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1. ABSTRACT

The SCCS concludes the following:

1. In view of the above, and taking into account the scientific data provided, does the
SCCS consider Fullerenes, Hydroxylated Fullerenes and hydrated forms of
Hydroxylated Fullerenes safe when used in cosmetic products according to the
maximum concentrations and specifications as reported via CPNP, taking into account
reasonably foreseeable exposure conditions?

Having assessed the information provided by the Notifiers, and the information available from
published literature, the SCCS cannot conclude on the safety of fullerenes and (hydrated)
hydroxylated forms of fullerenes due to a number of uncertainties and data gaps in regard to
physicochemical, toxicokinetic and toxicological aspects. These uncertainties and data gaps
have been indicated in relevant sections of the Opinion and must be addressed by the Notifiers
to enable a conclusion on the safety of these materials for use in cosmetic products.

In particular, the SCCS cannot exclude the genotoxicity potential of fullerenes (C60 and C70).
The available evidence also indicates that hydrated forms of hydroxylated fullerenes are
genotoxic and hence the SCCS considers them as not safe for use in cosmetic products. In
view of the equivalence to hydrated forms of hydroxylated fullerenes, as discussed in section
3.1.1.5, the same concerns over genotoxicity potential also apply to hydroxylated fullerenes.

2. Based on the currently available scientific literature and SCCS’ expert judgement, the
SCCS is requested to assess any further scientific concerns with regard to the use of
Fullerenes, Hydroxylated Fullerenes and hydrated forms of Hydroxylated Fullerenes in
cosmetic products and whether a potential risk to human health can be identified
according to Article 16(6) Reg.1223/2009.

In Annex-1 of this Opinion, the SCCS has noted the basis for concerns over the risks that the
use of fullerenes, hydroxylated fullerenes and hydrated forms of hydroxylated fullerenes in
cosmetic products may pose to the consumer. In brief, the SCCS has concerns in regard to:
the potential presence of impurities (such as epoxide forms), heavy metals,
accompanying contaminants and/or organic solvents in the notified nanomaterials.
There is also a lack of data on the stability of hydroxylated fullerenes and their
hydrated forms.
- the potential ability of fullerenes and derivatives to induce production of free
oxyradicals when used in cosmetic products.
— phototoxicity of hydroxylated fullerenes — with similar concerns for the hydrated forms
of hydroxylated fullerenes.
— sensitising potential of hydroxylated fullerenes.
— potential dermal absorption and systemic availability of the nanoparticles via the use
in cosmetic products.
— potential distribution of systemically available fullerenes to various organs in the body
and accumulation of the nanoparticles in certain organs — such as lungs and liver.
- the available evidence being insufficient to allow the SCCS to exclude
genotoxic/carcinogenic potential of any of the materials assessed in this Opinion.




SCCS/1649/23
Final Opinion

Opinion on Fullerenes, Hydroxylated Fullerenes and hydrated forms of Hydroxylated Fullerenes (nano)

This Opinion has been subject to a commenting period (from 24 April to 12 June 2023) after
its initial publication. Comments received during this period were considered by the SCCS.
For this Opinion, main changes occurred in the sections on physicochemical part and in
toxicokinetic part, based on the newly submitted information.

Keywords: SCCS, scientific opinion, Fullerenes, Hydroxylated Fullerenes, hydrated forms of
Hydroxylated Fullerenes, nano, CAS/EC No. 99685-96-8/628-630-7, 11538-22-7/-, 182024-
42-6/-, Regulation 1223/2009

Opinion to be cited as: SCCS (Scientific Committee on Consumer Safety), Opinion on
Fullerenes, Hydroxylated Fullerenes and hydrated forms of Hydroxylated Fullerenes (nano),
final version of 26 October 2023, SCCS/1649/23
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2. MANDATE FROM THE EUROPEAN COMMISSION
Background

Article 2(1)(k) of Regulation (EC) No. 1223/2009 (Cosmetics Regulation) states that
"nanomaterial" means an insoluble or biopersistent and intentionally manufactured material
with one or more external dimensions, or an internal structure, on the scale from 1 to 100
nm. In addition, the Commission Recommendation of 2011 on the definition of nanomaterial
specifically addressed the issue of Fullerenes by stating: ‘By derogation from the above,
fullerenes, graphene flakes and single wall carbon nanotubes with one or more external
dimensions below 1 nm should be considered as nanomaterials’.

The nanomaterials definition covers materials in the nano-scale that are intentionally made
and are insoluble/partially-soluble or biopersistent (e.g. metals, metal oxides, carbon
materials, etc.). It does not cover those that are soluble or degradable/non-persistent in
biological systems (e.g. liposomes, emulsions, etc.). Article 16 of the Cosmetics Regulation
requires cosmetic products containing nanomaterials other than colorants, preservatives and
UV-filters and not otherwise restricted by the Cosmetics Regulation to be notified to the
Commission six months prior to being placed on the market. Article 19 of this Regulation
requires nano-scale ingredients to be labelled (name of the ingredient, followed by 'nano' in
brackets). If there are concerns over the safety of a notified nanomaterial, the Commission
shall refer it to the Scientific Committee on Consumer Safety (SCCS) for a full risk assessment.

The Commission services received 19 notifications under Article 16 of the Cosmetics
Regulation via the Cosmetic Product Notification Portal (CPNP) for cosmetic products
containing Fullerenes, Hydroxylated Fullerenes (CAS/EC No.: 99685-96-8/628-630-7, 11538-
22-7/-, 182024-42-6/-0), and hydrated forms of Hydroxylated Fullerenes (for example CAS
/ EC No.: 2803976-74-9/-)

According to the notifications submitted via the CPNP, Fullerenes, Hydroxylated Fullerenes
and hydrated forms of Hydroxylated Fullerenes are used in cosmetic products with different
concentration and specifications. These ingredients are reported in CosIng database with the
function of ‘antimicrobial’ and ‘skin conditioning-miscellaneous’ and in the open literature as
‘antioxidants’ (scavenging ability against free radicals). Currently, Fullerenes, Hydroxylated
Fullerenes and hydrated forms of Hydroxylated Fullerenes are not regulated under the
Cosmetic Regulation (EC) No. 1223/20009.

The Commission has concerns on the use of Fullerenes, Hydroxylated Fullerenes and hydrated
forms of Hydroxylated Fullerenes because of the potential for nanoparticles to be absorbed
dermally or across a mucous membrane and to enter cells. Therefore, we request the SCCS
to carry out a safety assessment of Fullerenes, Hydroxylated Fullerenes and hydrated forms
of Hydroxylated Fullerenes reported in the notifications.

Terms of reference

1. In view of the above, and taking into account the scientific data provided, does the
SCCS consider Fullerenes, Hydroxylated Fullerenes and hydrated forms of
Hydroxylated Fullerenes safe when used in cosmetic products according to the
maximum concentrations and specifications as reported via CPNP, taking into account
reasonably foreseeable exposure conditions?

2. Based on the currently available scientific literature and SCCS’ expert judgement, the
SCCS is requested to assess any further scientific concerns with regard to the use of
Fullerenes, Hydroxylated Fullerenes and hydrated forms of Hydroxylated Fullerenes in
cosmetic products and whether a potential risk to human health can be identified
according to Article 16(6) Reg.1223/2009.
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3. OPINION
Preamble

The information provided by the Notifiers through CPNP on the materials considered in this
Opinion (Fullerenes, Hydroxylated fullerenes and Hydrated forms of hydroxylated fullerenes)
was assessed by the SCCS, and further clarifications were requested where necessary.
Additionally, a call for information was made and a literature search was performed by the
Commission to obtain further information from other sources. In developing this Opinion, the
SCCS has therefore also considered the responses received from the Notifiers, the information
received in response to the Commission’s call, and the results of the literature search.

It needs to be emphasised that the safety evaluations carried out by the SCCS are limited to
cosmetic ingredients, and not formulations. Two of the notified materials, Radical Sponge®
and Lipofullerene® are formulations and are, therefore, out of the scope for assessment in
this Opinion. Radical Sponge® is a water-soluble polymer-enwrapped fullerene (PVP/C60
fullerene), and LipoFullerene® is an oil soluble fullerene in which fullerenes are dissolved in
Squalene. Only the fullerenes present in these formulations (Radical Sponge® and
LipoFullerene®) can be considered as basic cosmetic ingredients that are covered in this
assessment as ingredients but not as part of a formulation.

The SCCS has not evaluated safety of fullerene materials via inhalation exposure because
application in sprayable products or other products that could lead to inhalation exposure of
the consumer is not supported by the Notifiers.

Following publication of the SCCS preliminary Opinion (SCCS/1649/23), the manufacturer of
raw fullerene powder and the Notifier for hydrated hydroxylated fullerene (3HWC) provided
further detailed information during the commenting period. The SCCS needs to emphasise
that preliminary Opinions are published to invite comments and suggestions for finalisation
of the Opinions that are based on the data that had been assessed in that Opinion, and not
an opportunity to submit a new dossier. Therefore, the SCCS has only considered those issues
that had been raised in the Preliminary Opinion, and the Notifiers will need to submit any
other additional information to the Commission in a separate new submission.

3.1 CHEMICAL AND PHYSICAL SPECIFICATIONS

\ 3.1.1 Chemical identity

\ 3.1.1.1 Primary name and/or INCI name

Fullerenes:
IUPAC name:
(C60-1Ih) [5,6] fullerene

Hydroxylated fullerenes: C60(OH)x [where x has been reported to range 24-60]

Hydrated forms of hydroxylated fullerenes:
INCI name: Hydroxylated Fullerene (and) Aqua, also termed as Hyperharmonized
Fullerenol/Water Complex (HFWC).

Ref: 281_safety_file_2020-3-12-18-44-18.pdf
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3.1.1.2 Chemical names

Fullerenes:
Fullerene (C60),
Fullerene(C70)
Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_ Fullerene-V2

Hydroxylated fullerenes: /

Hydrated forms of Hydroxylated Fullerenes: /

3.1.1.3 Trade names and abbreviations

Fullerenes: /
Hydroxylated fullerenes: /

Hydrated forms of hydroxylated fullerenes:
Product name: 3HFWC, (or) HFWC

Ref: 281_spec_file_2020-2-28-19-37-53
Ref: PRODUCT INFORMATION DOSSIER-Radical Sponge_VC60 - V9

SCCS comment
Trade names were not provided for fullerene (C60 and C70) and hydroxylated fullerenes.

3.1.1.4 CAS / EC number

Fullerenes:
Fullerene C60: 99685-96-8/628-630-7
Fullerene C70: 115383-22-7/-

Ref: PRODUCT INFORMATION DOSSIER-Radical Sponge_VC60 - V9; NANOMATERIALS
SPECIFICATIONS_ENGLISH_Fullerene-V2;
https://pubchem.ncbi.nlm.nih.gov/compound/Buckminsterfullerene#section=Related-CAS

Hydroxylated fullerenes: 182024-42-6/-

Hydrated forms of hydroxylated fullerenes: 2803976-74-9/-

3.1.1.5 Structural formula

Fullerenes:

A polyhedral carbon structure composed of around 60-80 carbon atoms in pentagon and
hexagon configuration. They are named after Buckminster Fuller because of structural
resemblance to geodesic domes. Fullerenes can be made in high temperatures, such as arc
discharge in an inert atmosphere.

Fullerene C60 and fullerene C70:
The molecular structures, shape and size of fullerene C60 and fullerene C70 are shown in
Table 1, as given by the Notifier.
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Table 1: Molecular structure, shape and size of Fullerenes C60, C70

Fullerene C60 Fullerene C70

Molecular structure

Shape sphere rugby-ball shape
Size 0.7 nm Major-Axis 0.8 nm and minor-Axis
0.7nm

Fullerene C60 molecule is the most common fullerene with a spherical structure - a truncated
icosahedron, like a football, and a molecular size of about 0.7 nm. Fullerene C70 has a short
axis diameter of 0.7 nm like C60, but its long axis diameter is 0.8 nm, making it like a rugby
ball.
Ref: https://pubchem.ncbi.nlm.nih.gov/compound/123591; NANOMATERIALS
SPECIFICATIONS_ENGLISH_Fullerene-V2;
Risk_Assessment_-_Fullerenes_NEDO_Oct_16_2009

Hydroxylated fullerenes:

Cso (OH)n

Fullerenol
Diameter — 1.4 nm
60 carbon atoms+
24-48 OH groups

a b

Figure 1: a) Structure of Hydroxylated fullerenes, and b) Hydroxylated fullerenes
(Fullerenol) structure with numbers of OH groups, as given by the Notifier.

Ref: 06 HF Number of OH groups

Hydrated forms of Hydroxylated Fullerenes:

According to one of the Notifiers, the ingredient used in the intended cosmetic formulation
contains additionally functionalised fullerenol, an ingredient which qualifies as a nhanomaterial
according to the EU legislation. Polyhydroxylated fullerenes, known as fullerenols, are a class
of fullerenes that have many hydroxyl groups, formed by the chemical modification of
covalent C-0O bonds, on their spherical surfaces. In recent years, they have gained a lot of
attention due to their unique properties, their ability to bio-physically interact with biological

10
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systems and their excellent antioxidant efficacy. Fullerenol and Harmonised Fullerenol-Water
Complex (HFWC) substance are derived from the same spherical molecule (fullerene C60)
with icosahedral symmetry, consisting of 60 carbon atoms. The addition of hydroxyl groups
(OH group) to the surface of the fullerene sphere creates a hydroxylated fullerene [C60(0OH)x]
or fullerenol (Figure 2). The fullerenol molecule itself is in the form of powder and unlike
fullerene, it is soluble in water and polar solvents. By additionally functionalising fullerenols
by means of water molecules and energy that oscillates according to icosahedral symmetry,
a Hyperharmonised Fullerenol-Water Complex (HFWC) is formed.

STRUCTURE OF 3HFWC
(the second derivative of C60)

Ceo (OH)n (OH...H20)n™ Coo(OH)x@[ (OH)m, (H20)]n;"

APTNA
+ <4 = e P
1 D
Fullerenol Water layers 3HFWC
Diameter — 1.4 nm Diameters: d=1.4 nm, D=6-18 nm Diameter: D=6-18 nm
60 carbon atoms+ Water layers: 3-9 60 carbon atoms
24-48 OH groups Paired OH groups: ~ 270 Paired OH groups: ~ 270
Water molecules: ~ 2500 OH groups: 24-48

Water layers: 3-9
Water molecules: ~ 2500

Figure 2: Structure, generated for 3HFWC by ACD/ChemSketch

This harmonised particle can be best described chemically as [C60(OH)x * (H20)n], where x
describes the number of covalently bound hydroxy groups (x = 36+12) and n the number of
water molecules surrounding the fullerenol and held in place and stabilised with hydrogen
bonds under the influence of an oscillating magnetic field, according to the Fibonacci law (n
= 144 -2528). Through the harmonisation process, water layers, bound by hydrogen bonds,
are formed around the fullerenol and have properties similar to liquid crystals (Figure 2).

3HFWC: 3H - hyper-harmonized-hydroxylated, F - fullerene core C60, W-water, C- complex
stabilized with hydrogen bonds under the influence of oscillating magnetic field according to
the Fibonacci law (F/f): [C60(OH)x@(H20)y]F/f.

3HFWC/HFWC substance is a nanomaterial, without any covalent chemical modification,
which is entirely based on hydroxylated fullerene (fullerenol) and water. Hydroxylated
fullerene is based in the core of the substance, surrounded by water layers in the form of
liquid crystalline. The substance retains as a particle in the formulation.

Ref: 281_safety_file_2020-3-12-18-44-18.pdf; 281_spec_file_2020-2-28-19-37-53

SCCS comment

Despite a few exchanges of queries and clarifications between the SCCS and the Notifier, the
basis for regarding 3HFWC as being a discretely different entity from other hydrated forms of
hydroxylated fullerenes in terms of chemical identity/composition and physicochemical
properties remains unclear. Therefore, for the purpose of this safety assessment, the SCCS
has considered 3HFWC as equivalent to hydrated form of a hydroxylated fullerene - i.e. similar
to other hydroxylated fullerenes when dispersed in aqueous media, for the following reasons:

11
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1. From the Notifier's feedback, the SCCS understands that the linkage between water
molecules and hydroxylated fullerene (the starting material used in the synthesis of
3HFWC) is hydrogen bonding in nature. Thus, in terms of chemical nature, there is
little difference between 3HFWC and other hydroxylated fullerenes dispersed in water,
except that a higher number of water molecules is claimed to be surrounding the core
hydroxylated fullerene in 3HFWC.

2. The reported range of the number of surrounding water molecules (claimed to be in a
coordinated structure) is very large (144 to 2528). This, in the absence of a justified
scientific explanation for the nature of bonding involved (other than hydrogen
bonding), casts further uncertainty over the exact chemical composition of this
material, and the basis to regard it a discrete entity that is different from other
hydroxylated fullerenes dispersed in aqueous media.

3. Further information provided by the Notifier during the commenting period claimed
that hydrogen peroxide used in the manufacturing process of 3HFWC neither reacts
with hydroxylated fullerene nor is available as an oxidising agent but is complexed
between and as part of the hydration shells of 3HFWC. This is, however, not
demonstrated by the Notifier, and indicates that the water sphere claimed to be
surrounding hydroxylated fullerene is not entirely composed of water but an aqueous
solution of hydrogen peroxide. In such a case, the interaction between H202 and water
molecules could only be due to hydrogen bonding, and not due to chemical bonding.
Further evidence would be needed to support the claim that H202 is not available for
imparting any reactions/transformations of the starting material (hydroxylated
fullerene) during the manufacturing process, or for causing any adverse cellular effects
from use of the material in cosmetic products due to the formation of oxyradicals.

3.1.1.6 Empirical formula

Fullerenes:
Ceo, C70

Hydroxylated fullerenes:
Cs0(OH)24-48

According to one for the Notifiers, the manufacturer specification for the empirical formula of
hydroxylated fullerene is Cso(OH)30-50

Hydrated forms of hydroxylated fullerenes:
3HFWC: Ce0(OH)36+12®(H20)144-2528

According to one for the Notifiers, the empirical formula of 3HFWC is given as Ceo(OH)30-
50@(H20)144-2528

Ref: 281_spec_file_2020-2-28-19-37-53; 06 HF Number of OH groups;

10 Characterization 3HFWC

SCCS comment
The exact degrees of hydroxylation for hydroxylated fullerenes and their hydrated forms must
be specified.

3.1.2 Physical form

Fullerenes:
Morphology: solid
Agglomeration/aggregation state: aggregate

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2

12
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Hydroxylated fullerenes:
Physical form: Hydroxylated fullerene is a clear flowable liquid, as given by the Notifier. It is
nearly colourless with a yellow shine, not comparable with RAL colour.

Ref: 02 Colour, odour and physical state HF
Hydrated forms of hydroxylated fullerenes:
Physical form: 3HFWC is a clear flowable liquid, as given by the Notifier. It is nearly colourless

with a yellow shine, not comparable with RAL colour.

Ref: 02 Colour, odour and physical state HFWC

3.1.3 Molecular weight

Fullerenes:
C60: 720.60
C70: 840.77
Ref: Risk_Assessment_-_Fullerenes_ NEDO_Oct_16_2009

Hydroxylated Fullerenes: /
Hydrated forms of Hydroxylated Fullerenes: 3,826 - 47,126 g/mol

Ref: 10 Characterization 3HFWC
SCCS comment
Molecular weights of hydroxylated fullerenes were not provided. From the empirical formulae,
these could be calculated to range between 1128.60 to 1536.60 g/mol of Ceso(OH)24-48, and
1248.77 to 1656.77 g/mol of C70(OH)z24-4s.

3.1.4 Purity, composition, and substance codes

Fullerenes:
Purity:

According to one of the Notifiers, the appearance of fullerene C60 (Lot 040406) was as a
black powder. The IR spectrum of the fullerene C60 had absorbance at 526.5, 576.7, 673.1,
794.6, 1182,3 and 1427.2 cm!. The purity of fullerene C60 was 66.4 + 0.78 %, and C.V.
1.2%.

The content of fullerene C60 in three batches of the raw fullerene powder is described in Table
2a. Fullerene C60 was dissolved in toluene and the sample solution was analysed by HPLC
with UV detection at 285 nm. The fullerene C60 content of raw fullerene powder was
quantified under the same conditions and on the same day.

Table 2a: Purity of fullerene C60 in three batches

Sample Amount of sample Average peak area C60 content
(mg) (%)
standard 10.47 90.19 -
Lot 170529 10.04 62.17 71.9
Lot 190806 11.34 78.7 80.5
Lot 190701 11.41 75.09 76.2

Ref: C60 content of raw fullerene powder for cosmetics
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According to one of the Notifiers, the raw fullerene powder is a mixture of C60 and C70, and
the content of C60 measured by HPLC-UV in five batches ranges approximately from 70 to
80%.

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2; Appendix 3 Manufacturing
Process, Composition and Properties of Raw Fullerene Powder; B040337_Characteristics
Analysis Study of Fullerene

During the commenting period, additional data on purity on five representative batches of
raw fullerene powder have been submitted to the SCCS. The contents of fullerene C60 and
Fullerene C70 in five batches of the raw fullerene powder are summarized in the Table below.

Table 2b: Contents (%Area) of fullerene C60 and fullerene C70 in five batches of the raw
fullerene powder

Lot# Percentage of peak area
Ceo Cro Total of other peaks
151104 80 15 5
160815 80 14 6
170531 81 15 4
170529 80 15 3
180413 84 13 3

The contents of fullerenes are expressed using percentage of peak area of each fullerene
against total peak area in the HPLC chromatogram. This treatment is due to the fact that the
submitter could not obtain working standards for C70, C60 oxide, C70 oxide as well as higher
order fullerenes.

SCCS comment

It is unclear why the batch (Lot 170529) in Table 2a contains 62.17% (in terms of % area)
or 71.9% (in terms of content) of fullerene C60, while in the newly submitted Table 2b the
same batch (Lot 170529) contains 80% fullerene C60, and 15% fullerene C70. Data in Table
2b indicate that all the lots contain 3 to 6% of other peaks (impurities).

Hydroxylated fullerenes:

According to the Notifier, the purity of the test item was determined as 99.9% by
chromatography.
Ref: 10 Characterization HF

IR spectroscopy

According to one of the Notifiers, IR spectroscopy was used to calculate the number of -OH
groups for hydroxylated fullerene Ceo(OH)30-50, batch no 20H0229A according to the method
of the DIN EN ISO 4629-2:2016 (hydroxyl value) standards. This method can be applied to
resins, binders for coating materials, primary alcohols, glycols and fats. The results are given
in mg KOH/g sample. The number of hydroxyl groups was determined as = 40. IR main
absorbance bands with structural assignments are presented in Table 3.
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Table 3: IR main absorbance bands with structural assignments of the solid test item
(hydroxylated fullerene Ceo(OH)30-50, batch no 20H0229A), as given by the Notifier

Wavenumber Transmission Structural Assignment
(cm1) (%T) Vibrations
3357.68 92.89 v OH
1582.01 69.55 v C-C
1323.91 71.06 0 OH, v C-0
777.72 75.20
513.04 66.27

As concluded by the Notifier, all the typical vibrations such as v OH water and v C-C were
found in the IR. The observed absorption bands correlate excellent with the existing reference
spectrum of Fullerenol.

Ref: 06 HF Number of OH groups

Elemental Analysis
Elemental analysis data, as reported by the Notifier, are presented in Table 4.

Table 4: Elemental analysis data of hydroxylated fullerene

Parameter Experimental value Calculated on:
C60 (C60(0OH)30-50)

C 50.45 51.44 %
50.40

H 2.02 2.87 %
2.05

o 48.6 45.68 %
48.7

Ref: 06 HF Number of OH groups

Gel permeation Chromatography (GPC)
According to the Notifier, the peak-area report of GPC shows three different separated peaks.
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Figure 3: Elugram of Hydroxylated Fullerene

The relative content of each “species” and the molar mass at the peak maximum, Mp, is listed
in the table below.
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Table 5. Gel permeation chromatography data for hydroxylated fullerene

Molar mass at the peak maximum (Mp), Da / Peak Area %
Peak A 48819/ 82.04%
Peak B 22462/ 16.43%
Peak C 10232/ 1.53%
Peak D /
Ref: 10 Characterization HF
LC-MS

According to the Notifier, the LC-MS showed one peak for the test item, hydroxylated
Fullerene. MS spectra were extracted from TIC chromatograms obtained by using ESI (+) and
ESI (-) ion mode. The LC-MS observes and detects a fragmentation about m/z 68 which
correlate with 4 OH-groups. The range of measurements of LC-MS is limited at m/z 2000,
therefore, no further OH-groups can or could be observed.

Ref: The Regulatory Company - 3HFWC data submission main document; 10
Characterization HF

Hydrated forms of hydroxylated fullerenes
According to the Notifier, the amount of water was determined as 99.5% by the Karl-Fischer
method and the concentration of 3HFWC in water as 0.5%. The purity of this concentration
of 0.5% in water was determined as >99.9 by chromatography, no further impurities were
observed.

Ref: 10 Characterization 3HFWC

The composition information of HFWC is presented in Table 6.

Table 6. Composition information of HFWC, as given by the Notifier

Components Chemical formula %
Hydroxylated fullerenes Cs0(OH)24-48 0.015
Ultra-pure water H20 99.985

Ref: 281_spec_file_2020-2-28-19-37-53

Determination of the content of active ingredient in five batches of 3HFWC by HPLC
According to the Notifier, the test item, 3HFWC, is a fullerene with a 30 - 50 covalently
attached hydroxyl groups and further coordinated with 144 - 2528 water molecules. The
composition of the test item is hydroxylated fullerene C60 0.015 % and ultra-pure water
(0.055 uS/cm) 99.985 %. The SANCO 3030/99 rev. 5 guideline requires an analytical method
which is specific for the active ingredient. Method development was performed for the dry
active ingredient (hydroxylated fullerene) using HPLC coupled to UV and mass spectrometric
detection. Column types ranging from C18 (separation based on hydrophobic interaction) to
HILIC (separation based on hydrophilic interaction) were tested. Under no tested conditions
was retention achieved. The test item showed one peak at or even before the dead time of
the tested column. This indicated that, due to the large aqueous solvation shell, the target
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molecule is not able to interact with the column material and/or is too large to enter the pores
of the column materials. Experiments were then performed by gel permeation
chromatography.

Ref: 09 Active ingredient 3HFWC HPLC

Gel- Permeation Chromatography (GPC)

According to the Notifier, fullerenes are expected to exhibit UV activity and calculations of
molar mass distributions have only been carried out for the UV active species. Peak areas of
RI signal of side components have been analysed as well. Analysis of the UV signal at 250 nm
revealed that the sample solutions contain a UV active main component and different side
components, that eluted in the relevant elution volume area for GPC analysis. Three peaks
and their observed masses are within the calibration curve, and one is out (peak D) of the
calibration curve.
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Figure 4: Elugram of 3HFWC

According to the Notifier, the mass of the peak D cannot be determined, but it should be more
hydrophilic than the test item “"3HFWC". Peaks at elution volumes of appr. 27 and 31 mL are
presumably system peaks. The test item 3HFWC contains an additional, UV active component
which elutes outside of the GPC calibrated range (appr. 37.5 mL). Hence, no molar mass
result has been calculated for the substance. Size distribution was found to be corresponding
to the range 10314 to 48213 g/mol (Table 7). Due to very broad peaks in this methodology,
it is not suitable for sensitive quantitative analysis.

Table 7. Gel permeation chromatography data for 3HFWC

Molar mass at the peak maximum (Mp), Da / Peak Area %
Peak A 48213/ 35.77%
Peak B 22409/ 9.02%
Peak C 10314/ 0.71%
Peak D Out of calibration range / 53.49%

Ref: 09 Active ingredient 3HFWC HPLC; Ref: The Regulatory Company - 3HFWC data
submission main document; 10 Characterization HFWC
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NMR data

According to the Notifier, the recording of 'H-NMR spectra was only feasible with water
suppression. The first spectra were performed with tetramethylsilane as standard, but the
broad signal of TMS made it difficult to separate the peaks for the integrations. Therefore, the
recording of the NMR spectra was repeated without TMS, which is the log signal, in the hope
that more precise signals might be received for the integration. The chemical shift at about
8.5 ppm in the 'H-NMR can be assigned as Fullerenol C60 with more hydroxylic groups. This
conclusion is based on the high value of the integral which increased from 3.57 (3HFWC) to
15.38 OH-groups. The factor of the integral can be assumed as approximately 5. Through the
high symmetry and the water layers, only one signal was observed, at about 8.458 ppm of
the hydroxylic groups in 3HFWC.

The difference between 3HFWC and Hydroxylated Fullerene are marked in Table 8. The
integral high at about 8.5 ppm was determined in 3HFWC as 3.57 and in Hydroxylated
Fullerene as 15.38. The sum of all other protons was determined in 3HFWC as 96.44 and in
Hydroxylated Fullerene as 84.41. The total sum of all kinds of protons was determined as
approximately 100.

Table 8: NMR data of 3HFWC and Hydroxylated Fullerene with and without Tetramethylsilan

(TMS)
'H-NMR data with TMS
JHFWC with TMS JHFWC with TMS Hydroxylated Fullerene with TMS Hydroxylated Fullerene with TMS
chemical shift / ppm integral chemical shift / ppm integral
10.027 0.02
8.458 0.22 §.770 - 5490 6.04
3774 -3.741 15.25 4.385-0.868 93.60
3.123 3.95
2.849 2.18
2612-2.158 10.04
1.921-2.158 44.63
1.280 - 1.039 418
-0.050 - -0.060 19.55 -0.007 — -0.055 0.14
'H-NMR data without TMS
3HFWC without TMS 3HFWC without TMS Hydroxylated Fullerene C80 Hydroxylated Fullerene C60
chemical shift/ ppm integral without TMS chemical shift / ppm without TMS integral
10.027 0.05
8.459 3.57 8.765-43811 15.38
3.123 11.81 4537-1.108 84.41
2.851-2.075 44.59
1.921 22.70
1.342 - 0.899 17.34
Sum of protons (marked) 96.44 84.41
Sum total of protons 100.01 99.79
LC-MS data

MS spectra were extracted from TIC chromatograms obtained using ESI (+) and ESI (-) ion
mode. According to the Notifier, the LC-MS observes and detects a fragmentation about m/z
68 which correlate with 4 OH-groups. The range of measurements of LC-MS is limited at m/z
2000, therefore, non-further OH-groups can or could be observed.

Ref: 10 Characterization 3HFWC

During the commenting period, the Notifier for 3HFWC reported that the test substance is
stabilized by a small percentage of H202. According to the Notifier, H202 neither reacts with
hydroxylated fullerenes nor is available as an oxidising agent but it is complexed with
hydroxylated fullerenes as part of the hydration shells of 3HFWC. The amount of total
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oxidizing substances (expressed as hydrogen peroxide) present in 3HFWC is 0.04% and this
content is in line with the current regulations for cosmetic products (<0.1%).

Table 9 Starting materials used for the 3HFWC production (initial weights)
Formula Substance %
Cs0(OH)30-50 Hydroxylated fullerene C60 C=0.15 g/L 0.15
H20 Ultra-pure water (0,055 puS/cm) 99.955
H20:2 Hydrogen peroxide 0.030

SCCS comment

According to the Notifiers, raw fullerene powder is a mixture of fullerenes C60 and C70, and
the content of fullerene C60 measured in five batches ranges approximately from 70 to 80%.
Data on the exact content of fullerene C70 were not provided.

One of the Notifiers has reported that retention of 3HFWC was not achieved by any HPLC
method and also that the GPC method is not suitable for sensitive quantitative analysis. Based
on these findings, the SCCS understands that the accurate quantitation of 3HFWC cannot be
achieved by any of the reported analytical methods.

The composition of 3HFWC is provided in Table 6, by measuring the content of hydroxylated
fullerenes and water, and in Table 9, by including the estimated percentage of hydrogen
peroxide; this further supports the conclusion of the SCCS that, in terms of chemical
composition, 3HFWC is a hydrated form of hydroxylated fullerene - similar to other
hydroxylated fullerenes dispersed in aqueous media - with an additional proportion of
hydrogen peroxide.

Considering the manufacturing process of 3HFWC, the SCCS is of the opinion that the
theoretical percentage of hydrogen peroxide (0.03%) reported by the Notifier is not accurate.
The provided explanation suggests that hydrogen peroxide is largely associated with the
hydroxyl groups of the core hydroxylated fullerene, whereas percentage of H20: is calculated
based on dispersion of the material in water, which would also include (large amounts of)
‘uncoordinated’ water. Also, the Notifier's claim that H202 neither reacts with hydroxylated
fullerenes nor is available as an oxidising agent but is complexed between and as part of the
hydration shells of 3HFWC, is not demonstrated by any supporting evidence. Considering the
hydrogen bonding nature of the interaction of H202 and the water molecules surrounding
hydroxylated fullerene, the SCCS considers that the so-called water sphere is not entirely
composed of water but an aqueous solution of hydrogen peroxide.

3.1.5 Impurities / accompanying contaminants

Fullerenes:

Fullerene (C60) [65%],

Fullerene(C70): /

Coatings or surface moieties: None

Doping material: None

Encapsulating materials: None

Processing chemicals: None

Dispersing agents: None

Stabilizers: None

Other additives: None

According to one of the Notifiers, the concentration of other fullerenes such as C82 and
oxygenated fullerene was less than 1% in 5 batches of raw fullerene powder, and no
impurities derived from raw fullerene powder were detected with liquid chromatography.
Since toluene is used in the extraction of raw fullerene powder, the residual amount of toluene
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was also measured and the values were much lower than the residual tolerance, i.e. 890 ppm,
specified in the ICH guideline.

It is stated by the Notifier(s) that in fullerenes formulations, heavy metals should be not more
than 20 ppm, arsenic should be not more than 2 ppm, and the residue on ignition should be
not more than 0.1%.

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_ Fullerene-V2; Appendix 3 Appendix 3
Manufacturing Process, Composition and Properties of Raw Fullerene Powder

During the commenting period the SCCS has received additional data on the method of
manufacturing and on impurities and of raw fullerene powder. The raw fullerene powder was
synthesised using a scaled-up version of the method reported by Scrivens et al. (1992).

A typical certificate of analysis of a raw fullerene powder batch (Lot No 230320) provided by
the manufacturer, shows that residual content of lead and arsenic was less than 1 ppm and
0.1 ppm, respectively. It also shows that the content of toluene was 89 ppm which satisfies
its criteria, i.e., less than 890 ppm, that was specified by ICH-Q3C for toluene. Other fullerene
related impurities were already introduced in the purity section. There is no possibility that
carbon nanotubes and amorphous carbon as well as other organic small molecules are
contained in the raw fullerene powder.

A typical chromatogram of the raw fullerene C60 powder (Lot. No. 160815) is shown in Figure
5. The chromatogram shows that the raw fullerene powder mainly contains C60 and C70 as
well as oxides of C60 and C70 oxide and higher order fullerenes such as C82 and C88.

VWDT A, Wavelength=320

(171220¥17122002 D)
mAU fi
14

Haak
4

08 ° \':1

-k i B B
|

06
C..0

04

- 2 zofy
"Wﬂ“‘ W VAN - wﬁ

0 10

Figure 5: Typical chromatogram of raw fullerene C60 powder (Lot. No. 160815)

Hydroxylated fullerenes
According to the Notifier, the amount of water (moisture) was determined as 99.1% by the
Karl-Fischer method.

Ref: 10 Characterization HF

Hydrated forms of Hydroxylated Fullerenes

According to the Notifier, the amount of water was determined as 99.5% by the Karl-Fischer
method. Based on the data submitted by the Notifier and as reported in the purity section of
this Opinion, no further impurities were observed.

During the commenting period, the SCCS has received additional data on the method of
manufacturing and on impurities and of 3HFWC.

According to the Notifier, no significant concentrations of heavy metals or organic solvents
were detected in the aqueous solution of 3HFWC.

20



SCCS/1649/23
Final Opinion

Opinion on Fullerenes, Hydroxylated Fullerenes and hydrated forms of Hydroxylated Fullerenes (nano)

Ref: 10 Characterization 3HFWC

SCCS comment

From the limited data provided relating to the impurities of fullerenes, the SCCS has noted
the presence of fullerene epoxides as byproducts of fullerene synthesis. Epoxides are
generally unstable and highly reactive. HPLC method showed the presence of various
impurities in the range 3 to 6% (% peak area) in raw fullerene powder, however this technique
is not suitable for the chemical characterisation of epoxides. The chemical characterisation
(exact chemical formulae and percentage) of fullerene epoxides impurities that are present
in raw fullerene powder by an appropriate identification technique, is necessary for the safety
evaluation.

The Notifiers have not provided detailed information on the levels of impurities, heavy metals,
accompanying contaminants and organic solvents, for hydroxylated fullerenes and the
hydrated forms of hydroxylated fullerenes. The chemical characterisation of impurities by an
appropriate identification technique needs to be provided.

3.1.6 Solubility

Fullerenes:
It is stated by the Notifier(s), that fullerene is a strong hydrophobic substance which is
insoluble in aqueous media.

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2

Data of the solubility of fullerenes C60 and C70 in various solvents are presented in Table 10,
as submitted by the Notifier(s).

Table 10. Solubility of fullerenes C60 and C70
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References

SOLUBILITY OF C7g AND Cgg IN ORGANIC SOLVENTS

c-70

Solvent ug/mi MF
1. Pentane 2 0.00268
2. Hexane 13 0.02074
3. Heptane 47 0.08258
4. Octane 42 0.08037
5. Isococtane X xx
6. Decane 53 0.12208
7. Dodecane 98 0.263898
8. Tetradecane xx %
9. Cyclohexane 80 0.1030
10.Acetone 1.9 0.0017
11.Isopropanol 2.1 0.0020
12.Dioxane xx e
13.CC4 121 0.1390
14 . p—-Xylene 3885 5.8127
15.Mesitylene 1472 2.4373
16.Toluene 1406 1.7785
17.Benzene 1300 1.3829
18.CSp 9875 T.065
19.D1ichlero- 80 0.0610

methane
20'3;2;22;°r°_ 38210 48.286
MF  : Mole Fraction*104 oz

xx : Solubility not measured

C-60

ug/mil
4
40
K
25
26
70
g1
126
51
K
=K
41
447
xx
2997
2150
1440
5160
254

X

SP
14.52
14.85
15.10
15.45
14.17
15.81
16.07
16.24
18.77
20.00
23.70
20.50
17.59
18.00
18.04
18.20
18.82
20.50
20.00

20.50

Refractive Index

1.358
1.380
1.387
1.382
1.398
1.411
1.422
1.428
1.428
1.358
1.377
1.423
1.480
1.4886
1.408
1.497
1.501
1.627
1.424

1.550

SP: Hildebrand’s Solubility Parameter (5) (J1/2_ ¢m=3/2)

Sivaranam et al., 2006

Solubility of C60 fullerene (mg /L)

Brassica methyl ester (biodiesel)

Sunflower triglyceride
Soybean triglyceride
Linseed triglyceride

Olive triglyceride

187 mg /L
116 mg/L
134 mg /L

91 mg/L
173 mg /L

Cataldo and Braun, 2007
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Solubility of C, in various solvents A. Hirsch and M.
Solvent [Cedl (mg mL") Mole fraction (- 10) o Brettreich, 2005
n-Pentane 0.005 0.008 1.36
n-Hexane 0.043 0.073 1.38
Cyclohexane 0.036 0.059 1.43
n-Decane 0.071 0.19 1.41
Decalines 4.6 9.8 1.48
pichloromethane 0.26 027 1.42
Carbon disulfide 7.9 6.6 1.63
pichloromethane 0.26 0.27 1.42
Chloroform 0.16 0.22 1.45
Tetrachloromethane 0.32 0.40 1.46
Tetrahydrofuran 0.000 0.000 1.41
Benzene 1.7 2.1 1.50
Toluene 28 4.0 1.50
Tetraline 16 31 1.54
Benzonitrile 0.41 0.71 1.53
Anisole 5.6 8.4 1.52
Chlorobenzene 7.0 99 1.52
1,2-Dichlorobenzene 27 53 1.55
1-Methylnaphthalene i3 68 1.62
1-Chloronaphthalene 51 97 1.63
Acetone 0.001 0.001 1.36
Methanol 0.000 0.000 133

Ref: Appendix 2 Physicochemical Properties of Fullerenes C60 and C70

Hydroxylated fullerenes
Water solubility: Since the test item, hydroxylated fullerene (batch no. 20H0229A) is the dry
material for an aqueous formulation, the solubility of the test item in water was performed
using a simplified flask method. In this case it was not possible to weigh the fivefold saturation
concentration of the test item in water to perform a main test following OECD 105. The results
of the main test indicate that hydroxylated fullerene is miscible with water in all proportions.
The calculated concentration of the test item in the test solutions corresponds to the nominal
load of the test item 150 mg/L (146.4 - 157.6 mg/L). In the flasks 4 and 5, higher
concentrations were measured as the determination of DOC is less precise in the low range
(< 10 mg/L).

Ref: 08 Water solubility HF

Hydrated forms of Hydroxylated Fullerenes
Solubility/dissolution (in relevant solvents): /

Water solubility: Since the test item 3HFWC (batch 01-2021-10-14) is an aqueous
formulation, the solubility of the test item in water was performed using a simplified flask
method. In this case it was not possible to weigh the fivefold saturation concentration of the
test item in water to perform a main test following OECD 105. The results of the main test
indicate that hyperharmonized hydroxylated fullerene water complex (3HFWC) is miscible
with water in all proportions. The calculated concentration of the test item in the test solutions
corresponds to the nominal concentration of the test item 150 mg/L (141.3 - 161.6 mg/L).
In the flask, 5 higher concentrations were measured as the determination of DOC is less
precise in the low range (< 5 mg/L).

N-Octanol (mg/L): n.a.

Ref: 281_spec_file_2020-2-28-19-37-53; 08 Water solubility 3HFWC
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Additional solubility data — SCCS literature search

A literature search by the SCCS has indicated that fullerenes are practically insoluble in water,
whereas hydroxylated fullerenes are soluble in water.

The calculated solubility of fullerene C60 in water at 25°C is 7.42 x 10°mg/L (water-phase of
water-octanol), based on measured values in octanol (of octanol-saturated water phase) and
octanol-water partition coefficient. Solubilities in various solvents at 25 °C range from 1.4
mg/L in ethanol to 2430 mg/L in water-saturated toluene and 3000 mg/L in toluene, (Jafvet
et al., 2008). Water solubility is also reported to be greatly increased by the addition of
hydroxyl groups either to the cage (giving fullerenols) or having them present in addends (Li
et al., 2013).

Fullerenes are also virtually insoluble in acetone, ethers, alcohols (Taylor, 2001)
and other polar solvents, sparingly soluble in alkanes, while appreciably soluble in aromatic
solvents and in carbon disulfide. The solubility of fullerene C60 in a number of solvents ranges
from 0.0 g/L in methanol and tetrahydrofuran, to 41 g/L in 1-chloronaphthalene (Cadek et
al., 1999).

Ruoff et al. (2003) have determined solubility of pure fullerene C60 in 47 solvents at room
temperature. These range from 0.01 g/L in methanol to 50 g/L in I-chloronaphthalene. The
solubilities in CS2, toluene, and hexane, three of the commonly employed solvents, are 7.9,
2.8, and 0.04 g/L, respectively.

3.1.7 Partition coefficient (Log Pow)

Fullerenes:
Log Pow: /

Fullerene C60 log Kojw = 6.67
Fullerene C60 toluene-water partition coefficient, log Kr/w: 8.44

Ref: https://www.bioactivec60.com/wp-content/uploads/2016/06/Fullerene-C60-C60-
PubChem.pdf; Jafvert CT, Kulkarni PP; Environ Sci Technol 42: 5945-5950 (2008)

Hydroxylated fullerenes: /

Hydrated forms of Hydroxylated Fullerenes:
Octanol/water partition coefficient: Poyw = 0.18941
Log Poyw = -0.72
Ref: 281_spec_file_2020-2-28-19-37-53

SCCS comment
Log Po/w values for hydroxylated fullerenes should be provided.

3.1.8 Additional physical and chemical specifications

Fullerenes:

Table 11. Additional physicochemical properties of Fullerene C60 and Fullerene C70.

Fullerene C60 Fullerene C70 Ref.
Molecular Structure | 0.704 (Frame) 0.796 (Transverse Diameter) Ahmad, 1999.
[nm] 1.002 (Electron Cloud) | 0.712 (Conjugate Diameter)
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Electron Affinity | 2.65 2.72
[eV]
Melting Point [°C] 1180 No data Beckhaus et al.,
1992.

Electric Conductivity | 108 ~10-14 No data Arai et al., 1992;
(300K) [S/cm] Mort et al., 1992.
Sublimation Heat | 40, 38 43, 45 Pan et al., 1991.
[kcal/mol]
Vapor Pressure | 1.9 x 10> (400 °C) 1.4 x 10 (430 °C) Abrefah and
[Torr] 5 x 104 (500 °C) 2 x 10 (500 °C) Olander, 1992

1 x 1073 (600 °C) 7 x 1073 (600 °C)

According to one of the Notifiers, the appearance of Fullerene C60 (Lot 040406) was as a
black powder.
Ref: Risk_Assessment_-_Fullerenes_NEDO_Oct_16_2009

Hydroxylated fullerenes:

Melting point: 101.59 £ 0.14 °C (374.74 K)

Colour: The test substance is nearly colourless with a yellow shine, not
comparable with RAL colour.

Determination of Odour: No odour was detectable.

Flash point: No flash point could be detected up to 100 °C. Therefore, no flash
point could be established.
Viscosity: 1.005 £ 0.004 mPa-s at 20.00 + 0.02 °C

Ref: 05 Viscosity HF; 02 Boiling point HF;
02 Colour, odour and physical state HF; 04 Flash point HF

Hydrated forms of Hydroxylated Fullerenes:

According to the Notifier, the Hydrated forms of Hydroxylated Fullerenes are formed by mixing

the hydroxylated fullerene [€60(0H)x] with ultrapure water (grade 2), and then water layers

are generated and stabilised by oscillatory magnetic field: [C60(OH)x@(H20)nlf] (n is

number of water molecules, | is number of water layers and f is number of frequency modes).

Before mixing with water, hydroxylated fullerene is pre-treated with heating (drying) and the

UV-Vibro apparatus (prevention of agglomeration and aggregation process).

Melting point: 102.07 £ 0.14 °C (375.22 K)

Colour: The test substance is nearly colourless with a yellow shine, not
comparable with RAL colour.

Determination of Odour: No odour was detectable.

Flash point: No flash point could be detected up to the boiling stage of
102.4 °C in the pre-test. Therefore, no flash point could be
established.

Viscosity: 1.007 mPa-s at 20.00 + 0.02 °C

Ref: 281_spec_file_2020-2-28-19-37-53; Risk_Assessment_-
_Fullerenes_NEDO_Oct_16_2009; The Regulatory Company - 3HFWC data submission main
document; 01 Boiling point 3HFWC; 02 Colour, odour and physical state 3HFWC; 04 Flash
point 3HFWC; 05 Viscosity 3HFWC

SCCS comment

More detailed information about composition and manufacturing procedure of the hydrated
forms of hydroxylated fullerenes was provided during the commenting period for the
preliminary opinion.

This has been discussed in Section 3.1.5.
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3.1.9 Particle size

Fullerenes*:

The following data were submitted by the Notifier:
Lowest cut-off level (nm):

Volume weighed median: 0.7 nm (C60)

Number weighed median: 0.7 nm (C60)

* Since fullerene is a molecule, the primary particle size is the same as the molecular size.

According to one of the Notifiers, Fullerene C70 (Table 1) is a rugby-ball shaped particle with
major axis 0.8 nm and minor axis 0.7 nm.

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2;
https://pubchem.ncbi.nlm.nih.gov/compound/123591

Hydroxylated fullerenes: 2.0 £ 0.6 nm

According to one of the Notifiers, hydroxylated fullerenes can be clustered, forming large
agglomerates.

Ref: The Regulatory Company - 3HFWC data submission main document;
10 Characterization HF

Dynamic light scattering
Dynamic Light Scattering for hydroxylated fullerenes is presented in the next Figure, as given
by the Notifier.

General info

Name Probe 220329195 Created by Hundt, Josefine

Particle size distribution (intensity)

60

s
=)

Distribution [%]
N
°

00 -t
0,00010 0,00100 0,01000 0,10000 1,00000 10,00000
Particle diameter [um]

Statistics table

Name Hydrodynamic Polydispersity index Peak 1 [ium] Peak 2 [um] Peak 3 [um] Transmittance [%]  Diff. coeff. [um?s]
diameter [um] 1%
Mean value 04346 303 0,4623 (Intensity) ~ 0,12991 (Intensity) - (Intensity) 0,9 11
Standard deviation  0,00703 06 0,05376 (Intensity) 0,01489 (Intensity) - (Intensity) 0,0 00
Rel. standard 1,62 213 11,63 (Intensity) 11,46 (Intensity) - (intensity) 0,0 16
deviation
Measurements (intensity)
Name Color Hydrodyn. diam. Polydispersity  Peak 1 [um] Peak 2 [um] Peak 3 [um] Transmittance [%] Diff. coeff. [um?/s]
[um] index [%]
220329195 0pt 1 e 04271 303 0,4011 (Intensity) 0,11271 - (Intensity) 85,77 11
(Intensity)
220329195 0pt 2 04359 31,0 0,4840 (Intensity) 0,13839 - (Intensity) 85,77 11
(Intensity)
220329195 0pt 3 —— 04409 29,7 0,5019 (Intensity) 0,13862 - (Intensity) 85,81 11

(Intensity)

Figure 6: Dynamic Light Scattering for hydroxylated fullerenes.

Particle Size Distribution

- Particle size distribution by scanning transmission electron microscopy (STEM)
method:

As reported by the Notifier, High-angle annular dark-field (HAADF) scanning transmission
electron microscopy (STEM) carried out on a FEI Osiris ChemiSTEM microscope at 200 keV
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was employed for investigation of the size, the shape and the chemical composition of the
test item (Hydroxylated Fullerene).

Figure 7: Images of the test item Hydroxylated Fullerenes captured with a HAADF-STEM at
200 keV

According to the Notifier, the constituent particles of the test item are expected to have a
diameter between 0.7 and 1.4 nm. It was not possible to clearly identify single constituent
particles due to blurred boarders of the particulate structures. The particles were expected to
be clustered, forming large agglomerates. The visible nanostructures have diameters of
approximately 2.0 £ 0.6 nm, which is above the expected size, but in the same order of
magnitude.

Ref: LAUS, Report Aug.2022.

Zeta potential by electrophoretic light scattering (ELS)
ELS data are presented in the table below as given by the Notifier.

Table 12: ELS data for hydroxylated fullerene

Test item Temperature [°C] Zeta potential [mV)] Electrophoretic Conductivity
mobility [mS/cm]
[um/s)/(V/cm]
Hydroxylated 25 °C -25.85 + 1.71 -2.01 £ 0.13 0.18
Fullerene

Ref: 10. Characterization HF

Hydrated forms of Hydroxylated Fullerenes:

Primary particle size, as given be the Notifier

1. Lowest cut-off level (nm) value: 6 nm.

2. Volume weighted median (hm) min: 8.66 nm; max: 18.06 nm
3. Number weighted median (nm) min: 8.66 nm; max: 18.06 nm

Secondary particle size
There is no secondary particle size
Ref: 281_spec_file_2020-2-28-19-37-53

Dynamic Light Scattering
Dynamic Light Scattering for 3HFWC is presented in the next Figure, as given by the Notifier.
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General info

Name Probe 220329165 Created by Hundt, Josefine

Particle size distribution (intensity)

8
-]

Distribution [%]

Q.00010 0,00100 0,01000 0,10000 1,00000 10,00000

Particle diameter [pm)
Statistics table
Name Hydrodynamic Polydispersity index Peak 1 [um] Peak 2 [um] Peak 3 [um] Transmittance (%] Diff. coeff. [um¥s]

diameter (um] %]
Mean value 5933 375 0,9335 (intensity)  0,9358 (Intensity)  0,05277 (intensity) 0.9 07
Standard deviation 12,019 174 1,1305 (intensity)  1,2073 (Intensity)  « (intensity) 0,0 08
Rel. standard 202,56 46,38 121,11 (ntensity) 129,02 (Intensity) - (Intensity) 0.0 1051
deviation
Measurements (intensity)
Name Color Hydrodyn. diam. Polydispersity  Peak 1 [um)] Peak 2 [m] Peak 3 [um] Transmittance [%] DIfL. coefl. [ums)
[wm] index [%)

2203291650pt 1 — 30,433 ns 0,14971 « (Intensaty) «{Intensity) 86,24 00

(intensity)
220329165 opt 2 0,2537 93 0,2051 (Intensity) - (intensity) « (intensity) 86,24 19
22032916509t 3 0,3575 283 0,19275 - (Intensity) - (intensity) 86,29 14

(intensity)
220329165 0pt 4 1,2911 272 2,189 (intensity)  0,2060 {intensity) - (Intensity) 86,30 04

22032916509t 5§ c— 14139 ns 0,2868 (intensity) 2,329 (intensity) - (Intensity) 86,29 03

220329165 opt 6 1,8508 387 2,577 (intensity)  0,2720 (intensity) 0,05277 86,29 03
(Intensity)

Figure 8. Dynamic Light Scattering for 3HFWC

Particle Size Distribution
-Wet dispersion cell
First measurements: As reported by the Notifier, during the initial studies, 3HFWC was filled
by a pipette into the tank of the wet dispersion cell (SUCELL), and no increase of the
obscuration was observed. When more test item was filled into the tank of the SUCELL, no
increase of the obscuration was observed. Therefore, no measurement could be taken. No
increase of the obscuration showed that no aggregates and agglomerates or particles in the
measuring range above 100 nm could be detected.
Repetition of measurements: The SUCELL was then filled with 400 mL of water for the blank
measurement and then drained. In the next step, 400 mL of the liquid sample were inserted
into the tank and measured twice - with and without sonification (ultrasound 100% for
seconds before the measurement). Very large values resulted, which exceeded the range 5
(maximum range for our SUCELL), meaning that particles larger than 850 um can be found.
Conclusion of the wet dispersion with and without ultra-sonic: According to the Notifier,
particles in the range from 5 pm up to 850 um were observed, which is the limitation of the
feasibility.

Ref: LAUS, Report Aug. 2022.

-Particle size distribution by scanning transmission electron microscopy (STEM)
method

As reported by the Notifier, High-angle annular dark-field (HAADF) scanning transmission
electron microscopy (STEM); carried out on a FEI Osiris ChemiSTEM microscope at 200 keV
electron energy was employed for investigation of the size, the shape and the chemical
composition of test item.
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a b

Figure 9. Images of the test item 3HFWC captured with a HAADF-STEM at 200 keV, a) 20 nm,
and b) 15 nm.

Evaluation of the observed HAADF-STEM images: According to the Notifier, the constituent
particles of 3HFWC are expected to have a diameter between 0.7 and 1.4 nm. It was not
possible to identify single constituent particles. The particles were expected to be clustered,
forming micelles and “chains”. If that has happened the maximum particle size can be
assumed to be equivalent to the diameter of walls of the visible structures, which is
approximately 2.3 nm above the expected size, but in the same order of magnitude.
Notifiers’ conclusions: The evaluation of the results was performed by the Notifier according
to the NanoDefine approach: https://ec.europa.eu/jrc/en/publication/nanodefine-methods-
manual by using the particle size laser, particles in the range from 5 ym up to 850 um, which
is the limitation of the feasibility. Using Dynamic light scattering yielded no results and
particles in the range between 0-100 nm, as the concentration of the test item “"3HFWC” was
too low. The diameters of the "circles" in HAADF-STEM images are ~20 nm, and according to
the literature and the information provided, the fullerenes should be ~1 nm in size. It can be
assumed that the observed structures are "chains, tubes" in the form of a circle of
functionalised fullerenes that have formed a kind of micelle. The wall thickness diameter of
the “circles” was 2 to 4 nm. Hydrodynamic diameter of 3HFWC was reported as
5.933 £ 12.019 pm.

Zeta potential by electrophoretic light scattering
ELS data for 3HFWC are presented in the table below, as given by the Notifier.

Table 13: ELS data for 3HFWC

Test item Temperature [°C] Zeta potential [mV)] Electrophoretic Conductivity
mobility [mS/cm]
[um/s)/(V/cm]
HFWC 25 °C -43.29 £ 1.23 -3.37 £ 0.10 0.17

According to the Notifier, zeta potential was measured as an indicator of the stability of a
particle system. According to substance categorization stated in the report, substances with
zeta potential values higher than +30 mV or lower that -30 mV are considered stable. The
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experimental value of zeta potential for 3HFWC is -43.29 mV (table 13) and it can enable the
classification of this substance into the group of stable substances.

Ref: 10. Characterization HFWC;
The Regulatory Company - 3HFWC data submission main document;
LAUS, Report Aug. 2022.

SCCS comment

Although a few electron microscopy (EM) images have been provided for fullerenes C60,
hydroxylated fullerenes and 3HFWC, a more detailed quantitative EM analysis is needed for
accurate measurement of size distribution of the particles in the nano-scale. A proper
dispersion of the samples is also essential, and it is not clear whether this was carried out as
part of the sample preparation for electron microscopy. For this, the detailed guidance on the
use of EM for characterising nanoparticles, including sample preparation, EM imaging, image
analysis, provided in a recent EFSA Guidance (EFSA, 2021) may be used. The level of
magnification and pixel size for EM imaging should be determined based on the criterion of
Merkus (2009), and suitability of the imaging settings can be evaluated on the basis of the
simplified criterion that requires the minimal external dimension of the smallest detected
particle to be at least 10 pixels.

With respect to fullerenes, the SCCS has noted that it is not the Notifier’s intention to market
C60 as such, but as a mixture of C60 and C70.

3.1.10 Crystal structure

Fullerenes:

Crystalline shape: Irregular, as given by the Notifier.

Table 14:
Fullerene C60 Fullerene C70
Crystal structure Face-Centered Cubic Lattice Face-Centered Cubic Lattice,
(>260K) Trigonal Lattice, and Hexagonal
Simple Cubic Lattice. Close-Packed Lattice at
Transitional Phase

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2; Risk_Assessment_-
_Fullerenes_NEDO_Oct_16_2009; Lichtenberger et al. (1992); Beckhaus et al. (1992).

Hydroxylated fullerenes: /

Hydrated forms of hydroxylated fullerenes: /

SCCS comment

Information indicating the particle shape, aspect ratio and agglomeration/aggregation state

of the hydroxylated fullerenes and hydrated forms of hydroxylated fullerenes was not
provided.

3.1.11 UV absorption

Fullerenes:
Fullerene C60 exhibits strong absorption bands at 213, 257 and 329 nm.

Ref: Cadek M et al. (1999-2013)
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Hydroxylated Fullerenes:

According to one of the Notifiers, the UV-Vis spectrum of a solution of the test item
(hydroxylated fullerene) showed a high absorption at 243.5 nm in neutral medium which
increased by addition of basic medium to a maximum at 244 nm and is the same by addition
of acidic medium to a maximum at 243.5 nm (Figure 10). No extinction coefficients could be
calculated as the molecular mass of the test item is unknown.
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Figure 10. UV spectra of hydroxylated Fullerene, as given by the Notifier.
Ref: 10 Characterization HF

Hydrated forms of hydroxylated fullerenes:
According to one of the Notifiers, in the UV-Vis spectrum, the test item solution (3HFWC)
showed a high absorption at 200 nm in neutral medium which increased by the addition of
basic medium to a maximum at 235.5 nm and by the addition of acidic medium to a maximum
at 211 nm (Figure 11).
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Figure 11. UV spectra of 3HFWC as given by the Notifier.

Ref: 10 Characterization HFWC

3.1.12 Surface characteristics

The following data on surface characteristics were provided by the Notifiers
Fullerenes:

Surface charge (mV): No data
According to the Notifier, fullerene is a strong hydrophobic substance. Surface charge is
unmeasurable because it is not dispersed in water.
Surface modifications or functionalization: No
Coating: None
Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2
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Hydroxylated fullerenes:
Surface charge (zeta potential, mV) value: /

Hydrated forms of Hydroxylated Fullerenes:
Surface charge (zeta potential, mV) value: 50-70 mV
According to the Notifier, at the surface of the 3HFWC substance, there is a positive charge
which depends on the number of hydrogen atoms. The zeta potential depends on the number
of water layers and the diameter of the sphere.
Surface modifications or functionalization: No
Coating: None
Ref: 281_spec_file_2020-2-28-19-37-53

SCCS comment
Data on the surface charge of hydroxylated fullerenes was not provided.

3.1.13 Droplet size in formulations

Fullerenes: /
Hydroxylated fullerenes: /
Hydrated forms of Hydroxylated Fullerenes: /

SCCS comment
Data were not provided.

3.1.14 Homogeneity and stability

Fullerenes:

During the commenting period the SCCS has received data on the stability of raw Fullerene
powder. To show stability of the raw fullerene powder, three batches were stored at 40°C up
to six months and were analysed with HPLC. In the HPLC chromatogram, the contents of
Fullerene C60 and Fullerene C70 were calculated using percentage of their area peaks against
total peak, and these values were compared as a function of time. Since the contents of
Fullerene C60 and Fullerene C70 were not changed under these conditions, the raw fullerene
powder was judged to be stable at least at 40°C for 6 months. This conclusion was supported
by the data in which the contents of the oxides of Fullerene C60 and Fullerene C70, that are
main degradants, did not increase at 40°C for six months.

Hydroxylated fullerenes: /

Hydrated forms of Hydroxylated Fullerenes:
As reported by the Notifier, determination of pH-dependent hydrolysis in water of 3HFWC was
conducted according to OECD Guideline 111 and EU Method C.7. The test item is a fullerene
with a 30 - 50 covalently attached hydroxyl groups and further coordinated with 144 - 2528
water molecules. Experiments were performed by a partner laboratory using gel permeation
chromatography where molecules are separated using their apparent size, including the
solvation shell. A size distribution was found corresponding to the range 10314 -
48213 g/mol. However, this technique is not suitable for monitoring the hydrolysis process
due to an expected very small change in molecular mass during the reaction. Due to the
practical and scientific challenges pointed out above, the performance of the study pH-
dependent hydrolysis of Hyperharmonized hydroxylated fullerene water complex (3HFWC) is
concluded to be technically not feasible.

Ref: 07 3HFWC Hydrolysis Statement
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During the commenting period the Notifier of 3HFWC submitted a summary report, stating
that no production of free radicals was detected in any of tested samples and stating that this
does not necessarily mean that there was no production, but that it was below the detection
limit.

SCCS comment

Detailed information on homogeneity of fullerenes was not provided. Chemical
characterisation of Fullerene epoxides (exact chemical formula and quantity), indicated as
byproducts of the manufacturing process of raw fullerene powder, was also not provided.

Detailed information on homogeneity and stability of hydroxylated fullerenes and the hydrated
forms of hydroxylated fullerenes was not provided.

The SCCS also needs experimental evidence to exclude the potential formation of free
oxyradicals by the notified nanomaterials when used in cosmetics (full reports of relevant
studies).

3.1.15 Other parameters of characterisation

The following data were provided by the Notifier(s)
Fullerenes:
Density/porosity (for granular materials): /

Mass density: Fullerene C60: 1.729 g/cm3(5K Calculated value),
Fullerene C70: 1.6926 g/cm3(Ambient Temperature).

Molecular density: Fullerene C60: 1.44 x 102! molecule/cm?3,
Fullerene C70: no data

Ref: NANOMATERIALS SPECIFICATIONS_ENGLISH_Fullerene-V2;
Risk_Assessment_-_Fullerenes_NEDO_Oct_16_2009; Heiney et al. (1991).
Hydroxylated fullerenes:

Mass density: 0.9982 g/cm?3 at 20.0 £ 0.4 °C
Ref: 03 Density HF

Hydrated forms of Hydroxylated Fullerenes:

During the commenting period the Notifier reported that the density of 3HFWC is 1.088 g/cm?3.

3.1.16 Summary on supplementary physicochemical characterisation

It is notable from the provided supplementary information that fullerenes contain a proportion
of epoxide forms, and that the hydrated form of hydroxylated fullerene consists of an aqueous
layer that contains (0.03%) hydrogen peroxide, which according to the Notifier, incorporated
into ordered water layers and is not present in its original form in 3HFWC. The SCCS considers
that the calculation of percentage of H202 does not represent correct concentration in the
water sphere surrounding the hydroxylated fullerene core (see SCCS comments under 3.1.4).
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SCCS general comment on the physicochemical part

The nanomaterial notified as raw fullerene powder is indicated by the Notifier to be a
mixture of fullerenes C60 and C70. The measured values for the contents in five
batches have shown that the C60 content ranges from 70% to 80%. Data on the exact
content of fullerene C70 have not been provided, but could be deduced to range
between 20-30%.

In this Opinion, the SCCS has considered 3HFWC as a hydrated form of hydroxylated
fullerene - similar to other hydroxylated fullerenes dispersed in aqueous media (with
an additional proportion of H202) - because of the absence of a justified scientific
explanation for the nature of the bonding between hydroxylated fullerene and water
molecules (being other than hydrogen bonding), and other possible
reactions/transformations of the starting materials (hydroxylated fullerene, hydrogen
peroxide) during the manufacturing process.

The Notifier regarded that no analytical method was reliable for quantitative
determination of 3HFWC. The composition of 3HFWC was provided by the Notifier as
the measured content of hydroxylated fullerenes and water, and this further supports
that, in terms of chemical composition, 3HFWC is equivalent to a hydrated form of
hydroxylated fullerene — as considered by the SCCS to be similar to other hydroxylated
fullerenes dispersed in aqueous media.

For adequate safety evaluation, the SCCS requires the following information:
Fullerenes (C60 and C70):

o Complete chemical characterisation, by an appropriate identification technique,
(exact chemical formulae, and percentage content) of impurities and also
fullerene epoxides byproducts that are present in Fullerene raw powder
(mixture of Fullerene C60 and Fullerene C70).

o Quantitative EM analysis for accurate size measurement of the particles in the
nanoscale.

o Detailed information on homogeneity of the material.

Hydroxylated fullerenes and hydrated forms of hydroxylated fullerenes:

o Clarification on the exact degree of hydroxylation of hydroxylated fullerenes as
such, and in their hydrated form (3HFWC).

o Since during the commenting period, the Notifier of 3HFWC reported that the
test substance is stabilized by a small percentage of H20.. Evidence is needed
to support the claim that H202 is not available for imparting any
reaction/transformation of the starting material (hydroxylated fullerene) during
the manufacturing process or cause potential adverse cellular effects due to the
formation of oxyradicals.

o Accurate quantification of H202 content in the hydrated forms of hydroxylated
fullerenes.

o Detailed information on the levels of impurities, heavy metals, accompanying
contaminants and organic solvents, along with detailed information on the
methods of manufacturing (synthesis route, solvent removal, and any co-
synthesized by-products).

o Quantitative EM analysis for accurate size measurement of the particles in the
nanoscale.

o Detailed information on homogeneity and stability of the notified
nanomaterials.

o Information is also needed on the shape, aspect ratio and agglomeration/
aggregation state of hydroxylated fullerenes and hydrated forms of
hydroxylated fullerenes, and data on the surface charge of hydroxylated
fullerenes.
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The SCCS also needs more data/information to exclude the potential formation of free
oxyradicals by the notified nanomaterials when used in cosmetics.

3.2 TOXICOKINETICS

3.2.1 Dermal / percutaneous absorption

Fullerenes:
According to one of the Notifiers, data analysis in general allows assumption of fullerenes’
negligible dermal bioavailability during the cosmetics application. Available in vitro data shows
its penetration ability only to the stratum corneum. Fullerenes were not detected in the dermis
(one publication describes its detection in the epidermis in high-dose tests, but the test was
performed only for 3 skin samples).

Ref: FULLERENES toxicity profile

The following two studies are reported by this Notifiers for dermal/ percutaneous absorption:

Based on the in vivo skin penetration studies of Xia et al. (2010) in Yorkshire weanling pigs
and in vitro studies using skin discs from the same pig strain using powdered fullerene (99.5
% purity) in different solvents (chloroform, toluene, cyclohexane and mineral oil), penetration
depth into stratum corneum was dependent on the solvent used. In the in vitro part of the
study, fullerenes were not detected in the receptor fluid, but there was no report on epidermis
or dermis.

Ref: Xia et al. (2010)

SCCS comment to the study by Xia et al. (2010)

The study by Xia et al. (2010) was cited by one of the Notifiers and is presented as an article
from the public literature. The original study report was not available for evaluation of the
study quality. The reported results indicated that by applying fullerenes in vivo and in vitro,
the depth of penetration into stratum corneum is solvent dependent and that distribution of
fullerene C60 into the stratum corneum was not only at the superficial layers, but also into
deeper layers of the stratum corneum. In in vitro experiments using flow-through diffusion
cells, for each of the organic solvents used, fullerene C60 could not be detected in the receptor
fluid. This is, however, an exploratory study, not performed according to the SCCS
requirements, especially for the flow-through experiments, the amounts in epidermis and
dermis were either not measured or not presented. The study material used was Fullerene
C60 at 99.5% purity, while the notified material (raw Fullerene powder) consists of a mixture
of Fullerene C60 and Fullerene C70. It is also not clear what receptor fluid has been used.
Therefore, the study cannot be considered for safety assessment.

Another in vitro study of Kato et al. (2009) using human skin and Fullerene C60 in squalene
showed that, after 24h Fullerene C60 was not detected in the dermis. Some amount was
detected only in the epidermis with the highest dose tested. Only 3 skin samples were used.

Ref: Kato et al. (2009)

SCCS comment to the study by Kato et al. (2009)

The study is described in a publication from the open literature. The original study report was
not available for evaluation. Moreover, it was performed using the test material in an organic
solvent and not in a representative formulation, and therefore the findings of the study cannot
be used for safety assessment.

One of the Notifiers stated that they do not have data on the skin and percutaneous absorption
of Fullerenes C60 and C70 in accordance with the guidelines. In addition, they have not
evaluated skin permeability using cosmetic formulations containing the fullerenes. Therefore,
the Notifier agrees with SCCS recommendation to use a default 50% dermal absorption value
in safety assessment.
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Ref.: 20220627 supplemental document SCCS interim feedback.pdf

During the commenting period, in reply to the SCCS comment on the absence of proper
studies on the skin and percutaneous absorption of Fullerenes C60 and C70, information was
submitted (Study Number: AE-7191-G) and is described below.

NOTE: translation from Japanese into English as provided by the Notifier

Study number:
Guideline:

Species/strain:
Group size:

Test substance:
Batch:

Purity:

Vehicle:

Dose levels:

Dosing volume:
Radioactivity applied:

Frequency of Application:

Administration:
Feeding conditions:
GLP:

AE-7191-G

Study performed according to OECD TG 427, except for the
concentration and dosage of the test substance.

Male rat/Crl:CD(SD), 7 weeks of age at the time of application

5 groups, 4 animals per group (20 animals in total).

14C-labelled fullerene C60

030713R1-2

98.2 £ 0.2% (Percentage of specific radioactivity)

Olive oil

0.015 mg/body (0.00125 mg/cm?)

0.03 mL/body

0.01875 MBqg/body

Once

Dermal application

non-fasted

OECD Principles on Good Laboratory Practice (revised 1997,

issued Jan 1998) ENV/MC/CHEM(98)17 and the “Standards for
the Reliability of Application Data” (Article 43 of the Ordinance
for Enforcement of the Pharmaceutical Affairs Act).
Study period: 13 November 2013 - 27 February 2014
The results showed that the applied [1*C]C60 penetrated from the application site to the
dermis, but hardly transferred to the whole body. In addition, there was a rapid elimination
from the skin, with no retention in the skin and specific tissues. Although the dermal
absorption rate was only 1.2%, the absorbed [1*C]C60 was shown to be excreted in urine and
feces at almost the same level. There was no retention in the body. The total recovery of

radioactivity relative to the dose was 96.1%, which was acceptable to ensure the study
reliability.

Ref: Absorption, Distribution, and Excretion Study Following a Single Dermal Application
of [1*C]Fullerene C60 to Normal Skin of Male Rats (Study No. AE-7191-G)

SCCS comment to the Study No. AE-7191-G

During the commenting period, an in-vivo dermal penetration study using [**C] fullerene C60
performed in male Crl:CD(SD) rats has been submitted to the SCCS by one of the
respondents. The study was submitted in Japanese and in English translation. The study was
performed after the animal testing ban (first administration to animals: 26 November 2013).
According to one of the respondents, the study was performed in line with OECD Principles
on Good Laboratory Practice (revised 1997, issued Jan 1998) ENV/MC/CHEM(98)17 and the
“Standards for the Reliability of Application Data” (Article 43 of the Ordinance for Enforcement
of the Pharmaceutical Affairs Act) in order to apply the raw fullerene powder as a quasi-
pharmaceutical product to the Japanese government for the purpose of usage as an
antioxidant agent and according to Pharmaceuticals and Medical Devices Law in Japan.

The SCCS has noted this study and will consider its usefulness in the safety evaluation.
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SCCS overall comment on dermal absorption of fullerenes

Studies on dermal penetration of fullerenes (a mixture of C60 and C70) have been described
in the open literature and one study report in English translation on an in vivo study was
provided during the commenting period. However, the studies were not performed in line with
the current OECD test guidelines and/or the SCCS basic requirements for dermal penetration
studies. Moreover, the published studies have indicated that dermal penetration of fullerenes
is influenced by the solvents used in the test. It is not clear whether and to what extent the
materials used in the published literature refer to the notified substances. Therefore,
appropriately conducted dermal penetration studies would be required on the notified
ingredients, performed in line with the SCCS requirements as detailed in the SCCS Notes of
Guidance (SCCS/1628/21). In the absence of sound experimental data on the notified
ingredients, it cannot be assumed that there is no dermal penetration of the nanoparticles,
and the SCCS will use the default value of 50% for dermal absorption in safety assessment.

Hydroxylated fullerenes
Hydroxylated Fullerenes, as large water soluble (hydrophilic) molecules, with MW > 500 Da,
are generally not expected to pass the skin barrier easily. A molecular dynamics study by
Oiao et al. (2007) on translocation of Fullerene C60 and Hydroxylated Fullerene (C60(0H)20)
across a model cell membrane of di-palmitoyl-phosphatidylcholine showed that the molecule
of Hydroxylated Fullerene can barely penetrate the bilayer. The mean translocation time via
diffusion for the Hydroxylated Fullerene molecule was several orders of magnitude longer
than for the Fullerene C60. It was also determined that the two different forms of fullerenes,
when adsorbed into/onto the bilayer, affected the membrane structure differently. This study
offers a mechanistic explanation of that difference and for the reduced acute toxicity of
functionalized fullerenes.

Ref: Qiao et al. (2007)

SCCS overall comment on dermal absorption of Hydroxylated fullerenes

The study provided on dermal penetration of hydroxylated fullerenes is an exploratory study
and does not meet the SCCS basic requirements as laid out in the SCCS Notes of Guidance
(SCCS/1628/21). Appropriately conducted dermal penetration studies would be required on
the notified ingredients, performed in line with the SCCS requirements as detailed in the SCCS
Notes of Guidance (SCCS/1628/21). In the absence of sound experimental data on the
notified ingredients, it cannot be assumed that there is no dermal penetration of the
nanoparticles, and in such situations the SCCS recommends the use of a default value of 50%
for dermal absorption in safety assessment as detailed in the SCCS guidance on the safety
assessment of nanomaterials in cosmetics - 2" revision (SCCS/1655/23).

Hydrated forms of Hydroxylated Fullerenes

The Notifier cites the study by Kato et al. (2009), reported above for LipoFullerenes. According
to the Notifier, based on the available studies indicating limited to negligible percutaneous
absorption of Fullerenes, and in particular that of water-soluble functionalised derivatives like
fullerenol, it can be concluded that the percutaneous absorption of Hyperharmonised
Fullerenol-Water Complex (HFWC), with its additional stable water layers surrounding the
fullerenol core, will be very low (practically negligible).

Ref: Kato et al. (2009); 281_safety_file_2020-3-12-18-44-18.pdf

The Notifier submitted the following OECD TG 428 in vitro dermal absorption studies using
cosmetic products:
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Skin Absorption Assay V07 (Ref: VT_DA-PVA_664_22_001):

Guideline: OECD 428 Guideline

Test system: Human skin explants. Fresh abdomen skin collected from
surgery and frozen.

Number of donors: 2 samples from 4 donors (2 Caucasian Females, 1 African
Female and 1 Caucasian male).

Skin preparation: 200 pm thick prepared with a dermatome

Membrane integrity: Not provided

Test substance: Hyper-Harmonized Hydrolylated fullerene water complex
(3HFWCQC)

Test item: La Danza Hyperlight Fusion Anti-Aging Essential Complex.

A cream containing 16% 3HFWC substance (formed from
fullerenol at 0.15 g/L concentration). Initial dose of
hydroxylated fullerene in cream is 14.9 mg/I.

Batch: 69226016

Purity: Unknown

Dose applied: 2.5 mg

Exposed area: Unknown

Study period: 24 hours

Assay conditions: 32°C+£1°C. and 50% relative humidity
Sampling: at 4 hours and 24 hours
Receptor fluid: Phosphate Buffer Saline (PBS)
Solubility in receptor fluid: Not provided

Mass balance analysis: Not provided

Tape stripping: No

Method of analysis: LC-MS

GLP: No

Period: 16/03/22 - 29/08/22

The test item investigated was a cosmetic cream (La Danza Hyperlight Fusion Anti-Aging
Essential Complex Cream) containing 16% of 3HFWC substance (formed from fullerenol at
0.15 g/L concentration). The skin samples were maintained overnight with maintenance
medium at assay conditions before the application of the product. Fresh receptor solution was
put in the receptor chamber avoiding the formation of air bubbles below the membrane. The
incubation time with product started once the product was applied on the surface of the skin.
Once the time was over, samples were taken from the receptor chamber, donor chamber,
and skin, and analysed to obtain the absorbed amount of each analyte. The LC-MS analyses
carried out to date allow the adequate determination of the analyte hydroxylated fullerene
reliably and accurately in the expected real samples.

Results
The concentration of analyte detected and quantified in the donor chamber is below the limit
of quantification of the analytical method used for analyte determination.

A mean percentage of 44.97% (£ 22.62) of the analyte retained on human skin is observed.

In the receptor chamber, after 4 hours of contact, the concentration obtained was not
measurable (out of the limit of detection and quantification).

After 24 hours of contact, the evaluated analyte was not detected in most of the analysed
replicates, with the exception of one replicate, in which a concentration of 2.6 mg/L was
quantified.

The detection of an amount of analyte in one replicate, in contrast to the 7 replicates where
it cannot be quantified, may be due to the variability of the absorption system itself when
using human skin from 4 different donors, which may result in anomalous values or outliers.
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Conclusions

The concentration obtained after the absorption through human skin after application of “La
Danza Hyperlight Fusion anti-aging Essential Complex” for the analyte Hydroxylated Fullerene

is as follows:
Table 15:
Initial quantity Quantity of Quantities Quantities that Quantities that
unabsorbed dose absorbed on/in pass the skin pass the skin
the skin after 4 hours after 24 hours
14.9 < 2.8 mg/L 6.7 mg/L < 1.38 mg/L < 1.8 mg/L
100% < 18.792% 44.97% < 9.23% < 12.33%

Ref: Skin Absorption test 16 V7 OECD 428

SCCS comment

According to the Notifier, the purpose of this study was to estimate the skin absorption of
3HFWC. However, the concentration of hydroxylated fullerene was measured by LC-MS in the
cosmetic product and in the donor and receptor chambers, without measuring the
concentration of the test material (hydrated forms of hydroxylated fullerene) itself. Human
skin samples (n=8) from 4 different donors was used. Skin samples were not separated into
epidermis and dermis, therefore it remains unclear how much material was present in living
skin layers, which has to be included in the amounts considered absorbed. A proper mass
balance is not possible, as concentrations in donor chambers and receptor fluid were below
LoQ. Also, the fact that amounts in donor chamber were below LoQ puts the study results
into question. However, based on the amounts determined in/on the skin, it can be assumed
that the material becomes systemically available through the dermal route.

Skin Absorption Assay V08 (Ref: VT_DA-PVA_664_21_004):

Guideline:
Test system:

Number of donors:

Skin preparation:
Membrane integrity:
Test substance:

Test item:

Batch:

Purity:

Dose applied:
Exposed area:
Study period:
Assay conditions:
Sampling:
Receptor fluid:

Solubility in receptor fluid:

OECD 428 Guideline

Human skin explants. Fresh abdomen skin collected from
surgery and frozen.

2 samples from 4 donors (2 Caucasian Females, 1 African
Female and 1 Caucasian male).

200 pm thick prepared with a dermatome

Not provided

Hyper-Harmonized Hydrolylated fullerene water complex
(3BHFWCQC)

Hyperlight Fusion anti-aging essential complex containing
71,517% 3HFWC substance (formed from fullerenol at
0.15 g/L concentration).

210825.005

Unknown

2.5 mg

Unknown

24 hours

32°Cx1°C. and 50% relative humidity

at 4 hours and 24 hours

Phosphate Buffer Saline (PBS)

Not provided
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Mass balance analysis: Not provided

Tape stripping: No

Method of analysis: LC-MS

GLP: No

Period: 16/03/22 - 30/08/22

The test item investigated was a cosmetic cream (Hyperlight Fusion anti-aging essential
complex) containing 71,517% of 3HFWC substance (formed from fullerenol at 0.15 g/L
concentration).

The skin absorption study is performed using a semipermeable membrane such as
reconstructed skin or skin explants. The membrane is located between the (i) donor and the
(ii) receiver chambers. The product is applied on the stratum corneum exposed in the donor
chamber. Below the membrane, the receptor chamber contains tissue culture media or a
solution that simulates the physiological conditions and where the tested substances are
highly soluble.

Fresh receptor solution was put in the receptor chamber avoiding the formation of air bubbles
below the membrane. The incubation time with product started once the product was applied
on the surface of the skin. Once the time was over, samples were taken from the receptor
chamber, donor chamber, and skin, and analysed to obtain the absorbed amount of each
analyte.

The LC-MS analyses carried out to date allow the determination of the analyte hydroxylated
fullerene reliably and accurately in the expected real samples.

Results

The concentration of analyte detected and quantified in the donor chamber is below the limit
of quantification of the analytical method used for analyte determination.

A mean percentage diffusion of 40.02% (£ 14.75) of the analyte retained on human skin is
observed.

In the receptor chamber, after 4 hours of contact, the concentration obtained for most of the
analysed replicates was not measurable (out of the limit of quantification), except one
replicate, which showed 5.6 mg/L.

After 24 hours of contact, the evaluated analyte was detected in all analysed replicates, in
which a mean concentration of 4.8 mg/L was detected.

The detection of an amount of analyte in one replicate, in contrast to the 7 replicates where
it cannot be quantified, may be due to the variability of the absorption system itself when
using human skin from 4 different donors, which may result in anomalous values or outliers.

Conclusions

This skin absorption assay, based on the OECD 428 Guideline for the testing of chemicals
“Skin absorption: in vitro method”, was conducted to determine the skin and trans-dermal
absorption of the Hyper-harmonized Hydroxylated fullerene water complex (3HFWC) using a
nanosubstance (Hydroxylated Fullerene) as reference molecule used in cosmetic products to
measure the diffusion of chemicals into and across human skin from 4 different donors.

The concentration obtained after the absorption through human skin after application of
“Hyper-harmonized Hydroxylated fullerene water complex (3HFWC)” for the analyte
Hydroxylated fullerene is as follows:

Table 16:
Initial quantity Quantity of Quantities Quantities that Quantities that
unabsorbed dose absorbed on/in pass the skin pass the skin
the skin after 4 hours after 24 hours
13.9 < 2.8 mg/L 5.56 mg/L < 2.28 mg/L 4.75 mg/L
100% < 20.14% 40.02 % < 16.40 % 34.17%
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Ref: Skin Absorption test 71,517 V8 OECD 428

SCCS comment

According to the Notifier, the purpose of this study was to estimate the skin absorption of
3HFWC, however, the concentration of hydroxylated fullerene was measured by LC-MS in the
cosmetic product and in the donor and receptor chambers without measuring the
concentration of the test material (3HFWC). Human skin samples (n=8) from 4 different
donors was used. Skin samples were not separated into epidermis and dermis; therefore, it
remains unclear how much material was present in living skin layers, which should be included
in the amounts considered absorbed. A proper mass balance is not possible as concentrations
in donor chambers and receptor fluid were below LoQ. Also, the fact that amounts in donor
chamber were below LoQ puts the study results into question. However, based on the
amounts determined in/on the skin, it can be assumed that the material becomes systemically
available through the dermal route.

Skin Absorption Assay V04

Guideline: OECD 428 Guideline

Test system: Human skin explants. Fresh abdomen skin collected from
surgery and frozen.

Number of donors: 2 samples from 4 donors (2 Caucasian Females, 1 African
Female and 1 Caucasian male).

Skin preparation: 200 pm thick prepared with a dermatome

Membrane integrity: Not provided

Test substance: Hyper-Harmonized Hydrolylated fullerene water complex
(3BHFWCQC)

Test item: Hyperlight Fluid Fusion Subcellular Essential Complex
(aqueous solution 0.15 g/L)

Batch: 22DHA002/21

Purity: Unknown

Dose applied: 2.5 mg

Exposed area: 0.38465 cm?

Study period: 24 hours

Assay conditions: 32°Cx1°C. and 50% relative humidity

Sampling: at 4 hours and 24 hours

Receptor fluid: Phosphate Buffer Saline (PBS)

Solubility in receptor fluid: Not provided

Mass balance analysis: Not provided

Tape stripping: No

Method of analysis: LC-MS

GLP: No

Period: 2/08/22 - xx/08/22

Results

-Qualitative and quantitative analysis on donor chamber:
In the donor chamber samples, the concentration obtained is below the limit of quantification
of the analytical method used for analyte determination.

-Qualitative and quantitative analyses on skin:
In the skin samples, the concentration obtained is below the limit of quantification of the
analytical method used for analyte determination.

-Qualitative and quantitative analysis on receptor chamber after 4 hours:
In the receptor chamber, after 4 hours of contact, the concentration obtained is below the
limit of quantification of the analytical method used for analyte determination.

-Qualitative and quantitative analysis on receptor chamber after 24 hours:
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In the receptor chamber, after 24 hours of contact, the concentration obtained is below the
limit of quantification of the analytical method used for analyte determination.

Notifiers’ conclusions

The concentration obtained after the absorption through human skin after application of
“Hyperlight Fluid Fusion Subcellular Essential Complex” for the analyte Hydroxylated fullerene
is as follows:

Table 17:
Unabsorbed Absorbed on/in | Doses that pass | Doses that pass
dose the skin the skin after 4 the skin after
hours 24 hours
Concentration < 2.5 mg/L < 2.5 mg/L < 2.5 mg/L < 2.5 mg/L

detected

In the receptor chamber, after 4 hours of contact, the concentration obtained is below the
limit of quantification of the analytical method used for analyte determination of Hydroxylated
fullerene. Moreover, after 24 hours of contact, the concentration obtained is below the limit
of quantification of the analytical method used for analyte determination of Hydroxylated
fullerene.

Ref: Skin Absorption test 100 V4 OECD 428 not signed

SCCS comment

The Notifier also submitted the above unsigned skin absorption study, where in the receptor
chamber, after 4 and 24 hours of contact, the concentration obtained was below the limit of
quantification of the analytical method used for analyte determination.

SCCS overall comment on dermal absorption of Hydrated forms of Hydroxylated
Fullerenes

For the hydrated forms of hydroxylated fullerenes (3HFWC), the studies provided on in vitro
dermal penetration are not in line with the OECD guidelines and/or the SCCS Notes of
Guidance (SCCS/1647/22). In addition, there are various uncertainties concerning the results.
Nevertheless, based on the amounts determined in/on the skin, it can be inferred that the
material becomes systemically available through the dermal route. Therefore, in the absence
of sound experimental data on dermal penetration, the SCCS will use the default value of
50% for dermal penetration. In this regard, the SCCS appreciates the intention of one of the
Notifiers to carry out further studies to address some of the data gaps on dermal absorption.

3.2.2 Other studies on toxicokinetics

Fullerenes
According to one of the Notifiers, published data show low oral bioavailability of C60 fullerene.
Ref: FULLERENES toxicity profile

In vivo Studies

Oral

During the commenting period, in reply to the SCCS comment on the absence of proper
studies on oral toxicokinetics of fullerenes C60 one of the responders has submitted the study
(Study Number: AE-7457) described below.
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Study: Preliminary Study of [14C] Fullerene C60 Administered as a Single Oral Dose
in Male Rats (2); Study No.AE-7457
NOTE: translation from Japanese into English as provided by the Notifier.

Study number: AE-7457

Guideline: not indicated

Species/strain: Crl:CD(SD) rat, male, 5 weeks of age, body weight 203.7 - 218.5¢g

Group size: 7 animals were used, 1 animal per group

Test substance: Fullerene C60 as unlabelled substance, 14C-labeled C60,

Batch: Unlabelled C60:12A0134-A, Branch number: K-1 (3); 14C-labeled
C60: Lot nr 030713R1-2

Purity: 99.5%

Vehicle: Olive oil (according to Japanese Pharmacopeia)

Dose levels: 2.5 mg/kg [**C]-fullerene C60, dosing volume 5 mL/kg, dosing solution
concentration checked at dosing time

Administration: Single oral dose in fasted animals by use of gastric gavage

Sampling time: Group 1: 30 min, 1, and 2 hours post-dose; Group 2: 30 min, 1, 2, 4,

6, and 8 hours post-dose; Group 3: 30 min, 1, 2, 4, 6, 8, 10, 12, and
24 hours post-dose; Group 4: 30 min, 1, 2, 4, 6, 8, 10, 12, 24, and 48
hours post-dose; Group 5: 30 min, 1, 2, 4, 6, 8, 10, 12, 24, 48, 96,
and 168 hours post-dose; Group 6: 30 min, 1, 2, 4, 6, 8, 10, 12, 24,
48, 96, 168, 240, and 336 hours post-dose

Feeding conditions:  Animals were fasted for approximately 16 hours from the day before
administration, and feeding was started at 6 hours post-dose.

GLP: Statement on use of company Standard Operating Procedures (SOP)
Study period: October 31, 2014 - February 13, 2015

At 24 hours, the cumulative excretion of radioactivity (urinary and faecal excretion) was 93%
of the administered radioactivity dose.
According to the responder this study was conducted to submit the raw fullerene powder as
a quasi-pharmaceutical product to the Japanese government for the purpose of usage as an
antioxidant agent.
Ref: Preliminary Study of [14C]Fullerene C60 Administered
as a Single Oral Dose in Male Rats (2) Study No.AE-7457

SCCS comment

The authors of this study do not provide any information regarding oral bioavailability.
Nevertheless, results showed that [1*CIC60 was absorbed from the gastrointestinal tract and
systemic distributed. [14CIC60 is distributed in different tissues in rat, mainly liver, kidneys,
fat, mesenteric lymph node. Despite a long half-life in blood (109 hours), results at 24h
showed that the radioactivity concentration in tissues was less than 0.5% of the administered
dose. The SCCS also noted that the cumulative excretion of radioactivity (urinary and faecal
excretion) was 93% of the administered radioactivity dose at 24 h, sugges