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Abstract

The Expert Panel for Cosmetic Ingredient Safety (Panel) assessed the safety of Hydroxy Tetramethylpiperidine Oxide and
Tris(Tetramethylhydroxypiperidinol) Citrate as used in cosmetic formulations. These ingredients are reported to function as an
antioxidant and a light stabilizer, respectively. The Panel considered the available data and concluded that Hydroxy Tetra-
methylpiperidine Oxide and Tris(Tetramethylhydroxypiperidinol) Citrate are safe in cosmetics in the present practices of use

and concentration described in this safety assessment.
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Introduction

This is a safety assessment of Hydroxy Tetramethylpiperidine
Oxide and Tris(Tetramethylhydroxypiperidinol) Citrate as
used in cosmetic formulations. According to the web-based
International Cosmetic Ingredient Dictionary and Handbook
(Dictionary), Hydroxy Tetramethylpiperidine Oxide is re-
ported to function as an antioxidant, and Tris(Te-
tramethylhydroxypiperidinol) Citrate is reported to function as
a light stabilizer, in cosmetics.' In 2014, the Expert Panel for
Cosmetic Ingredient Safety (Panel) published a safety as-
sessment of a related ingredient, citric acid, and 32 inorganic
citric acid salts and alkyl citrate esters, concluding that these
ingredients are safe in the present practices of use and con-
centration in cosmetics.”

Hydroxy Tetramethylpiperidine Oxide and Tris(Te-
tramethylhydroxypiperidinol) Citrate are structurally related
as piperidine nitroxides. Therefore, these cosmetic ingredients
have been reviewed together in this assessment.

This safety assessment includes relevant published and
unpublished data that are available for each endpoint that is
evaluated. Published data are identified by conducting an
exhaustive search of the world’s literature. A listing of the
search engines and websites that are used and the sources that

are typically explored, as well as the endpoints that the Panel
typically evaluates, is provided on the Cosmetic Ingredient
Review  (CIR)  website  (https://www.cir-safety.org/
supplementaldoc/preliminary-search-engines-and-websites;
https://www.cir-safety.org/supplementaldoc/cir-report-
format-outline). Unpublished data are provided by the cos-
metics industry, as well as by other interested parties.

Much of the data included in this safety assessment was
found on the European Chemicals Agency (ECHA)
website.>* Please note that the ECHA website provides
summaries of information generated by industry, and it is
those summary data that are reported in this safety assessment
when ECHA is cited.
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Figure |. Hydroxy Tetramethylpiperidine Oxide.

Chemistry

Definition and Structure

Hydroxy Tetramethylpiperidine Oxide (CAS No. 2226-96-2) is an
organic compound and Tris(Tetramethylhydroxypiperidinol) Cit-
rate (CAS No. 220410-74-2) is a salt. These piperidine nitroxides
conform to the structures shown in Figures 1 and 2, respectively.'

Chemical Properties

Hydroxy Tetramethylpiperidine Oxide has a formula weight
of 172.24 g/mol and an estimated log P, of 0.56,> while
Tris(Tetramethylhydroxypiperidinol) Citrate has a formula
weight of 711.9 g/mol and a log P, of —0.29.* Both are
soluble in water. The chemical properties of these cosmetic
ingredients are further outlined in Table 1.

Method of Manufacture

A general synthesis mechanism for Hydroxy Tetramethylpi-
peridine Oxide involves derivation from triacetoneamine.’
Method of manufacture data were not found, or received,
for Tris(Tetramethylhydroxypiperidinol) Citrate.

Impurities

Impurities data were not found in the published literature, and
unpublished data were not submitted.

Use

Cosmetic

The safety of the cosmetic ingredients addressed in this as-
sessment is evaluated based on data received from the US

Food and Drug Administration (FDA) and the cosmetics
industry on the expected use of these ingredients in cosmetics.
Use frequencies of individual ingredients in cosmetics is
collected from manufacturers and reported by cosmetic
product category in the FDA Voluntary Cosmetic Registration
Program (VCRP) database. Use concentration data are sub-
mitted by the cosmetic industry in response to a survey,
conducted by the Council, of maximum reported use con-
centrations by product category.

Frequency of use data were not available for Hydroxy Tet-
ramethylpiperidine Oxide in the VCRP®; however, according to a
concentration of use survey conducted by the Council in 2020,
this ingredient is reported to be used in nail formulations, at a
maximum concentration of 0.019% in basecoats and under-
coats.” According to 2021 VCRP data, Tris(Tetramethylhy-
droxypiperidinol) Citrate is reported to be used in 125 cosmetic
formulations, most of which are leave-on formulations (111 uses;
Table 2).° The results of the concentration of use survey con-
ducted by the Council in 2018 indicate that the maximum use
concentration of this ingredient in leave-on dermal products is
0.05% in cologne and toilet waters.®

Tris(Tetramethylhydroxypiperidinol) Citrate is used in
formulations applied to the eye area, at up to 0.005% in eye
lotions. It is also used in products which allow for mucous
membrane exposure, such as in bath soaps and detergents, at
reported maximum concentrations of 0.05%.

Additionally, Tris(Tetramethylhydroxypiperidinol) Citrate is
used in cosmetic sprays and could possibly be inhaled; for
example, Tris(Tetramethylhydroxypiperidinol) Citrate is re-
ported to be used up to 0.05% in cologne and toilet waters. In
practice, 95% to 99% of the droplets/particles released from
cosmetic sprays have aecrodynamic equivalent diameters >10 pum,
with propellant sprays yielding a greater fraction of droplets/
particles <10 pm compared with pump sprays.”'® Therefore,
most droplets/particles incidentally inhaled from cosmetic sprays
would be deposited in the nasopharyngeal and thoracic regions of
the respiratory tract and would not be respirable (i.c., they would
not enter the lungs) to any appreciable amount.'"-'

Hydroxy Tetramethylpiperidine Oxide and Tris(Te-
tramethylhydroxypiperidinol) Citrate are not restricted from
use in any way under the rules governing cosmetic products in
the European Union."?

Non-Cosmetic

Data for the non-cosmetic use of Tris(Tetramethylhydrox-
ypiperidinol) Citrate were not found. Clinically, Hydroxy
Tetramethylpiperidine Oxide has been noted for its potential to
function as a nitroxide, to provide protection against radiation
and oxidative stresses, both in vitro and in vivo.'*

Toxicokinetic Studies

Toxicokinetic studies were not found in the published liter-
ature, and unpublished data were not submitted.
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Figure 2. Tris(Tetramethylhydroxypiperidinol) Citrate.

Table I. Chemical Properties.

Property Value Reference
Hydroxy Tetramethylpiperidine Oxide
Physical form (@ 20°C and 1013 hPa) Solid, orange flakes 3
Formula weight (g/mol) 172.24 s
Topological polar surface area (AZ) 24.5 (estimated) 5
Density/specific gravity (g/ml @ 20°C) 1.127
Vapor pressure (Pa @ 20°C) 0.025 3
Melting point (°C) 70°C 3
Partition coefficient (@ 25°C ) log Ko 0.56 (estimated, QSAR) 3
Dissociation constant (pKa @ 20°C) 5.07 }
Surface tension (mg/l, in 1.0 g/l distilled water, 65.3 3
@ 20°C)
Water solubility (g/l @ 20°C) 629.3 3
Tris(Tetramethylhydroxypiperidinol) Citrate
Physical form (@ 20°C & 1013 hPa) Solid 4
Formula weight (g/mol) 711.9 16
Topological polar surface area (AZ) 263 (estimated) 16
Density/specific gravity (g/ml @ 24°C) 1.190 4
Vapor pressure (Pa @ 20°C) <0.6 4
Melting point (°C) 59.17-64.26 4
Boiling point (°C) Decomposed before boiling under nitrogen at atmospheric pressure  *
Partition coefficient (@ 20°C & pH = 4) log K,,, —0.29 4
4

Water solubility (g/l @ 20.5°C)

>500

Toxicological Studies

The oral LDsq of Hydroxy Tetramethylpiperidine Oxide

Acute Toxicity Studies

The acute dermal, oral, and inhalation toxicity studies sum-
marized below are described in Table 3.

The dermal LDsy of Hydroxy Tetramethylpiperidine Oxide
was determined to be >2000 mg/kg bw in male and female
Sprague-Dawley rats.’ The dermal LDs, of Tris(Tetramethylhy-
droxypiperidinol) Citrate was determined to be >2136 mg/kg bw
in male and female New Zealand white rabbits.*

was determined to be 953 mg/kg bw in males, 1115 mg/kg bw
in females, and 1053 mg/kg bw in both sexes (combined) in
Tif/RAIf rats.®> In an acute oral toxicity study of Tris(Te-
tramethylhydroxypiperidinol) Citrate, the LDs, was deter-
mined to be 2495 mg/kg bw in males, between 1068 and
1602 mg/kg bw in females, and 1758 mg/kg bw in both sexes
(combined) in Sprague-Dawley rats.”

In an acute inhalation study, performed in accordance with
Organisation for Economic Co-operation and Development
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Table 2. Frequency and Concentration of Use According to Duration and Exposure.

# of Uses® (2021) Max Conc of Use (%)’ (2020) # of Uses® (2021) Max Conc of Use (%)% (2018)

Hydroxy Tetramethylpiperidine Oxide

Tris(Tetramethylhydroxypiperidinol) Citrate

Totals* NR 0.005-0.019 125 0.0001-0.05

Duration of use
Leave-on NR 0.005-0.019 11 0.0001-0.05
Rinse-off NR NR 8 0.005-0.05
Diluted for (bath) use NR NR 6 NR

Exposure type
Eye area NR NR 3 0.005
Incidental ingestion NR NR NR NR
Incidental inhalation—spray NR NR 48; 0.0001-0.05;

49% 8° 0.0001-0.01°

Incidental inhalation—powder NR NR 8° 0.005-0.01¢
Dermal contact NR NR 122 0.0001-0.05
Deodorant (underarm) NR NR NR Not spray: 0.01
Hair—non-coloring NR NR 2 0.0001-0.01
Hair—coloring NR NR | 0.005
Nail NR 0.005-0.019 NR NR
Mucous membrane NR NR I 0.01-0.05
Baby products NR NR NR NR

*Because this ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses.

NR, not reported.

%It is possible these products are sprays, but it is not specified whether the reported uses are sprays.
PNot specified whether a spray or a powder, but it is possible the use can be as a spray or a powder, therefore the information is captured in both categories.
‘It is possible these products are powders, but it is not specified whether the reported uses are powders.

test guideline (OECD TG) 403, no mortality or gross ab-
normalities occurred when male and female Sprague-Dawley
rats were exposed (nose-only) to aerosolized Tris(Te-
tramethylhydroxypiperidinol) Citrate, at a concentration of
5.08 mg/l, with a mass median aerodynamic diameter
(MMAD) of 3.8 um, for 4 h.* The LCs, was determined to
be >5.08 mg/l.

Short-Term Toxicity Studies

Oral

Hydroxy Tetramethylpiperidine Oxide. In accordance with
OECD TG 407, groups of 6 male and 6 female Sprague-
Dawley rats were administered 0 (vehicle; water), 8, 40, 200,
or 1000 mg/kg bw/d Hydroxy Tetramethylpiperidine Oxide,
via gavage for 28 d, and then killed.?> Two additional recovery
groups, consisting of 6 males and 6 females that were ad-
ministered either the vehicle or the highest dose for 28 d and,
were kept alive and observed for 14 d after treatment. No
mortality occurred and no abnormalities were reported during
the recovery period. In the normal test groups (non-recovery
groups), salivation was observed in all animals in the
1000 mg/kg group at varied timepoints of dosing, and in 1
male in the 200 mg/kg group toward the end of dosing. Males
and females in the high dose group exhibited a decrease in
blood cell count and hemoglobin, which persisted during the
recovery period. Spleen and liver weights were increased in

both sexes for the 1000 mg/kg group as well, but only per-
sisted in females during recovery. Blackened spleens were
noted in both sexes of the 1000 mg/kg/d group, and was
reversible upon recovery. Upon necropsy, a dose-dependent
increase in congestion and hemosiderin-laden cells in the
spleen and hepatocyte swelling was observed in the 200 mg/
kg females, and both sexes in the 1000 mg/kg group. The no-
observed-adverse-effect-level NOAEL) was determined to be
40 mg/kg bw/d, under the conditions of this study.

Tris(Tetramethylhydroxypiperidinol)  Citrate. In accordance
with OECD TG 407, groups of 5 male and 5 female Sprague-
Dawley rats were exposed to 0 (vehicle; water), 100 (low), 500
(mid), or 1000 (high-dose) mg/kg bw/d Tris(Tetramethylhy-
droxypiperidinol) Citrate in deionized water via gavage for
28 d, and then killed.* Two additional groups of 5 males and 5
females were dosed with 0 or 1000 mg/kg/d for 28 d, and then
observed post-exposure for 14 d, serving as recovery groups.
No mortality occurred during the study. Dose-dependent
abnormalities, such as salivation and apparent blood around
the facial area, neck and forelimbs, were identified in the males
and females dosed with 500 and 1000 mg/kg bw/d. Clinical
pathology findings showed a slight increase of serum bilirubin
in high-dose male rats, and a statistically significant slight
decrease in red blood cell counts (except in mid-dose animals),
hemoglobin, and hematocrit in females. Spleen weights were
increased in the mid- and high-dose male rats, and there was a
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minimal to mild increase in the congestion of red pulp of the
spleen in several of the male and female rats of the high-dose
group. These effects were reversible during the recovery
period. The no-observed-effect-level (NOEL) was determined
to be 100 mg/kg bw/d.

Subchronic Toxicity Studies

Dermal

Tris(Tetramethylhydroxypiperidinol) Citrate. The dermal toxicity
of Tris(Tetramethylhydroxypiperidinol) Citrate (97.3% pure) was
evaluated in a 90-d study in Wistar Han rats, in accordance with
OECD TG 411.* The test substance was administered as a
suspension in 0.5% carboxymethylcellulose aqueous solution,
and open applications of 0, 50, 150, or 500 mg/kg bw/d were
made to the clipped skin of groups of 10 male and 10 female rats.
The coverage area was approximately 10% of body surface area
(i.e., 45-50 cm? in males and 30-35 cm? in females). The animals
were killed at the termination of dosing. An additional 2 groups of
5 males and 5 females received open applications of 0 or 500 mg/
kg bw/d of the test substance for 13 wk, and were observed for 4
wk post-dosing as recovery animals. The application sites were
not wiped after dosing, and were only cleaned in the instance of
excess residue with purified water; ingestion was not prevented.
There were no premature deaths. Scabs were noted at the ap-
plication site during dosing in 2/15 males and 3/15 females dosed
with 500 mg/kg bw/d and 1/10 females in both the 50 and
150 mg/kg bw/d groups. Chorioretinopathy, noted in 2 males and
1 female dosed with 500 mg/kg bw/d, was considered age- and
strain-related, and not a test article-related adverse effect. Low
glucose and high urea concentrations were noted in animals from
the 500 mg/kg bw/d group, while low potassium and white blood
cell count was observed in animals in the 50 mg/kg bw/d group.
The effect on glucose and urea were reversible; however, the
effects on white blood cell count and potassium concentrations
persisted. An increase in spleen weight and congestion was
observed in males and females, but similar congestion was ob-
served in the controls, and the increased weight was reversed in
the 500 mg/kg bw/d group of animals following the recovery
period. Minimal acanthosis of the epidermis occurred in males
and females across all dosing groups, however, it was considered
negligible due to similarities in controls. Based on the results of
this study, the NOAEL for cutaneous application of the test
substance was determined to be 150 mg/kg bw/d.

Developmental and Reproductive
Toxicity Studies

Oral

Hydroxy Tetramethylpiperidine Oxide. In accordance with
OECD TG 414, groups of 22 female Wistar rats were used to
evaluate the effects of Hydroxy Tetramethylpiperidine Oxide
upon maternal toxicity, as well as embryonic and fetal de-
velopment.® Pregnant dams were dosed from day 6 to 21 of

gestation, via gavage, with 0, 40, 125, or 400 mg/kg bw/d of
98.4 % Hydroxy Tetramethylpiperidine Oxide, in polyethyl-
ene glycol. Body weight, appearance and behavioral changes
were determined daily during pregnancy, and dams were
killed on day 21 of gestation. Mouth rubbing, salivation, and
paddling, observed upon immediate administration, and
stained fur and minimal sores, observed later post-
administration, were considered incidental and not related
to the test substance. No adverse effects on maternal repro-
ductive parameters, body weight, food consumption, and post-
mortem findings were observed. Several statistically signifi-
cant changes were observed in the 400 mg/kg dams, including
increases in hemoglobin, red blood cell, and reticulocyte
count, accompanied by relative increases in spleen weights
and aspartate and alanine aminotransferase activity. Kidney
dilation, noted in litters from all groups, was statistically
significant in the litters of the 400 mg/kg dams; however, in the
absence of a dose-response relationship, was not considered
toxicologically significant. The NOAEL was determined to be
125 mg/kg/d for maternal toxicity, and 400 mg/kg/d for fetal
toxicity.

Genotoxicity Studies

Details of the genotoxicity studies summarized below are
described in Table 4.

In a bacterial reverse mutation assay, Hydroxy Tetrame-
thylpiperidine Oxide was weakly mutagenic when tested at up
to 5000 ug/plate in Salmonella typhimurium strains TA100
and 1537, in the presence of metabolic activation.® In an Ames
test, Tris(Tetramethylhydroxypiperidinol) Citrate did not
cause an increase in the mean number of revertants per plate in
strains of S. typhimurium and Escherichia coli WP2 uvr A,
when tested at up to 5000 pg/plate, either in the presence or
absence of metabolic activation.” In a chromosomal aberration
test of Tris(Tetramethylhydroxypiperidinol) Citrate tested at
up to 5000 pg/plate in Chinese hamster ovary (CHO) cells,
there was a weak increase of cell aberrations at the highest
dose, in the non-activation assay, and the test substance was
not considered genotoxic.*

In vivo micronucleus tests were performed with mice. No
genotoxicity was observed with 1200 mg/kg bw Hydroxy
Tetramethylpiperidine Oxide (administered by gavage),’ or
with up to 200 mg/kg Tris(Tetramethylhydroxypiperidinol)
Citrate (administered intravenously).*

Carcinogenicity Studies

No carcinogenicity studies were found in the published lit-
erature, and unpublished data were not submitted.

Dermal Irritation and Sensitization

The dermal irritation and sensitization studies summarized
below are described in Table 5.



International Journal of Toxicology 44(Supplement 2)

98S

"apIxoyns [Aypawip ‘OSWa
‘paydads Jou Alng,

‘sa3h204y3kde

snewolydAjod pajespnuoddiw

Jo Adusnbauy ays ul asea.dul

jueoyiudis Aj[esnsnels e adnpul

30U pIp Wa1l 3593 8y ‘palp dno.d siyy

wouy sjew|ue 7 pue sjewiue 858w 00z
3U3 Ul PaAJSSqO Sem AIIDIXO) [BDIUlD
"21ua301sE|2-UON|

‘UOIIJEIXD MOIBW dUOQ O}
Suisop J9e Yy g puE $ INOqE
paziueyana aJ4am dnoud spiysa
sy wouy g pue 8w O Ay
WOy S[BWIUE SAl4 "UONIB.IIXD
MoOJIBW dU0q o} Suisop
IS’ Y $7 INOGe paziueyine
SJom dno.d [o.3uod aAnisod ays
wouy sjewiue g pue sdnous 3y
/3w Q0| PUB QS dY3 WOy S[ewIiu.
3Ad ‘¥/¥ 91 dD30 Pm

92UBP.IOIIE U] ‘ABSSE SNB|PNUOIDI|

W 1-ad
ajew 9 jo sdnoun

(Ajjeao usaid
‘lo1auod aAnisod) uonda|uy
apiweydsoydodA> SNOUBAR.IIUI ‘Mq

reAN  By/Bw 00T 40 ‘001 ‘05

a4nd %$9°€6 ‘93eD
(jourpiadidAxoupAyAyswens | )sii |

’ *JN220 10U PIp I9]PNUO.IDIW
JO UORINPU| "PAAISS]O SJoM Iesp
pue ‘uondaJaojid ‘uonepas ‘aamsod
payouny se yons swoidwiAs [ed1ulD ¥/¥ ©1 dD3I0 Yum 1w YN apiweydsoydojaAd a3eAe3 ©PIXO
¢ JIXOJOUSE JON| 9DUBPJIOIDE U ‘ABSSE SNB|INUOIDIL 9JeW?) G pUE dBRW § ‘aulfes BIA ‘Mq Bj/8w 007 | aulpuadidjAytawenta | AxolpAH
ONA Y|
‘PaAIDSqO
sem uonedijdnpaJopus Jo ‘AplojdAjod
‘S1I[BW.IOUGE |[BLUOSOWOYD
YIIM S|[92 Ul 9sea.dul JuedIUSIS ON
"asop w31 000G dY2 & PIAISSQO SEM UONEANIE JI|OgEIBW
SUOREBJIDQR UM S|[9D Ul 3SBRIDUI MBIAA  €/F D1 dDIO Y3M dduep.iodde (OHD) auy |22 INOYIM JO YIM T )
N JIXOJOUSZ JON] Ul IS39) UONEIIaGE [BWOSOWOIYD) AJBAO JaisWey asaulyd) J91BAA qw/8d 0pos ©3 dn  (jourpruadidAxoapAyjAyrawrens | )sti|
V JAN
TdM 1102 DIYpLIRYdST UOIIBANDE DIjoqeIaW
I£¥ 91 dD30 YImdsuep.iodde Pue 00|V.L ‘86V.L INOYIM JO YIm
ul ‘Aesse UOREINW 3S.I9AD.I ‘/ESIVL ‘SESIVL toye|d/3 0pog Jo aund %49°g6 ‘RN
N J1x030Ua8 JO0N| SWIOSODIW-UBI[BWWEW ‘SSWY  suleals wnunwiydhr -s OSWA ‘0£€€ ‘0001 ‘€€€ ‘001  (joutpraadidAxoupAyjAyzawena | st
"UOIIBANDE DIjoqeIaW
Jo 9dussaud ayp ul ‘suoneanw
ylysowedy pue Jred-aseq Suipnpul
‘LES| PUE 0| VL sutess wnunuwiydhy
‘s ul (payioads jou uone.IUBdUOD LESIVL
1591 ‘A||eJaual) diusSeanw 2 ‘SESIVL001VL UONBAIDE JljoqeIaW
Apjeam sem adurIsqns 3593 8y D] QDO Y3IM 35UBpJIOIJE Ul ‘86VL sure.s osWa INOLYIM JO YaIM #PIXO
¢ Duadeinw APjeapA  ‘ABSSE UONEBINW 9SJ9ASJ [BlISIORY  Wnunwiydhr pjjauowps Ja1epAN  toaeld/311 goos 02 dn aulpiadidjAyrowens | AxolpAH
OJYA Y|
ERIENCIEN s3nsay a4npadoud wIsAS 359 | 3PIYSA 9SO /UONE.IUIIUOD) 3Ny 359

"salpnig A1dIXojousn) *p d|qe L



99S

Raj et al.

‘paniodau 10U ‘YN 9uean(pe 219|dwod spunaly ‘YD BUSZUSGONIU-H-0JOIYIP-T‘| ‘GNDA

‘paydads Jou Aning,

-aseyd aduajjeyd
a3 Sulanp Jo potiad uonanpul Sm-¢ ay3 Surinp
uonezpIsuss asned o) Jeadde Jou pip adueIsqns
1se] /Y| ‘9dueIsqnsisel |yl ol aJnsodxa ?yl o
po3E[a. 30U 3.49M A3 Inq ‘ApNIs 93 JO 95UN0D
a1 3urinp pa1ioda. 9J9M SIUSAS 3SJISAPE 93Uy |

Suiznisuas-uoN

‘S[ewiue |o.3uod a3us|ieyd

Y3 yum paJedwiod s[eLIUE IS3) UL JBIWIS
9q 01 PaIOU 2J9M S3.J0DS [BWJSp ueaw dnouon
Buiznisuas-uoN

“3UnElILII-UOU PBUSPISUOD SEM ‘BLIILID
8007/TLT| "ON uonen3sy D3 01 3ulpony

'/ Aep Aq 9|qistanad A|919|dwiod sem ewsyihis

‘pa1Jodad SJ4oMm () JO 940DS BWSPS UBSW pue
( Jo 24025 WiNWIXeW) | JO JODS BLUBYIAID UBd]
Sunellaai-uoN

Suiznisuas-uoN

Sunellaai-uoN

'y ¢ 404 ddueISqns
1591 aY2 Yyum padudjjeyd sem 3is pasodxaun
Ajsnoiasud & ‘p £]—0] jo poliad 1sau & Uy
-aseyd 3unsa Yoo Janje Ja1em Yam padim
2J9M S3IIS 359 "3IBJNS |AUNE| WINIPOS % |0
JO U9IBM SBM [0JIUOD BY] M € JSAO ‘DN
1591 9U3 YAIM Y T 10 SpBW SJ4om suonedijdde
UoRINPUI SAISN|220 BUIN] 1593 9ZIed( PaYIPOL

'sdnoJg |0.auod pue 1sa) Ul
J91e| p g apew a4am suoped)dde s3usjjeyd-au
pue ‘suaquieyd dojjiH 8uisn oz Aep uo spew
aJam suonedijdde s3usjjeyd "y gy o} sjewiue
159) a3 01 pajjdde auam ‘Ja3em Jo ‘dpnJe
1591 pain|ipun ym saydied pue ‘parowal
sem 21ey|ns |AIne| wnipos [enpisaJ Aue ‘7 Aep
UQ ‘S[EWIUE [[e JO $91IS uonda(ul [ewispe.iul
oY1 JoAo peauds sem wnejoazad ul a3gyns
[AIne| WNIpos M/M %0 JO |W S0 ‘9 Aep uQ
"3211J€ 3533 Yl INOYIIM Inq ‘suondalul swres
oY1 paAledau (s3id eauIng s[ewsy § pue ajew
) dnoud jo.nuod sy yD4 ul 9PNJE 1531 By
pue ‘D4 yaum Suoje ‘sjewiue ay3 oaul paadaful
9J9M J3JBM PIZIUOIBP Ul 9DUBISGNS IS3) )
40 suondslul [ewispe.au] ‘90pF D1 ADI0 YPM
95UBpJOdIE U] s3] uoneziwixew 3id esuing
‘p £ ©03dn
10} PaAJasqo pue ‘9zned YIMm palp ‘@nsodxe
J21je U9JEM PIZIUOISP YIIM PIUSEM DI9M
s2)1s 359 "yd3ed SAIsn|2O0-1was & Suisn upjs
PaARYS JO Ul | 01 | } Jo} paljdde sem apn.e
3593 341 $0¥ DL AD3O Y3IM 3OUBPIOIDE U]
-23ua|eyYd
J9)JE | G PUE (€ IB POIBN[BAD SEM 9IS 1592 D)
pue ‘g7 Aep UO ‘JauueW SWes 3] Ul ‘9pewl Sem
uonedi|dde a8uajieyd sy ‘| pue ‘z ‘o Aep uo
S[EWIUE. 9Y) JO S)2BQ PAABYS S} O) SPBW dIdM
suonedidde uonanpul papnja30 ‘Y-9 ‘@auay |
'90% D1 ADIO YHM 20Uep.odE U] Is3) J3|yang
vy
01 dn Joj paAI9SqO 249M pue dunsodxes Janje
J9JBM UM PIYSEM DJ9M SIS 1591 BY| 'Y §
10} ‘BUISSUP SAISN|ID0-IWSS .NEu 9 B Ul S[ewlue
3 jo sdeq paAeys ay3 01 paiidde sem ‘Jsrem
(W2 G0 Ul ‘9pPnJe 3se1 3yl Yoy DL dD30
U3IM SDUBPJODIE Ul ‘3533 UOREILLII [BULISP 33NdY

(4o7eM Ul) JW 70

s193[qns 40| %5°0 40 %1°0

s3id 23us|jeyd> pue uondnpul

eauIng ouiqfe Joj paan|ipun pa1sel

AapueH ajewsay ‘tuonda|ul [ewJspe.aul Joy
0l pue eWw (| (J93BM paZIUCIBP UI) A/M %0'S

suqqe.
9IYm puefesz
MBI dewdy

€ pue djew ¢ (42em) 8 g0

s3id

eauIng AspJeH

-ubjung
W3lqud 67

(wnyejo.nad
ur ‘MM %06 18) 8 §°0

suqqe.
UISSNY ISSIDAA

uRpy| deW ¢ (422em) 8 g0

4orenD
(joutpriadidAxoupAyAyzewenna | )sid |
uewnH

LT
oulpluadidAxolpAyAyraweada | )sii
|oulp PAYIAY 1)sHL

aund %49°gg @800
(joutpruadidAxoapAyAyrawends | )sii |

+PPIXO
aulpradidjiAyzswens | AxolpAH

+PPXO
suipadidiAyzowrens | AxoupAH

[ewiuy

CRIENETEN s)nsay

aJnpadoud

uonejndod 159]  (|PIYsA) 9SO (J/UONEBIUIIUCYD

3PNy 39|

"S3IPN1S UONEBZNISUSS pUB UONEILL| [BWwJd °§ d|qel



100S

International Journal of Toxicology 44(Supplement 2)

Hydroxy Tetramethylpiperidine Oxide, at a dose of 0.5 g,
did not cause dermal irritation when applied semi-occlusively
to male Klein Weisse Russen rabbits for 4 h, and did not cause
sensitization in Pirbright Dunkin-Hartley guinea pigs, tested at
the same dose, in a Buehler test.® Tris(Tetramethylhydrox-
ypiperidinol) Citrate was deemed non-irritating when applied
to male and female New Zealand white rabbits for 4 h at a dose
of 0.5 g using a semi-occlusive patch, and, non-sensitizing
when injected at 5.0% w/v in deionized water during in-
duction, followed by a topical, undiluted application, in male
and female Hartley albino guinea pigs in a maximization test.*

In a modified Draize test, up to 0.5% Tris(Te-
tramethylhydroxypiperidinol) Citrate was dermally tested in
104 human subjects. Adverse events were considered unre-
lated, and the test substance was deemed non-sensitizing.*

Ocular Irritation Studies

Animal

Hydroxy Tetramethylpiperidine Oxide. The ocular irritation
potential of Hydroxy Tetramethylpiperidine Oxide was
evaluated in the eyes of 3 male Klein Weisse Russen rabbits, in
accordance with OECD TG 405.% An undiluted dose of 0.1 g
Hydroxy Tetramethylpiperidine Oxide was instilled into the
eye (control not used) for 24 h, after which it was washed with
saline. The treated eyes were scored after 24, 48, and 72 h of
exposure. Due to an average conjunctiva score of 2.67 (out of
3 max score), average chemosis score of 2 (out of a 4-max
score), and 5 of the 12 scored reactions being irreversible, the
test material was deemed a Category 1 substance, causing
serious and irreversible damage to the eye.

Tris(Tetramethylhydroxypiperidinol) Citrate. The ocular irritation
potential of Tris(Tetramethylhydroxypiperidinol) Citrate
(93.64% pure) was evaluated in the eyes of 3 female New
Zealand White rabbits, in accordance to OECD TG 405.* Each
rabbit received a 0.027 g (0.1 ml weight equivalent) dose of
the undiluted test article, instilled into the conjunctival sac of
the right eye, while the other eye remained untreated and
served as the corresponding control for each animal. Test and
control eyes were examined for signs of irritation for up to
10 d following dosing. The mean irritation score was 0.78
(maximum score of 3), and irritation was fully reversible 72 h
to 10 d after exposure. Based on EC Regulation No 1272/2008
(CLP) criteria, the test item was considered non-irritating to
rabbit eyes.

Summary

According to the Dictionary, Hydroxy Tetramethylpiperidine
Oxide is reported to function as an antioxidant, while Tris(-
Tetramethylhydroxypiperidinol) Citrate is reported to function
as a light stabilizer, in cosmetics. In 2021, VCRP data were not
available for Hydroxy Tetramethylpiperidine Oxide;

Tris(Tetramethylhydroxypiperidinol) Citrate was reported to
be used in 125 formulations. According to Council survey
data, Hydroxy Tetramethylpiperidine Oxide is reported to be
used at a maximum concentration of 0.019% in nail bases and
undercoats (2020), and Tris(Tetramethylhydroxypiperidinol)
Citrate at 0.05%, with the highest reported concentration of
use reported for cologne and toilet waters and in bath soaps
and detergents (2018).

The dermal LDs, of Hydroxy Tetramethylpiperidine Oxide
was determined to be >2000 mg/kg bw, in 10 Sprague-Dawley
rats exposed to an occlusive patch of 2000 mg/kg bw for 24 h.
In an acute dermal toxicity study, 10 New Zealand white
rabbits were exposed to an occlusive patch of up to 2136 mg/
kg bw of Tris(Tetramethylhydroxypiperidinol) Citrate for 24
h. The dermal LDs, was determined to be >2136 mg/kg bw.

In an acute oral toxicity study, groups of 5 Tif/RAIf rats
received 500, 1000, 2000, or 5000 mg/kg bw Hydroxy Tet-
ramethylpiperidine Oxide, via gavage. No mortality occurred
in the 500 mg/kg group. Three males and 1 female died in the
1000 mg/kg group, while all males and females died in the
2000 mg/kg and 5000 mg/kg groups. The oral LDs, for both
sexes (combined) was determined to be 1053 mg/kg bw. In an
acute oral toxicity study, groups of 5 Sprague-Dawley rats
received up to 3204 mg/kg bw (highest male dose) and
2136 mg/kg bw (highest female dose) of Tris(Te-
tramethylhydroxypiperidinol) Citrate, by gavage. Three males
and 2 females that received the highest dose died prior to
scheduled necropsy. The oral LDs for both sexes (combined)
was determined to be 1758 mg/kg bw.

In an acute inhalation toxicity study, 10 Sprague-Dawley
rats were exposed to aerosolized 94.8% pure Tris(Te-
tramethylhydroxypiperidinol) Citrate (estimated MMAD
3.8 um), at a concentration of 5.08 mg/l, nose-only, for 4 h.
The acute inhalation LCs, was determined to be greater than
5.08 mg/l.

In an oral study, groups of 6 male and 6 female Sprague-
Dawley rats received 0, 8, 40, 200, or 1000 mg/kg bw/d
Hydroxy Tetramethylpiperidine Oxide via gavage for 28 d.
Two additional recovery groups, consisting of 6 males and 6
females that were administered either the vehicle or the
highest dose, were kept alive and observed for 14 d after
treatment. Among sacrificed rats, the 1000 mg/kg group had
decreased blood cell count and hemoglobin, increased spleen
and liver weights, and blackened spleen was observed. A
dose-dependent increase in congestion and hemosiderin-laden
cells in the spleen and hepatocyte swelling was observed in the
200 mg/kg females, and both sexes in the 1000 mg/kg group.
The NOAEL was determined to be 40 mg/kg bw/d. In another
28-d oral toxicity study, groups of 5 male and 5 female
Sprague-Dawley rats received up to 1000 mg/kg bw of
Tris(Tetramethylhydroxypiperidinol) Citrate via gavage. Two
additional groups of 5 males and 5 females were dosed with 0
or 1000 mg/kg/d for 28 d, and then observed post-exposure for
14 d, serving as recovery groups. In the rats that were sac-
rificed, dose-dependent abnormalities, such as salivation and
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apparent blood around the facial area, neck and forelimbs,
were identified in the males and females dosed with 500 and
1000 mg/kg bw/d; a statistically significant, slight decrease in
red blood cell counts, hemoglobin, and hematocrit was seen in
females. Spleen weights and congestion also increased, but
these effects were reversible during the recovery period. The
NOEL was determined to be 100 mg/kg bw/d.

In a 90-d dermal toxicity study, groups of 10 male and 10
female Wistar Han rats were exposed to an open application of
up to 500 mg/kg bw/d, 97.3% pure, Tris(Tetramethylhy-
droxypiperidinol) Citrate. An additional 2 groups of 5 males
and 5 females received open applications of 0 or 500 mg/kg
bw/d of the test substance for 13 wk, and were observed for 4
wk post-dosing as recovery animals; no premature deaths
occurred. Scabs were noted at the application site during the
treatment; lower glucose and higher urea concentrations were
observed in the 500 mg/kg group, while lower white blood cell
count and potassium concentrations were observed in animals
from the 50 mg/kg group. The effect on glucose and urea was
reversible; however, the effects on white blood cell count and
potassium concentrations persisted. Based on the results of
this study, the NOAEL was determined to be 150 mg/kg bw/d.

In a developmental toxicity study, groups of 22 female
Wistar rats were mated, and dosed with up to 400 mg/kg bw/d
of 98.4% Hydroxy Tetramethylpiperidine Oxide, via gavage,
from day 6 to 21 of gestation. Statistically significant increases
in hemoglobin, red blood cell, and reticulocyte count, ac-
companied by relative increases in spleen weights, aspartate,
and alanine aminotransferase activity were observed in the
400 mg/kg dams. In the absence of a dose-response rela-
tionship, kidney dilation in pups from the 400 mg/kg litters
was not considered toxicologically significant. The maternal
NOAEL was determined to be 125 mg/kg/d, while the fetal
NOAEL was determined to be 400 mg/kg/d.

Hydroxy Tetramethylpiperidine Oxide was weakly muta-
genic in a bacterial reverse mutation assay, tested at up to
5000 pg/plate. Tris(Tetramethylhydroxypiperidinol) Citrate
was not mutagenic in the Ames test, or in a chromosomal
aberration assay using CHO cells, when tested at doses up to
5000 pg/plate. In micronucleus assays performed with mice,
Hydroxy Tetramethylpiperidine Oxide (1200 mg/kg bw via
gavage) and Tris(Tetramethylhydroxypiperidinol) Citrate (up
to 200 mg/kg bw, administered intravenously) were not
clastogenic.

Hydroxy Tetramethylpiperidine Oxide, at a dose of 0.5 g,
did not cause dermal irritation when applied semi-occlusively
to Klein Weisse rabbits for 4 h, or sensitization, when tested at
the same dose in a Buehler test, using Pirbright Dunkin-
Hartley guinea pigs. Tris(Tetramethylhydroxypiperidinol)
Citrate, at a dose of 0.5 g, was considered non-irritating to the
skin of 6 New Zealand White rabbits following semi-occlusive
application to a 1 in® patch of shaved skin for 4 h. Undiluted
Tris(Tetramethylhydroxypiperidinol) Citrate was not consid-
ered a sensitizer, when topically applied, following an in-
duction injection of 5.0% w/v of the test article in deionized

water, in a guinea pig maximization test. In clinical testing
with 104 subjects, 0.5 % Tris(Tetramethylhydroxypiperidinol)
Citrate was not a sensitizer.

Hydroxy Tetramethylpiperidine Oxide caused irreversible
eye damage when instilled in the eyes of rabbits, at an un-
diluted dose of 0.1 g. Tris(Tetramethylhydroxypiperidinol)
Citrate was considered non-irritating to 3 New Zealand White
rabbit eyes. The mean irritation score was 0.78 (maximum
score of 3), and irritation was fully reversible between 72 h and
10 d.

Discussion

Hydroxy Tetramethylpiperidine Oxide and  Tris(Te-
tramethylhydroxypiperidinol) Citrate are structurally related
as piperidine nitroxides. Therefore, these cosmetic ingredients
have been reviewed together in this assessment. Data for a few
toxicological endpoints were either not available, or minimal,
for the ingredient Tris(Tetramethylhydroxypiperidinol) Cit-
rate. The Panel considered that Hydroxy Tetramethylpiper-
idine Oxide and Tris(Tetramethylhydroxypiperidinol) Citrate
are essentially the same compound, in oxide and citrate salt
forms, respectively. Therefore, the Panel felt that data on
Hydroxy Tetramethylpiperidine Oxide could be used to
substantiate the safety of both ingredients.

Although Tris(Tetramethylhydroxypiperidinol) Citrate is
reported to function as a light stabilizer, the Panel discussed
that its chemical structure does not have a chromophore and
that it is known to act as a free radical scavenger. Hence, it
would not be expected to pose phototoxicity concerns.

Initial concerns about the lack of carcinogenicity data were
mitigated by sufficient data supporting weak genotoxic po-
tential. Additionally, although the Panel noted very limited
information on methods of manufacture and a lack of infor-
mation on impurities for these ingredients, the description for
a general synthesis of Hydroxy Tetramethylpiperidine Oxide
and the high purity indicated for Tris(Tetramethylhydrox-
ypiperidinol) Citrate (93.64-97.3%), in conjunction with the
lack of adverse effects in a 90-d dermal toxicity study in which
the NOAEL was 150 mg/kg bw/d, mitigated this concern. The
safe dermal toxicity profile demonstrated in this report, in
addition to a log K, value of —0.29, indicating minimal
dermal penetration, reassured the Panel of safety.

Tris(Tetramethylhydroxypiperidinol) Citrate is reported to
be used in products that could possibly be inhaled. For ex-
ample, this ingredient is used in colognes and toilet waters at
concentrations up to 0.05%. Acute inhalation toxicity data
(i.e., acute studies in rats) indicated no adverse effects. The
Panel noted that in aerosol products, most droplets/particles
would not be respirable to any appreciable amount. Fur-
thermore, droplets/particles deposited in the nasopharyngeal
or bronchial regions of the respiratory tract present no toxi-
cological concerns based on the chemical and biological
properties of these ingredients. Coupled with the small actual
exposure in the breathing zone and the concentrations at which
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the ingredients are used, the available information indicates
that incidental inhalation would not be a significant route of
exposure that might lead to local respiratory or systemic ef-
fects. A detailed discussion and summary of the Panel’s ap-
proach to evaluating incidental inhalation exposures to
ingredients in cosmetic products is available at https:/www.
cir-safety.org/cir-findings.

Conclusion

The Expert Panel for Cosmetic Ingredient Safety concluded
that Hydroxy Tetramethylpiperidine Oxide and Tris(Te-
tramethylhydroxypiperidinol) Citrate are safe in cosmetics in
the present practices of use and concentration described in this
safety assessment.

Author’s Note

Unpublished sources cited in this report are available from the Di-
rector, Cosmetic Ingredient Review, 555 13 St., NW, Suite 300W,
Washington, DC 20004. cirinfo@cir-safety.org.

Author Contributions

The articles in this supplement were sponsored by the Cosmetic
Ingredient Review.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The articles
in this supplement were sponsored by the Cosmetic Ingredient Re-
view. The Cosmetic Ingredient Review is financially supported by the
Personal Care Products Council.

References

1. Nikitakis J, Kowcz A. Web-based international cosmetic in-
gredient dictionary and handbook (WINCI dictionary). https:/
webdictionary.personalcarecouncil.org/jsp/
IngredientSearchPage.jsp (Accessed: October 7, 2020).

2. Fiume MM, Heldreth BA, Bergfeld WF, et al. Safety assessment
of citric acid, inorganic citrate salts, and alkyl citrate esters as
used in cosmetics. Int J Toxicol. 2014;33(2 suppl):16S-46S.

3. European Chemical Agency (ECHA). REACH registration
dossier: 4-hydroxy-2, 2, 6,6-tetramethylpiperidinoxyl (CAS No.
2226-96-2). https://echa.europa.eu/registration-dossier/-/
registered-dossier/13868 (Accessed: September 16, 2020).

10.

11.

12.

13.

14.

15.

16.

European Chemical Agency (ECHA). REACH registration
dossier: 1,4-dihydroxy-2,2,6,6-tetramehyl piperidinium -2-
hydroxy-1,2,3-propanetricarboxylate (CAS No. 220410-74-2).
https://echa.europa.eu/registration-dossier/-/registered-dossier/
12778 (Accessed: October 30, 2019).

Ciriminna R, Pagliaro M. Industrial oxidations with organo-
catalyst TEMPO and its derivatives. Org Process Res Dev. 2010;
14(1):245-251.

U.S. Food and Drug Administration (FDA). U.S. Food and Drug
Administration Center for Food Safety & Applied Nutrition
(CFSAN). Voluntary cosmetic registration program - frequency
of use of cosmetic ingredients. (Obtained under the Freedom of
Information Act from CFSAN; requested as “Frequency of Use
Data”). 2021.

Personal Care Products Council. Corrected concentration of use
by FDA product category: hydroxy tetramethylpiperidine oxide.
(Unpublished data submitted by the Personal Care Products
Council on December 15, 2020). 2020.

Personal Care Products Council. Concentration of use by FDA
product category: tris(tetramethylhydroxypiperidinol) citrate.
(Unpublished data submitted by Personal Care Products Council
on June 1, 2018.). 2018.

Johnsen MA. The influence of particle size. Spray Technol
Mark. 2004;14(11):24-27.

Rothe H. Special Aspects of Cosmetic Spray Safety Evaluations:
Principles on Inhalation Risk Assessment. Washington DC;
2011. (Unpublished data presented at the 26 September Expert
Panel meeting).

Bremmer HJ, Prud’homme de Lodder LCH, van Engelen JGM.
Cosmetics Fact Sheet: To Assess the Risks for the Consumer,
Updated Version for ConsExpo 4. Bilthoven, Netherlands:
Netherlands National Institute for Public Health and the En-
vironment; 2006. https://www.rivm.nl/bibliotheek/rapporten/
320104001.pdf (Accessed August 24).

Rothe H, Fautz R, Gerber E, et al. Special aspects of cosmetic
spray safety evaluations: principles on inhalation risk assess-
ment. Toxicol Lett. 2011;205(2):97-104.

European Commission. CosIng database; following Cosmetic
Regulation No. 1223/2009. https://ec.europa.eu/growth/tools-
databases/cosing/ (Accessed: November 13, 2019).

Hahn S, Lepinski D, DeLuca A, Mitchell J, Pellmar T. Neu-
rophysiological consequences of nitroxide antioxidants. Can J
Physiol Pharmacol. 1995;73:399-403.

National Library of Medicine. PubChem: tempol. https://
pubchem.ncbi.nlm.nih.gov/compound/137994 (Accessed: Oc-
tober 7, 2020).

National Library of Medicine. PubChem: Tris(Tetramethylhy-
droxypiperidinol) Citrate. https://pubchem.ncbi.nlm.nih.gov/
compound/68574231#section=Chemical-and-Physical-
Properties (Accessed: October 30, 2019).


https://www.cir-safety.org/cir-findings
https://www.cir-safety.org/cir-findings
mailto:cirinfo@cir-safety.org
https://webdictionary.personalcarecouncil.org/jsp/IngredientSearchPage.jsp
https://webdictionary.personalcarecouncil.org/jsp/IngredientSearchPage.jsp
https://webdictionary.personalcarecouncil.org/jsp/IngredientSearchPage.jsp
https://echa.europa.eu/registration-dossier/-/registered-dossier/13868
https://echa.europa.eu/registration-dossier/-/registered-dossier/13868
https://echa.europa.eu/registration-dossier/-/registered-dossier/12778
https://echa.europa.eu/registration-dossier/-/registered-dossier/12778
https://www.rivm.nl/bibliotheek/rapporten/320104001.pdf
https://www.rivm.nl/bibliotheek/rapporten/320104001.pdf
https://ec.europa.eu/growth/tools-databases/cosing/
https://ec.europa.eu/growth/tools-databases/cosing/
https://pubchem.ncbi.nlm.nih.gov/compound/137994
https://pubchem.ncbi.nlm.nih.gov/compound/137994
https://pubchem.ncbi.nlm.nih.gov/compound/68574231#section=Chemical-and-Physical-Properties
https://pubchem.ncbi.nlm.nih.gov/compound/68574231#section=Chemical-and-Physical-Properties
https://pubchem.ncbi.nlm.nih.gov/compound/68574231#section=Chemical-and-Physical-Properties

	Safety Assessment of Hydroxy Tetramethylpiperidine Oxide and Tris(Tetramethylhydroxypiperidinol) Citrate as Used in Cosmetics
	Introduction
	Chemistry
	Definition and Structure
	Chemical Properties
	Method of Manufacture
	Impurities

	Use
	Cosmetic
	Non-Cosmetic

	Toxicokinetic Studies
	Toxicological Studies
	Acute Toxicity Studies
	Short-Term Toxicity Studies
	Oral
	Hydroxy Tetramethylpiperidine Oxide
	Tris(Tetramethylhydroxypiperidinol) Citrate



	Subchronic Toxicity Studies
	Dermal
	Tris(Tetramethylhydroxypiperidinol) Citrate


	Developmental and Reproductive Toxicity Studies
	Oral
	Hydroxy Tetramethylpiperidine Oxide


	Genotoxicity Studies
	Carcinogenicity Studies
	Dermal Irritation and Sensitization
	Ocular Irritation Studies
	Animal
	Hydroxy Tetramethylpiperidine Oxide
	Tris(Tetramethylhydroxypiperidinol) Citrate


	Summary
	Discussion
	Conclusion
	Author’s Note
	Author Contributions
	Declaration of Conflicting Interests
	Funding
	References


