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Menthol

Toxicity monograph (with existing HCVs)

INTRODUCTION

(b) (4) was asked to produce a toxicity monograph of menthol
(CAS RNs! 89-78-1, 2216-51-5, 15356-60-2 and 1490-04-6), focusing on the inhalation route
of exposure. Data on the inhalation of tobacco smoke containing the ingredient have not
been included in the monograph.

EXPERTISE

(b) 1) was founded? in 1961 to provide independent, high-quality research, information and
advice on chemical toxicology to industry and governmental departments. Its risk assessors
have been working together for many years (more than 40 years in some instances) and have
a record of objectivity and scientific excellence. All the senior and principal scientists in the
current team are accredited and listed in the European (Eurotox) and UK Royal Society of
Biology/British Toxicology Society Registers of Toxicologists and are thus bound by their
specific codes of conduct.

TOXICITY DATA SEARCH CRITERIA

Searches of the (b) (4) database (see Appendix for details) identified several recent and
relevant expert group reports that formed the basis for this assessment. The most recent are
EFSA, 2016a and b. A subsequent search of the primary literature was conducted in(b) (4)
PubMed (including Medline) and Toxline (via TOXNET, with PubMed hits removed), restricted
to data published from 2015 onwards, in an attempt to identify more recent data since the
EFSA (2016) reviews. The RTECS databank records for racemic menthol, L-menthol,
D-menthol and menthol (unspecified isomer) were also consulted. Since the key reviews
focussed on the use of menthol in food and, as such, could not necessarily be relied upon to
identify all critical local and systemic inhalation data, no date restriction was placed on
searches tailored to identify such information (and also cardiopulmonary data). Finally, the
REACH dossiers were consulted for inhalation data and for endpoints for which there were
otherwise data gaps or limited data.

All searches were conducted in February-April 2016 using the CAS RN(s), name(s) and/or
synonym(s) identified in the table below, as appropriate. The current report uses the most
specific term of tested menthol used in the cited source. The data summarised in this report
refers to the unheated form unless otherwise stated.

1 Chemical Abstracts Service Registry Numbers

“(b) (4)
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IDENTIFICATION, REACH STATUS AND EU CLASSIFICATION

Identifier /
status
Name Menthol
DL-Menthol
h
(racemic mixture) L-Menthol D-Menthol (unsp(le\giiir:d (i)slomer)
(1R,25,5R)-Rel-5- (1R,3R,4S)-5-Methyl- (1S,2R,55)-5-Methyl- 5_Methvl-
Synonym(s) methyl- 2-(1-methylethyl)- 2-(1-methylethyl)- 2-(1-meth eth I)-
2-(1-methylethyl)- cyclohexanol cyclohexanol cydoheiano:/
cyclohexanol (-)-Menthol (+)-Menthol
(+-)-Menthol
CAS RN 89-78-13 2216-51-5 15356-60-2 1490-04-6
FEMA 2665 Not specified Not specified Not specified
- Rizr(a:::.i'on 01-2119456815-30- 01-2119458866-21- 01-2119511175-50- 01-2119456818-24-
g XXXX XXXX XXXX XXXX
number*
Molecular
ClOHZOO
formula
Mole.cular 156.3
weight
CH; CH, CH;, CH,
Structure
“y OH v OH iy OH OH
H,C CH; HC CH; H,C CH; H;C CH;

3 CAS RN 15356-70-4 was used by NCI (1979).

4 REACH registration numbers are substance and company specific. Therefore, the substance-specific part of the registration
number is included here, from data disseminated on the ECHA ‘registered substance’ website.

Menthol

August 2016




(b) (4)

Harmonised classification:
None available None available None available None available
REACH joint registrants:
Classification, ) g
accordingto EU | (757 of 1203 notifiers) (98 of 1158 notifiers) (161 of 230 notifiers) (1 of 1028 notifiers)
CLP (EU Skin Irrit. 2. Causes skin | Skin Irrit. 2. Causes skin Skin Irrit. 2. Causes skin
1272/2008) irritation (H315)° irritation (H315)’ o , irritation (H315)%
) ) Skin Irrit. 2. Causes skin .

Eye Irrit. 2. Causes Eye Irrit. 2. Causes irritation (H315)° Eye Irrit. 2. Causes

serious eye irritation serious eye irritation serious eye irritation
(H319)¢ (H319)® (H319)%
ADME

Following oral administration, “menthol is readily absorbed” and “is known to be largely
eliminated as glucoronides”. “Oral doses of menthol are metabolized mainly in the liver” and
“mammals can efficiently handle [orally administered] menthol by processes that do not
create hazardous products” (JECFA, 1999). Urine collected after daily oral gavage of male rats
with 800 mg L-menthol/kg bw/day for 20 days contained the following metabolites:
p-menthane-3,8-diol, p-menthane-3,9-diol, 3,8-oxy-p-menthane-7-carboxylic acid and
3,8-dihydroxy-p-menthane-7-carboxylic acid. The main urinary metabolites were
p-menthane-3,9-diol and 3,8-dihydroxy-pmenthane-7-carboxylic acid. Menthone was not

detected (Madyastha and Srivatsan, 1988).

TOXICOLOGY

LOCAL EFFECTS

Respiratory tract irritation

Human

During the manufacture in the US of lozenges containing menthol, 49 workers were exposed
in the production area to menthol vapour at 4.9-39.4 mg/m?3, with a mean duration of
employment of 7.7 years. Upper respiratory tract irritation and a runny nose were
experienced, effects said to be due to menthol exposure, although no unexposed controls
were evaluated (NIOSH, 1979).

Intranasal spraying with 0.5% menthol solution for 3 hours was said to have produced local
irritation, as measured by an increased resistance to airflow (Fox, 1927).

5 Specific concentration limits: Skin Irrit. 2: C > 25%
6 Specific concentration limits: Eye Irrit. 2: C>25%
7 Specific concentration limits: Skin Irrit. 2: C > 25%
& Specific concentration limits: Eye Irrit. 2: C> 25%
% No concentrations limits specified.

10 Specific concentration limits: Skin Irrit. 2: C> 25%
11 Specific concentration limits: Eye Irrit. 2: C > 25%
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Non-human

Exposure of groups of 4-6 female mice to racemic menthol was associated with mild irritation
at 16 ppm [102 mg/m?3] but not at 4 ppm [26 mg/m?3]. The endpoint measured was the
duration of braking, representing a pause in the stimulation of the trigeminal nerve, at the
onset of each expiration (Willis et al., 2011).

A 30-minute exposure to menthol at a concentration of at least 141 mg/m? induced signs of
local irritation in mice (Burleigh-Flayer, 1988). The RDso value'? was 288 mg/m? (Burleigh-
Flayer, 1988; Cometto-Munez and Cain, 1994; Schaper, 1993).

Exposure of groups of ten mice to 50 or 100 mg menthol/m? for 5 hours/day for 84 days did
not affect the lungs, whereas 1000 mg/m? for 6 hours/day for 6 days induced erythraemia
[increase in the number of red blood cells] (Kowalski et al., 1962).

Inhalation of L-menthol by groups of eight rats for 6.75 hours/day for 5 days/week for up to
10-11 weeks was associated with congestion and inflammation of the lung, indicating local
irritation, at 1.66 mg/m?3 but not at 0.95 or 0.56 mg/m? (Rakieten et al., 1954).

Intranasal exposure of rabbits to a 1% menthol aerosol, once per day for 9 months caused
local damage to the nasal passages and sinuses (Fox, 1930).

Guinea pigs showed no overt signs of irritation to the respiratory tissues following a 5-minute
exposure to 30 mg menthol/m? (Laude et al., 1994).

Inhalation of an aerosol for 8 hours/day for 14 days, providing about 40 mg menthol/kg
bw/day, gave no overt signs of irritation in four monkeys (Alarie, undated).

An increased resistance to airflow was seen in dogs exposed intranasally to a 1 or 5%
menthol aerosol (Fox, 1927).

Skin irritation

Human

Mild irritation was reported following “vigorous” application of 20% menthol in oil to the skin
[no further details provided] (Bliss and Glass, 1940). A 24- to 48-hour exposure of the back or
forearm of 133 healthy volunteers to DL-menthol in a base cream at 0.05 to 0.5% or in
ethanol at 99% was associated with very slight erythema in two of the subjects [1.5%]
(Takenaka et al., 1970). In patch tests on 1147 dermatitis patients, skin irritation was seen in
ten subjects [0.9%)] given a 24- or 48-hour exposure to 1% menthol [unspecified isomer]
(Uter et al., 2010).

An 8% concentration of L- or DL-menthol in petrolatum did not induce skin irritation in
volunteers [number not specified] after 48-hour covered contact (Epstein, 1974; Kligman,
1973). Products containing (probably L-) menthol at 2.8% were applied to the covered skin of
ten subjects 3 times/day for 1 week and did not elicit any irritation response (Kligman, 1976).

12 The RDs is the concentration required to reduce the respiratory rate by 50%; reduced respiratory rate is considered to be
a response to the inhalation of respiratory tract irritants.

Menthol 4 August 2016



(b) (4)

Sensory reactions, including stinging and cooling, were reported in >20% of 58 volunteers
after 0.5% menthol in water was rubbed briskly over the nasolabial fold [“smile lines”]
(Marriott et al., 2005). A covered application of 2.5 ml of 30% menthol in ethanol lasting
several minutes was reported to have caused sensory irritation, including burning, coldness
and stinging, in nine volunteers (Green and Shaffer, 1992).

Non-human

Undiluted menthol (L-, D- or DL-isomers) induced moderate skin irritation in rabbits. A 5%
concentration of L- or DL-menthol induced very mild irritation and 5% D-menthol was not
irritating (Haarmann and Reimer, 1989). A maximum non-irritating concentration of 10% was
reported for guinea pigs, exposed topically to L-menthol for 24 hours. The higher
concentrations tested were not specified (Sharp, 1978).

Eye irritation

Human

Red and watery eyes were associated with exposure to menthol vapour by 49 workers
involved in the production of mentholated lozenges in the US. In the production area,
menthol vapour concentration was 4.9-39.4 mg/m? (NIOSH, 1979).

Rubbing the eyes with hands contaminated with menthol caused a burning sensation that
lasted for 30 minutes. No tissue damage was observed (Lewin and Guillery, 1913).

Non-human

Continuous whole-body exposure of rats to menthol at 1.4-1.6 g/m3 for 6 months induced
eye irritation which persisted for the first few days of treatment. A concentration of
0.7-0.8 g/m? was without such an effect (Haggard and Greenberg, 1941).

According to an OECD report, “all studied isomers of menthol are... slightly irritating to the
eye” (OECD, 2003). The US EPA also considered menthol to be a mild eye irritant (US EPA,
2010).

Guideline studies with L-, D- and DL-menthol at 29-64% in diethyl phthalate and at 100%
showed these to be slightly irritating in rabbit eyes (Haarmann and Reimer, 1989). Mild eye
irritation was seen in rabbit eyes in response to four-times daily instillation of 0.1 mL of 0.2%
menthol (in phosphate buffer with 0.4% Tween-80) for 7 days. No tests were conducted with
higher concentrations (Xu et al., 2011).

Severe eye injury was reported following instillation of 0.005 mL of undiluted menthol [purity
not specified] or “an excess volume of” 5% menthol [probably in propylene glycol] into
rabbits” eyes [limited report] (Carpenter and Smyth, 1946).

Other local effects

Human

In an oral irritation test in 22 healthy adult volunteers, a filter paper disc with 40 pul 0.3%
L-menthol*® was applied to one side of the tongue for 30 seconds, 10 times, 1 minute apart.

13 Also containing 4% ethanol and 1% Tween.
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The perceived intensity of irritation of menthol decreased with sequential applications (“self-
desensitization”) in 19/22 of the volunteers and most experienced a cooling sensation
(21/22) (Dessirier et al., 2001).

The application of a 5% solution of menthol in ethanol to the mucous membranes of the
mouth caused intense irritation and damage (Tainter et al., 1937). A concentration of 0.5%
was irritating, but 0.2% was without effect (Bliss and Glass, 1940).

A mentholated lozenge containing 9.62 mg menthol was irritating to the mouths of
35 healthy volunteers who dissolved one every 4-8 hours on two consecutive days (Glassman
and Packman, undated.

Non-human
No substance-specific data were identified.

SENSITISATION AND INTOLERANCE

Respiratory tract sensitisation

Human

A number of case reports have been identified involving apparent inhalation exposure to
menthol following the oral use of a product containing it. For example “a case of asthma due
to menthol is reported in a 40-year-old woman with no history of asthma or any other
allergy. During the last two years, the patient had presented dyspnoea [shortness of breath],
wheezing and nasal symptoms when exposed to mentholated products such as toothpaste
and candies. The aetiology was suggested by the history of exposure and diagnosis was
established by skin tests and bronchial challenge with menthol. The patient achieved control
of symptoms by avoiding menthol and its derivatives” (dos Santos et al., 2001). A woman’s
daily use of a menthol-containing toothpaste was associated with moderate dyspnoea. She
experienced an immediate bronchial response to a double-blind oral challenge with

11 mg/menthol in ethanol (Subiza et al., 1992). Kawane (1996) described a similar case study
and Anderson and Hindsén (2007) reported a link between allergic rhinitis and menthol from
toothpaste and other consumer products.

A randomised placebo-controlled clinical trial was undertaken in which 10 mg nebulized
menthol was administered twice a day by inhalation for 4 weeks to eleven asthma patients
and a placebo administered to a control group of ten patients. An improvement was noted in
the treated group, comprising a reduction in the diurnal variations in peak expiratory flow
rate, but without affecting forced expiratory volume in 1 second (FEV:), and the consumption
of bronchodilators was less than in the control group as was the number of wheezing
episodes. The menthol group had originally contained 13 patients, but two withdrew from
the trial when an inhalation of menthol induced an uncomfortable sensation of the upper
airway (Tamaoki et al., 1995; 1996).

Non-human

No substance-specific data were identified.
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Skin sensitisation

Human

A small proportion of dermatology patients exhibited positive responses to patch tests with
menthol [enantiomer not specified] in three studies: 10/512 [2.0%] and 1/63 [1.6%] reacted
to 5% in petrolatum and 1/1147 [0.1%] to 1% (cited in SCCS, 2012).

Nasal application of menthol drops in young children has been linked to effects as severe as
collapse and death. Muscular spasms of the larynx are considered to have been the cause of
the observed clinical signs, which included spasms of the glottis, instant collapse, dyspnoea,
apnoea [cessation of breathing], un(rbr;rzzr)iousness, cyanosis [blue colouration] and
hyperextensive extremities (cited ir , 1990). However, in a survey of 124,000 infants, no
such effects were seen (cited in Federal Register, 1982). These reports are unclear as to the
frequency of exposure (possibly only once in some instances) and the route (in addition to
inhalation, local absorption and swallowing cannot always be excluded). It may be that the
observed effects are not due to toxicity, but because the trigeminal nerve reflex reaction is
known to be especially strong in <2-year-olds when a substance with an intense odour
contacts the nasal mucosa. Its autonomic reflexogen action can affect distant organs such as
the heart, lungs and circulation and could lead to sudden apnoea and glottal constriction
(EMEA, 2008; OECD, 2003).

A total of 20 human sensitisation studies are included in the REACH dossier on DL-menthol.
These include, often early reports, of studies involving dermatitis patients (inducing a low
incidence of positive reactions with patch tests with menthol; typically about 1% of test
subjects), volunteer studies and individual case reports (BASF SE et al., 2015).

Non-human

In a local lymph node assay (LLNA), concentrations of “menthol L H&R” of 1, 10 or 30% were
tested on the skin of groups of 4 male mice with no effect on lymphocyte proliferation,
indicating a lack of skin sensitisation. The unpublished study was described in the OECD
report (OECD, 2003) as being of reliability 1, valid without restriction (Haarmann and Reimer
GmbH, 1995). A similar assay in rats involving a 50-plL subcutaneous injection of 5 mg
L-menthol (i.e. 10%) also found no sensitisation reaction (Friedrich et al., 2007).

Other regulatory guideline tests in guinea pigs did not produce skin sensitisation: a Beuhler
test with 0.5 ml of 0.25% L-menthol and maximization tests with D- and L-menthol (Anon,
1974; Ishihara et al., 1986). An equivocal result was reported for a modified Draize test
(Sharp, 1978).

Oral allergy/intolerance

Human

A double-blind, placebo-controlled food challenge was given to 73 subjects who had reported
food allergy or intolerance in dietary questionnaire (given to 1483 Dutch individuals). One
had a reaction to menthol described as ““aggravation of aphthae’” (whitish spots in the mouth
that characterize apthous stomatitis)” (Niestijl Janson et al., 1994).

Non-human

No substance-specific data were identified.
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INHALATION TOXICITY STUDIES

Single dose toxicity

Human

Dizziness, confusion, muscle weakness, nausea and double vision may result from the
inhalation of a “large” amount of methanol (Natural Medicines, undated). Evidence in
support of this statement might have been obtained from a case report in which a 13-year-
old boy (with bronchial asthma) who inhaled olbas oil containing menthol at 4.1% and
providing an approximate dose of 200 mg menthol, developed ataxia, euphoria, double vision
and weakness of the left arm and leg. However, menthol was one of a number of
constituents of the oil and it is not clear which was the cause of the adverse effects
(O'Mullane et al., 1982).

Workers involved in the manufacture of mentholated lozenges in the US were exposed to
menthol vapour at 4.9-39.4 mg/m? (in the production area). Reduced forced vital capacity
and 1-second forced expiratory volume at the end of a work shift were detected in non-
smokers and former smokers, but not in current smokers, in a group of 49 who underwent
pulmonary function testing (NIOSH, 1979).

Non-human
No overt toxicity was seen in guinea pigs following a 5-minute inhalation of menthol at up to
30 mg/m? (Laude et al., 1994).

The so-called “lowest published toxic concentration” (TCLo) was 16 mg/m? in rats for a
4-hour exposure. Toxic effects were described as “behavioral - alteration of classical
conditioning; cardiac - arrhythmias (including changes in conduction); kidney/ureter/bladder
- renal function tests depressed” (Anon, 2002).

The 4-hour LCso'* for rats exposed nose-only to an aerosol of DL-menthol was about
5289 mg/m? (guideline study) (Anon., 2012).

Repeated dose toxicity
Human
No substance-specific data were identified.

Non-human

Rats exposed to L-menthol at 0.56 or 0.95 mg/m? for 6.75 hours/day on 5 days/week for
about 10-11 weeks (6/sex/group) exhibited no signs of overt toxicity. A control group

(4 males, 8 females) was unexposed. Microscopic examination of the turbinates,
nasopharynx, trachea, lungs and skin (8-11/group) and the liver, spleen, kidney, heart, testis,
ovary, intestine and skeletal muscle (“from some of the animals”) did not reveal any adverse
effects and there was no clear evidence of treatment-related toxicity to the respiratory tract
(similar to control incidence) (see Cardiopulmonary effects section for details). In a group
exposed to a higher concentration, 1.66 mg/m?, severe lung congestion and inflammation
were seen (9/11). No abnormalities were seen in the haematology parameters measured
(Rakieten et al., 1954).

14 Lethal Concentration 50, i.e. the concentration that is lethal to 50% of the exposed group.
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According to a very limited report of an early study there were “no indications of
inflammation or injury in the respiratory tract” in rats continuously exposed to menthol at 0,
0.7-0.8 or 1.4-1.6 g/m? for 6 months (10/group), although the extent of the examination is
unclear. Growth was unaffected and eye irritation at the top concentration for the first few
days of exposure was the only overt toxicity reported (Haggard and Greenberg, 1941).

There was no effect on the lungs of mice exposed to menthol at 50 or 100 mg/m? for

5 hours/day for 84 days (10/group) but liver and kidney toxicity (including fatty degeneration
and necrotic foci) were reported. A 6-day exposure to 1000 mg/m? (6 hours/day) had a
similar effect on the liver and kidney and was also associated with erythraemia [increase in
the number of red blood cells] and small haematoma [solid swelling of clotted blood] in the
brain, heart, lung and kidney (Kowalski et al., 1962).

Rabbits “sprayed daily” for 9 months with a 1% menthol aerosol had damaged nasal passages
and sinuses. The administration route may have been intranasal, but this is not clear in the
limited report (Fox, 1930).

Exposure to an aerosol providing about 40 mg menthol/kg bw/day for 8 hours/day for
14 days did not induce overt toxicity in four monkeys (Alarie, undated).

TOXICITY STUDIES — OTHER EXPOSURE ROUTES

Single dose toxicity

Human

Abdominal pain, convulsions, nausea, vomiting, vertigo, ataxia, drowsiness and coma can
occur after a single oral intake of a high dose of menthol (cited in OECD, 2003). A child who
drank about 200-250 mg menthol/kg bw became drowsy and somnolent, felt pain in the
stomach and vomited, but was symptom free 4 days later (Leiber, 1967).

Fatigue was experienced by three volunteers who ingested 8-9 g menthol [about 120 mg/kg
bw?°]. They also reported a cold burning sensation in the mouth, throat and oesophagus and
a cold sensation on nasal mucous membranes and on the skin of the hands and feet
(Schwenkenbecher, 1908).

According to a standard text, “the fatal [oral] dose in man has been estimated to be about
2 g” [no further details provided] (Martindale, 1989).

Lozenges containing 1.36 mg menthol each (and other volatile oils) did not induce overt
toxicity in 40 healthy volunteers who dissolved 2 lozenges/20 minutes for 2 hours (Mendoza,
undated; Seltzer, undated).

Non-human
Reported oral LDso values'® in mice were 2652-4384 mg/kg bw and in rats 940-3180 mg/kg
bw (cited in EFSA, 2015).

15 Assuming a body weight of 70 kg.
16 Lethal Dose 50, i.e. the dose that is lethal to 50% of the exposed group.
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A single oral dose of L-menthol given to groups of 7-10 male rats was without overt signs of
toxicity or effects on body weight, liver and kidney weight or macroscopic appearance or on
serum chemistry at 500 mg/kg bw. The stomachs of animals given 50 mg/kg bw were
evaluated and a reduction in the acidity of gastric juice accompanied by an increased
adhesion of gastric mucus to the stomach wall and inhibition of gastric motility were
reported (Rozza et al., 2013).

Rats administered an acute oral dose of menthol at 39.33 mg/kg bw had increased bile
secretion and decreased total cholesterol in bile at up to 4 hours after administration, a
choleretic effect (Hu et al., 2015).

Repeated dose toxicity

Human

Thirty-five healthy volunteers who dissolved a lozenge containing menthol at 9.62 mg in the
mouth every 4-8 hours on 2 consecutive days were said to have no “systemic” symptoms
(Glassman and Packman, undated).

Non-human

In good quality studies, rats were administered diets containing DL-menthol at 3750 or
7500 ppm [providing about 188 or 375 mg/kg bw/day*’] and mice 2000 or 4000 ppm
[providing about 300 or 600 mg/kg bw/day] for 2 years. Survival was slightly decreased in
female mice, but the top doses tested, 375 and 600 mg/kg bw/day, were described as
NOAELs?® by EFSA (EFSA, 2015; NCI, 1979). (See also Carcinogenicity section.)

Oral gavage administration of menthol at 200, 400 or 800 mg/kg bw/day to rats for 28 days
was associated with an increase in liver weight (absolute and relative to body weight) and
hepatocyte vacuolisation. The lowest dose tested, 200 mg/kg bw/day, was therefore the
LOAEL?® in this study (Thorup et al., 1983). JECFA considered that the effect “may have
reflected adaption” (JECFA, 1999). In contrast, no adverse effects were reported in a
5.5-week dietary study in rats in which menthol was provided at 100 or 200 mg/kg bw/day
[no further details available] (Herken, 1961).

Rats fed doses of up to 1500 mg menthol/kg bw/day for 13 weeks (NCI, 1979) also had no
treatment-related adverse effects, according to JECFA2° (1999). In mice, 13 weeks’ dietary
exposure to menthol at levels of 1100 or 2300 mg/kg bw/day was associated with
perivascular lymphoid hyperplasia and interstitial nephritis in females and the high-dose
females also had reduced body weight. The NOAEL was 560 mg/kg bw/day (NCI, 1979)

Daily administration of L-menthol by oral gavage at 500 mg/kg bw/day for 3 days was
associated with reduced liver and kidney function [no further details in citing source] (Macht,
1939).

17 Conversions according to EFSA, 2015.

18 No-observed-adverse-effect levels.

19 L owest-observed-adverse-effect level.

20 Kidney inflammation was seen in the top-dose group, but JECFA did not consider this to be treatment related “since the
effect is commonly observed in aged male [F]344 rats”
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Expert-group opinions

“Menthol” was considered by two expert groups to show no genotoxic potential (EFSA,
2016b; JECFA, 1999) and a range of regulatory-approved tests carried out under the US
National Toxicology Program provided no evidence of genotoxicity for DL-menthol (NTP,
various dates).

Micro-organisms

Bacterial reverse mutation (Ames) tests with DL-menthol (three reports), L-menthol (three
reports) or an unspecified enantiomer of menthol (one report) all gave no evidence of
mutagenic potential. Test were conducted in several strains of Salmonella typhimurium or in
Escherichia coli WP2 uvrA, with and/or without S92 and at test concentrations up to 5
mg/plate. In a rec assay, described by EFSA as having “poor predictive value [for
genotoxicity]”, one group reported a positive result and one a negative result with L-menthol.
In a host-mediated assay, an unspecified enantiomer of menthol was given orally to mice and
mutagenicity was assessed in inoculated Salmonella typhimurium, with negative results
except at lethal doses (EFSA, 2015; 2016a,b).

Mammalian cells (in vitro)

Four chromosome aberration tests were cited by EFSA, one on DL-menthol, the others with
unspecified enantiomers of menthol, and none reported genotoxicity. Chinese hamster and
human cells were used in the tests, with and/or without S9, and cytotoxic concentrations
were included. No mutations were detected in a mouse lymphoma assay in L5178Y cells
exposed to DL-menthol at up to 0.2 mg/ml (“selected by a preliminary test”), with and
without S9, and two sister chromatid exchange (SCE) assays were also negative. At non-
cytotoxic concentrations, D-menthol did not increase DNA strand breaks in rat hepatocytes,
as measured in an alkaline elution assay (cited in EFSA, 2015; 2016a,b).

Mammals (in vivo)

In an alkaline comet assay in which rats were orally administered DL-menthol at 500, 1000 or
2000 mg/kg bw?? in corn oil for 3 days, no DNA damage was detected in the liver or the
stomach (Wada et al., 2015).

Male rats were administered menthol?® by oral gavage once at 1.45-3000 mg/kg bw or
repeated [duration not specified] at 1150 mg/kg bw/day and no cytogenetic effects were
seen in bone marrow cells. No toxicity to the bone marrow was observed, but the top dose
was limited by lethality. The same doses?* were tested for dominant lethal mutations, an
endpoint that was also negative (FDRL, 1975).

A 3-day intraperitoneal exposure of male mice to DL-menthol at 250-1000 mg/kg bw/day was
without effect on the incidence of micronuclei in the bone marrow. The top dose caused 50%
mortality but no bone marrow toxicity was seen (Shelby et al., 1993).

21 Induced mammalian liver post-mitochondrial fraction used for metabolic activation.
22 The highest dose was toxic.

23 The study report title gave the test material as: compound FDA 71-57, menthol.

24 Possibly the same animals.
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CARCINOGENICITY
Human
No substance-specific data were identified.

Non-human

Two high quality chronic dietary studies were performed with DL-menthol. Rats 3750 or
7500 ppm [about 188 or 375 mg/kg bw/day?*] and mice 2000 or 4000 ppm [about 300 or
600 mg/kg bw/day] for 2 years. No treatment-related increase in the frequency of tumours
was seen in either sex of either species (NCI, 1979). (See also Repeated dose toxicity section.)

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
Human
No substance-specific data were identified.

Non-human

Brief summaries of unpublished reports indicated that no teratogenicity had been induced by
menthol?® given by oral gavage to mice, rats and hamsters on days 6-15 of gestation and to
rabbits on days 6-18. The highest doses tested were 185, 218, 405 and 425 mg/kg bw/day,
respectively, which were the NOAELs for teratogenicity (FDRL, 1973).

Histopathological examination of the reproductive organs in 13-week dietary studies with
DL-menthol revealed no treatment related changes in male or female rats or mice. The
highest doses tested were about 1500 mg/kg bw/day in rats and 2300 mg/kg bw/day in mice.
A similar lack of effect was seen in 2-year studies at up to 380 or 600mg/kg bw/day,
respectively (NCI, 1979). (See also Repeated dose toxicity section.)

CARDIOPULMONARY EFFECTS

In the dietary studies cited in the Repeated dose toxicity section, evaluation included gross
and microscopic examination of the heart, trachea, lungs and mainstem bronchi. No
treatment-related abnormalities were reported in rats that received up to 375 mg/kg bw/day
or mice up to 600 mg/kg bw/day for 2 years (NCI, 1979).

In a repeated inhalation toxicity study, rats were exposed to L-menthol at 0.56, 0.95 or

1.66 mg/m? for 6.75 hours/day on 5 days/week for about 10-11 weeks (6/sex/group) and a
control group (4 males, 8 females) was unexposed. Various tissues were examined
microscopically and at the low and mid-exposure concentrations there were no adverse
effects noted in the turbinates, nasopharynx, trachea or lungs of 8-11 animals/group, nor in
the heart of an unspecified range of animals. There was no clear evidence of treatment-
related toxicity to the respiratory tract in these two groups, in that it was similar to the
control incidence. Six of nine control rats showed no respiratory tract abnormality, one had
mild tracheitis [inflammation of the trachea] and two had pneumonitis [inflammation of lung
tissue]. One of eight rats exposed to 0.56 mg/m? had mild tracheitis and at 0.95 mg/m?3, two

25 Conversions according to EFSA, 2015.
26 The study report title gave the test material as: FDA 71-57 (menthol natural, Brazilian).
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had mild pulmonary congestion, one had chronic pneumonia with bronchial hyperplasia and
one had mild tracheitis. However, at the high exposure concentration of 1.66 mg/m3, severe
lung congestion and inflammation were seen in nine of the eleven rats (Rakieten et al., 1954).
(See also Repeated dose toxicity section.)

As noted in the Repeated dose toxicity section, the lungs were unaffected when groups of
ten mice were exposed to 50 or 100 mg menthol/m? for 5 hours/day for 84 days. Exposure to
1000 mg/m?3 for 6 hours/day for 6 days was associated with erythraemia [increase in the
number of red blood cells] and small haematoma [solid swelling of clotted blood] in the heart
and lungs (Kowalski et al., 1962).

Two people with “excessive intakes” of sweets containing peppermint oil [providing about
5 mg menthol/kg bw/day] had heartbeat irregularities (Thomas, 1962).

In a double-blind placebo-controlled, randomised, cross-over trial, 22 healthy, non-smoking
individuals chewed gum containing 4 mg nicotine and/or 30 mg menthol. The increased heart
rate seen with nicotine was attenuated by menthol (Arendt Nielsen et al., 2015).

“Irritation of the nasal membranes, tachycardia [abnormal heart rate], dyspneia [dyspnoea,
shortness of breath], loss of consciousness [and] metabolic acidosis” were noted in thirteen
children (aged 1 month to 3 years) exposed accidentally to menthol by nasal instillation. Few
details were provided regarding the exposure, but the subjects had also been exposed to
eucalyptol and it is not clear whether this was separately or concurrently, nor which of the
effects were specifically attributable to menthol (Melis et al., 1989).

Menthol prolonged the duration of expiration when applied nasally to anaesthetized dogs,
breathing through traceostomy, an effect mediated through the posterior nasal nerve
(Kanamuaru et al., 1999).

Nasal application of menthol drops in young children has been linked to effects as severe as
collapse and death. Its autonomic reflexogen action can affect distant organs such as the
heart, lungs and circulation and could lead to sudden apnoea and glottal constriction (EMEA,
2008; OECD, 2003). (See Skin sensitisation section for further details.)
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EXISTING HEALTH CRITERIA VALUES (HCVs)

Agency/

company

organisation/

HCV (including
route)

Value and unit

Critical effect(s) and
effect level (e.g. NOAEC),
relevant population

Reference

DL-Menthol (89-78-1)

REACH
registrants

DNEL?’
(inhalation)

16.3 mg/m3

No information on
critical effect level.

General population,
inhalation route, lon
term or acute/short-
term exposure, systemic
effects.

BASF SE et
al., 2015

REACH
registrants

DNEL
(inhalation)

0.5 mg/m3

No information on
critical effect level.

General population,
inhalation route, long-
term or acute/short-
term exposure, local
effects.

BASF SE et
al., 2015

REACH
registrants

DNEL
(inhalation)

66.28 mg/m?

No information on
critical effect level.

Workers, inhalation
route, long-term or
acute/short-term
exposure, systemic
effects

BASF SE et
al., 2015

REACH
registrants

DNEL
(inhalation)

1 mg/m3

No information on
critical effect level.

Workers, inhalation
route, long-term or
acute/short-term
exposure, local effects

BASF SE et
al., 2015

JECFA

ADI (oral)

4 mg/kg bw

NOEL 380 mg/kg bw/day
(the highest dose
tested), 2-year rat
dietary study (NCI,
1979).

JECFA,
2000

27 A DNEL is the level of exposure to the substance above which humans should not be exposed. Health risks are considered
to be adequately controlled if exposures are kept below the DNELs. These values represent the views of the submitting

consortium. In general, the amount of information disseminated on the ECHA website is insufficient for easy or independent
verification of these DNELs.
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Agency/
organisation/
company

HCV (including
route)

Value and unit

Critical effect(s) and
effect level (e.g. NOAEC),
relevant population

Reference

“No safety concern” from the use of DL-menthol as a food flavouring agent based on
current estimated levels of intake of up to approximately 18 mg/day in Europe and
10 mg/day in the USA) (JECFA, 2000).

L-Menthol (2216-51-5)

REACH
registrants

DNEL
(inhalation)

33 mg/m?3

Dose descriptor starting
point after route-to-
route extrapolation
NOAEC?, 326 mg/m?
(highest dose tested).

General population,
inhalation route, long-
term exposure, systemic
effects.

BASF SE et
al., 2016

REACH
registrants

DNEL
(inhalation)

132 mg/m3

Dose descriptor starting
point after route-to-
route extrapolation
NOAEC?, 661 mg/m?3
(highest dose tested).

Workers, inhalation
route, long-term
exposure, systemic
effects.

BASF SE et
al., 2016

REACH
registrants

DNEL
(inhalation)

10 mg/m?

No information on
critical effect level.2°

Workers, inhalation
route, long-term and
acute/short-term
exposure, local effects.

BASF SE et
al., 2016

28 Derived from chronic repeated-dose oral toxicity data with an overall assessment factor of 10.
23 Derived from chronic repeated-dose oral toxicity data with an overall assessment factor of 5.

30 Derived from skin irritation data [no further information provided]
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Agency/ HCV (including | Value and unit Critical effect(s) and Reference

organisation/ route) effect level (e.g. NOAEC),
company relevant population
D-Menthol (15356-60-2)
REACH DNEL 13 mg/m3 No information on Symrise
registrant (inhalation) critical effect level®!. AG, 2015

General population,
inhalation route, long-
term or acute/short-
term exposure, systemic
effects, and long-term
exposure, local effects.

REACH DNEL 13 mg/m3 Dose descriptor starting | Symrise
registrant (inhalation) point after route-to- AG, 2015
route extrapolation
NOAE(C3?

General population,
inhalation route, acute/
short-term exposure,

local effects
REACH DNEL 52.5 mg/m?3 Dose descriptor starting | Symrise
registrant (inhalation) point after route to AG, 2015
route extrapolation
NOAEC*

Workers, inhalation
route, long-term,
systemic and local

effects.
REACH DNEL 280 mg/m3 Dose descriptor starting | Symrise
registrant (inhalation) point after route-to- AG, 2015
route extrapolation
NOAEC3#

Workers, inhalation
route, acute/short-term
exposure, systemic and
local effects

Menthol (1490-04-6)
No HCVs identified.

31 Derived from repeated-dose toxicity data with an overall assessment factor of 25
32 Derived from acute toxicity data with an overall assessment factor of 50.

33 Derived from repeated-dose toxicity data with an overall assessment factor of 12.5
34 Derived from acute toxicity data with an overall assessment factor of 12.5.
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APPENDIX: The (Ib) 4) database and databank

(b) (4)

(b) (4) includes information from peer-reviewed toxicology and nutrition journals as well as secondary
sources and websites. In addition to primary literature on the health effects of chemicals(b) (4)
covers official publications and evaluations issued by authoritative groups including:

Menthol

WHO/IPCS reports and evaluations (including CICADs and EHCs, and IARC, JECFA and JMPR
monographs), and the WHO Air Quality and Drinking-Water Quality Guidelines

OECD SIDS dossiers/SIARS
IUCLID data sets
EU Risk Assessment Reports

EU expert committee opinions (including EU scientific committees, and EFSA scientific panels)
and other reports from EU agencies and institutes etc (including ECHA, ECVAM, EMA and
CPS&Q)

ECETOC, HERA, Council of Europe and other pan-European programmes

UK government agency (including Defra, EA, FSA, DoH, HSE, HPA, PSD and VMD) and advisory
committee (e.g. COT, COM, COC, ACNFP, SACN, ACP, ACAF, VPC, VRC and ACRE) reports and
evaluations

Opinions from other UK organisations such as the Royal Society

US agency reports and evaluations (EPA, ATSDR, FDA, NTP, OSHA, NCEA, CFSAN, CERHR,
NIEHS, CDC, OEHHA and ACGIH)

Health Canada evaluations

BUA, DFG, BG Chemie and BfR reports and monographs

Gezondheidsraad opinions, including those from its various committees such as DECOS
RIVM reports

Danish EPA reviews

Reports and other information provided by Swedish governmental organisations, including
the National Food Administration and the Swedish Chemicals Agency

Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals

Australian agency reviews including NICNAS Priority Existing Chemical Assessments, APMVA
reports and (jointly with New Zealand) FSANZ assessments

Japanese Chemical Industry Ecology-Toxicology & Information Center reports
CIR, RIFM and other specialist industry groups
(b) Toxicity Profiles
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