mg D5/L air (5 ppm).

Ref.: 42

SCCS comment

A LOEL of 28 ppm D5 was reported based on changes of some haematological parameters and reversible effects on liver (an increase in relative weight, percentage not stated) in this study of 1984. However, neither two more recent rat studies with 4-week inhalation nor studies with longer exposure did observe such changes at similar concentrations. Thus, the SCCS as well as the Canadian authorities (Ref. AR13) have not further considered this study of 1984 in their assessment of D5.

SCCS/1549/15

Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________

Dermal toxicity

Taken from SCCS/1241/10

Six male and female New Zealand white rabbits were treated 6 hrs/day, 7 days/wk for 21 consecutive days with D5 (SF-1202) 1000 mg/kg bw under occlusive conditions. The skin was abraded in one-half of the animals. Skin reactions were scored daily for signs of oedema and erythema. At necropsy, the heart, lungs, liver, kidneys, spleen, testes, epididymides, ovaries, and urinary bladder were weighed and preserved. No clinical signs of toxicity were observed. There was no effect on body weight, no mortality, no effect on organ weights, and no treatment related gross pathology findings. No signs of skin irritation were observed.

Ref.: 22 SCCS comment

This study was not performed in compliance with the OECD 410 guideline as described in the applicant's dossier.

In a repeated dermal exposure study following OECD 410 guideline, five male and female New Zealand white rabbits were exposed dermally to 0, 96, 288, or 960 mg D5/kg bw for 5 day/wk, for three weeks. The treatment period was followed by a two-week recovery period. Animals were observed for clinical signs of toxicity, mortality, and body weight changes. Haematology, clinical biochemistry, gross examination, and histopathology were performed. No effects were seen on clinical condition, survival, or body weight. No substance related findings were seen on gross examination or histopathology.

Ref.: 43

A subacute dermal toxicity study of D5 was conducted in rats. In this study, 10 male and 10 female Sprague-Dawley rats were treated with D5 dermally under occlusive conditions at dose levels of 0, 200, 800, and 1600 mg/kg bw/day. Treatments were for 6 hours per day, 7 days per week, for 28 days. A control and a test group, each consisting of five male and five female rats, were treated respectively with 0 and 1600 mg/kg bw and observed for 14 days after the treatment period for reversibility, persistence and delayed effects. Animals were observed for signs of local or systemic toxicity, general appearance, behavioural abnormalities and mortality. Food consumption and body weights were determined weekly. After 28 days, blood and urine samples were collected and the animals were sacrificed and examined for histopathological changes. No mortality, overt signs of toxicity or behavioural changes were noted in any of the groups. A comparison of mean body weight, food consumption or haematological data between control and test groups showed no treatmentrelated effects. No statistically or biologically significant differences in organ weights were seen between the control and treated groups. The few statistically significant differences in clinical chemistry parameters between the control and test groups were within normal biological variation. No treatment-related effects were identified by histopathology at either the terminal or recovery sacrifices. Based on urinalysis, there was some evidence of dermal absorption and metabolism. Under the test conditions, dermal applications of D5 at a dose level of up to 1600 mg/kg bw did not produce significant toxicological effects.

Ref.:44

SCCS comment

This study followed the GLP and OECD 410 guidelines criteria.

Sub-chronic (90 days) toxicity

Oral

Guideline: OECD TG 408, adopted Two male animals of the highest dose group died, probably due to a dosing error. No effects were seen on body weight or body weight gain or on food consumption. No effects were seen on blood or haematopoetic organs. Statistically significant and dose-dependent increases in absolute and relative liver weight in both males and females were seen at all dose levels. At the highest dose group, up to 62% (in females) difference compared to controls was observed (30% and 44% at the 2 intermediate doses). Cytoplasmic changes were reported in the liver of male and female rats at the highest dose, which were possibly linked to altered liver enzymes.

Anatomically, changes in lung parenchyma were observed in males from 330 mg/kg/d and in females from 100 mg/kg/d. Histologically this was accompanied by hypertrophy of goblet cells and pneumonias with granuloma. Several animals receiving 1000 mg/kg bw/d had hepatocytic cytoplasmic changes that were interpreted to be morphological signs of an adaptation to increased metabolic activity and were not considered as adverse effect. Decrease in haemoglobin concentration was observed at the doses of 1000 mg/kg bw/d. A NOAEL could not be derived from this study as adverse effects were observed at all dose levels.

Ref.: 45 SCCS comments

Effects observed on the lungs could be considered as local toxic effects and not as systemic ones (due to gavage or regurgitation following stomach irritation). Based on the effects observed in the liver, a NOAEL of 100 mg/kg bw/d may be derived from this study. The effects observed in this study on the liver were mainly statistically significant increases in the liver weight in male and females at all doses. This increase in liver weight was not accompanied by histopathological lesions and no alterations in enzymatic activities were observed. It should be noticed that gamma-glutamyl transferase activity was not reported in this study.

Inhalation Taken from SCCS/1241/10

Two groups of ten male and ten female Sprague-Dawley rats each were exposed to D5 vapours at 1 and 120 ppm for six hours/day, seven days/week for 28 days. Four other groups were exposed to 0, 20, 59 and 119 ppm D5 in a similar regime for a period of 13 weeks. A control and test group consisting of 10 male and female rats each were exposed, respectively, to 0 and 120 ppm for 13 weeks and were observed for 28 days for reversibility, persistence or delayed toxic effects. The 120-ppm female 90-day terminal sacrifice group had Male and female Fischer 344 rats of both sexes were exposed by nose only inhalation to D5 6 hours/day, 5 days/week for 13 weeks. Each exposure concentration group had 20 male and female rats except for the control and highest exposure concentration groups, which contained 30 males and females each. Ten of the control and high exposure concentration male and female rats were used for a treatment-free recovery period of 4 weeks. The achieved test atmosphere concentrations, based upon analytical determination of the vapour phase, were 0, 28.6, 49.2, 87.7 or 233 ppm (0.44, 0.75, 1.33, or 3.53 mg D5/l, respectively).

No mortality was observed in any of the treated or control groups and no clinical signs of toxicity were noted which were considered treatment-related. Following the recovery phase, initial differences in body weight gains between 233 ppm and the control group diminished.

Analysis of organ weight data indicated slight but statistically significant increases in liver weight (relative and absolute) for the 49.2 and 87.7 ppm (female) and 233 ppm (female/male) groups after treatment. The percentages in absolute body weight increase was 6%, 15%, 8% and 16% in females and 2%, 7%, 4% and 6% in males comparing to control rats. The most apparent clinical biochemistry findings included a dose-related increase in gamma-glutamyltransferase activity in males of Group 5 and in females of Groups 3, 4 and 5 and a slightly decreased calcium concentration in females of Groups 4 and 5. Lung weights remained elevated in the 233-ppm group (female) after the recovery phase. Reductions in thymus, testis and ovary organ weights were observed after the recovery phase in the high exposure (233 ppm) group only.

Histopathological examinations showed an increase incidence of subacute/chronic multifocal alveolitis reported at the two highest doses in males and females. Following the 1-month recovery period, the incidence of alveolitis was still evident at the highest dose. A statistically significant increase in the incidence and severity of focal interstitial inflammation in the lungs was reported in the highest dosed group and also after recovery. In the nasal cavity, minimal to slight goblet cell hyperplasia of the respiratory mucosa was noted in males and females from the highest dose group. Other possible treatment-related histopathological findings included an increased incidence of ovarian interstitial gland hyperplasia and vaginal mucosal 

SCCS comments

The achieved levels of D5 were slightly higher than some target exposure levels (0, 26, 46, 89 and 224 ppm) which have been quoted in previous assessments of D5 (Refs. AR12, AR13). At the highest dose, D5 is probably a mixture of vapour and aerosol. Histopathological changes observed both in the lung and the nasal cavity of rats exposed to the high concentrations of D5 may be due to the localised irritation from aerosol deposition and were not considered as systemic toxicity of the test substance.

The effects observed on the liver were mainly a dose-related increase in liver weight and an increase in gamma-glutamyltransferase activity. These effects were not accompanied by histopathological lesions and no alterations in other enzymatic activities were observed. The SCCS followed the HED guidance document (Prepared by the Health Effects Division (HED) Toxicology Science Advisory Council, health Effects Division, Office of Pesticide Programs, 2002) on how to interpret hepatocellular hypertrophy (2002) and concluded that these liver effects are not adverse.

Based on the local toxicity of D5 on the lungs at the two highest doses, the SCCS considered that the dose corresponding to exposure of the animals for 6 hours/day 5 days/week for 3 months at a concentration of 0.75 mg/1 (49.2 ppm) air constitutes the NOAEC.

Chronic (> 12 months) toxicity

See carcinogenicity.

SCCS conclusion on general toxicity

The SCCS has identified the liver as a potential target organ following repeated-dose oral exposure and liver, lungs and uterus as potential target organs following repeated-dose inhalation exposure.

The effects observed on the liver were mainly an increase in liver weight. In the subchronic oral study (ref 45), this increase in liver weight was not accompanied by histopathological lesions and no biologically relevant alterations in enzymatic activities were observed. No liver effects were reported in the chronic inhalation toxicity/carcinogenicity study. Therefore, the SCCS followed the HED guidance document on how to interpret hepatocellular hypertrophy (2002) and concluded that these liver effects are not adverse.

Therefore the oral dose of 100 mg/kg bw may be considered as a NOAEL.

Concerning exposure to D5 by inhalation, the inhaled concentration of 49 ppm was considered as a NOAEC.

3.3.6

Mutagenicity / Genotoxicity 

In vitro Chromosomal Aberration Test

In another in vitro experiment, D5 was dissolved in ethanol and was assessed for its potential to induce structural chromosome aberrations using Chinese hamster V79 cells in the absence and presence of S9 metabolic activation. In each experimental group, two parallel cultures were set up. One hundred metaphases were scored for structural chromosome aberrations per culture. In the absence of the S9-mix in both experiments, toxic effects indicated by reduced cell numbers and/or mitotic indices of below 50% of control were observed. When the S9 fraction was present, there were no toxic effects seen on the cells. In both independent experiments, neither a statistically significant nor a biologically relevant increase in the number of cells carrying structural chromosomal aberration was observed after treatment with the test material. No increase in the frequencies of polyploid metaphases was found after treatment with the test material as compared to the frequencies of the controls. In conclusion, under the experimental conditions reported, the test material did not induce an increase in cells with structural chromosome aberrations as determined by the chromosome aberration test in Chinese hamster V79 cells in vitro. Therefore, D5 is considered to be non-clastogenic in this chromosome aberration test with and without metabolic activation when tested up to cytotoxic concentrations. Ref.: 57 

29

The mutagenic potential of D5 was assessed using in vivo Unscheduled DNA Synthesis (UDS) and micronucleus assays. The D5 was administered to Fischer male and female rats by whole body vapour inhalation. The animals were treated daily for 6 hours with 160 ppm of D5 for 7 consecutive days. Filtered air was used for the negative control group. The animals of the positive control groups were treated in the same way as the air control groups. However, following the last exposure they were treated orally (by gavage) with the corresponding positive control. 2-Acetylamino-fluorene (2-AAF) and cyclophosphamide were used as the positive controls for the UDS and micronucleus assays, respectively.

For analysis of DNA repair (UDS) in treated rat hepatocytes, the animals were killed 5 and 16 hours after the last treatment. Primary hepatocytes were obtained by liver perfusion and hepatocyte cultures were established and exposed for four hours to D5 and methyl-³Hthymidime ( 3 HTdR), which was incorporated if UDS occurred. For each experimental group including the controls, hepatocytes from 6 treated animals per sex were assessed for the occurrence of UDS. The viability of the hepatocytes was not affected by the in vivo treatment with D5 and D5 did not cause UDS induction at any dose level in the hepatocytes as compared to concurrent air controls. Treatment with 2-AAF (100 mg/kg) revealed distinct increases in the number of nuclear and net grain counts. Twenty-four hours after the last treatment, bone marrow cells of the respective animals were collected for micronucleus analysis. For each experimental group including controls, bone marrow cells from six treated animals per sex were assessed for the occurrence of micronuclei. The test material did not exert any cytotoxic effect. There was no biologically relevant or statistically significant enhancement in the frequency of detected micronuclei compared to air controls following treatment with D5. Cyclophosphamide (40 mg/kg) showed a substantial increase of induced micronucleus frequency, indicating the test system was sensitive and valid.

Exposure to D5 neither induced DNA damage leading to increased repair synthesis in the hepatocytes of treated rats nor induced micronuclei. Therefore, D5 is considered to be nongenotoxic in these assays.

Ref.: 56

SCCS comment

Study report does not provide any information on systemic toxicity, only statement that the test material did not exert any cytotoxic effect.

SCCS conclusion on mutagenicity

Overall, the genotoxicity of D5 was investigated for the three endpoints of genotoxicity: gene mutations, chromosome aberrations and aneuploidy. Decamethylcyclopentasiloxane neither induced gene mutations in bacteria in vitro, nor caused an increase in cells with chromosome aberrations. These negative results were confirmed under in vivo conditions. Treatment with D5 also neither led to an increase in cells with micronuclei in the bone marrow cells of mice, nor caused unscheduled DNA synthesis in rats.

Consequently, D5 can be considered to have no genotoxic potential and additional tests are not required.

Carcinogenicity

Guideline 

Group A Results

Group A animals were used for the analysis of D5 levels in blood, fat, and liver in order to validate the PBPK model developed for D5. An increased incidence of hyaline inclusions in the nasal respiratory/olfactory epithelium was noted in male and female rats at 160 ppm. This finding was considered a non-specific treatment-related effect (changes consistent with chronic inhalation of a mild irritant).

Group B Results

No effects were seen at one year of exposure that could be related to D5.

Group C Results

Endometrial adenomatous polyps and adenocarcinomas were observed in animals exposed to D5 for one year followed by one year of recovery (Table 2). The incidence of endometrial adenocarcinoma was 1, 1, 0 and 2 for female rats in the 0, 10, 40 and 160-ppm exposure groups. Endometrial adenomatous polyp was diagnosed in one female rat in the 160-ppm exposure group. Combining adenomatous polyps with the adenocarcinoma data, the combined incidence becomes 1, 1, 0 and 3 for female rats in the 0, 10, 40 and 160-ppm exposure groups, respectively. Uterine endometrial adenoma was not present in Group C female rats.

Peto's test showed there was no significant trend among the groups (p=0.4159) when all tumours were combined. Likewise, when the adenocarcinomas were analysed separately, there was no significant trend (p=0.8227). Fisher's Exact test showed there was no significant difference in the proportion of tumour occurrences among the groups (p=0.3867) when all tumours were combined or when the tumours were analysed separately (p=O.8988).

The poÌy-3 test showed there was no significant trend among the groups when all tumours were combined (p=0.0580). When the adenocarcinoma tumours were analysed separately using the poly-3, there was no significant trend (p=0.1754).

Group D Results

An increased incidence of hyaline inclusions in the nasal respiratory/olfactory epithelium was noted in male and female rats at 160 ppm. This finding was considered a non-specific, treatment-related effect. The incidence of endometrial adenocarcinoma in Group D was 0, 1, 0 and 5 for female rats in the 0, 10, 40 and 160-ppm exposure groups, respectively (Table 3). One female rat in the 0 and one female in the 40-ppm exposure groups, respectively, were diagnosed with endometrial adenomatous polyps. The combined tumour incidence for female rats in Group D was, therefore, 1, 2, 1 and 5 in the 0, 10, 40 and 160-ppm exposure groups, respectively. For animals exposed for 2 years (Group D), Peto's test showed there was no significant trend among the groups when all tumours were combined (p=0.1314). When the adenocarcinomas were analysed separately, a significant trend was found (p < 0.05). Fisher's Exact test showed there was no significant difference in the proportion of tumour occurrences among the groups when all tumours were combined (p=0.3233). There was a significant difference when the adenocarcinoma tumours were analysed separately (p< 0.05). Analysis of the tumour incidence in females exposed for two years using the poly-3 test showed a significant trend among the groups when all tumours were combined (p<0.05) and when the adenocarcinomas were analysed separately (p<0.001). For uterine endometrial adenocarcinomas alone, the data show a statistically significant increase at a D5 exposure concentration of 160 ppm for two years. Work has been performed to address the potential mode of action for the formation of these tumours in this study. The results of this work are described in section 3.3.12 (special investigations).

Ref.: 58

Given the borderline nature of the observations, a full statistical analysis was performed using various methods (ref 59). When comparing the control group to the 160 ppm group, the incidence of endometrial adenocarcinomas was borderline significant; it was significant when all exposure levels were included in the analysis. An in-depth analysis was performed by the applicant using exact regression procedures (logistic and Poisson), the max poly-3 trend test, and a random effect probit model. Possible historical controls were evaluated for inclusion in the analysis. Four sets of control groups were formed, with varying heterogeneity. The effect of D5 was either significant or borderline significant when comparing all control sets to the 160 ppm group. Changing the results on one or two animals could impact the significance. When considering all exposure groups using any of the analysis methods, a significant effect of D5 on the incidence of endometrial adenocarcinomas was observed when the high dosage group was included. The evidence tends to support the conclusion that D5 at the highest dosage level results in an increased incidence of adenocarcinomas (ref 59).

SCCS comments

Carcinogenic effects of D5 (uterine endometrial adenocarcinomas) were observed after 12 months inhalation exposure plus 12 months recovery, and after 24 months exposure, but were only significant at the dose of 160 ppm. There is uncertainty whether the observed uterine tumours in rat are relevant or not to humans. The applicant performed additional studies to further investigate the mode of action by which endometrial adenocarcinomas may be produced by D5 (described and discussed in section 3.3.12). A screening non-guideline study was designed to determine the exposure levels appropriate for studying the potential adverse effects of D5 vapours on male and female reproduction in rats.

The test article was administered via whole body inhalation to three groups each of 22 male and 22 female Sprague Dawley rats. Exposure levels were 26 or 132 ppm. A control group was exposed to clean, filtered air. The exposure period was 6 hours per day, 7 days/wk for a minimum of 28 days prior to mating and lasted until the day of necropsy for each animal, with the following exception: exposure of the females was suspended from gestation day 21 through lactation day 4. The offspring was directly exposed to the test substance on post-natal days 21 to 28.

All animals were observed twice daily for appearance and behaviour. Body weights were recorded weekly for both sexes prior to mating; maternal body weights were also recorded on gestation days 0, 7, 10, 14 and 20 as well as on lactation days 1, 4, 7, 14 and 21. Food consumption was measured for corresponding intervals prior to mating, during gestation and during lactation. All of the females were allowed to deliver and rear their pups to weaning on postnatal day 21 (PND 21). The offspring was euthanized on PND 28. The surviving dams were necropsied on lactation day 21. The males were necropsied after the breeding period.

In these animals, reproductive parameters (fertility, mating, days between pairing and coitus, gestation and parturition), mean body weights, body weight gains and food consumption, mean numbers of implantation sites and mean live litter size were not adversely affected by test material exposure at exposure levels of 26 or 132 ppm. No exposure-related effects on pup viability throughout lactation and no exposure-related clinical signs were noted in the pups in either the 26 or 132-ppm groups. Pup sex ratios and mean pup weights were unaffected by exposure to the test material at any exposure level. No internal findings related to the test material were noted at either exposure level in females necropsied on post-mating day 25 [START_REF] Löser | Untersuchungen zur akuten oralen Toxizität an männlichen und weiblichen Wistar-Ratten (as cited in SCCS[END_REF].

A slight decrease in the viability indices in the 132 ppm group on postnatal days [START_REF] Ramm | Untersuchung zur akuten cutanen Toxizität an|männlichen und weiblichen Wistar-Ratten[END_REF] The potential for D5 to cause functional and morphological changes to the nervous system of the developing F2 rats following exposure of the F0 and F1 generations was also evaluated. Groups of male and female Crl:CD ® (SD)BR rats (30/sex/group) were exposed to D5 for six hours daily for at least 70 consecutive days prior to mating. Target test article concentrations were 30, 70 or 160 ppm. A control group of identical design was exposed to clean, filtered air on a comparable regimen. Exposure of the F0 and F1 males continued throughout mating and through the day prior to euthanasia. The F0 and F1 females were exposed throughout mating and through gestation day 20 at which time exposures were stopped. Exposures were re-initiated on lactation day 5 and continued through the day prior to euthanasia.

All animals were observed twice daily for appearance and behaviour. All F0 and F1 females were allowed to deliver and rear their pups until weaning on lactation day 21. Offspring (30/sex/group) from the pairing of the F0 animals were selected to constitute the F1 generation. Developmental landmarks (balanopreputial separation and vaginal patency) were evaluated for the selected F1 rats. Thirty pups/sex/group from the F2 generation were selected for development landmarks, neurobehavioral testing, neuropathology brain weights and/or brain dimension measurements. Surplus F1 and F2 pups were necropsied on PND 21 or 28, and selected organs were weighed. Selected F2 rats not allocated for neuropathology and brain dimension measurements were necropsied on PND 70; selected organs were weighed. All surviving F0 and F1 parental animals received a complete detailed gross necropsy following the completion of weaning of the F1 and F2 pups, respectively; selected organs were weighed. Spermatogenic evaluations were performed on all F0 and F1 males and ovarian primordial follicle and corpora lutea counts were recorded for F0 and F1 females in the control and high-exposure groups. Designated tissues from all F0 and F1 parental animals in the control and 160 ppm groups, from all parental animals that were found dead or euthanized in extremis, and from F2 pups selected for neuropathological evaluation were examined microscopically.

No clear exposure-response relationship for the mortalities was evident for the six F0 animals that died or were euthanized in extremis and no consistent target organ could be identified at the gross and microscopic examinations of these animals. The mortalities and moribundity of these F0 males and females were not attributed to test article exposure. All other F0 and all F1 parental animals survived to the scheduled necropsy. No exposure-related clinical signs were noted at any test article concentration.

Reproductive parameters (days between pairing and coitus, mating indices, fertility indices, duration of gestation, and parturition) in the F0 and F1 generations were not adversely affected by exposure to the test article. Mean weekly, gestation, and lactation body weights, body weight gains, and food consumption were not adversely affected by test article exposure at any concentration in the F0 and F1 generations. Functional observational battery (FOB) data (home cage, handling, and open field observations) for the F1 females revealed no exposurerelated effects at the gestation day 10 and lactation day 20 evaluations.

No exposure-related gross internal findings were noted at any concentration in the F0 and F1 animals at the scheduled necropsy. No exposure-related differences in mean organ weight data (absolute and relative to final body weights and brain weights) were noted at any concentration in the F0 and F1 generations. F0 and F1 mean ovarian primordial follicle counts were unaffected by exposure in the 160 ppm group. Spermatogenic endpoints (testicular and epididymal sperm numbers, sperm production rate, sperm motility, and sperm morphology) were not affected by test article exposure at concentrations of 30, 70 or 160 ppm.

F1 and F2 mean live litter sizes, numbers of pups born, percentages of males per litter at birth, postnatal survival, and anogenital distances were not affected by parental exposure at any concentration. One F0 female in the 160-ppm group had total litter loss on lactation day 0. Because no exposure-related decreases in postnatal survival of the F1 and F2 litters were noted at any concentration, the single occurrence of total litter loss in the 160-ppm group was not attributed to D5 exposure. Mean pup body weights and the general physical condition of the F1 and F2 pups were similar in control, 30, 70 and 160 ppm groups both before and after weaning. Necropsy findings for the F1 and F2 pups that were found dead or euthanized in extremis were not suggestive of any correlation with parental exposure. At the scheduled necropsies of F1 and F2 surplus pups on PND 21 or 28, no gross internal findings or differences in mean organ weight data, which could be attributed to parental exposure, were noted at any concentration. F1 and F2 developmental landmarks (balanopreputial separation and vaginal patency) and F2 neurobehavioural responses (motor activity, startle response, Biel maze and FOB data) were not affected by parental exposure. At the PND 11 and PND70 neuropathological evaluations, no microscopic findings or differences in mean brain weights and brain measurements related to parental exposure were noted for any of the selected F2 rats. No gross internal findings or differences in mean brain weights, which could be attributed to parental exposure, were noted at the PND 70 necropsy of F2 rats not selected for neuropathological evaluation.

Results of histopathological evaluations of the F0 and F1 adults showed significantly increased incidence of minimal alveolar histiocytosis in females exposed to 160 ppm. A significant minimal increase in the incidence of pulmonary vascular mineralization was seen in all F0 and F1 animals. However, no exposure-response relationship in either incidence or severity among the exposed groups was evident.

There was a slight, but statistically significant, increase in the mean F1 male pup anogenital distance (AGD; was not measured in F1 male pups exposed to 30 and 70 ppm D5).

In conclusion, no parental toxicity in the F0 and F1 generations was seen at exposure concentrations of 30, 70 or 160 ppm. F0 and F1 reproductive performance was not affected at any concentration. No test-article-related total litter losses occurred. No neonatal toxicity was evident in the F1 and F2 generations at concentrations of 30, 70 or 160 ppm. No F2 developmental neurotoxicity was evident at any concentration. Based on the results of this study, the NOAEL (no-observed-adverse-effect level) for parental toxicity, reproductive toxicity, neonatal toxicity, and developmental neurotoxicity is considered to be 160 ppm.

Ref.: 51, Siddiqui et al. (2007b)

SCCS comments

An increase in male pup anogenital distance may indicate an anti-estrogenic or androgenic effect. Yet, other studies failed to show such hormonal activity for D5. Vaginal patency and balanopreputial separation were unchanged compared to controls. For developmental and reproductive toxicity a NOAEL of 160 ppm D5 can be derived from this two-generation study.

Developmental Toxicity

See above section 3.3.8.1
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Inhalation route

Toxicokinetics in humans

The toxicokinetic behavior of D5 in humans was evaluated by the University of Rochester in following a similar protocol as for D4 [START_REF] Reddy | Physiological modeling of inhalation kinetics of octamethylcyclotetrasiloxane in humans during rest and exercise[END_REF]Utell et al., 1998). The study was designed to investigate the effects of D5 and D4 on human lung function. The investigations were needed to help define any health consequences of exposure, to determine if exposure to low-levels of these compounds alters human lung function, to better understand the normal uptake and clearance of silicones in humans, and to help establish guidelines for acceptable levels of exposure. For the study, non-smoking health participants with normal lung function were chosen. Each subject participated in two exposures, at least one-week apart, to either D4 or D5 or air. Lung function has been assessed by breathing tests performed before and after exposure. Blood, urine and exhaled breath samples have been collected before, immediately after, as well as 6 and 24 hr after exposure and analyzed in the laboratory for silicone levels.

A blood sample was collected for routine laboratory studies, including complete blood count and liver function tests. Subjects also exercised on a stationary bicycle for 10 minutes to become familiar with the equipment. On a separate day the subjects were exposed during one-hour to 10 ppm silicone (either D4 or D5) or air. The exposures have been performed using a small bag-in-box chamber breathing through a mouthpiece; the chamber facility was designed to allow continuous monitoring of the inhaled silicone levels. For two 10 minute periods near the beginning and end of the study, the subjects exercised on a stationary bicycle at a level sufficient to mildly increase their breathing. Breathing has been monitored during these exercise periods.

Inhaled and exhaled silicone levels have been monitored continuously during the exposure. The lung function tests have been performed before, immediately after, and 2 and 24 hours after exposure. Exhaled air, blood, and urine samples have been collected at the same time points. Small catheters have been placed in a vein in the forearm of volunteers to allow the collection of several blood samples. After at least a one-week interval, subjects have been returned for other exposures to either air or the test silicone (D4 or D5).

Blood chemistries (CBC, albumin, ALT, AST, total bilirubin, creatinine, LDH, total protein, and BUN), serum acute phase reactants (erythrocyte sedimentation rate), lymphocyte subsets (CD4, CD8, CD19, CD56/16 and CD45) and functional studies of peripheral blood monocytes (PHA proliferation and NK cell cytotoxicity) were examined immediately after, 6 and 24 hours after the end of the exposure period. Subjects also completed a 12 item questionnaire using a subjective ranking of the effects of exposure on various pulmonary parameters. Exposure was well tolerated by the subjects. The questionnaire identified symptoms that were mild in nature, and there was no significant difference between the air and D5 exposure. In addition, there was no effect on any clinical chemistry parameters, acute phase reactants, lymphocyte subsets or functional studies of blood monocytes after D5 exposure.

Results

Exhaled air concentrations increased rapidly to steady state and remained relatively constant during exposure. Slight changes were observed in the concentration of D5 exhaled, with increases observed during the exercising periods. For the majority of the subjects, no D5 was detected in the exhaled air by 20 minutes post-exposure. A 1-hour exposure to D5 resulted in an average total intake of 25 mg; the overall deposition fraction was 14%. Immediately after the last exposure, rats were housed in glass metabolism cages for the collection of urine and feces at 6, 12 and 24 hours and then at 24-hour intervals up to 168 hours. Expired volatiles were collected at 1, 2, 4, 6, 9, 12 and 24 h post exposure and at additional 24-hour intervals up to 168 hours. Air from the metabolism cages passed through an adsorbent for trapping volatiles and then through a CO 2 absorbent, allowing separate determination of the amount of 14 CO 2 and other volatile compounds, either parent D5 or metabolites. Four or five rats per sex and dose were euthanized at 0, 1, 3, 12, 24, 48, 72, 96, 120 and 168 hours post exposure and samples from various tissues were collected including blood, perirenal fat, lungs and liver.

Retention of radioactivity following single and repeated exposures was relatively low (up to 2% of inhaled D5 if fur deposition is excluded -see below). Radioactivity and parent D5 was widely distributed to tissues of both male and female rats, with the maximum concentration of radioactivity observed in most tissues by 3-h post exposure. Fat was a depot for D5, with elimination occurring much slower than observed for plasma and other tissues. In all groups, the primary route for elimination of radioactivity was through expired air. Analyses for parent D5 indicated that essentially all the radioactivity in the expired volatiles was unchanged D5. Repeated exposure gave rise to higher levels of parent D5 in the lung and fat of both sexes and in female liver relative to the single exposure.

Immediately after sacrifice approximately 50% of the radioactivity was parent. Five polar metabolites of D5 were identified in urine, with no parent D5 detected. The urine had polar silanols. Radiochromatograms had two peaks in feces. One corresponded to the retention time for D5. The second has been tentatively identified as hydroxylated D5.

In contrast to D4, the PBPK modeling for D5 requires description of a stable metabolite, called HO-D5, and a polar metabolite pool that is rapidly eliminated to urine. The concentration of stable metabolite in liver, lung and plasma was too low for unequivocal chemical determination. The amount of metabolites in the plasma, liver, lungs and fat was SCCS/1549/15
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Table 4: Pharmacokinetic parameters of total radioactivity in plasma and tissues obtained from male and female Fischer 344 rats after a single 6h exposure to 7 or 160 ppm D5 or 14 repeated 6h exposures to 160 ppm D5 and a single 6h exposure to 160 ppm 14 Groups of 4 to 5 male and female animals were exposed to air (nose only) containing 160 ppm 14 C-D5 for 6 hours. Immediately following exposure, one group of males and one group of females, were euthanized while still loaded in the exposure chamber, then transferred to metabolism cages for 6 hours, and used to determine levels of 14 C-D5 off-gassed from the pelt. The total body burden of both radioactivity and parent chemical from these animals was compared with the results from two additional groups of males and females that were not sacrificed and moved immediately following the exposure period into individual Roth style glass metabolism cages. Urine, faeces and expired air were collected from each live animal at various time points up to 168-hours post-exposure. As close as possible to the 168-hour post-exposure time point, animals were euthanized, tissues collected, and the remaining carcasses were solubilized.

In the animals that were euthanized before removal from the exposure chambers, significant amounts of D5 were measured in the cages and the volatile traps for both males and females, indicating volatilization of D5 from the animal's fur. However, the deposition rate of D5 collected in the expired air via volatile traps was greater for the euthanized than for the live rats. It was noted that after the rats were moved to metabolism cages, routine grooming could result in ingestion of D5 from the fur, reducing the amount of D5 available for evaporation from the fur of the live animals that could contribute to continued postexposure inhalation of D5. This ingestion of D5 during grooming is also supported by the amounts of radioactivity measured in the gastrointestinal tract of the animals exposed to 14 C-D5 via inhalation. The mass balance, as a percentage of total recovered amounts, in the live animals measured in this experiment was different than noted in the initial single exposure study (ref. [START_REF]C-Decamethylcyclopentasiloxane (D5) in the Rat Following a Single Nose-only Vapour Inhalation Exposure to 14C-D5 at Two Dose Levels[END_REF]) with a higher fraction of the recovered radioactivity in the expired air. This could be attributed to the immediate transfer of the animals to metabolism cages increasing the capture of expired volatiles from exhalation and volatilization from the pelt.

In summary, studies in both animals and humans indicated that only a relatively small amount of inhaled D5 was retained. Although steady state concentrations were achieved in the blood and the majority of tissues of rats, D5 concentrations in the fat tissue did not appear to achieve steady state during single or 3 hour exposures. Therefore, any continued uptake of inhaled D5, following the achievement of steady state concentrations in the major tissues, would be related to metabolism or loading into fat. However, in studies conducted to address the potential for bioaccumulation of D5, tissue concentrations, even in the fat, did not increase with repeated exposures up to 6 months duration.

Oral route

Toxicokinetics in rats

The disposition of 14 C-D5 was evaluated in male and female Fischer 344 rat following a single oral administration of 1000 mg of 14 C-D5 in corn oil/kg of body weight. Additional female rats were dosed with neat 14 C-D5 and 14 C-D5 in simethicone fluid to evaluate any effect that the carrier may have on the absorption and disposition of D5 following oral administration. Animals (n = 4/sex and n = 4 females/carrier) were housed in glass metabolism cages for collection of urine, faeces and expired volatiles. At 168 h post-dose, animals were sacrificed and selected tissues and remaining carcasses were collected. All samples were analyzed for radioactivity content. In addition to radioactivity, feces and expired volatiles were analyzed for parent D5 concentration. A separate group of jugular vein cannulated animals (n = 6/sex and n = 6 females/carrier) were used to determine radioactivity and parent D5 concentration in blood at [START_REF]Dow Corning Corporation, 4-Hour Acute Inhalation Toxicity Study with Decamethylcyclopentasiloxane in Rats 1994[END_REF] Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ females when 14 C-D5 was administrated in corn oil indicating presence of metabolites in the blood.

Absorption of D5 was also compared between various carriers. Data obtained from the blood curve analysis showed that the test article was most readily absorbed when delivered in corn oil and least available for absorption when carried in the simethicone fluid The mass balanced data showed that 19.62%, 25.81% and 9.94% of administered 14 C-D5 was absorbed when delivered in corn oil, in simethicone fluid or as neat 14 C-D5 respectively. The majority of the absorbed dose was found in expired volatile traps particularly when the dose was delivered in simethicone fluid. The entire radioactivity expired was attributed to the parent compound. The discrepancy between absorption assessed by blood curve analysis and mass balance data analysis may be caused by evaporation of 14 C-D5 from the excreted fecal matter that remained in the bottom of the cage. Animals dosed with corn oil and especially simethicone had a higher occurrence of loose fecal matter that adhered to the side of the cages.

HPLC profile evaluation of urine and faeces showed that the entire radioactivity in the urine consisted of polar metabolites, whereas in the faeces, the majority was parent D5 with a trace of non-polar metabolite.

In summary, approximately, 20% of 14 C-D5 delivered in corn oil was absorbed after single oral administration in Fisher 344 rats based on radioactivity found in urine, expired volatiles, C0 2 carcass and tissues. In addition, this study indicated that the oral absorption of D5 could be influenced by the carrier used to deliver 14 C-D5. With neat D5, absorption was approximately 10%.

Ref. 73

SCCS comments

In the oral study rats were exposed to very high dose of D5 (1000 mg/kg bw/day) and then it is difficult to extrapolate the pharmacokinetic profile to much lower doses that are more relevant to the human exposure. For oral absorption, 10% bioavailability will be used to calculate the internal NOAEL as in the key study used to derive the NOAEL for risk assessment (ref 45), neat D5 was administered. Two major metabolites and five minor metabolites have been identified in the urine of female rats administered 14 C-D5 orally.

The hepatic metabolism of D5 was linear at the exposure levels evaluated in the kinetic rodent studies. 

Summary of in vivo human and animal toxicokinetic data:

Overall, studies in both animals and humans indicated that only 3-10% of inhaled D5 was retained following single and steady state exposures. The absorption of neat D5 was about 10% following oral exposure in rats. Only a small amount (around 0.05%) of D5 applied to human skin was absorbed into the blood and only a fraction of that was retained with the vast majority (approximately 90% of the absorbed amount) exhaled on first pass.

The kinetic behavior of D5 is similar for inhalation and dermal exposures, but dissimilar when comparing dermal and oral exposure. Following dermal exposure, most of the D5 evaporates from the skin, but for the 0.06% of the applied dose that is systemically absorbed, D5 has 1 st -pass kinetics to the lungs where the majority is exhaled due to the low blood:air partition coefficient of the free D5 that is absorbed. Any retained D5 is most likely associated with a mobile lipid pool that is circulated and distributed to other organs, ultimately being metabolized by the liver. Following inhalation exposures, the majority of the inhaled D5 is exhaled due to the low blood: air partition coefficient of free D5 that is absorbed. What is not exhaled may be metabolized locally, or it is associated with a mobile lipid pool and ultimately goes to the liver where it is metabolized, demonstrating very similar behavior as the dermal kinetics. In contrast, oral dosing with D5 results in limited absorption of free D5 across the GI tract where it is metabolized by the liver and eliminated. Most of the D5 that is absorbed is absorbed along with lipids from the diet. Dietary lipid is primarily distributed to the liver where it is stored for short periods and repackaged for distribution (primarily into fat with small amounts directed to other tissues for membrane maintenance). The oral route of exposure clearly leads to 1st pass kinetics to the liver leading to metabolism or D5 that is not freely available for exhalation compared to inhalation or dermal exposures. This is distinctly different from dermal and inhalation routes of exposure. Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ tissues than expected for simple well-mixed, flow-limited uptake compartments. In addition, a discrepancy between the rate of D4 elimination via exhalation and the associated blood levels following inhalation exposure indicated the presence of a pool of D4 in the plasma that was not available for exhalation. These observations led to inclusion of several 'deeptissue compartments' to account for slow, multi-phasic loss after cessation of exposure, a pool (compartment) in blood assumed to represent lipoproteins, called a mobile lipid pool (MLP), and multiple fat compartments to describe the longer-time exhalation curves indicative of slower release of D4 from fat compartments.

D5 has greater lipophilicity and lower blood:air partitioning than D4. The process of fitting a PBPK model to the rat inhalation studies with D5 required addition of other deep tissue compartments and deep tissue stores within the blood compartment. Thus, the rat D5 inhalation description [START_REF] Reddy | Inhalation Dosimetry Modeling with Decamethylcyclopentasiloxane in Rats and Humans[END_REF] has the largest number of tissue compartments of all the siloxane PBPK models. The dermal studies and the human volunteer studies do not have sufficient resolution to require expansion of the number of compartments. The dermal studies provide information to characterize the dynamics of uptake at the skin surface [START_REF] Reddy | Modeling of Human Dermal Absorption of Octamethylcyclotetrasiloxane (D4) and Decamethylcyclopentasiloxane (D5)[END_REF] and the human inhalation studies, especially with D4, provided timecourse information for metabolites that was not available from the rat studies [START_REF] Reddy | Physiological modeling of inhalation kinetics of octamethylcyclotetrasiloxane in humans during rest and exercise[END_REF].

The published human models for D4 [START_REF] Reddy | Physiological modeling of inhalation kinetics of octamethylcyclotetrasiloxane in humans during rest and exercise[END_REF][START_REF] Reddy | Modeling of Human Dermal Absorption of Octamethylcyclotetrasiloxane (D4) and Decamethylcyclopentasiloxane (D5)[END_REF] and D5 [START_REF] Reddy | Modeling of Human Dermal Absorption of Octamethylcyclotetrasiloxane (D4) and Decamethylcyclopentasiloxane (D5)[END_REF][START_REF] Reddy | Inhalation Dosimetry Modeling with Decamethylcyclopentasiloxane in Rats and Humans[END_REF] simulated the time-course biomarker data of D4 and D5 collected during inhalation or dermal exposure. Compared to the rat models, human models had a simpler structure due to the more limited data sets that can be obtained from human volunteers.

Due to these differences, the compartmental structures included in the models varied according to available data sets and the goals of model development. As more data became available, the model structures have been modified and updated. This variety of models, however, presents challenges when wanting to use these models for human health risk assessments because it is difficult to determine which models structures to use to compare internal dose metrics across compounds and species. To improve the utility of these models for risk assessment, a single multi-route and multi-species siloxane PBPK model was built in which the key chemical-specific biological and kinetic features determined in previous PBPK models were preserved (Yang et al., 2012 -ref 84).

The harmonized rat model structure describes the extensive set of kinetic data on the timecourse concentrations of total radiolabeled D4 and D5 in exhaled breath, blood, several tissues and urine during and following a both single and multiple exposure levels at several concentrations in rats using a consistent set of chemical and species specific parameters. To ensure consistency between the updated multi-purpose model and the original D4 and D5 models, the model estimated time-averaged plasma and liver concentrations in the rat following 160 ppm D5 and 700 ppm D4, possible dose metrics for risk assessment, were compared with the values obtained in the original PBPK models and determined to be consistent.

Once a harmonized model structure was developed using inhalation studies in the rats and human volunteers for siloxanes, the inhalation model was expanded to accommodate dermal absorption where the biochemical and metabolism parameters were consistent between the exposure routes. A skin application model was added and used to simulate input of D5 from dermal exposure. Once the chemicals enter the systemic circulation, they were assumed to follow the same kinetics as the chemicals absorbed from inhalation.

The harmonized model consists of six tissue compartments including blood, lung, liver, slowly perfused tissues, and rapidly perfused tissues (Figure 2). Cyclic volatiles methylsiloxanes (VMSs) are extensively cleared from the body via exhalation of free parent material and hepatic metabolism to various polar silanol metabolites. As discovered in previous modeling efforts, the measured plasma concentrations of parent siloxane represent both a bound, sequestered pool of siloxane and a free, circulating portion of the siloxane that is available for distribution to other tissues and exhalation from the lung. In the model, this unavailable pool of material is described as a portion of parent siloxane bound to lipids such as blood lipoproteins, a hypothesis that still needs to be experimentally determined.

The current model describes hepatic metabolism as a dose-dependent, saturable process and simulates the time-course concentrations of both parent siloxane and total silanol metabolites separate from total radiolabeled equivalents. For D5, circulating blood and tissue concentrations of the hydroxylated D5 metabolite are also described.

For the parameterization of the harmonized D4/D5 Rat inhalation model, the datasets used for D5 are the tissue time-course data for total radioactivity and parent chemical from 14 C-D5 inhalation studies in male and female rats that were collected following a single (either at 7 or 160 ppm) inhalation exposure for 6 hr/day or multiple exposure at 160 ppm (see above [START_REF] Tobin | Disposition of decamethylcyclopentasiloxane in Fischer 344 rats following single or repeated inhalation exposure to 14Cdecamethylcyclopentasiloxane (14C-D5)[END_REF]. The time series data included exhaled breath, tissues of blood, liver, fat, and lung, urine, and feces.
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For the human data, the datasets were issued from the study on 3 male and 2 females subjects exposed to D5 vapor at 10 ppm for 1 hour. During the exposure, subjects performed intermittent exercise alternating rest and exercise periods on regular interval. The corresponding changes in the ventilation rate and the minute volume were recorded. Blood and exhaled breath samples were collected during the exposure and the postexposure period up to 24h after the cessation of the exposure.

The dermal exposure route was then added to the model following parameterization of the inhalation model. The [START_REF] Reddy | Modeling of Human Dermal Absorption of Octamethylcyclotetrasiloxane (D4) and Decamethylcyclopentasiloxane (D5)[END_REF] model and associated data sets were used to describe the skin compartment and simulate the dermal uptake data from human volunteers.

SCCS comments

Following the consultation period and to answer specific requests from the SCCS, the following documents and software used to develop the PB-PK models were provided by the applicant and assessed by SCCS:

- This model consistently reproduces the general trend of the following data using a single set of species and chemical specific parameters for all the data: • multiple dose levels • oral, dermal and inhalation routes of exposures • rodents and humans

The model reproduces the most plausible dose metric associated with hazard endpoints used in the SCCS RA (parent D5 AUC in blood) separate from total material (parent + metabolites)

High

SCCS agree

How reliable is the PBPK model with regard to its predictions of dose metrics relevant to risk assessment?

The model reliably reproduces the most plausible dose metric associated with hazard endpoints used in the SCCS RA (parent D5 AUC in blood) separate from total material (parent + metabolites) in both rats and humans at relevant dose levels (within the range of known pharmacokinetic linearity) and relevant exposure routes for consumers (inhalation and dermal) High SCCS agree SCCS re-estimated the Cmax and AUC with the human D5 PBPK model following inhalation exposure of humans to 10 ppm and then compared with the AUC and Cmax calculated . The sensitivity analysis has been well assessed according the WHO guidance: because parameter could be sensitive at different times, sensitivity analysis was performed and values were calculated at different times for a single exposure simulation.

Dose metric
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The human data were used for calibration of the human PBPK model; under these considerations, additional model evaluation aspects are needed regarding the reliability (model testing, uncertainty and sensitivity) as described and recommended by WHO 2012 in figure 10 This evaluation allow that when a human PBPK model is not evaluated with empirical data, sensitivity and uncertainty analyses are conducted to determine the reliability of PBPK model prediction.

Conclusion for human PBPK model:

The model does reproduce the peak concentration (C max ) and the AUC described in the McMullin study. Even if there are discrepancies between the predictions and the observed experimental data in AUC, the ratio (Ratio predicted/observed) is less than 2, which is acceptable according the WHO guidance. Therefore, the SCCS considers that the model is suitable for risk assessment.

Photo-induced toxicity

Siloxanes (such as D5) contain only methyl groups, which have no double bonds and do not absorb ultra violet (UV) light. Consequently, no phototoxicity studies have been performed. In order to assess the potential immunomodulatory consequences of inhalation exposure to D5, male and female Fischer 344 (F344) rats (25/group) were exposed by whole body vapour inhalation to 0, 10, 25, 75, or 160 ppm of D5, 6 hours/day, for 28 days. Clinical signs, body weights, and food consumption were recorded. On the day following the final exposure, 10 rats/group/sex were euthanized and a complete necropsy performed. Following a 14-day non-exposure recovery period, the remaining 5 rats/group/sex were necropsied. Body and organ weights were obtained and a complete set of tissues taken for histopathology. Samples were also collected for serum chemistry, haematology, and urinalysis. Immunotoxicologydesignated rats (10/sex/group) were immunized with sheep erythrocytes (sRBC) 4 days prior to euthanasia and cyclophosphamide was administered i.p. to positive controls on days 24 through 28. The anti-sRBC antibody-forming cell (AFC) response was evaluated in a standard plaque assay. Blood was also collected for examination in the anti-sRBC enzyme-linked immunosorbant assay (ELISA). D5 inhalation exposure did not alter humoral immunity and caused only minor, transient changes in haematological, serum chemistry, and organ weight values. Histopathological changes were confined to the respiratory tract and appeared to be reversible.

Ref.: 37

In another in vitro non-guideline study evaluating the effects of siloxanes on human immune cells (peripheral blood mononuclear cells or PBMCs), D5 completely inhibited PHAinduced proliferation of PBMCs at concentrations greater than 10 µM/ml in serum-free medium. In cultures with serum-free medium D5 also inhibited proliferation of PBMCs induced by tetanus toxoid or alloantigens. The inhibitory effects were completely reversed by addition of even small amounts of serum or plasma to the serum-free medium. These findings suggest that exposure of cells to high levels of D5 may be deleterious under conditions in which other lipophilic substances are not also present. The toxic effect of D5 are then unlikely to be relevant systemically since the high levels of lipids in plasma and tissues would certainly neutralize these potential effects of D5.

Ref.: 85

Some aspects of immunotoxicity were also assessed in the subacute rats study (ref 38 see above). In this study (OECD guideline 412), 5 groups of 10 male and female Fischer 344 rats were exposed by nose-only inhalation for 6 hrs/day, 5 days/week for 4 weeks to 0, 0.45, 0.66, 1.34, or 2.29/3.71 mg D5/l (0, 28, 42, 96, 151/197 ppm, respectively). Animals were exposed to the highest exposure concentration of 2.29 mg/l (151 ppm) for days 1 to 6 while the exposure to 3.71 mg/l (197 ppm) was for the remaining duration of the study (week 2 to 4). An increase in leukocyte and lymphocyte counts was observed in males from the two highest dose groups. The authors stated that this increase could reflect a stimulated immunological response. No other treatment related haematological effects were reported.

Ref.: 38

Liver toxicity

A number of studies conducted have shown that D5 causes changes in the liver following subacute or subchronic exposure by oral or inhalation routes. These changes include increases in liver weights and clinical biochemistry changes (decreased urea concentration, increased cholesterol, increased triglycerides, increased total proteins, and increased gamma-glutamyltransferase. Specific studies have been conducted to further investigate this effect.

A study was designed to investigate the effects of D5 on the expression and activity of selected rat hepatic phase I and phase II metabolizing enzymes. Female Fischer 344 rats were exposed by whole-body vapour inhalation to either 0 or 160 ppm D5, 6 hours/day, 5 days/week for 28 days. Changes in the activity and relative abundance of hepatic microsomal CYPs (CYP1A, CYP2B, CYP3A and CYP4A), EH, and UDP-glucuronosyltransferase (UDPGT) were measured. Repeated inhalation exposure of rats to D5 increased liver size by 16% relative to controls by day 28. During a 14-day post-exposure period, liver size in D5exposed animals showed significant recovery. Exposure to D5 did not change total hepatic CYP, but increased the activity of NADPH-cytochrome c reductase by 1.4 fold. An evaluation of CYPs in hepatic microsomes prepared from D5-exposed rats revealed a slight (1.8-fold) increase in 7-ethoxyresorufin O-deethylase (EROD) activity, but no change in immunereactive CYP1A1/2 protein. A moderate increase (4.2-fold) in both 7-pentoxyresorufin Odepentylase (PROD) activity and immunoreactive CYP2B1/2 protein (3.3-fold) was observed. Testosterone 6ß-hydroxylase activity was also increased (2.4-fold), as was CYP3A1/2 immunoreactive protein. Although a small increase in 11-and 12-hydroxylation of lauric acid was detected, no change in immunoreactive CYP4A levels was measured. Liver mEH activity and immunoreactive protein was increased 1.7-and 1.4-fold, respectively, in the D5-exposed group. UDPGT activity toward chloramphenicol was elevated 1.8-fold, while no change in UDPGT activity toward 4-nitrophenol was seen.

These results demonstrate that D5 is capable of increasing levels and activities of important xenobiotic-metabolizing enzymes.

Ref.: 89

Another study was performed to characterize the ability of D5 to induce drug metabolizing enzymes in rats. Male and female Sprague-Dawley rats were administered 1, 5, 20, or 100 mg/kg D5 in corn oil daily by gavage for 4 days. Positive control animals received 50 mg/kg phenobarbital by intraperitoneal injection for 4 days. At the end of each experiment the liver was removed, weighed, homogenized and microsomes prepared. The activities of 7pentoxyresorufin O-depentylase (PROD) and 7-ethoxyresorufin O-deethylase (EROD) were determined. Immuno-chemical analysis was performed using different anti-CYP polyclonal antibodies to determine CYP1A1/2, CYP2B1/2, CYP3A1/2, NADPH cytochrome P-450 reductase. Relative liver weight was increased in females at 20 and 100 mg/kg and in males at 100 mg/kg. CYP2B1/2 immunoreactive protein was significantly increased at 5 mg/kg and above as was PROD activity in females (males at 20 and 100 mg/kg). EROD activity was increased in males and females at 5 mg/kg and above (however, no changes were detected in CYP1A1/2 immunoreactive protein in rats of either sex). CYP3A1/2 immunoreactive protein was significantly increased in males at 100 mg/kg and females at 5 mg/kg and above. NADPH cytochrome P450 reductase immunoreactive protein was significantly induced at ≥ 5mg/kg in males and ≥ 20 mg/kg in females. Thus the induction pattern might be interpreted as qualitatively similar to that observed with phenobarbital.

Ref.: 90

Human liver microsomes from a pool of seven individuals were incubated with marker substrates in the presence or absence of D5 at concentrations ranging from 0.040 to 3.5 μΜ. In addition, D5 was evaluated for its ability to function as a metabolism-dependent reversible or irreversible inhibitor. For comparison, D5 was also evaluated for its ability to inhibit CYP1A1/2 and CYP2B1/2 in liver microsomes from rats treated with 3 methylcholanthrene and phenobarbital, respectively. D5 does not appear to be a CYP2B1 inhibitor. D5 appears to be a strong reversible metabolism-dependent inhibitor of rat CYP1A1/2. D5 appears to be a weak competitive inhibitor of human CYP3A4/5 and a strong metabolism-dependent inhibitor of human CYP3A4/5. D5 has little or no capacity to inhibit rat CYP1A1/2 and human CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP4A9/11 activity in a reversible metabolism-independent manner. D5 has little or no 

SCCS conclusion on liver effects

When rats are exposed to D5 (as well as to D4), the alterations in hepatic enzyme expression might be interpreted as qualitatively similar to that observed with phenobarbital.

No effects on liver weight or metabolic indicators of function or altered liver histopathology were reported in the 2-year bioassay in male and female rats exposed to vapour concentrations of D5 up to 160 ppm. It is uncertain whether liver effects due to treatment with D5 are adaptive or adverse. As per a US EPA Health Effects Division guidance document (2002), observations of increased liver weight or hepatocellular hypertrophy should be associated with significantly increased or decreased serum levels of at least two of the liver enzymes -alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase or gamma-glutamyl transferase -before the changes are ascribed to liver toxicity. In the 1-month rat inhalation study, at 2400 mg/m 3 (160 ppm), relative liver weight was significantly increased in both sexes and serum alkaline phosphatase was decreased in females, even after a 14-day recovery period (Burns-Naas et al. 1998a, ref. 37). As observed in the 3-month rat inhalation study, there were significant increases in liver/brain weight ratios and in gamma glutamyl transferase (γ-GT) in female rats at 700 mg/m 3 (46 ppm) and higher (Burns-Naas et al. 1998b, ref. 48). In a one-year rat inhalation study, absolute and relative liver (liver/body and liver/brain) weights and gamma glutamyltransferase (γ-GT) were significantly increased in females at 2400 mg/m 3 (160 ppm) (Dow Corning 2005, ref. 58). In contrast, data on changes in levels of these liver enzymes following oral administration were not located. Liver weights were increased at 100, 330 and 1000 mg/kg bw/day of D5 in a 3-month oral rat study (Jager and Hartmann 1991, ref. 45). As no adverse effects were observed, 100 mg/kg-bw/day is considered to be the NOAEL for D5.

Studies to investigate relevance and potential modes of action for uterine effects

Carcinogenicity of D5 (uterine endometrial adenocarcinomas) was observed after 12 months exposure plus 12 months recovery in air and after 24 months exposure but were only significant at the dose of 160 ppm (see section 3.3.7). There is uncertainty whether the uterine tumours are relevant or not to humans. The applicant performed additional studies to further investigate the mode of action by which endometrial adenocarcinomas may be produced by D5.

To understand the possible mode of actions of D5 regarding uterine tumour induction and their human relevance, a number of factors such spontaneously occurring uterine tumours in F344 rats, uterine tumour types occurring in the uterus of the rat strain used, and events associated with reproductive aging in the female F344 rat have been considered.

An independent review of the histopathological data available in the NTP database was performed to determine if the morphology of the spontaneous tumors observed in the Fischer 344 female rats was similar to those seen in the D5 bioassay. This evaluation concluded that the tumours induced by D5 were indistinguishable from the adenocarcinomas present in the control animals and that D5 causes a slightly earlier onset of a spontaneous tumour (ref 91). In particular, no preneoplastic tissue changes were observed whereas in humans and rodents, in chemically induced estrogen-dependent tumours, endometrial hyperplasia with atypical changes and squamous metaplasia are present and associated with the neoplasm. However, it is also known that there is an estrogen-independent type of tumour in which the precursor lesions are not identified (ref [START_REF] Inoue | Current molecular aspects of the carcinogenesis of the uterine endometrium[END_REF].
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The similarity of the morphology of the spontaneous tumours and tumours seen in the D5 study might be presumptive evidence that the D5 was causing an earlier onset of a tumour that increases spontaneously as the female F344 rat ages.

Different modes of actions were proposed by the applicant, which could lead to uterine effect and discussed based on the available evidence for D5.

A genotoxic mode of action is not expected as all genotoxicity tests with D5 were negative (see section 3.3.36).

A series of studies have also been conducted to investigate the potential oestrogenic, androgenic and progestatic activity of D5 (Ref 101-106). These studies showed that D5 has no direct oestrogenic, anti-oestrogenic, androgenic, anti-androgenic or progestagenic activity. Therefore, the mode of action for the observed uterine adenocarcinomas is unlikely to be related to a direct hormonal effect.

Oxidative stress has been suggested as a possible cause and/or promoting component in tumorigenesis (ref 60). In the case of D5, four possible sources of oxidative damage could be considered in the aetiology of uterine tumour induction. These include i) the induction of oxidative damage directly from D5, ii) induction from the formation of catechol estrogens and finally oxidative damage from iii) inflammation or iv) from cytotoxicity. None of these modes of actions have been confirmed with D5 and there is no evidence that D5 is acting via oxidative or catecholestrogen (ref 101), inflammation or cytotoxicity mode of action.

A series of experiments have been performed in vivo to investigate the ability of D5 to act as a dopamine agonist and affect prolactin secretion in the rat. Dopamine agonists inhibit the prolactin secretion from the pituary in rats causing oestrogen dominance which results in persistent endometrial stimulation, which can ultimately result in endometrial tumours. Some studies have indicated that D5 can decrease circulating prolactin, but this modulation has not been observed in all studies (Ref 109,110,111). The delay between exposure to D5 by inhalation and sampling time to measure prolactin concentration seems to influence the modulation effects.

Mechanistic studies were performed to further investigate the dopamine agonist activity of D5 in vitro . Based on the results of these studies, it was demonstrated that the dopamine agonistic effect of D5 was not mediated through activation of the dopamine receptor. Instead, D5's effects appeared associated with competitive inhibition of forskolin activation of adenylate cyclase. In vitro studies suggest that modulation of circulating level of prolactin may be an effect on one or more downstream components of the dopamine signal transduction pathway. The subtlety of these changes prevents further assessment of the precise mechanism of how D5 may alter prolactin release.

SCCS comments

There is evidence that D5 influences prolactin concentrations, although the effects are not consistent from in vivo to in vitro studies. Therefore the precise mechanism of action for alteration of pituary control of the oestrous cycle by D5 is not fully understood.

There are no data showing that D5 treatment alters LH in the rat in a similar manner as D4.

Studies have investigated the effects of D5 on the oestrus cyclicity in the ageing F344 rat.

In a 90-day study in the ageing female rats exposed by inhalation to 160 ppm D5 six hours/day, 5 days/week, a significant increase in days in proestrus/oestrus was seen. In addition there was an increase in the combined incidence and severity of focal glandular hyperplasia (Ref 118).
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In a 14 months mechanistic study, female F344 rats were exposed to D5 (160 ppm) by inhalation to 160 ppm D5 six hours/day, 5 days/week, from 11 months of age to 25 months of age. The expected effect of decreased prolactin levels on oestrous cyclicity in normally cycling rats is an increase in the frequency of days in oestrogenic state. This effect was observed in the D5-exposed rats, in which the percent of days spent in an oestrogenic state was increased by an average of 44% during the first 45 day interval and 78% during the second 45 day interval. When compared to control animals the results of this study suggest an advancement of ageing in the D5-exposed reproductive tracts (Ref 119).

If the uterine adenocarcinomas are a spontaneous event that typically increases in frequency after 25 months of age, then this shift towards earlier senescence would be consistent with earlier appearance of spontaneous lesions.

SCCS comments on mode of action for uterine effects

Despite many mechanistic studies, the mechanism of action for uterine effects of D5 is still not understood. It is recognized that D5 may possibly act as a dopamine agonist, thus contributing to the observed tumorigenic effects in female rats. Although the applicant states that this mode of action is not relevant in humans, due to the lack of a thorough mode of action in rodents and also in human for this type of tumours, the SCCS cannot exclude that these effects could be relevant in humans. However, the limited negative genotoxicity results suggest that the tumours observed in the chronic toxicity/carcinogenicity study could be due to threshold effects.

Exposure assessment

In 
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Based on these levels, consumer exposure has been calculated following dermal exposure to products, and also inhalation exposure from use of aerosol products. For lip products for which ingestion is anticipated, exposure by oral route has been calculated.

Given the large number of product types in which D5 is used, an aggregate exposure should be considered. Based on the SCCS Notes of Guidance, and as recommended for preservatives, it is assumed that consumers will use 15 products containing D5 daily. The amounts of use per day relative to body weight are also taken from the SCCS Notes of Guidance.

Based on the maximum w/w% concentrations for D5 in key classes of product type and relative daily exposure to the product types in mg/kg bw/day (following recommendations from the SCCS Notes of Guidance), a total external exposure in mg/kg bw/day is calculated (see Table 7). For dermal exposure, based on the available information, the SCCS considered that the results from the in vitro study on human skin may be used for the risk assessment of D5 after dermal exposure in cosmetic products (ref [START_REF] Corning | Absorption of Decamethylcyclopentasiloxane (D5) Using the Flow-Through Diffusion Cell System for In Vitro Dermal Absorption in Human Skin[END_REF][START_REF] Jovanovic | In vitro and In vivo percutaneous absorption of 14C-octamethylcyclotetrasiloxane (14C-D4) and 14Cdecamethylcyclo-pentasiloxane (14C-D5)[END_REF]. The most conservative estimate of absorption obtained with neat D5 will be used. In accordance with the SCCS Notes of Guidance mean + 1 standard deviation lead to 0.06% absorption (0.04% + SEM x√n with SEM = 0.007 and n =5).

For exposure by inhalation, absorption of 2.3% derived from the study ref 71 is used.

Exposure doses were then calculated for each key classes of product type:

• For lip products During the consultation period of the SCCS opinion, cosmetic industry provided a document describing a refined approach to assess the exposure to D5 via cosmetic products. Instead of using default values to estimate some parameters used to calculate the exposure, databased values or modelled values using more realistic input variables were included in the assessment. The SCCS recognized the value of such a refined approach, in particular for a cosmetic ingredient that is used in a lot of cosmetic categories so that aggregated exposure estimation is necessary. However the assumptions that are used as the basis for such calculations, as well as the input parameters and default variables, have to be justified. In particular, SCCS considers that the presence probability should not be considered for regulatory risk assessment as the trends in the market cannot be accurately predicted.

In the classical deterministic approach used by the SCCS, the following assumptions are used:

1) D5 is present in all cosmetic categories which were considered by the Applicant to be a likely source of exposure to D5, 2) each product contains the maximum industry use level of D5, 3) the exposure to the amount of product containing D5 including frequency of use is based on a maximised calculation (SCCS 2012), 4) the inhalation model is based on an instantaneous homogenous steady-state distribution of D5 concentration in a room with no decline through ventilation (i.e. "sealed room"), and 5) the aggregate exposure is based on a summation of individual product exposures, i.e. assumes that all the products under consideration are used at the same time.

Concerning the exposure by inhalation, in the previous version of the opinion, the SCCS has used a classical one-box modeling approach. A one-box model assumes that the chemical emitted from a spray becomes instantaneously homogenously mixed throughout the room. However, with ConsExpo, air exchange is also modelled which reduces the concentration in the air (Bremmer et al., 2006). Importantly, one-box modelling is considered more relevant for products sprayed into the air, and not directly at the user [START_REF] Steiling | Principle considerations for the risk assessment of sprayed consumer products[END_REF]. In the present assessment, where spray products are directed at the user, a more complex two-box model which models air circulating in a room would provide a more appropriate exposure assessment. The two-box model describes the time-dependent change in chemical concentration emitted from a spray in a volume around the user ('breathing zone'), the air flow between the surrounding room volume (e.g. bathroom) and the decline of overall concentration due to air exchange (room ventilation). Moreover, the two-box model allows modelling of inhalation exposure for situations where the subject leaves the breathing zone and moves into the surrounding room after a specific time. The two-box model is also relevant for products sprayed at the body due to the inclusion of a near-field breathing zone [START_REF] Steiling | Principle considerations for the risk assessment of sprayed consumer products[END_REF].

Following the consultation period and to answer specific requests from the SCCS, the parameters and output of the calculation with the 2-Box model were provided by the Applicant. However, the origin of each parameter used in the model and the respective references were not explained (for example air flow from zone 2 to outside).

The exposure time in zone 1 and 2 together is 21 min (1 min zone 1, and 20 min zone 2). After these 21 min, the exposure immediately stops. However there still remains SCCS/1549/15

Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ uncertainty about the D5 in the air of the apartment -i.e. the D5 that is removed from zone 2 with 2 m 3 /min should be in the apartment afterwards.

Steiling et al., 2012 is given as a reference that 23.5% of the product is not available for inhalation. In the publication, this value had been measured as product that is deposited on the skin. This does not mean that substance cannot evaporate from the skin, and especially for D5 with its high vapor pressure, evaporation from skin is very likely. Therefore the reduction is not adequate, without the deposited amount not being available for slower release to the air.

In conclusion, although in general SCCS would favour the use of a 2 Box-model over the approach of immediate mixing without ventilation, for the moment too many questions remain to rely on the model. Before using the 2 Box-model, SCCS would first need to discuss and agree on what should be the adequate parameters of such a model. The SCCS also recognized the interest in the use of the probabilistic approach also presented by industry as a more refined and realistic assessment. However, some assumptions behind this approach such as presence probability on the market, frequency of uses and the shape of the distribution of some input parameters have to be validated before use in a regulatory safety assessment. Moreover the aim of a regulatory assessment is to cover all scenarios (reasonably anticipated) for the time being but also for the future during the whole market life of the ingredient, but not only to describe the actual situation of use of the ingredient and cosmetic products. Therefore the SCCS considered that the probabilistic approach may only be used as supportive to the classical one. The SCCS has identified the liver as a potential target organ following repeated-dose oral exposure and liver, lungs and uterus as potential target organs following repeated-dose inhalation exposure.

The effects observed on the liver were mainly an increase in liver weight. In the subchronic oral study (ref 45), this increase in liver weight was not accompanied by histopathological lesions and no alterations in enzymatic activities were observed. No liver effects were reported in the chronic inhalation toxicity/carcinogenicity study. Therefore, the SCCS followed the HED guidance document on how to interpret hepatocellular hypertrophy (2002) and concluded that these liver effects are not adverse.

Therefore the oral dose of 100 mg/kg bw may be considered as a NOAEL. The kinetic behavior of D5 is similar for inhalation and dermal exposures, but dissimilar when comparing dermal and oral exposure (see 3.3.9.4). Oral route is then not appropriate to represent systemic exposure of D5 after dermal exposure except for lip products for which ingestion is anticipated. Therefore, for cosmetic products other than lip cosmetics, the SCCS will rely on the studies by inhalation to derive PODs for the safety evaluation of D5. The kinetic of D5 after exposure by inhalation is comparable to the systemic distribution and elimination after dermal exposure. For lip cosmetics, the SCCS will used the NOAEL of 100 mg/kg bw as described above.

Concerning exposure to D5 by inhalation, the inhaled concentration of 49 ppm was considered as a NOAEC for local effects.

For systemic effects of D5 by inhalation, the SCCS will rely on the NOAEC of 40 ppm derived from the 2-year inhalation bioassay. Carcinogenicity of D5 (uterine endometrial adenocarcinomas) was indeed observed after 12 months inhalation exposure plus 12 months recovery and after 24 months exposure and was significant only at the highest dose of 160 ppm. No dose response relationship has been observed in this study.

There is uncertainty whether the uterine tumours in rat are relevant or not to humans. The applicant performed additional studies to further investigate the mode of action by which endometrial adenocarcinomas may be produced by D5. However, despite many mechanistic studies, the mechanism of action for uterine effects of D5 is still not understood. It is recognized that D5 may possibly act as a dopamine agonist, thus contributing to the observed tumorigenic effects in female rats. Although the applicant states that this mode of action is not relevant in humans, due to the lack of a thorough mode of action in rodents and also in human for this type of tumours, the SCCS cannot exclude that these effects could be relevant in humans. However, the limited negative genotoxicity results suggest that the tumours observed in the chronic toxicity/carcinogenicity study are due to threshold effects. This NOAEC will then be converted to a human equivalent systemic exposure dose, to be used as a POD for the calculation of the MoS.

In summary:

For the risk assessment, the SCCS considered a NOAEL of 100 mg/kg bw derived from the oral subchronic (13 weeks) toxicity study based on the effects observed in the liver (Ref. Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________
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• For lip products the POD will be: • For other products than lip product the POD by inhalation will be: SCCS consider that the histopathological changes observed both in the lung and the nasal cavity of rats exposed to the high concentrations of D5 may be due to the localized irritation from aerosol deposition and were not considered as systemic toxicity of the test substance. SCCS is aware that the physicochemical properties of D5 limit the maximum vapor exposure concentrations achievable in inhalation exposures (Burns-Naas et al., 1998b) and results obtained in studies using high concentrations of D5 in air have to be evaluated with caution due to the potential formation of aerosols and associated issues with doses delivered. Therefore the NOAEC derived for local toxicity due to exposure by inhalation will not be corrected by uncertainty factors.

For the POD based on the inhalation exposure and a bioavailability of 2.3%, systemic POD is calculated as follow: For lip products, the Margin of safety (MoS) is calculated by divided the internal oral POD by the Systemic exposure Dose (SED) resulting from oral exposure. For local effects on the lungs due to exposure to D5 from spray products, MoS is calculated by divided the external POD by the external concentration in the respirable air when using the products. For all products, except hair styling aerosol and sun care products (aerosol and pump spray), as the local MoS is above 1, exposure to D5 from Hair treatment aerosol, foot care aerosol and spray-deodorant aerosol will not lead to air concentrations above the value where SCCS considered that D5 may be aerosolized and locally toxic on the lungs due to aerosol deposition. Therefore SCCS considered that the use of D5 at the reported concentrations in these products is safe.

For hair styling products and sun care products (aerosol and pump spray), the local MoS at the reported concentration is below 1, which means that, based on the estimation method used by SCCS, exposure to D5 may lead to air concentrations above the value where SCCS considered that D5 may be aerosolized and locally toxic.

Exposure to D5 coming from hair styling products also triggers high level of aggregated exposure which may lead to concentrations in the air above the value considered safe by the SCCS.

For the systemic effects, the MoS is calculated by divided the internal POD by the Systemic Exposure Dose SED resulting from dermal exposure and also from exposure by inhalation.

• For spray products (inhaled exposure) basis, that the product usage will be high. This scenario may be considered as a worst case scenario with a low probability. Again, based on the PBPK modelling, the estimated internal exposure values were much lower and lead to MoS that could be considered safe. According to the Applicant, the tests used samples of high purity of D5 (95% to > 99%) with pivotal long term toxicity studies conducted using the same batch of D5 (BxWCO 15338, > 99% pure).

Discussion

Physicochemical properties

Function and uses

D5 is commonly used in cosmetic products due to its antistatic, emollient, humectant, solvent, viscosity controlling and hair conditioning properties. It is used in cosmetics with a wide range of concentrations as well as in a variety of other applications. The main use of D5 in cosmetic products is in skin care products, deodorants/antiperspirants, hair care products and make up products.

Acute toxicity

D5 has a relatively low order of acute toxicity by oral, dermal and inhalation routes.

Skin/eye irritation and sensitisation

The SCCS considers D5 as slightly irritating to the skin and to the eye. Tests with D5 provided no evidence that it is a skin sensitiser.

Dermal absorption

There is some variation in results of in vitro and in vivo studies with D5. Consistent with in vitro results for human cadaver skin, pharmacokinetic modeling of dermal absorption in human volunteers indicated for men and women that 0.05% of applied D5 was absorbed into systemic circulation.

Based on the available information, the SCCS considered that the results from the in vitro study on human skin may be used for the risk assessment of D5 after dermal exposure in cosmetic products (ref [START_REF] Corning | Absorption of Decamethylcyclopentasiloxane (D5) Using the Flow-Through Diffusion Cell System for In Vitro Dermal Absorption in Human Skin[END_REF][START_REF] Jovanovic | In vitro and In vivo percutaneous absorption of 14C-octamethylcyclotetrasiloxane (14C-D4) and 14Cdecamethylcyclo-pentasiloxane (14C-D5)[END_REF]. The most conservative estimate of absorption obtained with neat D5 has been be used. In accordance with the SCCS Notes of Guidance mean + 1 standard deviation lead to 0.06% absorption (0.04% + SEM x√n with SEM = 0.007 and n =5).

General Toxicity

The SCCS has identified the liver as a potential target organ following repeated-dose oral exposure and liver, lungs and uterus as potential target organs following repeated-dose inhalation exposure.

The effects observed on the liver were mainly an increase in liver weight. In the subchronic oral study (ref 45), this increase in liver weight was not accompanied by histopathological lesions and no biologically relevant alterations in enzymatic activities were observed. No liver effects were reported in the chronic inhalation toxicity/carcinogenicity study. Therefore, the SCCS followed the HED guidance document on how to interpret hepatocellular hypertrophy (2002) and concluded that these liver effects are not adverse.

Therefore the oral dose of 100 mg/kg bw may be considered as a NOAEL.

SCCS/1549/15
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Concerning exposure to D5 by inhalation, the inhaled concentration of 49 ppm was considered as a NOAEC for local effects.

Mutagenicity/genotoxicity

The genotoxicity of D5 was investigated for the three endpoints of genotoxicity: gene mutations, chromosome aberrations and aneuploidy. Decamethylcyclopentasiloxane neither induced gene mutations in bacteria in vitro, nor caused an increase in cells with chromosome aberrations. These negative results were confirmed under in vivo conditions. Treatment with D5 also neither led to an increase in cells with micronuclei in the bone marrow cells of mice, nor caused unscheduled DNA synthesis in rats.

Consequently, D5 can be considered to have no genotoxic potential and additional tests are not required.

Reproductive toxicity

In both, one-and two-generation studies (Refs. [START_REF]An Inhalation Range Finding Reproductive Toxicity Study of D5 in the Rat[END_REF][START_REF]A Two-Generation Inhalation Reproductive Toxicity and Development Neurotoxicity Study of Decamethylcyclopentasiloxane (D5) in Rats[END_REF] with male and female Sprague-Dawley rats there were no significant effects on any of the parameters examined upon exposure by whole-body vapour inhalation to D5 up to 160 ppm. Moreover, in vivo rat studies with short-term inhalation exposure to D5 showed no increase in uterine wet or blotted weights and no increase in male reproductive organ weights. In vitro, D5 did not bind to human estrogen receptors α and β or progesterone receptors and was negative in ERα and ERβ reporter gene assays. On the other hand, in a nose-only inhalation study of 90 days duration in Fischer 344 rats, treatment-related histopathological findings included an increased incidence of ovarian interstitial gland hyperplasia and vaginal mucosal mucification and atrophy in the female rats exposed to 233 ppm, and a slight, not statistically significant, decrease in ovaries and testes weight of the animals. In conclusion, a NOAEL of 160 ppm for reproductive toxicity of D5 is appropriate.

In the two-generation study, a statistically significant increase in the incidence of pulmonary vascular mineralization was observed in all F0 and F1 animals at 30 ppm and above. Also, increased incidences of minimal alveolar histiocytosis were observed at the high concentration (160 ppm) in F0 and F1 females, consistent with exposure to a mild irritant.

Carcinogenicity

Carcinogenicity of D5 (uterine endometrial adenocarcinomas) was observed after 12 months inhalation exposure plus 12 months recovery and after 24 months exposure and was significant at the highest dose of 160 ppm. No dose response relationship has been observed in this study. There is uncertainty whether the uterine tumours in rat are relevant or not to humans. The applicant performed additional studies to further investigate the mode of action by which endometrial adenocarcinomas may be produced by D5. However, despite many mechanistic studies, the mechanism of action for uterine effects of D5 is still not understood. It is recognized that D5 may possibly act as a dopamine agonist, thus contributing to the observed tumorigenic effects in female rats. Although the applicant states that this mode of action is not relevant in humans, due to the lack of a thorough mode of action in rodents and also in human for this type of tumours, the SCCS cannot exclude that these effects could be relevant in humans. However, the limited negative genotoxicity results suggest that the tumours observed in the chronic toxicity/carcinogenicity study are due to threshold effects.

The NOAEC of 40 ppm derived from this study has been converted to a human equivalent systemic exposure dose, to be used as a POD for the calculation of the MoS.

Toxicokinetic

Overall, studies in both animals and humans indicated that only 3-10% of inhaled D5 was retained following single and steady state exposures. The absorption of neat D5 was about 10% following oral exposure in rats. Only a small amount (around 0.05%) of D5 applied to human skin was absorbed into the blood and only a fraction of that was retained with the vast majority (approximately 90% of the absorbed amount) exhaled on first pass. In 

PBPK modelling:

To understand the influence of kinetic factors on delivered dose of D5 and D4, a comprehensive set of kinetic studies was conducted over the last several years. In association with development of these kinetic data, several PBPK models have been published describing the biological and physicochemical processes regulating the kinetic disposition of either D4 or D5 in various species after different routes of exposure. The models correctly reproduce the measured data and therefore, the SCCS consider that the modelling is suitable for risk assessment.

Safety assessment for D4

D5, as supplied, contains trace amounts of D4. Since D4 is classified as in the EU as toxic to reproduction category 2 (Repr 2 H361f according to Annex VI of Regulation (EC) No 1272/2008 (CLP-Regulation)), a risk assessment has been conducted by the Applicant based on consumer exposure as a contaminant in D5 added to products.

An aggregate exposure calculation has been conducted for the D4 present in D5 using the SCCS methodology and follows the same approach as conducted for D5. Aggregate dermal exposure has been calculated from the 15 categories of cosmetic products defined by the SCCS in the note of guidance and a skin penetration value of 0.5% has been taken, as used by the SCCS in the opinion on cyclomethicone (SCCS/1241/10). Inhalation exposure has been determined using a methodology similar to that described by Rothe (Ref 3) and has been aggregated for air styling, foot care and deodorant aerosol products;

The overall aggregate exposure to D4 has been calculated to be < 5 µg/kg bw/day, which provides a margin of safety of > 3500 compared to the NOAEL of 17.8 mg/kg bw/day determined by the SCCS (2010).

The SCCS concurs with the negligible risk due to D4 as an impurity of D5 at the level of the batches used in the dossier submitted by the applicant (D5 purity > 95%) and therefore the SCCS recommends that the level of purity of D5 in the cosmetic products put on the market should be kept as high as possible. The SCCS considers that the use of Cyclopentasiloxane (D5) in cosmetic products is safe at the reported concentrations, except for use in hair styling aerosols and sun care spray products. Indeed, for these products, at the maximal concentrations declared by the applicant and based on the hypothesis retained by SCCS, exposure to D5 may lead to air concentrations above the value where SCCS considered that D5 may be aerosolized and locally toxic. Exposure to D5 coming from hair styling spray products also triggers high level of aggregated exposure which may also lead to concentrations in the air above the value considered safe by the SCCS.

This opinion does not cover the use of Cyclopentasiloxane (D5) in oral care products.

(2) Does the SCCS have any further scientific concerns in particular regarding the wide use of this ingredient in several cosmetic products and in different concentrations?

Cyclopentasiloxane (D5) may contain traces of Cyclotetrasiloxane (D4) which is classified in the EU as toxic to reproduction. Therefore, the level of impurity of Cyclotetrasiloxane (D4) as an impurity of Cyclopentasiloxane (D5) should be kept as low as possible.

SCCS is aware that restrictions on D4 and D5 in personal care products have been proposed under Reach regulation due to environmental issue 4 .

This opinion did not address the potential impact of D5 on the environment. Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________
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 15331 version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ Two generation reproduction toxicity Inhalation dose-range finding reproductive toxicity study

  C-D5. Ref. 69, 70, 71, 72 Despite the nose-only exposure design, a significant amount of D5 was deposited on the fur of the animals following either single or multiple exposures to D5. This, in combination with the distribution to the gastrointestinal tract suggesting ingestion of the compound, led to an additional experiment (Ref. 70).

  (and D4) occurs in the liver by methyl-group-oxidation, rearrangement of the subsequent Si-CH2OH to SiOCH3 followed by hydrolysis with ring opening to produce a series of linear silanols that are excreted in urine. Unlike D4, D5 is metabolized to a stable, lipophilic cyclic metabolite, possibly hydroxyl-D5 (ref 81).

Fig. 1 :

 1 Fig. 1: Possible pathways for the formation of the metabolites of D5 in Fischer 344 rat urine (from Varaprath et al., 2003)
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 15 version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ 3.3.9.5. PBPK models To understand the influence of kinetic factors on delivered dose of these siloxanes, a comprehensive set of kinetic studies were conducted over the last several years. In association with development of these kinetic data, seven PBPK models have been published describing the biological and physicochemical processes regulating the kinetic disposition of either D4 or D5 in various species after different routes of exposure (Andersen et al., 2001; Reddy et al., 2003; Sarangapani et al., 2003; ENVIRON 2005; Reddy et al., 2007; Reddy et al., 2008; Tobin et al., 2008). The individual models were each developed with specific datasets to describe the kinetic behavior of either D4 or D5 in either rats or humans following various routes of administration. Table 5 (taken from Yang et al., 2012): Summary of existing rodent and human PBPK models for D4 and D5 The first modeling work by Andersen et al. (2001) uncovered a variety of unique processes that regulate siloxane kinetics in the rodent following inhalation compared to other volatile organic compounds. Among those characteristics were low blood:air partitioning, high fat:blood partitioning, high metabolic clearance by the liver, and slower loss of D4 from SCCS/1549/15

Figure 2 :

 2 Figure 2: Diagram of the multi-purpose D4/D5 PBPK model structure that describes (a) the time -course tissue concentrations of D4 and D5 (b) hydroxylated D5 metabolite sub-model
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 151 version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ Selection of POD and calculation of the systemic POD

  45) and a NOAEC of 49 ppm for local effects, derived from the 3 months inhalation studies, based on effects on a local toxicity to the lungs (Ref. 47, 48) and a systemic NOAEC of 40 ppm based on the uterine tumors observed in the 2-year inhalation bioassay. These values are used as Points of Departure (POD) for the safety assessment of D5 in cosmetic products. SCCS/1549/15

Table 13 : 49 Conversion

 1349 Local POD derived from exposure by inhalation POD = NOAEC (ppm)

  Decamethylcyclopentasiloxane (D5) is a clear, odourless, synthetically derived silicon-based fluid with a molecular weight of 371 Daltons. D5 may contain traces of D4 which is classified in the EU as toxic to reproduction (Repr 2 H361f according to Annex VI of Regulation (EC) No 1272/2008 (CLP-Regulation)).
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 15 version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ 68 association with development of these kinetic data, seven PBPK models have been published describing the biological and physico-chemical processes regulating the kinetic disposition of either D4 or D5 in various species after different routes of exposure(Andersen et al. 2001; Reddy et al. 2003; Sarangapani et al. 2003; ENVIRON 2005; Reddy et al. 2007; Reddy et al. 2008; Tobin et al. 2008).
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  No signs of erythema were observed in any of the test animals. Both animals in the positive control groups exhibited signs of erythema.

	Conclusion
	The study authors concluded that the test substance is not a sensitizer.
	Ref.: 27
	Taken from SCCS/1241/10
	Magnusson-Kligman Maximization test
	Guinea pigs were pretreated intracutaneously with a 1% solution of D5 in paraffin oil and
	epicutaneously with undiluted D5 using the "Maximization test" of Magnusson and Kligman.
	Challenge with undiluted D5 and a 10% solution in paraffin oil did not elicit a hypersensitivity
	skin response. The results of this study indicate that D5 and paraffin oil are not skin
	sensitizers in the guinea pigs.
	Ref.:28

SCCS/1549/15 Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ In another study performed based on a protocol similar to the Magnusson-Kligman Maximization test, Guinea pigs were pretreated intracutaneously with a 5% suspension of SFE835 in sodium chloride solution. The test substance was topically applied at the maximum non irritating concentration (neat). Challenge with undiluted test substance did not elicit a hypersensitivity skin response. The results of this study indicate that the test substance is not a skin sensitizer in the guinea pigs. Ref.:29 Taken from SCCS/1241/10

Oral toxicity Taken from SCCS/1241/10

  

	3.3.5.1 Sub-acute (14 days or 28 days)
	An oral sub-acute study was conducted to evaluate the potential effects of D5 in rats. Five
	groups of 8 male and 8 female Sprague-Dawley rats received oral doses (via gavage) of 0,
	25, 100, 400, and 1600 mg/kg bw, five days/week for two weeks. Neither treatment-related
	deaths, overt signs of toxicity, nor changes in behaviour were observed in any of the
	groups. Treatment-related increases in liver weights (absolute and relative weights) were
	observed at 100 (31%), 400 (36%) and 1600 mg/kg bw/day (48%) in female rats. A LOAEL
	and a NOAEL for increased liver weight of 100 and 25 mg/kg bw/day, respectively, were
	reported for female rats. No significant changes were observed at gross pathological
	examination.
	Ref.: 35
	A four week study was conducted in which 6 male and 6 female Sprague-Dawley rats were
	given 1500 mg/kg bw/day of the test substance via oral gavage 5 days a week for the
	duration of the study. Animals were observed for signs of local or systemic toxicity, general
	appearance, behavioural abnormalities and mortality. Body weight and food consumption
	were determined weekly. A control group received distilled water. No treatment-related
	deaths, overt signs of toxicity or changes in the behaviour were noted in the treated group.
	Statistical comparison of mean body weight and food consumption data indicated no
	treatment-related effects between the control and the test groups. A statistically significant
	increase in absolute liver weight was observed in female rats treated with 1500 mg D5/kg
	bw/day (23% compared to the control group). No gross pathological changes were observed
	in any of the organs or tissues of male and female rats in the control and test groups.
	Ref.: 36

Inhalation toxicity Taken from SCCS/1241/10
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	group. Treatment-related morphological alterations (Goblet cell proliferation) were also
	noted in the nasal cavity of both sexes at concentration of 10 ppm of D5 or greater. These
	changes were reversible following a two-week recovery period. Males (75 ppm) and females
	(160 ppm) were noted as having increased incidence and severity of submucosal
	inflammation in the lung, which were reversible after the recovery period. The mean
	(absolute and relative) liver weights in the 160 ppm group, especially the females, were
	increased at the week 4 primary necropsy. No histopathological changes were noted. At the
	week 6-recovery necropsy, no effects on liver weights were observed.
	Ref.: 37
	In a 28-day study in rats, D5 was administered via whole body inhalation to four groups of
	male and female Fischer 344 rats for a period of 6hours/day, 7 days/week for 4 consecutive
	weeks. The target exposure concentrations were 10, 25, 75 and 160 ppm (0.154, 0.385,
	1.156 and 2,466 mg/l measured concentrations). A concurrent negative control group of
	identical design received only filtered air. After completion of 28 days of exposure, 10
	rats/sex/group were necropsied and 5 rats/sex/group entered a two-week recovery period.
	Animals were observed for clinical signs, effects on body weight, food consumption and
	ophthalmologic effects. Complete necropsies were performed, selected organs weighed and
	selected tissues were examined grossly and microscopically.
	No test article-related effects on survival, clinical condition, body weights, body weight
	gains, food consumption or ophthalmoscopy at any exposure level were observed in this
	study. No test article-related gross findings were observed. A significant increase in mean
	lung weight (15%) and alveolar macrophage accumulation was observed in the 160-ppm

  Male and female Wistar rats were administered 100, 330, or 1000 mg neat D5/kg bw daily for 13 weeks by gavage. Animals were observed for clinical signs, effects on body weight, food consumption and ophthalmologic effects. Complete necropsies were performed, selected organs weighed and selected tissues grossly and microscopically examined.

	Species/strain:	rat, Wistar
	Group size:	10/sex/dose
	Test substance:	Cyclomethicone D5
	Batch:	AC-P5 Silicone 1, Partie-Nr. 6
	Purity:	> 99.9 %
	Vehicle:	/
	Dose levels:	0, 100, 330, 1000 mg/kg bw/d
	Dose volume:	0.1 -1.0 ml/kg
	Route:	oral
	Administration:	gavage, once daily for 13 weeks
	GLP:	yes
	Study period:	1988/11/07 -1989/02/10
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  SCCS/1549/15Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ a statistically significant increase in relative liver weight when compared to controls. The liver weight in females returned to normal values at the end of the recovery period. Under the same test conditions, D5 caused no biological or toxicological effect in male rats. Ref.: 46SCCS commentsThis study followed the GLP and OECD 413 guidelines criteria. Based on the increase in the female liver weight, a NOAEC of 59 ppm may be derived from this study.

	Guideline:	OECD 413
	Species/strain:	Fischer 344 rats
	Group size:	20 males and 20 females / groups except for the control and high dose
		groups: 30 males and 30 females
	Test substance:	D5
	Batch:	LL0 14002
	Purity:	>99%
	Dose levels:	28.6, 49.2, 87.7 or 233 ppm (0.44, 0.75, 1.33, or 3.53 mg/l)
	Dose volume:	
	Administration:	inhalation -6 hours/day; 5 days/week, 13 weeks
	GLP	In compliance
	Study period:	1994-1995

  Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ mucification and atrophy in the female rats exposed to 233 ppm. Slight, not statistically significant decreases in ovaries and testes weight were also observed. Ref.: 47, 48, 49 

	SCCS/1549/15

  Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ D5 was evaluated for genotoxic activity in a battery of microbial assays employing Salmonella typhimurium (TA-1535, TA-1537, TA-1538, TA-98, and TA-100) and Escherichia coli (W3110/polA+, P3478/polA-) indicator organisms and in vitro mammalian cell culture assays. Additionally, the ability of D5 to induce gene mutations, sister chromatid exchange and primary DNA damage was investigated in L5178Y mouse lymphoma cells. The test substance showed no mutagenic activity in the gene mutation test in bacteria (Ames test) with and without S9 microsomal activation and was inactive in the mammalian cell chromosome aberration test at concentrations up to 25 µl/ml.The potential for D5 to induce gene mutations was further investigated using the Salmonella typhimurium strains TA 1535, TA 1537, TA 98, and TA 100 and the Escherichia coli strain WP2 uvrA. The assay was performed in two independent experiments both with and without liver microsomal (S9-mix) activation. Each concentration, including controls, was tested in triplicate. D5 was tested at the following concentrations: 33, 100, 333, 1000, 2500, and 5000 µg/plate. The plates incubated with D5 showed normal background growth up to 5000 µg/plate with and without metabolic activation in all strains used. No toxic effects, evident as a reduction in the number of revertants, occurred in the test groups with or without metabolic activation. No substantial increase in revertant colony numbers in any of the five

	Ref.: 53
	Bacterial Reverse Mutation Assay

3.3.6.1 Mutagenicity / Genotoxicity in vitro

Taken from SCCS/1241/10, slightly modified SCCS/1549/15 tester strains was observed following treatment with D5 at any dose level with or without metabolic activation. Under the experimental conditions of these studies, D5 did not induce gene mutations by base pair changes or frameshift mutations in the genome of the strains tested. Therefore, it is concluded that D5 is non-mutagenic in this test.

Ref.: 55

Taken from SCCS/1241/10, slightly modified In vivo UDS and Micronucleus Test

  

		SCCS/1549/15
	Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products
		___________________________________________________________________________________________
	3.3.6.2	Mutagenicity / Genotoxicity in vivo

Table 1

 1 In a 24-month combined chronic/oncogenicity inhalation study, male and female Fischer 344 rats were exposed to vapour concentrations of 0, 10, 40, or 160 ppm D5 for 6 hr/day, 5 days/week, for up to 24 months. The study animals were divided into four groups (Table1). Group A animals consisting of six animals per sex were exposed for six months and then sacrificed for the determination of the D5 concentration in liver, fat, and plasma. Group B, consisting of 10 animals per sex, were exposed to D5 for 12 months and then sacrificed. Group C animals, consisting of 20 animals per sex, were exposed to D5 for 12 months only and then observed for an additional 12 months to determine the possible reversibility of any effects.

	:	EPA OPPTS 870.4300 Combined Chronic/Carcinogenicity health effect
		guideline
	Species/strain:	Fischer 344 rats
	Group size:	cf table 8
	Test substance:	D5
	Batch:	#0000341832

Group D animals, consisting of 60 animals per sex, were exposed to D5 for 24 months. Both group C and D animals were sacrificed at 24 months. All animals were monitored for mortality, clinical signs, food consumption and body weights. Clinical laboratory investigations included haematology, clinical biochemistry, and urinalysis at 3, 6, and 12 months. The lungs, liver, kidney, nasal cavity, gross lesions and tissue masses from all group B, C, and D animals were submitted for histological examination. A complete histopathology examination was performed on all tissues from the control and high dose group animals from groups B, C, and D as well as suspected target organ tissue from intermediate exposure level groups.

Ref.: 58

Table 2

 2 

	:	Group C Uterine Tumour Incidence after 12 months exposure to D5 plus 12
	months recovery in air		
	Exposure		Endometrial	Adenomatous	Total
	Concentration	Adenocarcinomas	Polyps *
	0 ppm		1/20	0/20	1/20
	10 ppm		1/20	0/20	1/20
	40 ppm		0/20	0/20	0/20
	160 ppm		2/20	1/20	3/20

  A 2-generation reproductive study was conducted with D5 to evaluate the potential adverse reproductive effects of whole-body vapour inhalation exposure of F0 and F1 animals to D5. Neonatal survival, growth, and development of the F1 and F2 generations were evaluated.
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	___________________________________________________________________________________________
	Taken from SCCS/1241/10
		and 21
	was observed (94.3% compared to 100% in the control) but were still in the range of the
	historical control. The NOAEC for maternal toxicity and reproductive/developmental effects
	was 132 ppm.	
		Ref.: 50
	Guideline:	EPA OPPTS 870.3800 Reproduction and Fertility effects
	Species/strain:	Sprague Dawley Crl:CD
	Group size:	30/sex/group
	Test substance:	D5
	Batch:	BxWC015338
	Purity:	>99%
	Dose levels:	0, 30, 70 or 160 ppm ppm
	Administration:	inhalation
		F0: 6h/d 70 days before mating,
		F0 and F1 females through gestation day 20 at which time exposures
		were stopped and reinitiated at lactation day 5 until euthanasia
	GLP	in compliance
	Study period:	1996-1999
		34

Table 1 : WHO Questions for Assessing the Level of Confidence in the use of a PBPK

 1 Tobin, J.M., Mcnett, D.A., Durham, J.A., Plotzke, K.P., 2008. Disposition of decamethylcyclopentasiloxane in Fischer 344 rats following single or repeated inhalation exposure to 14c-Decamethylcyclopentasiloxane (14c-D5). Inhal.Toxicol. 20, 513e531. -Reddy, M.B., Andersen, M.E., Morrow, P.E., Dobrev, I.D., Varaprath, S., Plotzke, K.P.,Utell, M.J., 2003. Physiological modeling of inhalation kinetics of octamethylcyclotetrasiloxanein humans during rest and exercise. Toxicol. Sci. 72, 3e18. -McMullin TS, Yang Y, Campbell J, Clewell HJ, Plotzke K, Andersen ME.Development of an integrated multi-species and multi-dose route PBPK model for volatile methyl siloxanes -D4 and D5. Regul Toxicol Pharmacol. 2016 Feb;74 -Code for rat and human under ACSLX (.csl and .m file) as described in the publication:"A multi-purpose pbpk model for volatile methyl siloxanes" Yang et al in draft but I suppose from Mc Mullin et al.2016. -Cosmetic Europe (CE) and CES -Silicones Europe Addendum to the Dossier on the Human Safety Evaluation of Decamethylcyclopentasiloxane Cyclopentasiloxane, D5) in Cosmetic Products: For Submission to the Scientific Committee on Consumer Safety December 14, 2015 WHO (2010) provides guidance on the characterization and application of PBPK models in risk assessment. McMullin (2016) provide a Table (Table 5 in the paper and Table 1 in the addendum) with responses of key questions for assessing the level of confidence according to the WHO guidance:
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 536 2013 Cosmetics Europe (CoE) conducted a survey to estimate the extent to which D5 is used in cosmetics and personal care products in Europe (e-mail from CoE to the Commission dated 6 August 2014, registration reference Ares(2015)1520043 -09/04/2015). In total, 38 companies, including the largest personal care products companies operating in Europe contributed to this survey. Whist these data only provide a partial sample in terms of the total use of D5 in cosmetics, it is believed that the majority of use categories in the EU are captured by these data.From the survey, maximum levels of use were determined for a range of consumer goods. These maximum levels are shown in the following table: SCCS/1549/15 Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________ indicative maximum concentrations of D5 in EU cosmetic and personal care products SCCS/1549/15 Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________

Table 7 :

 7 Calculated consumer skin exposure to D5 from dermally applied products

	Product	D5 Max conc	Calculated daily	Total dermal
			exposure to the	exposure to D5
		(w/w % in the	product (mg/kg	(mg/kg bw/day)
		finished product)	bw/day)	
	Shower gel	5	2.79	0.14
	Hand wash soap	0		
	Shampoo	5	1.51	0.076
	Hair conditioner	64	0.6	0.384
	Hair styling	97	5.74	5.571
	Body lotion	92	123.2	113.344
	Face cream	93	24.14	22.45
	Hand cream	83	32.7	27.141
	Liquid foundation	85	7.9	6.715
	Make-up remover for	100	8.33	8.33
	face			
	Eye shadow	63	0.33	0.208
	Mascara	40	0.42	0.168
	Eyeliner	51	0.08	0.041
	Lipstick, lip salve	76	0.9	0.684
	Non spray-deodorant 62	22.08	13.69
	Sunscreen lotions	44	300	132
	Aggregate exposure		232.72	198.94
	(without sunscreen			
	lotions)			

Table 8 :

 8 Calculated consumer external exposure to D5 from

inhalation of aerosol products

  

	Product		D5 Max conc	Estimated daily	Total D5	D5 conc. In
					(w/w % in the	amount (g)	sprayed (mg)	air (mg/m 3 ) 7
					finished product)		
	Hair	styling	85	10 1	8500	850
	aerosol						
	(pressurised					
	spray)						
	Hair	treatment	62	3.92 2	2430.4	243
	aerosol						
	(pressurised					
	spray)						
	Foot		care	7	4.32 3	302.4	30
	(aerosol)					
	Spray-deodorant		60	1.43 4	858	85
	(aerosol)					
	Sun	care	:	35	22.2 5	7770	777
	Aerosol						
	(pressurised)				
	spray						
	Sun		care:	40	22.2 6	8880	888
	Cosmetic	pump			
	spray						
	Aggregate				110.7	12091	1208
	exposure (without			
	sun		care			
	cosmetics)					
	1: assumes a 10 second spray and a discharge rate of 1g/second
	2: based on use value for non-spray leave conditioners (SCCS, 2012)
	3: twice value for hand cream use (SCCS, 2012)	
	4: use value for ethanol based products (SCCS, 2012)	
	5: taken from Ficheux et al. (2016) considering 11.1 g per use and 2 uses per day
	6: as no specific data available, same amount of product used as for aerosol has been used
	7: assumes that the D5 volatilises and is distributed evenly in a 10 cubic meter room

Table 9 :

 9 Calculated consumer exposure to D5 from lip products

	Product	D5 Max conc	Relative	Total		Calculated
			amount	exposure	to	ingested dose to
		(w/w % in the	applied*	D5 on the lips	D5 in (mg/kg
		finished	(mg/kg	(mg/kg		bw/day)
		product)	bw/day)	bw/day)	

exposure by inhalation and local effects on the lungs

  

Table 10 :

 10 Calculated consumer internal exposure to D5 from

inhalation of aerosols products

  

	Product	D5 Max conc	D5 conc. In	D5 inhaled	Calculated
		(w/w % in the finished product)	air (mg/m 3 ) 1	(mg) 2	SED to D5 3 (mg/kg bw/day)
	Hair styling	85	850	127.5	0.0489
	aerosol				
	(pressurised				
	spray)				
	Hair treatment	62	243	35.45	0.0136
	aerosol				
	(pressurised				
	spray)				
	Foot care	7	30	4.5	0.0017
	(aerosol)				
	Spray-deodorant	60	85	12.75	0.00489
	(aerosol)				
	Sun care :	35	777	116	0.044
	Aerosol				
	(pressurised)				
	spray				
	Sun care:	40	888	133	0.051
	Cosmetic pump				
	spray				
	Aggregate				0.069
	exposure (without				
	sun care				
	cosmetics)				
	1: assumes that the D5 volatilises and is distributed evenly in a 10 cubic meter room
	2: based on a respiration rate of 0.6 m 3 /h and 15 min spent in the room	
	3: based on a 60 kg body weight and absorption of 2.3% in lungs	

For the dermally applied products, internal SED was calculated for each key classes of product type:

Table 11 :

 11 Calculated consumer Systemic exposure Dose to D5 from dermally applied

	cosmetic products			
	Product	D5 Max conc	Total dermal	Calculated SED to
				exposure to D5	D5 based on a skin
			(w/w % in the	(mg/kg bw/day)	penetration of
			finished product)		0.06%
					in (mg/kg bw/day)
	Shower gel		5	0.14	0.00008
	Hand wash soap	0		
	Shampoo		5	0.076	0.00005
	Hair conditioner	64	0.384	0.00023
	Hair styling		97	5.571	0.0031
	Body lotion		92	113.344	0.06801
	Face cream		93	22.45	0.01347
	Hand cream		83	27.141	0.01628
	Liquid foundation	85	6.715	0.00403
	Make-up	remover	100	8.33	0.005
	for face				
	Eye shadow		63	0.208	0.00012
	Mascara		40	0.168	0.0001
	Eyeliner		51	0.041	0.00002
	Lipstick, lip salve	76	0.684	0.00041
	Non	spray-	62	13.69	0.00821
	deodorant				
	Aggregate exposure			0.11914
	Sunscreen		44	132	0.079
	lotion/cream				

Table 12 :

 12 Systemic POD derived from exposure by oral route

	POD = NOAEL (mg/kg)	100
	Absorption by oral route *	10%
	Systemic	POD	mg/kg	10
	bw/day			
	* 10% based on the toxicokinetic data

Table 14 :

 14 Systemic POD derived from exposure by inhalation Default inhalation values for the male rat from REACH (Guidance on information requirements and chemical safety assessment Chapter R.8: Characterisation of dose [concentration]-response for human health, ECHA, 20123 ). * using data from ref 713.5.2. Calculation of the margin of safetyMargin of safety were then calculated for each key classes of product type and based on the POD for oral exposure (lip products), local lung effects (spray products) or systemic effects (spray products and dermally applied products).

	POD = NOAEC (ppm)	40
	Conversion factor 1 ppm =	0.015
	(mg/l)	
	Converted NOAEC (mg/l)	0.6
	Inhalation volume (l/h) *	20.5
	Body weight (kg)	0.4

* *

Table 15 :

 15 Margin of safety to D5 for lip products

	Product		Calculated	Absorption by	Systemic	Margin of
			ingested dose	oral route	exposure to	safety
			to D5 in		D5	
			(mg/kg	(%)	(mg/kg	(oral POD * =
			bw/day)		bw/day)	10 mg/kg )
	Lipstick,	lip	0.684	10	0.0684	146
	salve (including				
	sun	care				
	products)					

The MoS is above 100 so SCCS considers that the use of D5 in lipstick, lip salve (including sun care products) is safe.

  

Table 16 :

 16 Margin of safety to D5 for spray products -local effects on the lungs taken from table 8; time duration is 20 min ** considering a time duration of 20 min and a respiration rate of 0.6 m 3 /h (or 0.2 m 3 in 20 min)

	Products	D5 concentration in	MoS
		the	inhaled	air	(POD = 740 mg/m 3 )
		(mg/m 3 ) **	
	Hair styling	850			0.9

*

Table 17 :

 17 Margin of safety to D5 for spray products -systemic effects SCCS/1549/15 Final version of the Opinion on decamethylcyclopentasiloxane (cyclopentasiloxane, D5) in cosmetic products ___________________________________________________________________________________________
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Scientific Committee on Consumer Safety (SCCS), the Scientific Committee on Health, Environmental In addition, the Commission relies upon the work of the European Food Safety Authority (EFSA

Products

For some products (hair styling aerosol and sun care aerosols and sprays, the MoS is below 100.

In the applicant dossier and in the recent publication from Franzen (2015), estimates of exposure using the PBPK modelling was performed which lead to much lower internal systemic doses than the ones calculated using a simple calculation of absorption. Even if the scenario of uses (amount of products, frequency of daily uses…) may differ from the SCCS approach, the final MoS based on the PBPK modelling are well above 100, which support the conclusion that uses of D5 in these products at the declared concentrations is safe.

For the aggregated exposure due to a combined use of all products containing D5 at the maximum declared concentrations, the MoS is below 100. The aggregate exposure has also been calculated assuming that consumers will use all these products together on a daily basis, that the product usage will be high. This scenario may be considered as a worst case scenario with a low probability. Again, based on the PBPK modelling, the estimated internal values were much lower and lead to MoS that could be considered safe.

• For dermally applied products For most of the cosmetic products considered, the MoS is above 100 except for body lotions, sunscreen lotion/cream and therefore for aggregate exposure, when all the products are considered to include D5 in their formulation at the maximum concentration observed on the market, which could be assumed as a worst case scenario.

As described above for the spray products, in the applicant dossier and in the recent publication from Franzen (2015), estimates of exposure using the PBPK modelling was performed which lead to much lower internal systemic doses than the ones calculated using a simple calculation of absorption. Even if the scenario of uses (amount of products, frequency of daily uses…) may differ from the SCCS approach, the final MoS based on the PBPK modelling are well above 100, which support the conclusion that uses of D5 in these products at the declared concentrations is safe.

For the aggregated exposure due to a combined use of all products containing D5 at the maximum declared concentrations, the MoS is below 100. The aggregate exposure has also been calculated assuming that consumers will use all these products together on a daily SCCS/1549/15
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