Toxicological profile for

This ingredient has been assessed to determine potential human health effects for the consumer. It
was considered not to increase the inherent toxicity of the product and thus is acceptable under
conditions of intended use.



1. Name of substance and physico-chemical properties

1.1. IUPAC systematic name

Not applicable.

1.2. Synonyms

8006-90-4: Oils, peppermint; Peppermint absolute (Mentha piperita); Mentha piperita oil; FEMA
2848; Oils, mentha piperita; Oil of peppermint; Peppermint oil; Euminz; HSDB 1900; IBgard;
Mentharil; Peppermint oil (Mentha piperita); Peppermint oleoresin/extract (Mentha piperita L.);
Peppermint terpenes; Pfefferminz oel [German]; UNII-AV092KU4JH (ChemlIDplus); Essential oils,
peppermint; Essential oils, Mentha piperita; CoE 282

84082-70-2: Extract of peppermint, EINECS 282-015-4; FEMA No. 2847; Peppermint leaves
(Mentha piperita L.); Mentha piperita; Mentha piperita extract; Peppermint extract; Peppermint, ext.
(ChemlDplus)

1.3. Molecular formula

Unspecified (ChemIDplus)

1.4. Structural Formula

No data available to us at this time.

1.5. Molecular weight (g/mol)

No data available to us at this time.

1.6. CAS registration number

8006-90-4, 84082-70-2

1.7. Properties



1.7.1. Melting point

(°C): 79.5 (CAS RN 8006-90-4) (EPISuite, 2017)

1.7.2. Boiling point

(°C): 216 (CAS RN 8006-90-4) (EPISuite, 2017)

1.7.3. Solubility

Very slightly soluble in water (CAS RN 8006-90-4) (Merck, 2013); 420-490 mg/L at 25°C (CAS RN
8006-90-4) (EPISuite, 2017)

1.7.4. pKa

No data available to us at this time.

1.7.5. Flashpoint

(°C): No data available to us at this time.

1.7.6. Flammability limits (vol/vol%)

No data available to us at this time.

1.7.7. (Auto)ignition temperature

(°C): No data available to us at this time.

1.7.8. Decomposition temperature

(°C): No data available to us at this time.

1.7.9. Stability

No data available to us at this time.

1.7.10. Vapor pressure

6.37E-02 mmHg at 25°C (CAS RN 8006-90-4) (EPISuite, 2017)



1.7.11. log Kow

3.19 or 3.40 (CAS RN 8006-90-4) (EPISuite, 2017)

2. General information

2.1. Exposure

Cosmetics Yes (Cosmetics Bench Ref. 1996). | Food Yes (Ash 1995; Burdock, 2010).
Environment | No evidence (Merck 2013). Pharmaceuticals | Yes (Martindale 1993).

Peppermint (Mentha piperata) oil was detected in one depilatory product examined during the
period 2000-2005 (Travassos et al. 2011).

Reported levels from use as a flavouring (ppm): (FEMA, 1994)

Food category Usual Max Food category Usual Max
Alcoholic beverages 150.00 240.00 [ Gelatins, puddings 50.00 200.00
Baked goods 140.00 300.00 | Meat products 6.00 8.00
Chewing gum 8300.00 | 8300.00 | Nonalcoholic beverages | 39.00 99.00
Confection, frosting 650.00 650.00 | Soft candy 320.00 | 1200.00
Frozen dairy 95.00 110.00

Estimated intake from flavouring use is: 1.1751 mg/kg bw/day.
As taken from Burdock, 2010.

Peppermint oil (CAS RN 8006-90-4) is listed as an ingredient in inside the home, personal care,
pesticide and pet care products and peppermint extract (CAS RN 84082-70-2) as an ingredient in
inside the home, personal care and pet care products by the US Department of Health and Human
Services (2017).

Mentha piperita oil (CAS RN 8006-90-4/84082-70-2) is used as a masking, perfuming, refreshing
and tonic ingredient, Mentha piperita extract as a cleansing, deodorant, masking, refreshing and
tonic agent, Mentha piperita flower/leaf/stem extract as a flavouring, masking, perfuming and skin
conditioning agent, Mentha piperita flower/leaf/stem water as a masking and perfuming agent,
Mentha piperita herb extract as a perfuming agent, Mentha piperita leaf as a refreshing agent,
Mentha piperita leaf extract, Mentha piperita leaf juice and Mentha piperita leaf water as skin
conditioning agents and Mentha piperita water as a deodorant, masking, refreshing and tonic agent
(all CAS RN 84082-70-2).

As taken from Cosing (Cosmetic substances and ingredients database). Available at
http://ec.europa.eu/growth/tools-databases/cosing/ , accessed March 2018.

“Food: Spearmint oil and peppermint oil (usually rectified) are extensively used in flavoring chewing
gums, candies, and chocolates as well as in most other food products, including alcoholic (liqueurs,
etc.) and non-alcoholic beverages, frozen dairy desserts, baked goods, gelatins and puddings,
processed fruits, and sweet sauces. The highest average maximum use levels reported are 0.104%
for peppermint oil in candy and about 0.132% (1318 ppm) for spearmint oil in baked goods.”

“Dietary Supplements/Health Foods: Leaves (or oil) of peppermint and spearmint, widely used as
primary or adjunct flavoring for herb teas; capsules, tablets, tincture, and so on, in formulations for
digestion, colds, and fevers (FOSTER).”

“Others: Peppermint oil and menthol are widely used in flavoring tobacco.”
As taken from Khan and Abourashed, 2010.
Peppermint oil, peppermint leaves, peppermint absolute, peppermint oil, rectified and peppermint



CO2 extract (all CAS RN 8006-90-4) are listed as fragrance ingredients by IFRA (2016), and oils,
peppermint (CAS RN 8006-90-4) and peppermint (Mentha piperita) ext. (CAS RN 84082-70-2) on
the US EPA Inert Finder Database (2018).

National Occupational Exposure Survey (1981 - 1983)
Estimated Numbers of Employees Potentially Exposed to Specific Agents by Occupation®

Agent Name OIL, PEPPERMINT

CAS # 8006-90-4

RTECS # SC6125000

Agent Code 80680

Code | Occupation Description (1980) Total # Total #

Employees Female

(Male & | Employees
Female)

019 MANAGERS AND ADMINISTRATORS, N.E.C. 986

053 CIVIL ENGINEERS 483 88

095 REGISTERED NURSES 3,886 3,576

096 PHARMACISTS 529 349

099 OCCUPATIONAL THERAPISTS 300 197

103 PHYSICAL THERAPISTS 62 62

213 ELECTRICAL AND ELECTRONIC TECHNICIANS 17,319 8,562

216 ENGINEERING TECHNICIANS, N.E.C. 167 62

223 BIOLOGICAL TECHNICIANS 3,052 872

224 CHEMICAL TECHNICIANS 17 3

274 SALES WORKERS, OTHER COMMODITIES 1,315 1,315

363 PRODUCTION COORDINATORS 9

365 STOCK AND INVENTORY CLERKS 464

379 GENERAL OFFICE CLERKS 11 4

445 DENTAL ASSISTANTS 49 29

446 HEALTH AIDES, EXCEPT NURSING 427 176

447 NURSING AIDES, ORDERLIES, AND ATTENDANTS 111 61

449 MAIDS AND HOUSEMEN 1,853 1,447

453 JANITORS AND CLEANERS 1,526

518 INDUSTRIAL MACHINERY REPAIRERS 91

519 MACHINERY MAINTENANCE OCCUPATIONS 60

529 TELEPHONE INSTALLERS AND REPAIRERS 6,749

549 NOT SPECIFIED MECHANICS AND REPAIRERS 244

575 ELECTRICIANS 59

633 SUPERVISORS, PRODUCTION OCCUPATIONS 72

634 TOOL AND DIE MAKERS 66

637 MACHINISTS 5,923 268

674 MISCELLANEOUS PRECISION APPAREL AND FABRIC WORKERS 11

684 MISCELLANEOUS PRECISION WORKERS, N.E.C. 1,924

688 FOOD BATCHMAKERS 101 68

703 LATHE AND TURNING MACHINE SET-UP OPERATORS 28

704 LATHE AND TURNING MACHINE OPERATORS 659 3

705 MILLING AND PLANING MACHINE OPERATORS 334

708 DRILLING AND BORING MACHINE OPERATORS 749

709 GRINDING, ABRADING, BUFFING, AND POLISHING MACHINE 1,548 71

OPERATORS
715 MISCELLANEOUS METAL, PLASTIC, STONE, AND GLASS WORKING 432
MACHINE OPERATORS

719 MOLDING AND CASTING MACHINE OPERATORS 12

734 PRINTING MACHINE OPERATORS 3,722 156

747 PRESSING MACHINE OPERATORS 657 657

748 LAUNDERING AND DRY CLEANING MACHINE OPERATORS 329 329

754 PACKAGING AND FILLING MACHINE OPERATORS 1,030 411




755 EXTRUDING AND FORMING MACHINE OPERATORS 101 68
756 MIXING AND BLENDING MACHINE OPERATORS 634
759 PAINTING AND PAINT SPRAYING MACHINE OPERATORS 101 68
774 PHOTOGRAPHIC PROCESS MACHINE OPERATORS 657 657
777 MISCELLANEOUS MACHINE OPERATORS, N.E.C. 2,557 186
779 MACHINE OPERATORS, NOT SPECIFIED 2,056 441
785 ASSEMBLERS 956
796 PRODUCTION INSPECTORS, CHECKERS, AND EXAMINERS 452 329
797 PRODUCTION TESTERS 68 68
804 TRUCK DRIVERS, HEAVY 197
877 STOCK HANDLERS AND BAGGERS 138
887 VEHICLE WASHERS AND EQUIPMENT CLEANERS 23
888 HAND PACKERS AND PACKAGERS 617 617
889 LABORERS, EXCEPT CONSTRUCTION 1,124 430
TOTAL 67,045 21,627

*(1) The estimates for each occupation apply across the surveyed industries in which the agent was
observed. Not all industries were surveyed, and not all agents were observed in all surveyed
industries. (2) When using the estimates, standard errors associated with estimates should be
considered. (3) Potential exposures to a chemical agent are categorized as actual (i.e., the surveyor
observed the use of the specific agent) or tradename (i.e., the surveyor observed the use of a
tradename product known to contain the specific agent). The estimates presented in the table
combine both categories.

As taken from NIOSH, available at
https://web.archive.org/web/20111028111422/http://www.cdc.gov/noes/noes2/80680occ.html

2.2. Combustion products

This ingredient was investigated in a pyrolysis study. Results are given in JTI Study Report (s).

Compound Two stage heating One stage heating
Abundance Area% | Abundance Area%

ethanol + acetone 304295156 1.83 464990713 1.73
limonene 374610636 2.25 747662121 2.78
1,8-cineole + p-cymene 1037765626 6.24 1507107686 5.60
gamma-terpinene 210928965 1.27 424974602 1.58
3-octanol 113915547 0.69 273211709 1.01
trans-sabinene hydrate + pentyl isovalerate 401633213 242 949370138 3.53
menthofuran 664589762 4.00 1477416426 5.49
menthone 2711756829 16.31 3906938994 14.51
neomenthol 805089759 4.84 1089878769 4.05
terpinen-4-ol + isomenthone 956473960 5.75 884692490 3.29
menthol 4052050876 24.37 | 5053219826 18.76
alpha terpineol + menthol isomer 220866262 1.33 357229464 1.33
pulegone + unknown 464532121 2.79 951821329 3.53
menthyl acetate + carvone 1146427266 6.90 1979659083 7.35
piperitone 269659796 1.62 560409713 2.08
beta-bourbonene 175671868 1.06 404832477 1.50
beta-caryophyllene 517050243 3.1 1066880336 3.96
germacrene d 228400197 1.37 622693875 2.31




| Total ion chromatogram | 16671547226 | 100 | 26956444805 | 100 |

This ingredient was investigated in a pyrolysis study. Results are given in Baker and Bishop (2005)
J. Anal. Appl. Pyrolysis 74, 145-170.

Ingredient Max. cig. | Purity of Composition of pyrolysate Max.
Name & appln. Sample (Compound, %) level in
CAS Number level (%) smoke
(ppm) (mg)
Peppermint oil 35 na Menthol (44.9) 8
8006-90-4 Menthone (19.9) 3
Menthofuran (10.4) 2
Menthol acetate (5.8) 1
Cineole (4.6) 0.8

2.3. Ingredient(s) from which it originates

Peppermint oil derived from Mentha piperita, and cornmint and peppermint oil derived from Menta
arvensis/ [BUREAU OF THE CENSUS. U.S. IMPORTS FOR CONSUMPTION AND GENERAL
IMPORTS 1984 p.1-374 and 1-375] **PEER REVIEWED**

As taken from HSDB, 2003

Peppermint oil is obtained by steam distillation of the fresh, overground parts of the flowering plant,
Mentha piperita.

As taken from Burdock, 2010.

No evidence of its presence in tobacco naturally (Stedman 1968; Lloyd 1976).

“Peppermint yields 0.1-1.0% (usually 0.3-0.4%) of volatile oil.....
“Spearmint yields normally about 0.7% volatile olil, .......
“Cornmint contains 1-2% volatile oil .....
As taken from Khan and Abourashed, 2010.

Mentha piperita oil (CAS RN 8006-90-4/84082-70-2) is the volatile oil and Mentha piperita extract
(CAS RN 84082-70-2) is an extract obtained from the whole plant of the peppermint, Mentha
piperita (L.), Labiatae.

Mentha piperita flower/leaf/stem extract is an extract and Mentha piperita flower/leaf/stem water is
the aqueous solution of the steam distillates (both CAS RN 84082-70-2) of the flowers, leaves and
stems of the peppermint, Mentha piperita (L.), Labiatae.

Mentha piperita herb extract (CAS RN 84082-70-2) is an extract obtained from the herbs of the
peppermint, Mentha piperita (L.), Labiatae.

Mentha piperita leaf is the leaves, Mentha piperita leaf extract is an extract of the leaves, Mentha
piperita leaf juice is the juice expressed from the leaves and Mentha piperita leaf water is an
aqueous solution of the steam distillate (all CAS RN 84082-70-2) obtained from the leaves of the
peppermint, Mentha piperita (L.), Labiatae.

As taken from Cosing (Cosmetic substances and ingredients database). Available at
http://ec.europa.eu/growth/tools-databases/cosing/, accessed March 2018.




3. Status in legislation and other official guidance

Essential oils, oleoresins (solvent-free), and natural extractives (including distillates) that are
generally recognized as safe for their intended use, within the meaning of section 409 of the Act.
Peppermint is included on this list. [21 CFR 182.20 (4/1/97)] **PEER REVIEWED**

As taken from HSDB, 2003

States approving use in tobacco UK, France, Germany, Belgium

Food UK |Yes [EU |Yes |usa | ves
ADI Not listed

Codex Alim. Not listed

C of E no. 282 | FEMA no. | 2848

TLV (ACGIH) Not listed

Cosmetics (UK) Not listed in Schedule 1

Peppermint, oil (Mentha piperita L. (CAS RN 8006-90-4) is included on the US FDA’s list of
Everything Added to Food in the United States (EAFUS) as GRAS (Generally Recognized as Safe)
under 21 CFR section 182.20 (Essential oils, oleoresins (solvent-free), and natural extractives
(including distillates)). It is also included under 21 CFR section 172.230 (microcapsules for flavoring
substances) (EAFUS, 2013; FDA, 2018)

Peppermint oil, peppermint leaves, peppermint absolute, peppermint oil, rectified and peppermint
CO2 extract (all CAS RN 8006-90-4) are listed by IFRA (2016).

Peppermint oil (Mentha piperita) appears on the list of “Permitted Additives to Tobacco Products in
the United Kingdom" (Department of Health, 2003) at a maximum level permitted for inclusion in
cigarettes/RYO, cigars and pipe tobacco of 2 % w/w.

Oils, peppermint (CAS RN 8006-0-4) are pre-registered under REACH (“envisaged registration
deadline 30 November 2010”) (ECHA, 2018a).

There is a REACH dossier on peppermint extract (CAS RNs 8006-90-4/84082-70-2) (ECHA,
2018b).

Oils, peppermint (CAS RN 8006-90-4) are listed in the US EPA Inert Finder Database (2018) as
approved for non-food and fragrance use pesticide products and peppermint (Mentha piperita) ext.
(CAS RN 84082-70-2) for fragrance use pesticide products.

Oils, peppermint (CAS RN 8006-90-4) are listed in the US EPA Toxic Substances Control Act
(TSCA) inventory and also in the US EPA CDR list (Chemical Data Reporting Rule). The Chemical
Data Reporting (CDR) Rule requires companies that manufacture (including import) certain
chemicals at certain volumes in the U.S. to report to EPA every four years through its CDR.

The TSCA inventory and 2012 CDR list are available at
https://iaspub.epa.gov/sor internet/registry/substreg/searchandretrieve/searchbylist/search.do

“The highest recommended daily dose in the EU is 1.2 ml peppermint oil i.e. 1080-1099 mg
peppermint oil (based on relative density 0.9-0.916 g/cm?® according Ph. Eur. 8.1 (2014)” (EMA,
2014).

Neither CAS RN is classified for packaging and labelling under Regulation (EC) No. 1272/2008
(ECHA, 2018c).

Peppermint extract (CAS RN 84082-70-2) and oils, peppermint (CAS RN 8006-90-4) are listed in
the New Zealand Inventory of Chemicals; peppermint extract being allowed for use as a single
component chemical under an appropriate group standard, and oils, peppermint with HSNO



Approval Code HSR003779 (NZ EPA, 2006) and being classified according to the New Zealand
authorities (NZ EPA CCID).

Peppermint oil (CAS RN 8006-90-4) and peppermint leaves (Mentha piperita L.) (CAS RN 84082-
70-2) were granted GRAS status for use as food flavourings in the US by FEMA (Hall amd Oser,
1965).

4. Metabolism/Pharmacokinetics

4.1. Metabolism/metabolites

“The major biliary metabolite is menthol glucuronide, which undergoes enterohepatic circulation.
The urinary metabolites result from hydroxylation at the C-7 methyl group at C-8 and C-9 of the
isopropyl moiety, forming a series of mono- and dihydroxymenthols and carboxylic acids, some of
which are excreted in part as glucuronic acid conjugates.”

As taken from Grigoleit HG & Grigoleit P. Phytomedicine. 2005 Aug; 12(8):612-6. PubMed, 2010
available at
http://www.ncbi.nIm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
16121523&query hl=19&itool=pubmed DocSum

“OBJECTIVE: Peppermint oil (PMO) has been used to treat abdominal ailments dating to ancient
Egypt, Greece and Rome. Despite its increasing paediatric use, as in irritable bowel syndrome (IBS)
treatment, the pharmacokinetics (PK) of menthol in children given PMO has not been explored.
DESIGN AND SETTING: Single-site, exploratory pilot study of menthol PK following a single 187
mg dose of PMO. Subjects with paediatric Rome |l defined (IBS; n=6, male and female, 7-15 years
of age) were enrolled. Blood samples were obtained before PMO administration and at 10 discrete
time points over a 12 h postdose period. Menthol was quantitated from plasma using a validated
gas chromatography mass spectrometry technique. Menthol PK parameters were determined using
a standard non-compartmental approach. RESULTS: Following a dose of PMO, a substantial lag
time (range 1-4 h) was seen in all subjects for the appearance of menthol which in turn, produced a
delayed time of peak (Tmax=5.3 £ 2.4 h) plasma concentration (Cmax=698.2 + 245.4 ng/mL). Tmax
and Tlag were significantly more variable than the two exposure parameters; Cmax, mean
residence time and total area under the curve (AUC=4039.7 + 583.8 ng/mL x h) which had a
coefficient of variation of <20%. CONCLUSIONS: Delayed appearance of menthol in plasma after
oral PMO administration in children is likely a formulation-specific event which, in IBS, could
increase intestinal residence time of the active ingredient. Our data also demonstrate the feasibility
of using menthol PK in children with IBS to support definitive studies of PMO dose-effect
relationships.” As taken from Kearns GL et al. 2015. BMJ Open 5(8), e008375. PubMed, 2016
available at: http://www.ncbi.nlm.nih.gov/pubmed/26270949

4.2. Absorption, distribution and excretion

Peppermint oil was absorbed through the skin of mice, and was detected in the blood one hour after
dermal application (BIBRA, 1999).

When human volunteers were administered orally 180 mg of the oil in a capsule, 20-65% of the
dose was excreted in the urine within 14 hours (BIBRA, 1999).

“Pharmacokinetic studies reveal that fractionated urinary recovery of menthol is dependent on the
kind of formulation used for the application of PO. Optimal pH triggered enteric coated formulations
start releasing PO in the small intestine extending release over 10-12 h thus providing PO to the
target organ in irritable bowel syndrome, i.e. the colon.”

As taken from Grigoleit HG & Grigoleit P. Phytomedicine. 2005 Aug; 12(8):607-11. PubMed, 2010



available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?’cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
16121522&query hl=19&itool=pubmed DocSum

‘In animals, peppermint is rapidly absorbed. The major biliary metabolite is menthol glucuronide,
which undergoes enterohepatic circulation. After inhalation, pulmonary absorption depends on
various factors and the rapid elimination indicates that there should be no accumulation during long-
term application.

The urinary metabolites are excreted in part as glucuronic acid conjugates. Studies in rats indicated
equal excretion in feces and urine of essential oil compounds. The main metabolite identified was
menthol-glucuronide” (EMEA, 2008).

‘A randomized, two-way, crossover, bioequivalence study in 6 beagle dogs was conducted to
compare the bioavailability of two peppermint oil formulations, soft capsule and hard capsule. The
drug was given in a single dose of two capsules (total, 200 mg), and blood samples were withdrawn
during the 12 h after drug administration. Menthol (CAS 2216-51-5) as the main component of
peppermint oil was determined by a gas chromatography-tandem mass spectrometry (GC-MS/I MS)
method after cleavage with beta-glucuronidase. The following pharmacokinetic variables were
computed for the two formulations: maximum concentration (Cmax), time to maximum
concentration (Tmax), half-life of elimination (t1/2), mean residence time (MRT), and areas under
the plasma concentration-time curve (AUC(0-t) and AUC(0-infinity)). For calculation of the 90%
confidence interval (Cl), an analysis of variance (ANOVA) was carried out. The results indicated
that treatment and subject had statistically significant effect on AUC(0-t), AUC(0O-infinity), and
Cmax, and the 90% Cls for AUC(0-t), AUC(0-infinity), and Cmax were outside the acceptable
bioequivalence range. The relative bioavailability was 121.4 +/- 10.6% for AUC(0-infinity).
Therefore, it can be concluded that the two formulations are not bioequivalent and the bioavailability
of soft capsules is significantly higher than that of hard capsules” (Wu et al. 2010).

4.3. Interactions

“The principal pharmacodynamic effect of peppermint oil relevant to the gastrointestinal tract is a
dose-related antispasmodic effect on the smooth musculature due to the interference of menthol
with the movement of calcium across the cell membrane.”

As taken from Grigoleit HG & Grigoleit P. Phytomedicine. 2005 Aug; 12(8):612-6. PubMed, 2010
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
16121523&query hl=19&itool=pubmed DocSum

“‘Exposure to environmental stresses and toxins is linked to the pathogenesis of neuropsychiatric
disorders. Astrocytes, the most abundant glial-cell type in the brain, are considered to have
physiological and pathological roles in neuronal activities. We have investigated whether
peppermint oil inhibits heat shock-induced apoptosis of astrocytes. We found that peppermint oil
inhibits the heat shock-induced apoptosis in both human astrocyte CCF-STTG1 cells and rat
astrocytes. Pretreatment of the cells with peppermint oil inhibited the heat shock-induced DNA
fragmentation and condensation of nuclear chromatin. Peppermint oil also inhibited the caspase-3
activation and poly-ADP-ribose polymerase fragmentation in CCF-STTG1 cells. These results
suggest that peppermint oil may modulate the apoptosis of astrocytes via the activation of the
caspase-3.”

As taken from Koo HN et al. J Mol Neurosci. 2001 Dec; 17(3):391-6. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
11859935&query hl=19&itool=pubmed DocSum

“The influence of peppermint oil on intestinal transport was investigated in rat jejunum using both
intestinal sheets mounted in Ussing chambers and brush border membrane vesicles. Mucosal
peppermint oil (1 and 5 mg/ml) had no significant effect on basal short circuit current, but inhibited




the increase associated with sodium dependent glucose absorption. The increased short circuit
current induced by serosal acetylcholine, a reflection of calcium mediated electrogenic chloride
secretion, was unaffected by mucosal peppermint oil (5 mg/ml). In contrast, serosal peppermint oil
(1 mg/ml) inhibited the response to acetylcholine without reducing the effect of mucosal glucose. In
brush border membrane vesicles active glucose uptake was inhibited by extravesicular peppermint
oil at concentrations of 0.5 and 1 mg/ml. Peppermint oil in the intestinal lumen inhibits enterocyte
glucose uptake via a direct action at the brush border membrane. Inhibition of secretion by serosal
peppermint oil is consistent with a reduced availability of calcium.”

As taken from Beesley A et al. Gut. 1996 Aug; 39(2):214-9. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
8991859&query hl=19&itool=pubmed DocSum

“The appearance of common and self-initiative usage of various herbal preparations in everyday
practice and life imposes the question of possible interactions with drugs. This survey examined the
influence of acute and chronic peppermint oil (PO--Mentha x piperita L., Lamiaceae; prepared as
emulsion for oral use) on pentobarbitone-induced sleeping time, analgesic effect of codeine and
impairment of motor coordination caused by midazolam in mice. The chemical profile of essential oil
was determined by GC-MS. Applied doses of PO were 0.1 and 0.2 mL/kg. Chronic PO intake (in
both doses) led to significant decrease of analgesic effect of codeine, while acute intake of PO did
not change this effect. Acute PO pretreatment in higher dose caused significant prolongation of
pentobarbitone-induced sleeping time, while it was significantly shortened by chronic PO
pretreatment at the same dose. Midazolam effect was enhanced and prolonged significantly by
chronic PO intake at higher dose, while acute intake of PO did not change this effect. Gut motility
was increased only by acute intake of higher PO dose. Regarding the fact that PO produces
changes in tested drug effects, the interaction between drugs and phytopreparations containing PO
should be additionally followed/confirmed in humans.” As taken from Samojlik | et al. 2012.
Phytother. Res. 26 (6), 820-5. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/220769097?dopt=AbstractPlus

‘In this study we investigated the relationship between several selected commercially available
essential oils and beta-lactam antibiotics on their antibacterial effect against multidrug resistant
bacteria. The antibacterial activity of essential oils and antibiotics was assessed using broth
microdilution. The combined effects between essential oils of cinnamon bark, lavender, marjoram,
tea tree, peppermint and ampicillin, piperacillin, cefazolin, cefuroxime, carbenicillin, ceftazidime,
meropenem, were evaluated by means of the checkerboard method against beta-lactamase-
producing Escherichia coli. In the latter assays, fractional inhibitory concentration (FIC) values were
calculated to characterize interaction between the combinations. Substantial susceptibility of the
bacteria toward natural antibiotics and a considerable reduction in the minimum inhibitory
concentrations (MIC) of the antibiotics were noted in some paired combinations of antibiotics and
essential oils. Out of 35 antibiotic-essential oil pairs tested, four of them showed synergistic effect
(FIC<0.5) and 31 pairs showed no interaction (FIC>0.5-4.0). The preliminary results obtained
highlighted the occurrence of a pronounced synergistic relationship between piperacillin/cinnamon
bark oil, piperacillin/lavender oil, piperacillin/peppermint oil as well as meropenem/peppermint oil
against two of the three bacteria under study with a FIC index in the range 0.26-0.5. The finding
highlighted the potential of peppermint, cinnamon bark and lavender essential oils being as
antibiotic resistance modifying agent. Reduced usage of antibiotics could be employed as a
treatment strategy to decrease the adverse effects and possibly to reverse the beta-lactam
antibiotic resistance.” As taken from Yap PS et al. 2013. Phytomedicine 20(8-9), 710-3. PubMed,
2014 available at http://www.ncbi.nIm.nih.gov/pubmed/23537749

‘CONTEXT: Plant extracts are commonly used in a number of cosmetics and topical
pharmaceuticals. The effects on such extracts on the subsequent dermal absorption and
penetration of other cosmetic ingredients needs to be evaluated. OBJECTIVE: This study
demonstrates the effect of some natural extracts routinely found in cosmetics on the dermal
absorption and penetration of marker penetrants. METHODS: Aqueous ethanolic extracts of Gingko
biloba, Lavendula angustifolia, Rosmarinus officinale, Mentha piperita, Matricaria recutita, Persea




Americana, Avena sativa, Zingiber officinale were prepared. 14C-caffeine and 14C-salicylic acid
were topically dosed with either 10% solutions of natural extracts or ethanol (control) using a flow
through in vitro porcine skin diffusion system. Samples were analyzed with liquid scintillation
counter. The parameters of flux, permeability, and percent dose absorbed/retained were calculated
and compared. RESULTS: The dermal absorption of 14C-caffeine was significantly higher (p =0.05)
with avocado, chamomile, ginger and peppermint extract as compared to the control ethanol; while
dermal absorption of 14C-salicylic acid was significantly greater with ginkgo and chamomile extract
as compared to ethanol. Over four fold increase in flux and permeability of caffeine with avocado
extract was observed while chamomile and peppermint extracts increased the flux and permeability
of caffeine over three fold. Gingko and chamomile extracts increased salicylic acid's flux and
permeability by two fold. Sum of %dose skin residue + %absorption in receptor fluid for different
extracts exhibited the similar trend as shown by flux and permeability. The other natural extracts
tested did not produce statistically significant effects on dermal penetration parameters for both
caffeine and salicylic acid (p=0.05). CONCLUSION: These results emphasize the influence of
natural plant extracts on the transdermal penetration of hydrophilic (caffeine) and hydrophobic
(salicylic acid) penetrants and thus warrants the consideration as to their safety in cosmetics and
topical pharmaceuticals containing natural extracts.” As taken from Muhammad F et al. 2017.
Cutan. Ocul. Toxicol. 36(1), 60-66. PubMed, 2017 available at
https://www.ncbi.nim.nih.gov/pubmed/27027912

5. Toxicity

5.1. Single dose toxicity
Record for CAS RN 8006-90-4:

Organism | Test Route Reported Dose Effect Source
Type (Normalized
Dose)
mouse LD50 |oral 2490mg/kg Tokishikoroji Foramu.
(2490mg/kg) Toxicology Forum.
Vol. 8, Pg. 91, 1985.
rat LD50 [intraperitoneal |819mg/kg BEHAVIORAL: Journal of
(819mg/kg) CONVULSIONS OR | Pharmaceutical
EFFECT ON SEIZURE [Sciences. Vol. 54,
THRESHOLD Pg. 1071, 1965.

BEHAVIORAL: ATAXIA

LUNGS, THORAX, OR
RESPIRATION:
RESPIRATORY
DEPRESSION

rat LD50 |oral 2426mg/kg BEHAVIORAL: ATAXIA |Journal of
(2426mg/kg) Pharmaceutical
BEHAVIORAL: Sciences. Vol. 54,
MUSCLE Pg. 1071, 1965.
CONTRACTION OR
SPASTICITY)

LUNGS, THORAX, OR
RESPIRATION:
RESPIRATORY
DEPRESSION

As taken from ChemlDplus, available at https://chem.nIlm.nih.gov/chemidplus/




Peppermint oil is of low oral toxicity
Record for CAS RN 8006-90-4:

Species | Route Dose data Toxic effects References
Rat Oral LDso: 2426 mg/kg | Behavioral - ataxia Behavioral - JPMSAE Journal of
bw muscle contraction or spasticity |Pharmaceutical Sciences.
Lungs, Thorax, or Respiration - |(American Pharmaceutical
respiratory depression Assoc., 2215 Constitution Ave.,
NW, Washington, DC 20037)
\V.50- 1961+

\Volume(issue)/page/year:
54,1071,1965

Rat Oral TDLo: 0.83 mL/kg Liver - change in gall bladder |CEXPB9 Clinical and
structure or function Experimental Pharmacology and
Physiology. (Blackwell Scientific
Publications, (Australia) Pty Ltd.,
107 Barry St., Carlton, Vic. 3053,

Australia) V.1- 1974-
\Volume(issue)/page/year:
30,799,2003
Rat Intraperitoneal | LDso: 819 mg/kg bw | Behavioral - convulsions or JPMSAE Journal of
effect on seizure threshold |Pharmaceutical Sciences.
Behavioral - ataxia Lungs, |(American Pharmaceutical
Thorax, or Respiration - |[Assoc., 2215 Constitution Ave.,
respiratory depression NW, Washington, DC 20037)
\V.50- 1961+

\Volume(issue)/page/year:
54,1071,1965

Mouse Oral LDso: 2490 mg/kg TOFODS Tokishikoroji Foramu.
bw Toxicology  Forum.  (Saiensu
Foramu, c/o Kida Bldg., 1-2-13
'Yushima, Bunkyo-ku, Tokyo 113,

Japan) V.6- 1983
\Volume(issue)/page/year:
8,91,1985

As taken from RTECS, 2011
“Atrial fibrillation, muscle pain, cooling sensation, burning sensation after acute exposure.”

‘ANIMALS SHOWED MILD STIMULATION FOLLOWED BY DEPRESSION, TWITCHING,
SPASTIC CONVULSIONS, ATAXIA, HINDLIMB PARALYSIS & SLOWED RESPIRATIONS.”

As taken from HSDB, 2003

‘A man who consumed a “peppermint capsule” to relieve his diarrhoea felt within 3 hr a severe
burning sensation in the anus on defecation [no information on the quantity of peppermint oil in the
capsule was given] (Weston, 1987).” (BIBRA, 1999)

“‘Nausea and the urge to urinate was reported in one of five volunteers who had 0.1 ml peppermint
oil (dissolved in 20 ml saline) instilled into their large bowel. Four experienced abdominal cramps,
pain and the urge to defecate (Rogers et al. 1988).” (BIBRA, 1999)

LD50 oral, rat — 2426mg/kg (Ash 1995)
LD50 intraperitoneal, rat - 819mg/kg (Ash 1995)

5.2. Repeated dose toxicity

A daily dose of up to 1.2 ml peppermint oil, in capsules, was well tolerated by patients with irritable
bowel syndrome in a three week clinical trial. Heartburn was observed in two individuals, but the



investigators deduced that this could have been caused by premature release of the oil into the
stomach (BIBRA, 1999).

Peppermint oil was investigated in a number of repeated dose studies (BIBRA, 1999). No overt
clinical signs of toxicity were observed in rats given up to 500 mg/kg bw/day for five weeks by
stomach tube. Furthermore, no treatment related changes were observed at post mortem. Previous
similar studies, both 28 and 90 day exposures, had resulted in a no-observed effect level being
established at 40 mg/kg bw/day, due to microscopic brain lesions. However, a subsequent review
concluded that these lesions were artefacts resulting from inadequate preparation of the tissue prior
to examination.

“Similar effects were reported from the same laboratory in a study that followed the same protocol,
when peppermint oil containing 1-3% R(+)-pulegone was given by gavage to provide a dose of 0,
10, 40, or 100 mg/kg bw per day to groups of 10 male and of10 female Wistar SPF rats for 28 days.
No differences in body weight or food consumption were found between treated and control groups.
A slight, non-significant increase in water consumption was reported in all treated groups.
Haematological examinations, blood chemical determinations, and urine analysis revealed normal
values. The only significant histopathological change was the appearance of ‘cyst-like spaces’ in
the white matter of the cerebellum in animals at the two higher doses, but there were no obvious
clinical sugns of encephalopathy (Thorup et al., 1983b; Olsen & Thorup, 1984).”

“Peppermint oil containing 1-2% pulegone was administered to groups of three beagle dogs of
each sex at a dose of 25 or 125 mg/kg bw per day or to groups of 12 male Wistar rats at a dose of
20, 150, or 500 mg/kg bw per day, by gavage for 5 weeks. The animals were inspected daily for
clinical signs; body weight and food consumption were recorded weekly; haematological, blood
biochemical, and urinary parameters were measured before treatment and during week 5; and
histological examination was conducted at termination. The rats showed no effects on general
health, behaviour, or body weight, and the hematological and urinary parameters were normal.
Histological examination revealed no specific pathological lesions. A reduction in triglyceride
concentration in rats at the high dose was attributed to decreased food consumption. Similar results
were found for dogs, except that males at the high dose had slightly, non-significantly increased
alkaline phosphatase activity and urea concentrations. These increases were considered to be of
no toxicological relevance (Mengs & Stotzem, 1989).”

“Peppermint oil containing 1.1% pulegone was administered to groups of 14 male and 14 female
Wistar rats by oral gavage in soya bean oil at a dose of 0, 10, 40, or 100 mg/kg bw per day for 90
days. Body weights and food and water consumption were measured weekly; no differences were
found between treated and control animals. Haematological examinations and blood chemical
determinations perfomed on 10 animals of each sex on days 30 and 86 of dosing showed normal
values. Animals at the low and intermediate doses showed no effects, but male rats at the high
dose had nephropathy, in the form of hyaline droplets. The authors concluded that this effect was
an early manifestation of sex- and species-specific nephropathy due to the appearance of alpha-2-
microglobulin in the kidney. ‘Cyst-like spaces’ in the cerebellum were reported in animals at the high
dose, but there were no other signs of encephalopathy (Spindler & Madsen, 1992). As this effect
was not reproduced in the 28-day study in which animals were given pulegone at 160 mg/kg bw per
day, an NOEL for peppermint oil of 40 mg/kg bw per day could be identified, which corres-ponds to
an NOEL for pulegone of 0.44 mg/kg bw per day. Nevertheless, it is ques-tionable whether the
effects at the high dose are relevant in terms of human risk.”

As taken from WHO Food Additives Series 46, available at
http://www.inchem.org/documents/jecfa/jecmono/v46ije10.htm

“1. The aim of the present study was to investigate the effects of peppermint oil and valerian on rat
liver and cultured human hepatoma cells. 2. Rats received a single oral dose of peppermint oil (8.3-
830 microL/kg) or valerian (0.31-18.6 g/kg), or daily oral doses of 83 microlL/kg peppermint oil or 3.1
g/kg valerian for 28 days. After 24 h, rats were anaesthetized and measurements made of bile flow,
liver function and in vivo sinusoidal area. Livers were then removed for histology. 3. Bile flow was
unaffected by any treatment, except acute high-dose peppermint oil (830 microL/kg; 70% increase



in flow). No change in liver enzyme activity was found, except for a 45% increase in alkaline
phosphatase after chronic peppermint oil. No change in sinusoidal area in vivo or in histology was
found following any treatment, although pretreatment with carbon tetrachloride reduced sinusoidal
bed area and produced histological damage. Incubation of human hepatoma cells with 0.5
microL/mL (but not 0.05 microL/mL) peppermint oil or 20 mg/mL (but not 2 mg/mL) valerian resulted
in increased cell death. 4. In conclusion, the present study demonstrated in vitro toxicity of high
doses of valerian and peppermint oil in cultured human hepatoma cells and, at doses 2-3 orders of
magnitude greater than those recommended for human use, an increase in rat bile flow after acute
peppermint oil and an increase in alkaline phosphatase after chronic peppermint oil.”

As taken from Vo LT et al.,, (2003), Clin Exp Pharmacol Physiol. 2003 Oct; 30(10):799-804.
Pubmed, 2011 available at
http://www.ncbi.nim.nih.gov/entrez/query.fcqi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
14516421&query hl=3&itool=pubmed docsum

“‘An English abstract of a Danish paper reports burning sensations in the throat and stomach
amongst 19 patients with irritable bowel syndrome who took part in a clinical trial of capsules
containing 200 mg peppermint oil [at unspecified concentrations]. Four capsules each containing 50
mg peppermint oil were consumed 30 minutes prior to each meal (Lech et al. 1988). In an
equivalent Swedish clinical trial, four of 30 patients reported dry mouth when they took 0.6 ml
peppermint oil daily in capsules (Carling et al. 1989).” (BIBRA, 1999)

“In a 4-wk clinical trial involving daily doses of 90 mg peppermint oil (and 50 mg caraway oil) in
capsular form, there was one adverse reaction (out of 19 patients with non-ulcer dyspepsia) which
the investigators believed was treatment-related, a substernal burning sensation with severe
eructation [belching] and nausea. Another three reactions were seen in the treatment group, an acid
taste and flatulence, hyperventilation, and neurological disturbances including a suspected grand
mal. Three of the 20 controls also reported adverse reactions (May et al. 1996).” (BIBRA, 1999)

“No effect on growth was observed in six dogs given up to 125 mg/kg bw/day for 5 wk by capsule.
Blood parameters were normal and a limited examination of the tissues (including the brain) failed
to identity any treatment-related changes (Mengs & Stotzem, 1989).” (BIBRA, 1999)

“In nine studies, 269 healthy subjects or patients underwent exposure to peppermint oil (PO) either
by topical intraluminal (stomach or colon) or oral administration by single doses or 2 weeks
treatment (n = 19). Methods used to detect effects were oro-cecal transit time by hydrogen
expiration, total gastrointestinal transit time by carmine red method, gastric emptying time by
radiolabelled test meal or sonography, direct observation of colonic motility or indirect recording
through pressure changes or relieve of colonic spasms during barium enema examination. The
dose range covered in single dose studies is 0.1-0.24ml of PO/subject. With one exception, which
show an unexplained potentiation of neostigmine stimulated colon activity, all other studies result in
effects, indicating a substantial spasmolytic effect of PO of the smooth muscles of the
gastrointestinal tract.”

As taken from Grigoleit HG & GrigoletP. Phytomedicine. 2005 Aug; 12(8):607-11. PubMed, 2011
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcqi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
16121522&query hl=19&itool=pubmed DocSum

Record for CAS RN 8006-90-4:

T £ Route of | Species
ype o EwvimaAaniivwa ~ 1 TAant Nacra Nata Tavia Cfanta DaAfAavanman




Test LApUDUIC (9]} 1 191 U wdadla T1UAIUV CIITULL NEeICICIIVE
Administration System
TDLo - | Oral Rodent - [ 9 gm/kg/90D | Brain and Coverings - | TOLEDS Toxicology
Lowest rat (intermittent) | other degenerative | Letters. (Elsevier Science
published changes Pub. B.V., POB 211,
toxic Kidney/Ureter/Bladder | 1000  AE Amsterdam,
dose - changes in tubules | Netherlands) V.1- 1977-
(including acute renal | Volume(issue)/pagelyear:
failure, acute tubular | 62,215,1992
necrosis)
TDLo - | Oral Rodent - | 2.32 Liver - other changes | CEXPB9 Clinical and
Lowest rat mL/kg/28D Biochemical - Enzyme | Experimental
published (intermittent) | inhibition, induction, or | Pharmacology and
toxic change in blood or | Physiology. (Blackwell
dose tissue levels - | Scientific Publications,
phosphatases (Australia) Pty Ltd., 107
Barry St., Carlton, Vic.
3053, Australia) V.1-
1974-
Volume(issue)/page/year:
30,799,2003

As taken from RTECS, 2011

5.3. Reproduction toxicity

“Peppermint oil has been used to induce menstruation and should, therefore, be avoided in
pregnancy.”

As taken from HSDB, 2003

Groups of 10 female rats were given oral doses of peppermint oil at 0, 150, 750 or 1500 mg/kg
bw/day from 7 days prior to mating and throughout mating, gestation and delivery, until postnatal
day 4. Maternal toxicity (statistically significant decreased body weight gain and food consumption
and clinical effects) were seen at 750 mg/kg bw/day and above. A statistically significant increase in
the number of stillborn pups was noted at 750 mg/kg bw/day and above, with decreased pup
viability and pup body weight also being noted at these dose levels. The maternal and
developmental NOAEL was 150 mg/kg/day (Volimuth et al. 1990).

Mentha x piperita (CAS RN 8006-90-4) is suspected to be toxic for reproduction. The Toolbox
profiler DART scheme v.1.0 gives an alert for toxicity to reproduction.

As taken from ECHA, 2016.

The reliability and applicability of this QSAR prediction as standalone source of toxicological
information is limited and inappropriate for some complex endpoints like reprotoxicity or
carcinogenicity. Nevertheless, for the toxicological assessment of this ingredient, this result was still
taken into consideration and used within the WoE approach as a supportive tool, in combination
with other sources of information when available, like experimental data or appropriate read-across.

5.4. Mutagenicity

The Ames test was used to evaluate the mutagenicity of a number of neat complex flavor mixtures.
Studies in which peppermint oil was part of the test mixture include EMT000309 (CD-ROM 1, JTI
Submission, 2002). The results show that these mixtures were not mutagenic.

Peppermint oil was not mutagenic when tested in a number of Salmonella strains in the presence
and absence of metabolic activation (BIBRA, 1999). However, the maximum concentration tested in
the assay was limited by the toxicity of the oil.



No mutagenicity was detected when peppermint oil was tested in an Ames test or a mouse
lymphoma assay, both in the presence and absence of metabolic activation. Similarly, it did not
induce unscheduled DNA synthesis in rat hepatocytes in vitro (Heck et al., 1989)

Peppermint produced equivocal results in chromosome aberration assays in Chinese hamster lung
cells in the absence of S9 (BIBRA, 1999).

“‘Genotoxic properties of the essential oils extracted from dill (Anethum graveolens L.) herb and
seeds, peppermint (Menthaxpiperita L.) herb and pine (Pinus sylvestris L.) needles were studied
using chromosome aberration (CA) and sister chromatid exchange (SCE) tests in human
lymphocytes in vitro, and Drosophila melanogaster somatic mutation and recombination test
(SMART) in vivo. In the CA test, the most active essential oil was from dill seeds, then followed
essential oils from dill herb, peppermint herb and pine needles, respectively. In the SCE test, the
most active essential oils were from dill herb and seeds followed by essential oils from pine needles
and peppermint herb. Essential oils from dill herb and seeds and pine needles induced CA and
SCE in a clear dose-dependent manner, while peppermint essential oil induced SCE in a dose-
independent manner. All essential oils were cytotoxic for human lymphocytes. In the SMART test, a
dose-dependent increase in mutation frequency was observed for essential oils from pine and dill
herb. Peppermint essential oil induced mutations in a dose-independent manner. Essential oil from
dill seeds was almost inactive in the SMART test.”

As taken from Lazutka JR. (2001) 39(5):485-92. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
11313115&query hl=11&itool=pubmed docsum

“A Japanese group has reported both equivocal (Ishidate et al. 1984) and negative (Ishidate et al.
1988) results in tests on peppermint oil for chromosomal damage (aberrations) in Chinese hamster
lung cells in the absence of a liver metabolic activation system.” (BIBRA, 1999)

In vivo
Species Test conditions Endpoint Result Reference
Drosophila 0.1-1.5% Somatic Weak +ve Lazutka et al.
Melanogaster peppermint oil fed | mutation and 2001
to larvae  for | \ocombination

) roughly 48 hr,
(this assay can be adults then
classed as in examined
vivo or in vitro) for wing spots

No other relevant data identified for peppermint oil, but the following information on menthol (which may be present at
up to 60% in peppermint oil) is pertinent.

Rats (groups Gavage Chromosome -ve LBI, 1973
of 5-15) administration  of | damage
Imenthol at up to
145 mg/kg
bw/day for 1 or 5
days, bone
marrow examined
for aberrations

Rats Up to 3 g I-| Chromosome -ve LBI, 1975,
menthol/kg bw damage cited in
(probably oral, JECFA, 1999
not
specified in
expert report),
bone marrow
examined for
aberrations

Rats Up to 3 g I-| Germcell -ve LBI, 1975,



menthol/kg bw mutations cited in
(probably oral, JECFA, 1999
not
specified in
expert report),
dominant lethal
assay (i.e.
presumably early
foetal deaths
monitored when
males were
mated with
untreated
females)
Mice (groups dl-menthol, 0, | Chromosome -ve Shelby et al.
of 5-6 males) 025, 0.5 or 1| damage 1993
g;kfs bw/day for 3 (This was a
by i.p. injection, high quality
bone marrow study)
cells assessed for
micronuclei. Top
dose killed 3/6
mice
Mice (4) Gavage DNA damage -ve Sasaki et al.
administration of 2000
dl-menthol at 3 (This was a
g/kg bw.’ one high quality
mouse killed at
each study)
timepoint 0, 3, 8
or 24 hours, DNA
damage
assessed (comet
assay) in
stomach, colon,
liver, kidney,
bladder, lung,
brain
and bone marrow
In vitro
Test system Test Endpoint Activation Result References
conditions
Salmonella Peppermint oil Mutation With and -ve Andersen &
typhimurium at up to 160 without S9 Jensen, 1984
strains TA98, pg/plate. The low (cited in
TA100, Higher concentration BIBRA, 1999)
TA1535 and concentrations tested would
TA1537 were said to have limited
be toxic sensitivity
Salmonella 10 mg extract Mutation Without +ve in TA102 Mahmoud et
typhimurium from the al. 1992
strains TA98 peppermint
and TA102 plant, Mentha
piperita L.
Salmonella Paper in Mutation Mutation With | -ve (as were all Haresaku et
typhimurium Japanese. and of the tested al. 1985
strains TA98 (Retrieval in without S9 agents)
and TA100 Toxline search




indicates that
peppermint oil
was tested.)

Salmonella Peppermint | Mutation Without Peppermint Il Sivaswamy et
typhimurium, and Il was said to be al. 1991
strains TA98, essential oils +ve in TA1537
TA1535, were said to peppermint |
TA1537 and have been weakly +ve in
TA1538 tested at 5 TA98 and
and 10 TA1538.
picolitres/plate However, the
study is
unreliable as
these positive
results were
reported at
minuscule
levels (picolitres/
plate)
and
spontaneous
mutation rate
was around
100-fold higher
than normal
Bacillus subtilis Peppermint oil DNA repair ? +ve Anon, 1985,
tested at 5 (cited in
pl/disc RTECS,
2011)
Bacillus Peppermint oil DNA repair With and +ve in absence Kuroda et al.
subtilis (rec tested, without S9 of S9 1989 (cited in
assay) conditions not BIBRA, 1999)
specified in
expert review
Chinese Peppermint oil Chromosome Without Equivocal (7% Ishidate et al.
hamster lung tested at up to damage of cells had 1984
cells 0.25 mg/ml, structural
cells aberrations)
examined for
chromosomal
aberrations at
24 hr
Chinese Peppermint oil Chromosome Without -ve Ishidate et al.
hamster lung tested for damage 1988 (cited in
cells chromosomal BIBRA, 1999)
aberrations.
No further
details given
in expert
review
Mouse Peppermint Mutation Without -ve Heck et al.
lymphoma oil. No further 1989 (cited in
cells (L5178Y details given BIBRA, 1999)
TK+/-) in expert

review.




Rat liver cells

Peppermint
oil. Cells
assessed for
sister
chromatid
exchanges
(SCEs). No
further details
given in expert
review.

Chromosome
effects

Heck et al.
1989 (cited in
BIBRA, 1999)

Human
lymphocytes

Peppermint oil
tested at up to
0.3 pl/ml, cells
assessed for
chromosome
aberrations
and SCEs

Chromosome
damage and

chromosome
effects

Without

+ve for
chromosome
damage,
equivocal for
SCEs

Lazutka et al.
2001

No other relevant data identified for peppermint oil, but the following information on menthol (which
may be present at up to 60% in peppermint oil) is pertinent.

Salmonella Various Mutation With and -ve JECFA, 1999
typhimurium studies on dland without S9
strains TA92, [-menthol, (citing 4
TA94, TA9S, atupto 5 studies)
TA100, mg/plate
TA1535,
TA1537,
TA2637, G46
Hamster ovary Various Chromosome With and -ve JECFA, 1999
and lung cells, studies on dland damage and without S9
and human [-menthol, chromosome (citing 6
embryo cells atup to 10 effects studies)

mg/ml, cells

assessed for

chromosome

aberrations

and SCE
Hamster ovary Incubated with Chromosome With and -ve at nontoxic Hilliard et al.
cells dl-menthol at damage without S9 concentrations, 1998

up to 1.8 weak +ve at

mmol/l for 3 toxic

hr, harvested concentrations

at 20 hr and

assessed for

chromosome

aberrations.

Toxic at 1.2

mmol/l and

above
Mouse Two studies Somatic cell Not -ve JECFA, 1999
lymphoma on dI-menthol, mutations specified
cells up to 0.2 in expert (citing 2

mg/ml report studies)
Human blood Upto 2 DNA damage Not -ve JECFA, 1999
cells and mmol/l, cells specified
hamster lung examined for in expert (citing 1




cells DNA damage report study)
Rat Upto 1.3 DNA damage Not +ve +ve JECFA,
hepatocytes mmol/l, cells applicable 1999
examined for
DNA damage (citing 1
study)
+ve, positive; -ve, negative; ?, equivocal; with, with metabolic activation; without, without metabolic activation

5.5. Cytotoxicity

“We have investigated whether peppermint oil inhibits heat shock-induced apoptosis of astrocytes.
We found that peppermint oil inhibits the heat shock-induced apoptosis in both human astrocyte
CCF-STTGH1 cells and rat astrocytes. Pretreatment of the cells with peppermint oil inhibited the heat
shock-induced DNA fragmentation and condensation of nuclear chromatin. Peppermint oil also
inhibited the caspase-3 activation and poly-ADP-ribose polymerase fragmentation in CCF-STTG1
cells. These results suggest that peppermint oil may modulate the apoptosis of astrocytes via the
activation of the caspase-3.”

As taken from Koo HN et al., (2001) J Mol Neurosci. 2001 Dec; 17(3):391-6. PubMed, 2010
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
11859935&query hl=19&itool=pubmed DocSum

“Peppermint oils have been reported to have cytotoxic properties.”As taken from Encyclopaedia of
common natural ingredients used in food, drugs and cosmetics, 2nd edition, A. Leung & S. Foster,
2003, pp. 368-372.

“Mentha piperita (MP), also known as peppermint, is an aromatic and medicinal plant widely used in
the food industry, perfumery and cosmetic, pharmacy and traditional medicine. Its essential oil (EO)
displays antimicrobial activity against a range of bacteria and fungi. In this study, we found that MP
EO lethal cytotoxicity is associated with increased levels of intracellular reactive oxygen species,
mitochondrial fragmentation and chromatin condensation, without loss of the plasma membrane
integrity, indicative of an apoptotic process. Overexpression of cytosolic catalase and superoxide
dismutases reverted the lethal effects of the EO and of its major component menthol. Conversely,
deficiency in Sod1p (cytosolic copper-zinc-superoxide dismutase) greatly increased sensitivity to
both agents, but deficiency in Sod2p (mitochondrial manganese superoxide dismutase) only
induced sensitivity under respiratory growth conditions. Mentha piperita EO increased the frequency
of respiratory deficient mutants indicative of damage to the mitochondrial genome, although
increase in mitochondrial thiol oxidation does not seem to be involved in the EO toxicity.” As taken
from Ferreira P et al. 2014. FEMS Yeast Res. 14(7), 1006-1014. PubMed, available at
http://www.ncbi.nim.nih.gov/pubmed/25065265

“The essential oil was obtained by hydrodistillation and the identification and quantification of
components were achieved with the use of GC-MS analysis. The antioxidant activity was evaluated
by the method of sequestration of DPPH. Essential oils were used for study the cytotoxic front
larvae of Artemia salina. In the evaluation of the antimicrobial activity of essential oils, we employed
the disk-diffusion method. The potential larvicide in mosquito larvae of the third stage of
development of Aedes aegypti to different concentrations of essential oils was evaluated. The major
compounds found in the essential oils of M. piperita were linalool (51.8%) and epoxyocimene
(19.3%). The percentage of antioxidant activity was 79.9 £ 1.6%. The essential oil showed LC50 =
414.6 pg/mL front of A. saline and is considered highly toxic. It shows sensitivity and halos
significant inhibition against E. coli. The essential possessed partial larvicidal efficiency against A.
aegypti.” As taken from da Silva Ramos R et al. 2017. Scientific World Journal 2017, 4927214.
PubMed, 2017 available at https://www.ncbi.nlm.nih.gov/pubmed/28116346




“The inhibitory potential by contact and vapor of basil, cinnamon, clove, peppermint, oregano,
rosemary, common thyme, and red thyme essential oils (EOs) against 20 strains of Streptococcus
suis was determined by the disk diffusion test. The broth microdilution method was used to
determine the minimal inhibitory and minimal bactericidal concentration (MIC and MBC) of the four
selected oils. Furthermore, the bactericidal power (ratio MBC/MIC) was calculated. The EOs with
the major potential in the disk diffusion method were red thyme, common thyme, oregano, and
cinnamon (@ mean 16.5-34.2 mm), whereas cinnamon did not show vapor activity. In the
microdilution test, all the EOs showed notable antimicrobial activity (MICgeo and MBCgy 312.5-
625 ug-ml-' ) and a strong bactericidal power (ratio = 1). This is the first study that selects essential
oils against S. suis. New studies about the possible synergic effect of EOs with antibiotics and
about toxicity and efficacy in in vivo conditions are recommended.” As taken from de Aguiar FC et
al. 2018. Microbiologyopen. Epub ahead of print. PubMed, 2018 available at:
https://www.ncbi.nim.nih.gov/pubmed/29575822

“The present study aimed to investigate the phytochemical composition of Mentha x piperita L.
(MP) and Lavandula angustifolia Mill. (LA) extracts in terms of hydroxycinnamic acid (HCAs)
content, in particular, caffeic (CA), p-cumaric (CU), ferulic (FE), and rosmarinic (RS) acids using
LC-MS. Also, the in vitro antimicrobial effect against Staphylococcus aureus and the
antiproliferative activity against two cancerous cell lines (A375 and MDA-MB-231) using the MTT
assay were tested. The extracts were prepared using aromatic water which resulted from the
extraction of oils from plants as extraction medium, with/without acid. The results showed that RS
and FE represent the majority of HCAs compounds; the highest content of FE is found in LA
(7.47 mg-g'd.m.), and the maximum content of RS in MP (6.36 mg-g'd.m.). Regarding the
antimicrobial effect against Staphylococcus aureus, the two extracts showed a simulative role on
the growth rate of Staphyloccocus aureus, but a slightly inhibitory effect (69.12%) can be attributed
to the acidic environment. In terms of biological activity against MDA-MB-231 breast carcinoma cell
line, and A375 human melanoma cell line, at the highest employed concentration, 150 ug-mL-", the
tested extracts present a weak antiproliferative effect.” As taken from Alexa A et al. 2018. Anal. Cell
Pathol. (Amst). 2018, 2678924. PubMed, 2018 available at:
https://www.ncbi.nlm.nih.gov/pubmed/29552454

‘In the present study, the essential oils (EOs) of some officinal plants from Abruzzo territory (ltaly)
were evaluated for their antimicrobial and antioxidant activities and their volatile fraction chemical
characterization. The EOs were extracted from Rosmarinus officinalis, Origanum vulgare, Salvia
officinalis, Mentha piperita, Allium sativum, Foeniculum vulgare, Satureja montana, Thymus vulgaris
and Coriandrum sativum seeds. The antimicrobial activity was screened against thirteen Gram-
positive and Gram-negative strains to determine the Minimal Inhibitory Concentration (MIC). The
total phenolic content (TPC) and the antioxidant capacity (AOC) were assessed by means of Folin-
Ciocalteu method, and Trolox Equivalent Antioxidant Capacity with 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid (TEAC/ABTS), Ferric Reducing Antioxidant Power (FRAP) and
2,2-diphenyl-1-picrylhydrazyl (DPPH) assays respectively. Among the nine EOs tested, T. vulgaris,
S. montana, O. vulgare and C. sativum EOs showed MIC values ranging from 0.625 to 5 pL/mL.
The AOC and TPC results for these species were also interesting. The major components for these
EOs were thymol for T. vulgaris (44%) and O. vulgare (40%), linalool (77%) for C. sativum, and
carvacrol for S. montana (54%). The results allowed the study to establish that these EOs are good
candidates for potential application as biopreservatives in foods and/or food manufacture
environments.” As taken from Pellegrini M et al. 2018. Foods 7(2), E19. PubMed, 2018 available at:
https://www.ncbi.nim.nih.gov/pubmed/29393893

“This study was planned in order to investigate effective essential oils to inhibit in-vitro growth of
Methicillin resistant Staphylococcus aureus (MRSA). In this study using disc diffusion method anti
MRSA activity of ten diverse essential oils extracted from traditional plants namely Thymus vulgaris
L, Mentha pulegium, Ocimum sanctum, Mentha piperita, Cymbopogon citratus, Rosmarinus
officinalis L., Cortex cinnamom, Citrus nobilis x Citrus deliciosa, Origanum vulgare and Mentha sp.
was examined. All the essential oils inhibited growth of S. aureus to different extent, by exhibiting
moderate to elevated zones of inhibitions. Essential oils of cinnamon (Cortex cinnamomi) and
thyme (Thymus vulgaris L) were observed to be the most powerful against MRSA strains used in




this study. At lowest concentration of 25ul/ml essential oils comprehensible zone of inhibition was
found 91£0.085mm and 8+0.051mm respectively, and at elevated concentrations there was a total
decline in growth of MRSA and a very clear zone of inhibition was observed. A synergistic effect of
essential oils in amalgamation with amoxicillin a Penicillin group of antibiotic was also examined.
Interestingly a strong synergism was observed with oregano (Origanum vulgare) and pennyroyal
mint (Mentha pulegium) essential oils, which were not so effective alone driven out to be important
synergistic candidate. Our results demonstrated that essential oils of cinnamon and thyme can be
used as potential antimicrobial agent against the Methicillin-resistant Staphylococcus aureus
infections and Amoxicillin antibacterial activity can be enhanced using active constituents present in
oregano and pennyroyal mint essential oils.” As taken from Uzair B et al. 2017. Pak. J. Pharm. Sci.
30(5(Supplementary)), 1997-2002. PubMed, 2018 available at:
https://www.ncbi.nlm.nih.gov/pubmed/29105634

“‘Mentha piperita L. (peppermint) possesses antimicrobial properties, but little is known of its ability
to modulate macrophages. Macrophages are essential in bacterial infection control due to their
antimicrobial functions and ability to link the innate and adaptive immune responses. We evaluated
the effects of the peppermint leaf hydroalcoholic extract (LHAE) on cultured murine peritoneal
macrophages stimulated or not with lipopolysaccharide (LPS) in vitro. Vehicle-treated cells were
used as controls. The constituents of the extract were also identified. Epicatechin was the major
compound detected in the LHAE. LPS-induced macrophage death was reversed by incubation with
LHAE (1-30 pg/ml). Higher concentrations of the extract (=100 ug/ml) decreased macrophage
viability (49-57%) in the absence of LPS. LHAE (1-300 pg/ml) attenuated H>O- (34.6-53.4%) but not
nitric oxide production by these cells. At similar concentrations, the extract increased the activity of
superoxide dismutase (15.3-63.5-fold) and glutathione peroxidase (34.4-73.6-fold) in LPS-treated
macrophages. Only LPS-unstimulated macrophages presented enhanced phagocytosis (3.6-6.6-
fold increase) when incubated with LHAE (3-30 pug/ml). Overall, the LHAE obtained from peppermint
modulates macrophage-mediated inflammatory responses, by stimulating the antioxidant pathway
in these cells. These effects may be beneficial when the excessive activation of macrophages
contributes to tissue damage during infectious disease.” As taken from Arruda MO et al. 2017. J.

Immunol. Res. 2017, 2078794. PubMed, 2018 available at:

https://www.ncbi.nim.nih.gov/pubmed/29085843

5.6. Carcinogenicity
Species Test conditions Evidence of carcinogenicity Reference
Groups of 52 Oral administration (by | None Roe et al.
male mice stomach tube) of toothpaste 1979

providing 4 or 16 mg
peppermint  oil’lkg  bwi/day,
6 days/wk for 80 wks. The
incidence of tumours was
compared with that in 260
male mice given the toothpaste
base alone.

No evidence of carcinogenic activity was seen in
the brain, liver, lung or kidney, and the incidence
of malignant lymphoma was similarly

unaffected.

This study was not

designed to examine the carcinogenic potential
of peppermint oil and would have had only a
very limited sensitivity to this particular
component.

No other relevant data identified for peppermint oil, but the following information on menthol (which may be present at



up to 60% in peppermint oil) is pertinent.

Mice Skin application of condensed | None Schievelbein,
vapour from  mentholated 1969

cigarettes, results compared
with mice  treated  with
condensate from non-menthol
cigarettes, no further details
given in this very brief German

Tumour yields were similar in the two groups

report
Groups of 50 Dietary inclusion of dl-menthol | None NCI, 1978
rats/sex to give doses of about 190 or

375 mg/kg bw/day for 2yr. A
comprehensive examination of
tissues was undertaken

Groups of 50 Dietary inclusion of dl-menthol | No real evidence NCI, 1978
mice/sex to give doses of about 300 or
600 mg/kg bw/day for 2yr. A
comprehensive examination of
tissues was undertaken

Small increases in liver carcinoma in males —
8/48, 8/48, 14/48 — and benign lung tumours in
females — 0/49, 3/47, 5/48 — were not statistically
significant and were within historical control
ranges

5.7. Irritation/immunotoxicity

Peppermint oil is not generally considered as an irritant of human skin, but it does cause allergic
contact dermatitis (BIBRA, 1999). Peppermint oil has been shown to be irritant on exposure with
rabbit skin.

The use of peppermint oil in toothpastes, mouth washes and foods has resulted in sensitization
reactions in and around the mouth, and a asthmatic responses have also been reported (BIBRA,
1999).

“Splash of peppermint oil in the eye caused a loss of corneal epithelium, corneal infiltration, release
of pigment into the anterior chamber with deposits on the back of the cornea, but in the course of
sixteen days the irritation subsided.”

As taken from HSDB, 2003

“We report 12 cases of contact sensitivity to the flavouring agents menthol and peppermint oil in
patients presenting with intra-oral symptoms in association with burning mouth syndrome, recurrent
oral ulceration or a lichenoid reaction. The patients were referred from the Glasgow Dental Hospital
over a 4-year period for assessment of the possible contribution of contact sensitivity to their
complaints. 5 patients with burning mouth syndrome demonstrated contact sensitivity to menthol
and/or peppermint, with 1 patient sensitive to both agents, 3 positive to menthol only and 1 to
peppermint only. 4 cases with recurrent intra-oral ulceration were sensitive to both menthol and
peppermint. 3 patients with an oral lichenoid reaction were positive to menthol on patch testing, with
2 also sensitive to peppermint. 9 of the 12 cases demonstrated additional positive patch test results.
After a mean follow-up of 32.7 months (range 9-48 months), of the 9 patients that could be
contacted, 6 patients described clearance or improvement of their symptoms as a consequence of
avoidance of menthol/peppermint.”

As taken from Morton CA et al. (1995) Contact Dermatitis. 1995 May; 32(5):281-4. PubMed, 2010
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
7634781&query hl=13&itool=pubmed docsum

“Peppermint oil can produce-urticarial reactions [hives] (de Groot, 1994).” (BIBRA, 1999)




“The etiology of cheilitis is often not readily apparent. We present a case series of four patients with
allergic contact cheilitis (ACC) secondary to exposure to peppermint oil contained in a lip balm
product. These patients developed eczematous dermatitis involving their lips and perioral skin. They
were tested with the North American Contact Dermatitis Group standard series as well as with an
expanded series of flavoring agents, sunscreens, plant and fragrance components, and their own
products. The lip balm contained potential sensitizers such as propolis, lanolin, coconut oil, almond
oil, peppermint oil, and vitamin E. Our patch-test results showed that peppermint oil was the most
likely culprit in these patients' ACC. Peppermint oil is less commonly reported as causing ACC than
are more common contactants such as balsam of Peru or nickel sulfate. However, with the
widespread use of lip balms containing peppermint oil, more cases of peppermint oil-induced ACC
may be expected” (Tran et al. 2010).

In a review of patch test results in a large cohort of patients, doubtful or irritant reactions to
peppermint oil were more frequent than positive reactions (Uter et al 2010).

Peppermint absolute (Mentha piperita) is considered to be an established contact allergen in
humans (SCCS, 2011).

Vulval contact dermatitis was diagnosed in a 43-year-old woman who regularly drank large
quantities of peppermint oil-containing herbal tea over a prolonged period. She also tested positive
to a patch test with 2% peppermint oil (Vermatt et al. 2008).

A case of allergic contact dermatitis to the peppermint fragrance in foot spray as a secondary event
to golfer’'s vasculitis has been reported in a 57-year-old woman. The patient tested positive in a
patch test to the diluted fragrance (Kalavala et al. 2007).

‘BACKGROUND: Anaphylaxis, a form of IgE mediated hypersensitivity, arises when mast cells and
possibly basophils are provoked to secrete mediators with potent vasoactive and smooth muscle
contractile activities that evoke a systemic response. We report a case of IgE mediated anaphylaxis
to peppermint (Mentha piperita) in a male shortly after sucking on a candy. CASE
PRESENTATION: A 69 year old male developed sudden onset of lip and tongue swelling, throat
tightness and shortness of breath within five minutes of sucking on a peppermint candy. He denied
lightheadedness, weakness, nausea, vomiting, or urticaria. He took 25 mg of diphenhydramine, but
his symptoms progressed to onset of cough, wheeze and difficulty with talking and swallowing. He
was rushed to the nearest emergency department, where he was treated with intramuscular
epinephrine, antihistamines and steroids. On history, he reported recent onset of mouth itchiness
and mild tongue and lip swelling after using Colgate peppermint toothpaste. He denied previous
history of asthma, allergic rhinitis, food or drug allergies. His past medical history was remarkable
for hypercholesterolemia, gastroesophageal reflux and gout. He was on simvastatin, omeprazole,
aspirin, and was carrying a self-injectable epinephrine device. He moved to current residence three
years ago and cultivated mint plants in his backyard. He admitted to develop nasal congestion,
cough and wheeze when gardening. Physical examination was unremarkable apart from slightly
swollen pale inferior turbinates. Skin prick test (SPT) was strongly positive to a slurry of peppermint
candy and fresh peppermint leaf, with appropriate controls. Same tests performed on five healthy
volunteers yielded negative results. Skin testing to common inhalants including molds and main
allergenic foods was positive to dust mites. Strict avoidance of mint containing items was advised.
Upon reassessment, he had removed mint plants from his garden which led to resolution of
symptoms when gardening. CONCLUSION: IgE mediated anaphylaxis to peppermint is rare. This
case demonstrates a systemic reaction to a commonly consumed item, incapable of triggering
anaphylaxis in the far majority of the population, yet causing a severe episode for our patient.” As
taken from Bayat R and Borici-Mazi R. 2014. Allergy Asthma Clin. Immunol. 10(1), 6. PubMed,
2014 available at http://www.ncbi.nim.nih.gov/pubmed/24472564

“Topically applied cosmetics and medicaments containing botanical extracts are commonly used.
Despite popular beliefs of their benignancy, some botanicals have been implicated in causing



allergic contact dermatitis in susceptible patients. The offending allergen may be the botanical
extract itself or another ingredient such as a fragrance, preservative, dye, or sunscreen found in the
product. Specific botanicals implicated in causing cosmetic contact dermatitis include Compositae
family plants, tea tree oil, peppermint, lavender, lichens, henna, and others.” As taken from Jack AR
et al. 2013. Semin. Cutan. Med. Surg. 32(3), 140-6. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24175401

“Peppermint oil is easily available as a constituent of medicines. A near fatal case due to ingestion
of toxic dose of oral peppermint oil is being reported. The patient came in a comatosed state and
was in shock. She was managed with mechanical ventilation and ionotropes. Her vital parameters
reached normal within 8 hours and became conscious by 24 hours. The side effects of peppermint
oil are considered to be mild but this case report warns that ingestion of oral toxic doses of
peppermint oil could be dangerous.” As taken from Nath SS et al. 2012. Indian J. Anaesth. 256(6),
582-4. PubMed, 2014 available at http://www.ncbi.nim.nih.gov/pubmed/23325948

“This work was aimed at correlating the chemotype of three Mentha species cultivated in Romania
with an in vivo study of the anti-inflammatory and antinociceptive effects of essential oils. The
selected species were Mentha piperita L. var. pallescens (white peppermint), Mentha spicata L.
subsp. crispata (spearmint), and Mentha suaveolens Ehrh. (pineapple mint). Qualitative and
quantitative analysis of the essential oils isolated from the selected Mentha species was performed
by gas chromatography coupled with mass spectrometry (GC-MS). The anti-inflammatory activity of
the essential oils was determined by the rat paw edema test induced by A-carrageenan. The
antinociceptive effect of the essential oils was evaluated by the writhing test in mice, using 1% (v/v)
acetic acid solution administered intraperitonealy and by the hot plate test in mice. The results
showed a menthol chemotype for M. piperita pallescens, a carvone chemotype for M. spicata, and a
piperitenone oxide chemotype for M. suaveolens. The essential oil from M. spicata L. (EOMSP)
produced statistically significant and dose-dependent anti-inflammatory and antinociceptive effects.”
As taken from Mogosan C et al. 2017. Molecules 22(2), E263. PubMed, 2017 available at
https://www.ncbi.nim.nih.gov/pubmed/28208614

5.8. All other relevant types of toxicity

No inhalation data were identified for peppermint oil, but the following information on menthol
(which may be present at up to 60% in peppermint oil) is pertinent.

Damage to the liver and kidneys, as well as irritation of the eyes and respiratory tract occurred in
workers at a factory producing menthol and a range of fragrance oils. Menthol levels in the air
ranged between 12-380 mg/m3 (Kowalski et al. 1962). A 13-yr-old child who inhaled an estimated 4
mg menthol/kg bw in a volatile oil preparation showed euphoria, involuntary eye movement, double
vision and unsteadiness, that lasted for less than 12 hr (O'Mullane et al. 1982). A woman developed
digestive disorders, vomiting, irritability, unsteadiness, insomnia, speech disorders, tremors,
confusion, mental depression and slowed heart rate after smoking 80 mentholated cigarettes daily
for 3 months (Luke, 1962). The symptoms disappeared three weeks after she changed to a non-
mentholated brand. One mentholated cigarette contains up to 4 mg menthol, and taking absorption
data into account, apparently provides a dose of about 0.01 mg/kg bw (Schievelbein, 1969).

Damage to the nasal passages and sinuses was reported in rabbits which inhaled an aerosol of a
1% solution of menthol once daily for 9 months [dose unspecified] (Fox, 1930). No overt toxicity or
damage to the respiratory system occurred when groups of four rats inhaled up to approximately
0.9 mg I-menthol/m3, 6.75 hr/day, 5 days/wk for a maximum of 52 exposures. At about 1.6 mg/m3
the blood picture was normal, and detailed examination of a range of tissues revealed only effects
on the lung, nearly all rats showing congestion and inflammation (Rakieten et al. 1954).
“‘Regression changes” in the liver and kidney of mice apparently occurred after inhalation of air
containing 100 mg/m3 for 3 months [exposure regime unspecified] (Kowalski et al. 1962). No overt



toxicity was reported when four monkeys inhaled, for 8 hr/day, an aerosol providing about 40 mg
menthol/kg bw/day for 14 days (Alarie, 1976).

“This study was undertaken to determine the influences of various doses of peppermint oil on the
hepatic en-zymes, alanine transaminase, apartate tranaminase, alkaline phosphotase and gamma
glutamyl transferase and the level of malondialdehyde in the serum of mice with and without
immobility stress. The mice exposed to drink water, 0.9, 27 and 60 mg/kg peppermint oil from the
days 1 to 5 for a period of 4 h before and after immobility stress. Serum MDA in-creased in
treatment group I, Il and IV after immobility stress. There was a significant decrease in ALT in
treatment group Il and IV after immobility stress. There were also significant decreases in ALP and
GGT in treatment group IV af-ter immobility stress. This result may suggest that, MDA level is
higher in immobilization stress group than in the un-immobilized animals in serum and this results
show that enzyme activities decreased after immobilization stress.” As taken from Marjani A et al.
2012. Open Biochem. J. 0, 51-5. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/22654997

“The present study aimed to evaluate the antimicrobial activity of peppermint oil against
Staphylococcus aureus, and further investigate the influence of peppermint oil on S. aureus
virulence-related exoprotein production. The data show that peppermint oil, which contained high
contents of menthone, isomenthone, neomenthol, menthol, and menthyl acetate, was active against
S. aureus with minimal inhibitory concentrations (MICs) ranging from 64-256 pg/mL, and the
production of S. aureus exotoxins was decreased by subinhibitory concentrations of peppermint oil
in a dose-dependent manner. The findings suggest that peppermint oil may potentially be used to
aid in the treatment of S. aureus infections.” As taken from Li J et al. 2011. Molecules 16(2), 1642-
54. PubMed, 2013 available at http://www.ncbi.nim.nih.gov/pubmed/213261417?dopt=AbstractPlus

....... Time-kill assay was performed to compare the microbicidal activity of Olbas and peppermint
oil during several time intervals. Olbas displayed a high antimicrobial activity against all test strains
used in this study, among them antibiotic resistant MRSA (methicillin-resistant Staphylococcus
aureus) and VRE (vancomycin-resistant Enterococcus). Its antimicrobial activity was comparable to
that of peppermint oil which was the most potent one of all individual essential oils tested. In the
time kill assay Olbas as well as peppermint oil demonstrated similar microbicidal activities....... ” As
taken from Hamoud R et al. 2012. Phytomedicine 19(11), 969-76. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/22739414

"This overview of systematic reviews (SRs) aims to evaluate critically the evidence regarding the
adverse effects of herbal medicines (HMs). Five electronic databases were searched to identify all
relevant SRs, with 50 SRs of 50 different HMs meeting our inclusion criteria. Most had only minor
weaknesses in methods. Serious adverse effects were noted only for four HMs: Herbae pulvis
standardisatus, Larrea tridentate, Piper methysticum and Cassia senna. The most severe adverse
effects were liver or kidney damage, colon perforation, carcinoma, coma and death. Moderately
severe adverse effects were noted for 15 HMs: Pelargonium sidoides, Perna canaliculus, Aloe vera,
Mentha piperita, Medicago sativa, Cimicifuga racemosa, Caulophyllum thalictroides, Serenoa
repens, Taraxacum officinale, Camellia sinensis, Commifora mukul, Hoodia gordonii, Viscum
album, Trifolium pratense and Stevia rebaudiana. Minor adverse effects were noted for 31 HMs:
Thymus wvulgaris, Lavandula angustifolia Miller, Boswellia serrata, Calendula officinalis,
Harpagophytum procumbens, Panax ginseng, Vitex agnus-castus, Crataegus spp., Cinnamomum
spp., Petasites hybridus, Agave americana, Hypericum perforatum, Echinacea spp., Silybum
marianum, Capsicum spp., Genus phyllanthus, Ginkgo biloba, Valeriana officinalis,
Hippocastanaceae, Melissa officinalis, Trigonella foenum-graecum, Lagerstroemia speciosa, Cnicus
benedictus, Salvia hispanica, Vaccinium myrtillus, Mentha spicata, Rosmarinus officinalis, Crocus
sativus, Gymnema sylvestre, Morinda citrifolia and Curcuma longa. Most of the HMs evaluated in
SRs were associated with only moderately severe or minor adverse effects. As taken from Posadzki
P e al 2013. Clin. Med. 13(1), 7-12. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23472485

“We present natural polymeric composite films made of essential oils (EOs) dispersed in sodium
alginate (NaAlg) matrix, with remarkable anti-microbial and anti-fungal properties. Namely, elicriso




italic, chamomile blue, cinnamon, lavender, tea tree, peppermint, eucalyptus, lemongrass and
lemon oils were encapsulated in the films as potential active substances. Glycerol was used to
induce plasticity and surfactants were added to improve the dispersion of EOs in the NaAlg matrix.
The topography, chemical composition, mechanical properties, and humidity resistance of the films
are presented analytically. Antimicrobial tests were conducted on films containing different
percentages of EOs against Escherichia coli bacteria and Candida albicans fungi, and the films
were characterized as effective or not. Such diverse types of essential oil-fortified alginate films can
find many applications mainly as disposable wound dressings but also in food packaging, medical
device protection and disinfection, and indoor air quality improvement materials, to name a few.” As
taken from Liakos | et al. 2013. Int. J. Pharm. 463(2), 137-45. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24211443

“CONTEXT: Gastrointestinal disorders are common childhood complaints. Particular types of
complementary and alternative medicine, such as herbal medicine, are commonly used among
children. Research information on efficacy, safety, or dosage forms is still lacking. OBJECTIVES:
To systematically summarize effectiveness and safety of different herbal treatment options for
gastrointestinal disorders in children. DATA SOURCES: Medline/PubMed, Scopus, and the
Cochrane Library were searched through July 15, 2016. STUDY SELECTION: Randomized
controlled trials comparing herbal therapy with no treatment, placebo, or any pharmaceutical
medication in children and adolescents (aged 0-18 years) with gastrointestinal disorders were
eligible. DATA EXTRACTION: Two authors extracted data on study design, patients, interventions,
control interventions, results, adverse events, and risk of bias. RESULTS: Fourteen trials with 1927
participants suffering from different acute and functional gastrointestinal disorders were included in
this review. Promising evidence for effectiveness was found for Potentilla erecta, carob bean juice,
and an herbal compound preparation including Matricaria chamomilla in treating diarrhea.
Moreover, evidence was found for peppermint oil in decreasing duration, frequency, and severity of
pain in children suffering from undifferentiated functional abdominal pain. Furthermore, evidence for
effectiveness was found for different fennel preparations (eg, oil, tea, herbal compound) in treating
children with infantile colic. No serious adverse events were reported. LIMITATIONS: Few studies
on specific indications, single herbs, or herbal preparations could be identified. CONCLUSIONS:
Because of the limited number of studies, results have to be interpreted carefully. To underpin
evidence outlined in this review, more rigorous clinical trials are needed..” As taken from Anheyer D
et al 2017. Pediatrics 139(6), €20170062. PubMed, 2018 available at
https://www.ncbi.nim.nih.gov/pubmed/28562281

“Peppermint leaves are widely used for the symptomatic treatment of digestive disorders. Previous
studies have shown significant effects of its natural products on human enzyme activity; however,
there is no study available concerning the effects of peppermint tea on metabolizing enzymes in
humans. Aim of the present study was to investigate the effect of peppermint tea on CYP1A2,
CYP2A6, Xanthine Oxidase (XO), N-acetyltranferase-2 (NAT2) and UDP-glucuronosyltransferases-
1A1/1A6 (UGT1A1/1A6) activities in healthy subjects. Four males and five females consumed
peppermint tea (2 g of dry leaves/200 mL water, twice daily) for six days. CYP1A2, CYP2A6, XO,
NAT2 and UGT1A1/1A6 activities were determined before and at the end of the study period, using
the following caffeine and paracetamol metabolic ratios: CYP1A2: 17MX/137MX (saliva) and
(AFMU+1MU+1MX)/17MU (urine); CYP2A6: 17MU/(17MU + 17MX), XO: 1MU/(1MU+1MX), NAT2,
AFMU/(AFMU+1MU+1MX) and UGT1A1/1A6 glucuronidated/total paracetamol, all determined in
urine. NAT2 metabolic ratio was significantly reduced following peppermint consumption (0.15 +
0.13 vs 0.14 £ 0.13; p < 0.05). CYP1A2 urine and saliva indices were reduced, yet not significantly,
following peppermint consumption (urine: 3.17 + 1.08 vs 2.91 + 0.76, saliva: 0.56 + 0.12 vs 0.50 £
0.12; p > 0.05). Peppermint had no influence on CYP2A6, XO and UGT1A1/1A6 indices. Daily
ingestion of peppermint tea may alter pharmacokinetics of clinically administered drugs and
promote cancer chemoprevention through NATZ2 inhibition.” As taken from Begas E et al. 2017.
Food Chem. Toxicol. 100, 80-89. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/28011360

“This study examined the effects of peppermint essential oil (PEP) on aerobic capacity. Seven
healthy participants performed a graded maximal exercise test following 10 days of ingesting either




PEP or a control in a randomised crossover design. There was no significant difference between
control and PEP trials for expired gas variables (peak oxygen uptake, 3.54 vs. 3.52 L/min) or
performance measures (time to exhaustion, 583.33 vs. 587.04 s). Similarly, resting cardiopulmonary
measures were also unchanged between visits.” As taken from Shepherd K and Peart DJ. 2017.
Appl. Physiol. Nutr. Metab. 42(5), 558-561. PubMed, 2017 available at
https://www.ncbi.nim.nih.gov/pubmed/28177705

“The inhibitory potential by contact and vapor of basil, cinnamon, clove, peppermint, oregano,
rosemary, common thyme, and red thyme essential oils (EOs) against 20 strains of Streptococcus
suis was determined by the disk diffusion test. The broth microdilution method was used to
determine the minimal inhibitory and minimal bactericidal concentration (MIC and MBC) of the four
selected oils. Furthermore, the bactericidal power (ratio MBC/MIC) was calculated. The EOs with
the major potential in the disk diffusion method were red thyme, common thyme, oregano, and
cinnamon (@ mean 16.5-34.2 mm), whereas cinnamon did not show vapor activity. In the
microdilution test, all the EOs showed notable antimicrobial activity (MICeo and MBCgy 312.5-
625 ug-ml-' ) and a strong bactericidal power (ratio = 1). This is the first study that selects essential
oils against S. suis. New studies about the possible synergic effect of EOs with antibiotics and
about toxicity and efficacy in in vivo conditions are recommended.” As taken from de Aguiar FC et
al. 2018. Microbiologyopen. Epub ahead of print. PubMed, 2018 available at:
https://www.ncbi.nim.nih.gov/pubmed/29575822

6. Functional effects on

6.1. Broncho/pulmonary system

“We describe a case of acute lung injury following IV injection of peppermint oil. An 18-yr-old
woman injected the oil and developed fulminant pulmonary edema requiring ventilator support.
Within 4 h after injection her arterial oxygen tension was 8.1 kPa (60 mm Hg) at an inspired oxygen
fraction (F(102)) of 0.7 (P/F ratio: 85) despite a positive end expiratory pressure (PEEP) of 20 mbair,
therefore meeting criteria for acute respiratory distress syndrome (ARDS). Mean pulmonary artery
pressures and pulmonary artery wedge pressures were within normal limits throughout the case
(<25 mm Hg and <10 mm Hg, respectively). Ventilation with high PEEP and diuresis resulted in a
P/F ratio of 265 after 24 h. The patient was successfully weaned from the ventilator on the 9th day.
This report is the first description of the sequelae of IV peppermint oil injection. The injection
resulted in pulmonary edema and acute lung injury, presumably due to direct toxicity and a resultant
increase in pulmonary vascular permeability. This report is the first description of IV peppermint oil
injection. The patient rapidly developed severe fluid overload of the lung and subsequent lung injury
that required intubation, mechanical ventilation, and intensive care therapy for 13 days. The
pulmonary edema was presumably caused by direct toxicity and an increase in pulmonary vascular
permeability.”

As taken from Behrends M et al., (2005), Anesth Analg. 2005 Oct; 101(4):1160-2. PubMed, 2010
available at
http://www.ncbi.nIm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
16192538&query hl=9&itool=pubmed docsum

“A Spaniard with a history of asthma suffered an attack after the ingestion of a menthol-flavoured
sweet, and experienced an immediate reduction of lung function when brushing his teeth with
similarly flavoured toothpaste. A 30-second mouth rinse with peppermint oil (8 mm3 diluted in 2 ml
alcohol) produced an adverse reaction on lung function, as did a similar exposure to spearmint oil
and menthol (Subiza et al. 1992). Wheezing from the chewing of gum containing “peppermint” has
been reported in a US patient (Spurlock & Dailey, 1990).” (BIBRA, 1999)

“‘BACKGROUND: Enhancing athletic performance is a great desire among the athletes, coaches



and researchers. Mint is one of the most famous natural herbs used for its analgesic, anti-
inflammatory, antispasmodic, antioxidant, and vasoconstrictor effects. Even though inhaling mint
aroma in athletes has been investigated, there were no significant effects on the exercise
performance. METHODS: Twelve healthy male students every day consumed one 500 ml bottle of
mineral water, containing 0.05 ml peppermint essential oil for ten days. Blood pressure, heart rate,
and spirometry parameters including forced vital capacity (FVC), peak expiratory flow rate (PEF),
and peak inspiratory flow (PIF) were determined one day before, and after the supplementation
period. Participants underwent a treadmill-based exercise test with metabolic gas analysis and
ventilation measurement using the Bruce protocol. RESULTS: The FVC (4.57 £0.90 vs. 4.79+£0.84;
p<0.001), PEF (8.50+0.94 vs. 8.87+0.92; p<0.01), and PIF (5.71£1.16 vs. 6.58 £1.08;
p <0.005) significantly changed after ten days of supplementation. Exercise performance evaluated
by time to exhaustion (664.5 +114.2 vs. 830.2+129.8 s), work (78.34 £32.84 vs. 118.7 £47.38 KJ),
and power (114.3+£24.24 vs. 139.4 + 27.80 KW) significantly increased (p <0.001). In addition, the
results of respiratory gas analysis exhibited significant differences in VO2 (2.74+0.40 vs.
3.03+£0.351 L/min; p<0.001), and VCO2 (3.08+0.47 vs. 3.73£0.518L/min; p<0.001).
CONCLUSIONS: The results of the experiment support the effectiveness of peppermint essential oil
on the exercise performance, gas analysis, spirometry parameters, blood pressure, and respiratory
rate in the young male students. Relaxation of bronchial smooth muscles, increase in the ventilation
and brain oxygen concentration, and decrease in the blood lactate level are the most plausible
explanations.” As taken from Meamarbashi A and Rajabi A. 2013. J. Int. Soc. Sports Nutr. 10(1),
15. PubMed, 2014 available at http://www.ncbi.nlm.nih.gov/pubmed/23517650

6.2. Cardiovascular system

“Two human patients who chronically consumed large quantities of peppermint candy presented
with idiopathic atrial fibrillation resistant to quinidine therapy.”

M

“Idiopathic atrial fibrillation has occurred following chronic exposure.
reported.”

As taken from HSDB, 2003

“This study examined the effects of peppermint essential oil (PEP) on aerobic capacity. Seven
healthy participants performed a graded maximal exercise test following 10 days of ingesting either
PEP or a control in a randomised crossover design. There was no significant difference between
control and PEP trials for expired gas variables (peak oxygen uptake, 3.54 vs. 3.52 L/min) or
performance measures (time to exhaustion, 583.33 vs. 587.04 s). Similarly, resting cardiopulmonary
measures were also unchanged between visits.” As taken from Shepherd K and Peart DJ. 2017.
Appl. Physiol. Nutr. Metab. 42(5), 558-561. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/28177705

Bradycardia has been

6.3. Nervous system

“The cyst-like spaces in cerebellar tissue were not seen in five-week studies in which rats of the
same strain were given peppermint oil at doses of 150 or 500 mg/kg bw per day and dogs were
given peppermint oil in gelatin capsules daily at a dose of 25 or 125 mg/kg bw per day (Mengs &
Stotzem, 1989).”

As taken from WHO Food Additives Series 42, available at
http://www.inchem.org/documents/jecfa/jecmono/v042je21.htm

“The same encephalopathy was observed in rats administered 40 or 100 mg/kg bw/day peppermint
oil, but not 10 mg/kg bw/day, for 28 days.”

As taken from NTP, 2011, available at https://ntp.niehs.nih.gov/ntp/htdocs/It rpts/tr563.pdf




“Postherpetic neuralgia remains a difficult problem to treat. A number of therapies have been shown
to be effective, but some patients have intractable pain. The case of a 76-year-old woman whose
pain had been resistant to standard therapies is described. The pattern of quantitative sensory
testing results for this patient led the authors to believe that she had an "irritable nociceptor" type of
pathophysiology. The patient was instructed to apply neat peppermint oil (containing 10% menthol)
to her skin, resulting in an almost immediate improvement in her pain. This pain relief persisted for
4-6 hours after application of the oil. The patient was successfully treated with topical peppermint
oil. During 2 months of follow-up she has had only a minor side effect, with continuing analgesia.
The authors believe this is the first evidence of peppermint oil (or menthol) having a strong
analgesic effect on neuropathic pain. The possible mechanisms of action of peppermint oil are
discussed.”

As taken from Davies SJ et al., (2002), Clin J Pain. 2002 May-Jun; 18(3):200-2. PubMed, 2010
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
12048423&query hl=19&itool=pubmed DocSum

“l investigated whether dopamine (DA) is involved in the ambulation promoted by pulegone (PUL), a
constituent of peppermint oil, in ICR mouse. Co-administration of PUL and bupropion (BUP) had an
additive effect on their ambulation-promoting activities. When administered with PUL, the DA
antagonists chlorpromazine, fluphenazine, haloperidol, SCH12679, and spiperone all attenuated the
effect of PUL on ambulation. In addition, pretreatment with the DA depletor reserpine produced no
subsequent sensitivity to the effect of PUL. Taken together, DA may be involved in the ability of
PUL to promote ambulation in ICR mice but PUL may not be a direct DA agonist. The chemical
structure of PUL is similar to menthol and menthone, and thus they may all be acting through a
common mechanism.”

As taken from Umezu T. Pharmacol Biochem Behav. 2010, Feb; 94(4):497-502. PubMed, 2010
available at
http://www.ncbi.nIm.nih.gov/entrez/query.fcgi?cmd=retrieve&db=pubmed&list uids=19917306&dopt
=AbstractPlus

..... Our present study aimed to characterize and semi-quantify the radiation-induced apoptosis in
CNS and the activity of Mentha extracts as neuron-protective agent. Our results through flow
cytometry exhibited the significant disturbance and arrest in cell cycle in % of M1: SubG1 phase,
M2: GO0/1 phase of diploid cycle, M3: S phase and M4: G2/M phase of cell cycle in brain tissue
(p <0.05). Significant increase in % of apoptosis and P53 protein expression as apoptotic
biomarkers were coincided with significant decrease in Bcl(2) as an anti-apoptotic marker. The
biochemical analysis recorded a significant decrease in the levels of reduced glutathione,
superoxide dismutase, deoxyribonucleic acid (DNA) and ribonucleic acid contents. Moreover,
numerous histopathological alterations were detected in brain tissues of gamma irradiated mice
such as signs of chromatolysis in pyramidal cells of cortex, nuclear vacuolation, numerous apoptotic
cell, and neural degeneration. On the other hand, gamma irradiated mice pretreated with Mentha
extract showed largely an improvement in all the above tested parameters through a homeostatic
state for the content of brain apoptosis and stabilization of DNA cycle with a distinct improvement in
cell cycle analysis and antioxidant defense system. Furthermore, the aforementioned effects of
Mentha extracts through down-regulation of P53 expression and up-regulation of Bcl(2) domain
protected brain structure from extensive damage. Therefore, Mentha extract seems to have a
significant role to ameliorate the neuronal injury induced by gamma irradiation.” As taken from
Hassan HA et al. 2013. Cytotechnology 65(1), 145-56. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/23011739

‘BACKGROUND: Mentha piperita L. (Labiatae) is an herbaceous plant, used in folk medicine for
the treatment of several medical disorders. METHODS AND RESULTS: In the present study, the
aqueous extract of Mentha piperita leaf, at the i.p doses 200 and 400 mg/kg, showed significant
analgesic effects against both acetic acid-induced writhing and hot plate-induced thermal
stimulation in mice, with protection values of 51.79% and 20.21% respectively. On the contrary,



the Mentha piperita leaf aqueous extract did not exhibit anti-inflammatory activity against
carrageenan induced paw oedema. CONCLUSION: These findings indicate that Mentha
piperita has a potential analgesic effect that may possibly have mediated centrally and peripherally,
as well as providing a pharmacological evidence for its traditional use as a pain reliever.” As taken
from Taher YA. 2012. Libyan J. Med. 2012, 7. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/22468149

“Although plant-derived essential oils (EOs) have been used to treat various mental disorders, their
central nervous system (CNS) acting effects have not been clarified. The present study compared
the effects of 20 kinds of EOs with the effects of already-known CNS acting drugs to examine
whether the EOs exhibited CNS stimulant-like effects, CNS depressant-like effects, or neither. All
agents were tested using a discrete shuttle-type conditioned avoidance task in mice. Essential oils
of peppermint and chamomile exhibited CNS stimulant-like effects; that is, they increased the
response rate (number of shuttlings/min) of the avoidance response......” As taken from Umezu T.
2012. Phytother. Res. 26(6), 884-91. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/22086772

“Attachment to an abusive caregiver has wide phylogenetic representation, suggesting that animal
models are useful in understanding the neural basis underlying this phenomenon and subsequent
behavioral outcomes. We previously developed a rat model, in which we use classical conditioning
to parallel learning processes evoked during secure attachment (odor-stroke, with stroke mimicking
tactile stimulation from the caregiver) or attachment despite adversity (odor-shock, with shock
mimicking maltreatment). Here we extend this model to mice. We conditioned infant mice (postnatal
day (PN) 7-9 or 13-14) with presentations of peppermint odor and either stroking or shock. We used
(14) C 2-deoxyglucose (2-DG) to assess olfactory bulb and amygdala metabolic changes following
learning. PN7-9 mice learned to prefer an odor following either odor-stroke or shock conditioning,
whereas odor-shock conditioning at PN13-14 resulted in aversion/fear learning. 2-DG data
indicated enhanced bulbar activity in PN7-9 preference learning, whereas significant amygdala
activity was present following aversion learning at PN13-14. Overall, the mouse results parallel
behavioral and neural results in the rat model of attachment, and provide the foundation for the use
of transgenic and knockout models to assess the impact of both genetic (biological vulnerabilities)
and environmental factors (abusive) on attachment-related behaviors and behavioral development.”
As taken from Roth TL et al. 2013. Genes Brain Behav. 12(7), 673-80. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23927771

“The effect of pretreatment with essential oils (EOs) from eight aromatic plants on the seizure
latency and severity of pentylenetetrazol- (PTZ-) induced seizures in mice was evaluated. Weight-
dependent doses of Rosmarinus officinalis, Ocimum basilicum, Mentha spicata, Mentha pulegium,
Lavandula angustifolia, Mentha piperita, Origanum dictamnus, and Origanum vulgare, isolated from
the respective aromatic plants from NE Greece, were administered 60 minutes prior to
intraperitoneal (i.p.) injection of a lethal dose of PTZ to eight respective groups of Balb-c mice.
Control group received only one i.p. PTZ injection. Motor and behavioral activity of the animals after
EOs administration, development of tonic-clonic seizures, seizure latency and severity, and
percentage of survival after PTZ administration were determined for each group. All groups of mice
treated with the EOs showed reduced activity and stability after the administration of the oil, except
for those treated with O. vulgare (100% mortality after the administration of the oil). After PTZ
administration, mice from the different groups showed increased latency and reduced severity of
seizures (ranging from simple twitches to complete seizures). Mice who had received M. piperita
demonstrated no seizures and 100% survival. The different drastic component and its concentration
could account for the diversity of anticonvulsant effects.” As taken from Koutroumanidou E et al.
2013. Epilepsy Res. Treat. 2013, 532657. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23819045

“‘OBJECTIVES: The objective of this pilot study was to determine the effectiveness of a mixture of



essential oils (peppermint, basil, and helichrysum) on mental exhaustion, or moderate burnout
(ME/MB) using a personal inhaler. DESIGN: This was a randomized, controlled, double-blind pilot
study. Data were collected 3 times a day for 3 weeks (Monday-Friday). The first week was baseline
for both groups, the second week was intervention (aromatherapy or placebo), and the third week
was washout. SETTINGS/LOCATION: Participants used a personal inhaler at home or at work.
Subjects: The subjects comprised a convenience sample of 13 women and 1 man who each had
self-assessed ME/MB. INTERVENTIONS: Participants were randomized to receive a personal
inhaler containing either a mixture of essential oils or rose water (as used in Indian cooking).
OUTCOME MEASURES: The outcome measures were a 0-10 scale with 10=worst feeling of
burnout, 0=no feeling of burnout. There was a qualitative questionnaire rating aroma and a
questionnaire listing perceived stressors. RESULTS: While both groups had a reduction in
perception of ME/MB, the aromatherapy group had a much greater reduction. CONCLUSIONS: The
results suggest that inhaling essential oils may reduce the perceived level of mental fatigue/burnout.
Further research is warranted.” As taken from Varney E and Buckle J. 2013. J. Altern. Complement.
Med. 19(1), 69-71. PubMed, 2014 available at http://www.ncbi.nlm.nih.gov/pubmed/23140115

6.4. Other organ systems, dependent on the properties of the substance

It has been claimed that the direct instillation of pepermint oil into the colon can cause both muscle
relaxation and stimulation (BIBRA, 1999).

“Peppermint extracts have been reported to have antiviral activities against Newcastle disease,
herpes simplex, vaccinia, Semliki Forest, and West Nile viruses in egg and cell-culture system.
Peppermint oil has been demonstrated to exhibit spasmolytic activity on smooth muscles of
experimental animals.” As taken from Encyclopaedia of common natural ingredients used in food,
drugs and cosmetics, 2nd edition, A. Leung & S. Foster, 2003, pp. 368-372

‘In a double blind crossover trial, the use of 0.2 mL of oral peppermint oil capsule, 3-6
capsules/day, in the tratement of irritable bowel syndrome was studied in 29 patients given
peppermint oil or placebo. Results showed that treated patients felt significantly better with less
abdominal symptoms, stool frequency and side effects.”

As taken from Dew MJ et al., (1984), Br J Clin Pract. 1984 Nov-Dec; 38(11-12):394, 398. PubMed,
2010 available at
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
6397219&query hl=1&itool=pubmed DocSum

“Peppermint oil was moderately potent reversible inhibitor of in vitro CYP3A4 activity. Grapefruit
juice increased the oral bioavailability of felodipine by inhibition of CYP3A4-mediated presystemic
drug metabolism. Peppermint oil may also have acted by this mechanism. However, this requires
further investigation. Ascorbyl palmitate did not inhibit CYP3A4 activity in vivo.”

As taken from Dresser GK et al., (2002), Clin Pharmacol Ther. 2002 Sep; 72(3):247-55. PubMed,
2010 available at
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
12235445&query hl=5&itool=pubmed docsum

“Systemic administration of a cholinergic blocking agent or glucagon is used to reduce spasms, but
it is inconvenient and sometimes causes side effects. This study is an evaluation of the intracolonic
administration of peppermint oil during colonoscopy for the control of colonic spasm. Each patient in
the treated group (n = 409) was given approximately 200 mL of the solution (a mixture of 8 mL of
peppermint oil and 0.2 mL of Tween 80 per 1 L of water with 0.04% indigo carmine) by using a
hand pump attached to the accessory channel of the colonoscope. Changes in patient posture were
made to distribute the solution. The patients in the control group (n = 36) were given the solution
without peppermint oil. A satisfactory spasmolytic effect was seen in 88.5% of the treated patients
and in 33.3% of those in the control group (p<0.0001). No adverse effect was observed. The mean
time to onset was 21.6 +/- 15.0 seconds, and the effect continued for at least 20 minutes. In




patients with irritable bowel syndrome, efficacy was significantly lower (p < 0.0001). The intraluminal
administration of peppermint oil by using a hand pump is a simple, safe, and convenient alternative
to the systemic injection of a cholinergic blocking agent or glucagon during colonoscopy.”

As taken from Asao T et al., (2001), Gastrointest Endosc. 2001 Feb; 53(2):172-7. PubMed, 2010
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcqi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
11174287&query hl=7&itool=pubmed docsum

“Gl endoscopy without general anesthesia causes a hyperperistaltic state in the stomach, which
frequently necessitates the use of antispasmodic agents, such as hyoscine-N-butylbromide, but
these drugs have side effects. Peppermint oil is harmless and acts locally to inhibit Gl smooth
muscle contraction. A randomized double-blind, double-dummy, controlled trial was conducted in
100 patients to compare the antispasmodic effects of hyoscine-N-butylbromide administered
intramuscularly and a placebo solution administered intraluminally by means of the endoscope, and
also the effects of a placebo solution administered intramuscularly with those of a peppermint oil
solution administered intraluminally. The percent change in diameter of the pyloric ring before and
after the administrations was defined as the opening ratio, and the percent change in diameter
between the maximally and minimally opened pyloric ring states was defined as the contraction
ratio. Time until disappearance of the contraction ring(s) in the gastric antrum and side effects of the
drugs were also determined. The opening ratio was significantly higher in the peppermint oil
administration group than in the hyoscine-N-butylbromide injection group. The contraction ratio after
peppermint oil administration was significantly lower than that after hyoscine-N-butylbromide
injection. The time required for disappearance of the antral contraction ring(s) was shorter in the
peppermint oil group (97.1 +/- 11.4) than in the hyoscine-N-butylbromide group (185.9 +/- 10.1 s; p
< 0.0001). No significant side effects were associated with peppermint oil, whereas hyoscine-N-
butylbromide injection produced side effects such as dry mouth, blurred vision, and urinary
retention. Peppermint oil solution administered intraluminally can be used as an antispasmodic
agent with superior efficacy and fewer side effects than hyoscine-N-butylbromide administered by
intramuscular injection during upper endoscopy.”

As taken from Hiki N et al., (2003), Gastrointest Endosc. 2003 Apr; 57(4):475-82. PubMed, 2010
available at
http://www.ncbi.nim.nih.gov/entrez/query.fcqi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=
12665756&query hl=19&itool=pubmed DocSum

“‘OBJECTIVES: Intestinal peristalsis can impede explorations and interventions using retrograde
endoscopic cholangiopancreatography. Systemic spasmolytics are frequently employed to reduce
this phenomenon, in spite of the adverse anti-cholinergic effects they are associated with. We
proposed a formula using 1.6% peppermint oil solution with local use in order to avoid these
adverse side effects. METHOD: We formulated a preparation of 1.6% peppermint oil solution in
accordance with the medical literature. The effectiveness of the formula was evaluated in a semi-
qualitative manner according to the reduction in peristalsis. RESULTS: We tested two different
emulgents, and polysorbate provided the best results. The pilot study carried out with 8 patients
demonstrated its effectiveness and safety in reducing intestinal peristalsis. CONCLUSIONS: 1.6%
peppermint oil solution constitutes an effective and safe alternative to the use of systemic
spasmolytics.....” As taken from Sola-Bonada N et al. 2012. Farm. Hosp. 36 (4), 256-60. PubMed,
2013 available at http://www.ncbi.nim.nih.gov/pubmed/22137159?dopt=AbstractPlus

‘BACKGROUND: Menthol reduces intestinal motility in animal studies, an effect that is probably
mediated by transient receptor potential channels. Peppermint oil (PO), with menthol as a major
constituent, is widely used as a spasmolytic agent in irritable bowel syndrome. In the current study,
we investigated the effect of acute PO administration on intragastric pressure (IGP) profiles and
gastric sensorimotor functions in health. METHODS: Healthy volunteers underwent IGP
measurement before and during continuous intragastric infusion of a nutrient drink (n = 13), and
gastric barostat studies (n = 13). A single capsule of PO (182 mg) or placebo was administered
during the studies in a randomized controlled crossover design. Throughout the studies, healthy



volunteers scored 11 epigastric symptoms on a visual analogue scale (VAS); satiation was scored
on a 6-point Likert scale during intragastric infusion. KEY RESULTS: During fasting, IGP and
motility index (MI) of the proximal stomach decreased significantly after PO administration
compared with placebo (P < 0.0001 and <0.05, respectively). In contrast, during intragastric infusion
of the nutrient drink, no significant differences were detected between PO and placebo in IGP
profiles, MI, satiation scores, and epigastric symptoms. The maximum infused volume, gastric
compliance or sensitivity to balloon distention did not differ between both treatment arms. However,
reduced appetite scores were seen during fasting after PO treatment, as compared with placebo
(P =0.01). Postprandial VAS scores were similar between PO and placebo. CONCLUSIONS &
INFERENCES: Peppermint oil reduces IGP, proximal phasic contractility, and appetite, with
negligible effects on gastric sensitivity, tone, accommodation, and nutrient tolerance in health.” As
taken from Papathanasopoulos A et al. 2013. Neurogastroenterol. Motil. 25(4), e263-71. PubMed,
2013 available at http://www.ncbi.nIm.nih.gov/pubmed/23489975

“Irritable bowel syndrome (IBS) is one of the most common functional gastrointestinal disorder
which is associated with considerable sufferings of patient and Peppermint oil is volatile oil, its
active principle is menthol-contain a cyclic monoterpine which has anti-spasmotic properties due to
its ability to block calcium channel of intestinal smooth muscles. This study observed the efficacy
of peppermint oil for relieving the symptoms and changes of quality of life (QOL) in diarrhea
predominant IBS. This was a prospective double blind randomized placebo-controlled study
conducted in the Bangabandhu Sheikh Mujib Medical University during July 2008 to September
2009. Patients who fulfiled ROME II were initially selected but those had red flag signs or any
organic disease was excluded from the study. Seventy four patients were enrolled in the study and
randomly allocated to receive either peppermint oil or placebo three times daily for six weeks.
Changes of symptoms were assessed three week interval during treatment and two weeks after the
end of treatment. Data were analyzed by paired and unpaired 't' test. Finally sixty five patients
completed the trial. It was observed that, at six weeks of therapy abdominal pain is markedly
improved (mean+SD) 4.94+1.30 in peppermint oil group compared with 6.15+1.24 in placebo group
and the difference was statistically highly significant (p>0.001). But two weeks after end of trials
pain score again increased (6.0911.93). Other symptoms and quality of life did not improve
significantly. So the study result concludes that peppermint oil is effective in reliving only abdominal
pain in diarrhea predominant IBS transiently.” As taken from Alam MS et al. 2013. Mymensingh
Med. J. 22(1), 27-30. PubMed, 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/23416804

“Irritable bowel syndrome (IBS) is the most prevalent functional disease of the gastrointestinal tract.
This highly prevalent condition is best diagnosed by assessing the constellation of symptoms with
which patients present to their physicians. Because some critics have previously questioned
whether irritable bowel syndrome and other functional gastrointestinal disorders truly exist because
they do not have defining structural features, the Rome Foundation fostered the use of symptom-
based criteria for universal use. In most cases treatment is reduced to symptomatic therapy
because a lot of unknown in pathogenesis by irritable bowel syndrome. Irritable bowel syndrome
leads to decrease of quality of life of the patients and could be one of the reasons of patients'
disability. Food is believed by patients promotes symptoms and the diet or avoiding specific food
can reduce symptoms. Possible role of different food and microbiota in the pathophysiology of
irritable bowel syndrome, as well as the data from randomized, controlled clinical trials dedicated to
the effects of diet in irritable bowel syndrome are summarized and discussed in this review. The
efficacy of the diet, enriched by fiber, prebiotics, probiotics, peppermint oil, curcumin and vitamin B6
in irritable bowel syndrome patients was shown in numerous studies. In some studies restriction in
consumption of fermented carbohydrates, coffee and alcohol, as well as diet with elimination IgG-
sensed food was also shown to be effective in irritable bowel syndrome. Food intolerances, defined
as non-toxic non-immune adverse reactions to food, include reactions to bioactive chemicals in
foods and metabolic reactions to poorly absorbed dietary carbohydrates. New dietary approaches
like polyunsaturated fatty acids intake correction and the low tryptophan intake are discussed.” As
taken from Pilipenko VI et al. 2013. Vopr. Pitan. 82(1), 64-73. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23808281?dopt=AbstractPlus

“The diagnosis of irritable bowel syndrome (IBS) should be considered when patients have had




abdominal pain/discomfort, bloating, and change in bowel habits for 6 months. Patients may
experience variation between periods of constipation and diarrhea. When evaluating patients with
IBS, physicians should be alert for red flag symptoms, such as rectal bleeding, anemia, nighttime
pain, and weight loss. Physicians also should consider other medical conditions that manifest
similarly to IBS. Clinicians who are confident in diagnosing IBS based on symptoms typically do not
obtain many tests unless the patient has red flag symptoms. Various etiologic mechanisms have
been proposed for IBS, including abnormal bowel motility, inflammation, altered mucosal
permeability, genetic predisposition, and visceral hypersensitivity. Lack of certainty about the
etiology makes it difficult to develop effective management approaches; thus, management is
directed toward symptom relief. Dietary changes, such as avoiding fermentable carbohydrates, may
benefit some patients, especially those with bloating. Constipation-dominant IBS can be managed
with antispasmodics, lubiprostone, or linaclotide, whereas diarrhea-dominant IBS can be managed
with loperamide or alosetron, though the latter drug can cause ischemic colitis. For long-term
therapy, tricyclic antidepressants or selective serotonin reuptake inhibitors have good efficacy.
Peppermint oil and probiotics also may provide benefit.” As taken from Fashner J and Gitu AC.
2013. Family Physician Essentials 413, 16-23. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24124703

“‘GOALS: The aim of this study was to assess the efficacy and safety of enteric-coated peppermint
oil capsules compared with placebo for the treatment of active irritable bowel syndrome (IBS).
BACKGROUND: IBS is a common disorder that is often encountered in clinical practice. Medical
interventions are limited and the focus is on symptom control. STUDY: Randomized placebo-
controlled trials with a minimum treatment duration of 2 weeks were considered for inclusion. Cross-
over studies that provided outcome data before the first cross-over were included. A literature
search upto February 2013 identified all applicable randomized-controlled trials. Study quality was
evaluated using the Cochrane risk of bias tool. Outcomes included global improvement of IBS
symptoms, improvement in abdominal pain, and adverse events. Outcomes were analyzed using an
intention-to-treat approach. RESULTS: Nine studies that evaluated 726 patients were identified.
The risk of bias was low for most of the factors assessed. Peppermint oil was found to be
significantly superior to placebo for global improvement of IBS symptoms (5 studies, 392 patients,
relative risk 2.23; 95% confidence interval, 1.78-2.81) and improvement in abdominal pain (5
studies, 357 patients, relative risk 2.14; 95% confidence interval, 1.64-2.79). Although peppermint
oil patients were significantly more likely to experience an adverse event, such events were mild
and transient in nature. The most commonly reported adverse event was heartburn.
CONCLUSIONS: Peppermint oil is a safe and effective short-term treatment for IBS. Future studies
should assess the long-term efficacy and safety of peppermint oil and its efficacy relative to other
IBS treatments including antidepressants and antispasmodic drugs.” As taken from Khanna R et al.
2014. J. Clin. Gastroenterol.  48(6), 505-12. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24100754

“Functional abdominal pain (FAP) is a common complaint among children and adolescents. For
many patients, symptoms exacerbate with eating. This review discusses findings concerning the
role of diet in FAP. The foods that are discussed are divided into 2 major groups: food allergies or
intolerances, which focus on milk, gluten, and fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols; and functional foods, which hone in on foods that reduce abdominal
pain in adolescents such as fiber, peppermint oil, and probiotics. Lastly, we discuss the role of
eating habits in FAP and how the physiology of eating may be the real culprit of symptoms
associated with eating.” As taken from van Tilburg and Felix CT. 2013. J. Pediatr. Gastroenterol.
Nutr. 57(2), 141-8. PubMed, 2014 available at http://www.ncbi.nim.nih.gov/pubmed/23698023

‘PURPOSE: With little scientific evidence to support use of aromatherapy for postoperative nausea
and/or vomiting (PONV) symptoms, this study evaluated controlled breathing with peppermint
aromatherapy (AR) and controllled breathing alone (CB) for PONV relief. DESIGN: A single blind
randomized control trial design was used. METHODS: On initial PONV complaint, symptomatic



subjects received either CB (n = 16) or AR (n = 26) intervention based on randomization at
enrollment. A second treatment was repeated at 5 minutes if indicated. Final assessment occurred
10 minutes post initial treatment. Rescue medication was offered for persistent symptoms.
FINDINGS: Among eligible subjects, PONV incidence was 21.4% (42/196). Gender was the only
risk factor contributing to PONV symptoms (P = .0024). Though not statistically significant, CB was
more efficacious than AR, 62.5% versus 57.7%, respectively.

CONCLUSIONS: CB can be initiated without delay as an alternative to prescribed antiemetics. Data
also support use of peppermint AR in conjunction with CB for PONV relief.” As taken from Sites DS
et al. 2014. J. Perianesth. Nurs. 29(1), 12-9. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24461278

‘BACKGROUND: Approximately 80 percent of pregnant women suffer by some degree of nausea
and vomiting. But the treatment of nausea and vomiting of pregnancy is rarely successful.
OBJECTIVES: The aim of this study was evaluation the effect of mint on nausea and vomiting
during pregnancy that its treatment in some recent research has been effective. MATERIALS AND
METHODS: In this double blind RCT, 60 pregnant women with nausea and vomiting of pregnancy
were sampled and divided into two groups with Block-randomized method. mint group, in addition to
giving the routine training, for four consecutive nights, before sleeping, a bowel of water whit four
drops of pure mint essential oil placed on the floor near their beds and in control groups were used
four drops of normal saline . The severity of nausea by using Visual Analog Scale (VAS) and
severity of vomiting by counting the number of its in 7 days prior, 4 days during, and 7 days after
intervention were assessed. RESULTS: The results showed that the severity of nausea and
vomiting did not differ between the two groups in 7days before and after intervention by using
repeated measurement test. But during intervention, the severity of nausea showed a decreasing
trend (especially in 4th night) in the mint and an increasing trend in the control group. The severity
of nausea within 7 days after the intervention had a decreasing trend in both groups; however, the
intensity was lower in the mint than saline group but not statically significant. No meaningful
relationship has been detected during and after intervention for the intensity of vomiting.
CONCLUSIONS: The results of study showed that peppermint essential oil hasn't the effect on
nausea and vomiting of pregnancy.” As taken from Pasha H et al. 2012. Iran. Red Crescent Med. J.
14(11), 727-30. PubMed, 2014 available at http://www.ncbi.nlm.nih.gov/pubmed/23396673

“Itching is one of the most common skin symptoms. Generalized pruritus occurs in 1-8% of
pregnant women. It can create unpleasant feeling for these women especially at nights. Most
pregnant women avoid using synthetic drugs because of their side effects. Peppermint is a plant
which has been used as a traditional drug in Iran. It decreases skin's temperature. This study was
done to determine the effects of peppermint oil on symptomatic treatment of pruritus in pregnant
women attending to Rasoul Akram Hospital in Rasht, 2011. In this triple-blind clinical trial, 96
randomly selected subjects diagnosed with pruritus gravidarum were studied (47 cases and 49
controls). A bottle containing 60 mL of peppermint oil 0.5% in sesame oil and identical placebos
were provided to be taken twice a day during 2 weeks by the case and control groups, respectively.
The severity of the itch was assessed and compared before and after the study by VAS system.
The results were analyzed by SPSS. Statistical methods such as descriptive analysis, independent
samples' t-test, paired samples' t-test and Chi-square were employed. The severity of the itch in the
treated group with peppermint oil in comparison with the placebo group, showed a significant
statistical difference (p = 0.003). In accordance with the results of this study, it seems that
peppermint oil can be effective in reducing the severity of Pruritus Gravidarum. More studies with
larger sample sizes are required to confidently declare the mentioned results.” As taken from
Akhavan Amjadi M et al. 2012. Iran. J. Pharm. Res. 11(4), 1073-7. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24250539

“‘OBJECTIVE: To report a migraineur with osmophobia and trigger to garlic and onion aroma.
BACKGROUND: While odors serve as a trigger in 70% of migraineurs, alliaceous aromas have
been described only rarely. Furthermore, nor has more than one type of alliaceous odor acted as a
trigger in the same individual. Neither has migraine with aura been described as precipitated by




such aromas. A patient experiencing migraines with aura, triggered almost exclusively by alliaceous
aromas, is described. METHODS: Case study: 32-year-old woman; 5 years previously felt nasal
pruritis upon eating a red onion dip. Shortly thereafter, the mere aroma of raw onions caused a
sensation of her throat closing along with an associated panic attack. Over the intervening years,
upon exposure to onions and garlic aroma she experienced a fortification spectra and visual
entopia, followed by a bipareital, crushing level 10/10 headache, burning eyes and nose,
lacrimation, perioral paresthesias, generalized pruritis, nausea, fatigue, sore throat, dysarthria,
confusion, dyspnea, palpitations, presyncopal sensations, hand spasms, tongue soreness, neck
pain, phonophobia, and photophobia. These would persist for 1 hour after leaving the aroma. She
was unresponsive to medication and would wear a surgical mask when out. The patient also
experienced chemosensory complaints: dysosmias every few months; phantosmias of food or
cleaning products every month for a minute of level 5/10 intensity; pallinosmia of onion or garlic
odor for 30 minutes after exposure; and metallic pallinugeusia after eating with metal utensils.
RESULTS: Neurological exam normal except for bilateral positive Hoffman reflexes.
CHEMOSENSORY TESTING: Quick Smell Identification Test 3/3 and Brief Smell Identification Test
12/12 were normal. Magnetic resonance imaging and computed tomography with and without
contrast normal. Allergy skin test was positive for garlic and onion. Nose plug and counter
stimulation with peppermint prevented the onset of headaches and associated symptoms.
CONCLUSION: This is the first report of migraines with aura triggered by more than one alliaceous
compound in the same individual. Possible mechanisms include odor induced, emotional change,
vasomotor instability, trigeminal-induced neurogenic inflammation, and allergic response. In
alliaceous and odor-induced migraines, a trial of counter stimulation and nose plugs is warranted.”
As taken from Roussos AP and Hirsch AR. 2014. Headache 54(2), 378-82. PubMed, 2014 available
at http://www.ncbi.nim.nih.gov/pubmed/23551212

‘BACKGROUND: Antibacterial treatments currently used for treatment cause several side effects,
and bacterial resistance to the antibiotics is also increasing. Therefore, there is need to find better
alternatives. Essential oils (EOs) have been used for treatment of various ailments since ancient
times and have gained popularity over the years. Safety and efficacy of EOs have been proved by
several clinical trials. This review gives an overview on the EOs, their uses, and adverse effects.
MATERIALS AND METHODS: A literature search was performed in the PubMed for clinical trial
studies and review articles on EOs published up to February 2015. The search was performed
during March 2015. The following keywords were used: "Lavender essential oil," "cinnamon oil,"
"clove oil," "eucalyptus oil," "peppermint oil," "lemon EOs," and "tea tree oil." RESULTS: Total 70
relevant articles were found in PubMed database. After screening of abstracts, 52 articles were
selected to be included in the present review. CONCLUSION: On the basis of the available
information, it can be concluded that EOs have the potential to be developed as preventive or
therapeutic agents for various oral diseases, but further clinical trials are required to establish their
safety and efficacy.” As taken from Dagli N et al. 2015. J. Int. Soc. Prev. Community Dent. 5(5),
335-40. PubMed, 2016 available at: http://www.ncbi.nim.nih.gov/pubmed/26539382

“‘OBJECTIVE: To systematically review literature assessing efficacy and safety of pharmacologic
treatments in children with abdominal pain-related functional gastrointestinal disorders (AP-FGIDs).
STUDY DESIGN: MEDLINE and Cochrane Database were searched for systematic reviews and
randomized controlled trials investigating efficacy and safety of pharmacologic agents in children
aged 4-18 vyears with AP-FGIDs. Quality of evidence was assessed using Grades of
Recommendation, Assessment, Development and Evaluation approach. RESULTS: We included 6
studies with 275 children (aged 4.5-18 years) evaluating antispasmodic, antidepressant, antireflux,
antihistaminic, and laxative agents. Overall quality of evidence was very low. Compared with
placebo, some evidence was found for peppermint oil in improving symptoms (OR 3.3 (95% CI 0.9-
12.0) and for cyproheptadine in reducing pain frequency (relative risk [RR] 2.43, 95% CIl 1.17-5.04)
and pain intensity (RR 3.03, 95% CI 1.29-7.11). Compared with placebo, amitriptyline showed 15%
improvement in overall quality of life score (P = .007) and famotidine only provides benefit in global
symptom improvement (OR 11.0; 95% CI 1.6-75.5; P = .02). Polyethylene glycol with tegaserod
significantly decreased pain intensity compared with polyethylene glycol only (RR 3.60, 95% CI
1.54-8.40). No serious adverse effects were reported. No studies were found concerning




antidiarrheal agents, antibiotics, pain medication, anti-emetics, or antimigraine agents.
CONCLUSIONS: Because of the lack of high-quality, placebo-controlled trials of pharmacologic
treatment for pediatric AP-FGIDs, there is no evidence to support routine use of any pharmacologic
therapy. Peppermint oil, cyproheptadine, and famotidine might be potential interventions, but well-
designed randomized controlled trials are needed.” As taken from Korterink JJ et al. 2015. J.
Pediatr. 166(2), 424-31. PubMed, 2016 available at:
http://www.ncbi.nlm.nih.gov/pubmed/25449223

“Herb-induced liver injury (HILI) has recently attracted attention due to increasing reports of
hepatotoxicity associated with use of phytotherapeutics. Here, we present data on HILI from the
Berlin Case-Control Surveillance Study. The study was initiated in 2000 to investigate the serious
toxicity of drugs including herbal medicines. Potential cases of liver injury were ascertained in more
than 180 Departments of all 51 Berlin hospitals from October 2002 to December 2011. Drug or herb
intake was assessed through a standardized face-to-face interview. Drug or herbal aetiology was
assessed based on the updated Council for International Organizations of Medical Sciences scale.
In ten of all 198 cases of hepatotoxicity included in the study, herbal aetiology was assessed as
probable (once ayurvedic herb) or possible (Valeriana five times, Mentha piperita once,
Pelargonium sidoides once, Hypericum perforatum once, Eucalyptus globulus once). Mean age was
56.4 £ 9.7 years, and the predominant pattern of liver injury was hepatocellular. No cases of acute
liver failure or death were observed. This case series corroborates known risks for ayurvedic herbs,
supports the suspected association between Valeriana use and liver injury, and indicates a
hepatotoxic potential for herbs such as Pelargonium sidoides, Hypericum perforatum or Mentha
piperita that were rarely associated with liver injury before. However, given that possible causality
does not prove clinical significance, further studies in this field are needed.” As taken from Douros
A et al. 2016. Int. J. Mol. Sci. 17(1), E114. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/26784183

7. Addiction

JTl is not aware of any information that demonstrates that this ingredient has any addictive effect.

8. Burnt ingredient toxicity

This ingredient was considered as part of an overall safety assessment of ingredients added to
tobacco in the manufacture of cigarettes. An expert panel of toxicologists reviewed the open
literature and internal toxicology data of 5 tobacco companies to evaluate a composite list of
ingredients used in the manufacture of cigarettes. The conclusion of this report was that these
ingredients did not increase the inherent biological activity of tobacco cigarettes, and are considered
to be acceptable under conditions of intended use (Doull et al., 1994 & 1998).

Tobacco smoke condensates from cigarettes containing Peppermint absolute and an additive free,
reference cigarettes were tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity
and specificity of the bioassay(s) the activity of the condensate was not changed by the addition of
Peppermint absolute. Table below provides tested level(s) and specific endpoint(s).

Endpoint Tested level (ppm) Reference

Carmines, 2002 &

39 Rustemeier et al.. 2002




211 (oil)

Baker et al., 2004a

250 (No CAS)

JTI KB Study Report(s)

2600
Smoke chemistry
67.200 Gaworski et al., 2011 &
Coggins et al., 2011b
6 Roemer et al., 2014
39 Carmines, 2002 &
Roemer et al., 2002
211 (oil) Baker et al., 2004c
250 Renne et al., 2006

In vitro genotoxicity

250 (No CAS)

JTI KB Study Report(s)

4000
600 fGLH Study Report (2010)
Gaworski et al., 2011 &
67,200 Coggins et al., 2011b
6 Roemer et al., 2014
39 Carmines, 2002 &
Roemer et al., 2002
211 (oil) Baker et al., 2004c
4000 JTI KB Study Report(s)
In vitro cytotoxicity
600 fGLH Study Report (2010)
67.200 Gaworski et al., 2011 &

Coggins et al., 2011b



6 Roemer et al., 2014

2 Gaworski et al., 1998

Carmines, 2002 &

39 Vanscheeuwijck et al., 2002
211 (oil) Baker et al., 2004c
250 Renne et al., 2006

Inhalation study

250 (No CAS) JTI KB Study Report(s)

4000
Gaworski et al., 2011 &
67,200 Coggins et al., 2011b
6 Schramke et al., 2014
66 Gaworski et al., 1999
Skin painting
250 (No CAS) JTI KB Study Report(s)
In vivo genotoxicity 6 Schramke et al., 2014

9. Heated/vapor emissions toxicity

No data available to us at this time.

10. Ecotoxicity

10.1. Environmental fate

The Ecological Categorization Results from the Canadian Domestic Substances List simply state
that oils, peppermint (CAS RN 8006-90-4) are not persistent in the environment.

Data accessed July 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx

EPISuite provides the following data:

Henrys Law Constant (25 deg C) [HENRYWIN v3.20]:




Bond Method :

1.52E-005 atm-m3/mole (1.54E+000 Pa-m3/mole)

Group Method:

2.56E-005 atm-m3/mole (2.60E+000 Pa-m3/mole)

Henrys LC [via VP/WSol estimate using
User-Entered or Estimated values]:

HLC: 3.630E-006 atm-m3/mole (3.678E-001
m3/mole)

VP: 0.00767 mm Hg (source: MPBPVP)

WS: 435 mg/L (source: WSKOWWIN)

Pa-

Log Octanol-Air Partition Coefficient (25 deg C) [KOAWIN v1.10]:

Log Kow used:

3.19 (exp database)

Log Kaw used:

-3.207 (HenryWin est)

Log Koa (KOAWIN v1.10 estimate):

6.397

Log Koa (experimental database):

None

Probability of Rapid Biodegradation (BIOWIN v4.10):

Biowin1 (Linear Model):

Biowin2 (Non-Linear Model) :
Biowin3 (Ultimate Survey Model):
Biowin4 (Primary Survey Model) :

0.8319

0.8707

3.0138 (weeks)
3.7517 (days)

Biowin5 (MITI Linear Model) : 0.4554
Biowin6 (MITI Non-Linear Model): 0.3314
Biowin7 (Anaerobic Linear Model): 0.3226
Ready Biodegradability Prediction: NO

Hydrocarbon Biodegradation (BioHCwin v1.01):

| Structure incompatible with current estimation method!

Sorption to aerosols (25 Dec C)[AEROWIN v1.00]:

Vapor pressure (liquid/subcooled): 29.3 Pa (0.22 mm Hg)
Log Koa (Koawin est): 6.397

Kp (particle/gas partition coef. (m3/ug)):

Mackay model: 1.02E-007

Octanol/air (Koa) model: 6.12E-007

Fraction sorbed to airborne particulates (phi):

Junge-Pankow model: 3.69E-006
Mackay model: 8.18E-006
Octanol/air (Koa) model: 4.9E-005

Atmospheric Oxidation (25 deg C) [AopWin v1.92]:

Hydroxyl Radicals Reaction:

OVERALL OH Rate Constant =

24.0849 E-12 cm3/molecule-sec

Half-Life =

0.444 Days (12-hr day; 1.5E6 OH/cm3)

Half-Life =

5.329 Hrs

Ozone Reaction:

No Ozone Reaction Estimation

Fraction sorbed to airborne particulates (phi):

5.94E-006 (Junge-Pankow, Mackay avg)
4.9E-005 (Koa method)

Note: the sorbed fraction may be resistant to atmospheric oxidation




Soil Adsorption Coefficient (KOCWIN v2.00):

Koc : 88.15 L/kg (MCI method)
Log Koc: 1.945 (MCI method)
Koc : 189.7 L/kg (Kow method)
Log Koc: 2.278 (Kow method)

Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) [HYDROWIN v2.00]:
Rate constants can NOT be estimated for this structure!

Volatilization from Water:

Henry LC: 2.56E-005 atm-m3/mole (estimated by Group SAR Method)

Half-Life from Model River:

29.87 hours (1.244 days)

Half-Life from Model Lake:

430.6 hours (17.94 days)

Removal In Wastewater Treatment:

Total removal:

8.92 percent

Total biodegradation:

0.14 percent

Total sludge adsorption:

7.48 percent

Total to Air:

1.30 percent

(using 10000 hr Bio P,A,S)

Level lll Fugacity Model:

Mass Amount Half-Life Emissions
(percent) (hr) (kg/hr)
Air 1.2 10.7 1000
Water 27.8 360 1000
Soil 70.9 720 1000
Sediment 0.15 3.24e+003 0

Persistence Time: 417 hr

10.2. Aquatic toxicity

The Ecological Categorization Results from the Canadian Domestic Substances List state that oils,
peppermint (CAS RN 8006-90-4) are not inherently toxic to aquatic organisms:

Pivotal value for iT (mg/l)

22.3

Comment iT

Group: individual; Subgroup:
Other oils (individual);

v6.1

Toxicity to fathead minnow (LC50 in mg/l) as predicted by Topkat

22.3

Toxicity to fish (LC50 in mg/l) as predicted by Ecosar v0.99¢g 5.844

v1.10

Toxicity to fish (LC50 in mg/l) as predicted by Oasis Forecast M

32.899

Toxicity to fish (LC50 in mg/l) as predicted by Aster 8.907547




Toxicity to fish (LC50 in mg/l) as predicted by PNN 38.16727

0.629
Toxicity to fish, daphnia, algae or mysid shrimp (EC50 or LC50 in

mg/l) as predicted by Ecosar v0.99g

Chronic toxicity to daphnia or algae (EC50 in mg/l) as predicted by
Ecosar v0.999g

Toxicity to fish (LC50 in mg/l) as predicted by Neutral Organics
QSAR in Ecosar v0.99¢g

Data accessed July 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx
ECOSAR version 1.11 reports the following aquatic toxicity data for CAS RN 8006-90-4:

Values used to Generate ECOSAR Profile
Log Kow: 3.381 (EPISuite Kowwin v1.68 Estimate)
Wat Sol: 490 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations
Neutral Organics

0.646

5.84E+000

ECOSAR Class Organism | Duration | End Rt

Pt mg/L
(Ppm)

Neutral Fish 96-hr LC50 |[7.379

Organics :

Neutral Daphnid 48-hr LC50 |4.760

Organics :

Neutral Green 96-hr EC50 [6.008

Organics : Algae

Neutral Fish Chv 0.838

Organics :

Neutral Daphnid Chv 0.662

Organics :

Neutral Green Chv 2.090

Organics : Algae

Neutral Fish (SW) [ 96-hr LC50 [9.367

Organics :

Neutral Mysid 96-hr LC50 |[2.731

Organics :

Neutral Fish (SW) Chv 2.363

Organics :

Neutral Mysid Chv 0.157

Organics : (SW)

“This study was aimed to assess the potential effects of Mentha piperita on the hemato -
immunological and biochemical parameters, skin antibacterial activity and protection against
Yersinia ruckeri infection in rainbow trout Oncorhynchus mykiss. Fish were divided into 4 groups
before being fed diets supplemented with 0, 1, 2 and 3% of Mentha piperita (MP) plant extract for 8
weeks. Dose-dependent increases immune (both in skin mucus and blood serum) and
hematological parameters (number of red and white cells, hematocrit and hemoglobin contents), as
well as in respiratory burst activity, total protein, albumin, and neutrophil levels in fish fed



supplemented diets compared to the control fish. Furthermore, dietary MP plant extract
supplements have no significant effect on blood biochemical parameters and enzymatic activities of
liver determined in serum of rainbow trout. After 8 weeks the cessation of feeding with MP plant
extract, survival rates of 54.4%, 63.6% and 75.2% were recorded in groups which received 1, 2 and
3% of MP plant extract of feed, respectively, compared to 34.6% survivals in the control. This study
underlying several positive effects of dietary administration of MP plant extract to farmed fish.” As
taken from Adel M et al. 2016. Fish Shellfish Immunol. 55, 267-73. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/27245867

10.3. Sediment toxicity

No data available to us at this time.

10.4. Terrestrial toxicity

“The oviposition deterrence and ovicidal potential of five different essential oils, peppermint oil
(Mentha piperita), basil oil (Ocimum basilicum), rosemary oil (Rosemarinus officinalis), citronella oil
(Cymbopogon nardus), and celery seed oil (Apium graveolens), were assessed against female
adults of the dengue vector, Aedes aegypti L. Multiple concentration tests were carried out where
cups containing 1 mL of different concentrations (100%, 10%, 1%, 0.1%) of the oils and 199 mL of
water were used for oviposition. The number of eggs laid and the larvae hatched in each cup were
scored to evaluate the oviposition deterrent and ovicidal potentials of the oils. Our investigations
revealed that the addition of 100% oil (pure oil) caused complete oviposition deterrence except in A.
graveolens which resulted in 75% effective repellency. The use of 10% oil resulted in the maximum
deterrence of 97.5% as shown by the M. piperita oil while other oils caused 36-97% oviposition
deterrence as against the control. The oviposition medium with 1% oil showed decreased deterrent
potential with 30-64% effective repellency, the M. piperita oil being exceptional. However, as the
concentrations of the oil were reduced further to 0.1%, the least effective oil observed was A.
graveolens (25% ER). Also, the M. piperita oil showed much reduced activity (40%) as compared to
the control, while the other oils exhibited 51-58% repellency to oviposition. The studies on the
ovicidal effects of these oils revealed that the eggs laid in the water with 100% essential oils did not
hatch at all, whereas when 10% oils were used, only the R. officinalis oil resulted in 28% egg hatch.
At lower concentrations (1%), the oils of M. piperita, O. basilicum, and C. nardus showed complete
egg mortality while those of A. graveolens and R. officinalis resulted in 71% and 34% egg hatches,
respectively. When used at 0.1%, the O. basilicum oil was found to be the only effective oil with
100% egg mortality, whereas other oils resulted in 16-76% egg mortality, the least mortality caused
by the A. graveolens oil. These results suggest that these essential oils can be employed in a
resistance-management program against A. aegypti. Further detailed research is needed to identify
the active ingredient in the extracts and implement the effective mosquito management program.”
As taken from Saharkhiz MJ et al. 2012. ISRN Pharm. 2012, 718645. PubMed, 2013 available at
http://www.ncbi.nim.nih.gov/pubmed/23304561

“Variations in quantity and quality of essential oil (EO) from the aerial parts of cultivated Mentha
piperita were determined...... The EO exhibited strong antifungal activities against the examined
fungi at concentrations ranging from 0.12 to 8.0 yL/mL. In addition, the EO inhibited the biofilm
formation of Candida albicans and C. dubliniensis at concentrations up to 2 yL/mL. Considering the
wide range of the antifungal activities of the examined EO, it might be potentially used in the
management of fungal infections or in the extension of the shelf life of food products.” As taken from
Warikoo R et al. 2011. Parasitol. Res. 109(4), 1125-31. PubMed, 2013 available at
http://www.ncbi.nim.nih.gov/pubmed/21445613?dopt=AbstractPlus

“The housefly Musca domestica L. is recognized as a public health pest causing a serious threat to
human and livestock by vectoring many infectious diseases........ the essential oils of Mentha




piperita, Zingiber officinalis, Emblica officinalis, and Cinnamomum verum were evaluated for their
larvicidal, attractant/repellent, and oviposition attractant/deterrent activity against M. domestica. The
highest larvicidal activity, i.e., C(50) = 104 ppm was shown by M. piperita. This oil also exhibited
96.8% repellency at the concentration of 1%. The highest oviposition deterrence activity of 98.1%
was also exhibited by M. piperita oil at the concentration of 1%. Among the remaining plants, the
essential oil of Z. officinalis exhibited significant bioactivities against M. domestica with larvicidal
activity, i.e., lethal concentration (LC)(50) = 137 ppm, repellency of 84.9 and 98.1% oviposition
deterrence both at 1% concentration. The other two plant oils, viz., C. verum and E. officinalis,
showed relatively moderate bioefficacy with larvicidal activity, i.e., LC(50) = 159 and 259 ppm,
repellency of 77.9 and 63.0% while oviposition deterrence of 60.0 and 42.6%, respectively. The
result revealed that the essential oils of M. piperita have control potential against M. domestica and
should be further explored as a component of integrated vector management program.” As taken
from Morey RA & Khandagle AJ et al. 2012. Parasitol. Res. 111(4), 1799-805. PubMed, 2013
available at http://www.ncbi.nlm.nih.gov/pubmed/22777704

“The toxicity of six plant essential oils to the chewing louse, Bovicola (Werneckiella) ocellatus
collected from donkeys, was examined in laboratory bioassays. The oils examined were: tea-tree
(Melaleuca alternifolia), lavender (Lavandula angustifolia), peppermint (Mentha piperita), eucalyptus
(Eucalyptus globulus Labillardiere), clove bud (Eugenia caryophyllata) and camphor (Cinnamomum
camphora). All except camphor oil showed high levels of toxicity, with significant dose-dependent
mortality and an LC(50) at concentrations of below 2% (v/v). Hundred percent mortality was
achieved at concentrations of 5-10% (v/v). Two essential oil components: eugenol and (+)-terpinen-
4-ol showed similar levels of toxicity. The data suggest that these botanical products may offer
environmentally and toxicologically safe, alternative veterinary pediculicides for the control of
ectoparasitic lice.” As taken from Talbert R & Wall R. 2012. Res. Vet. Sci. 93(2), 831-5. PubMed,
2013 available at http://www.ncbi.nlm.nih.gov/pubmed/22177577

Record for oils, peppermint:

Spec. Sci. [ Resp. | Media | Exp.
Name Site Type | Type Dose# | Endpoint | Effect | Signif. | Dose
Spec. Exp. Res. Dose
Common Dur. Test Chem. | Sample Effect | Sig. Stat.
Name (Days) | Loc. Anal. | Unit BAF/BCF | Meas. | Level Meth.
Trichoderma F (3.0-
harzianum CUL CM LOEL MOR | SIG 4.0) ul/ml
Fungus 1 LAB U MORT [ <0.05
Trichoderma F (3.0-
harzianum MYC CUL CM LOEL POP SIG 4.0) ul/ml
Fungus 21 LAB U ABND | <0.05
Verticillium F < 5
fungicola MYC FLT DA LOEL POP SIG ul/eu
Fungus 21 LAB U ABND | <0.05
Verticillium F (2.5-
fungicola MYC CUL CM LOEL POP SIG 3.5) ul/ml
Fungus 1 LAB U ABND | <0.05

F 200
Penicillium sp. CUL CM LOEL POP SIG ul/ml
Fungi 3 LAB U ABND | <0.05
Aspergillus F 200
niger niger CUL CM LOEL POP SIG ul/ml
Fungi 3 LAB U ABND | <0.05
Penicillium F 200
chrysogenum CUL CM LOEL POP SIG ul/ml
Fungus 3 LAB U ABND | <0.05




Trametes F 300
versicolor MIX EN 2 LOEL POP ASIG ul/ml
Fungus 84 LAB U ABND | <0.05
F 100
Penicillium sp. CUL CM NOEL POP NOSIG | ul/ml
Fungi 3 LAB U ABND | <0.05
Aspergillus F 100
niger niger CUL CM NOEL POP NOSIG | ul/ml
Fungi 3 LAB U ABND | <0.05
Penicillium F 100
chrysogenum CUL CM NOEL POP NOSIG | ul/ml
Fungus 3 LAB U ABND | <0.05
Trametes F 300
versicolor CUL CM NOEL POP NOSIG | ul/ml
Fungus 3 LAB U ABND | <0.05
F 300

Penicillium sp. MIX EN 2 POP ul/ml

(28 -
Fungi 84) LAB U ABND
Aspergillus F 300
niger niger MIX EN 2 POP ul/ml

(28 -
Fungi 84) LAB U ABND
Penicillium F 300
chrysogenum MIX EN 2 POP ul/ml

(28 -
Fungus 84) LAB U ABND
Spodoptera
frugiperda Mi NONE | FD 2 ENZ F.2%
Fall Armyworm | 2 LAB U AEPX
Coptotermes F 300
gestroi MIX EN 2 FDB ul/ml
Termite 28 LAB U FCNS
Coptotermes F 300
gestroi MIX EN 2 NR-LETH | MOR ul/ml
Termite 28 LAB U MORT

As taken from US EPA ECOTOX database

‘BACKGROUND: The consequence of misusing chemical biocides in controlling pests and
diseases has drawn the attention of policy makers to the development of methods potentially
available in nature for this purpose. In the present study the inhibitory effects of black caraway,
fennel and peppermint essential oils against Botrytis cinerea were tested at various concentrations
in vitro and in vivo. RESULTS: The in vitro results showed that the growth of B. cinerea was
completely inhibited by the application of black caraway and fennel oils at concentrations of 400
and 600 pL L(-1) respectively. The in vivo results indicated that black caraway, fennel and
peppermint oils at all applied concentrations inhibited B. cinerea growth on plum fruits compared
with the control. In addition, all three oils at higher concentrations showed positive effects on fruit
quality characteristics such as titrable acidity, total soluble solids, carbohydrate content, pH and
weight loss percentage. Thus the oils inhibited the infection of plum fruits by B. cinerea and
increased their storage life. CONCLUSION: This research confirms the antifungal effects of black
caraway, fennel and peppermint essential oils both in vitro and in vivo on plum fruits postharvest.
Therefore these essential oils could be an alternative to chemicals to control postharvest
phytopathogenic fungi on plum fruits.” As taken from Aminifard MH and Mohammadi S. 2013. J.



Sci. Food Agric. 93(2), 348-53. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/22740387?dopt=AbstractPlus

“The nematicidal activity and chemical characterization of aqueous extracts and essential oils of
three mint species, namely, Mentha x piperita , Mentha spicata , and Mentha pulegium , were
investigated. The phytochemical analysis of the essential oils was performed by means of GC-MS,
whereas the aqueous extracts were analyzed by LC-MS. The most abundant terpenes were
isomenthone, menthone, menthol, pulegone, and carvone, and the water extracts yielded mainly
chlorogenic acid, salvianolic acid B, luteolin-7-O-rutinoside, and rosmarinic acid. The water extracts
exhibited significant nematicidal activity against Meloidogyne incognita , and the EC50/72h values
were calculated at 1005, 745, and 300 mg/L for M. x piperita, M. pulegium, and M. spicata,
respectively. Only the essential oil from M. spicata showed a nematicidal activity with an EC50/72h
of 358 mg/L. Interestingly, menthofuran and carvone showed EC50/48h values of 127 and 730
mg/L, respectively. On the other hand, salicylic acid, isolated in the aqueous extracts, exhibited
EC50 values at 24 and 48 h of 298 + 92 and 288 + 79 mg/L, respectively.” As taken from Caboni P
et al. 2013. J. Agric. Food Chem. 61(41), 9784-8. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24050256

“The antifungal activity of plant essential oils was evaluated as postharvest treatment on stone fruit
against brown rot and grey mold rot of stone fruit caused by Monilinia laxa and Botrytis cinerea,
respectively. The essential oils from basil (Ocimum basilicum), fennel (Foeniculum sativum),
lavender (Lavandula officinalis), marjoram (Origanum majorana), oregano (Origanum vulgare),
peppermint (Mentha piperita), rosemary (Rosmarinus officinalis), sage (Salvia officinalis), savory
(Satureja montana), thyme (Thymus vulgaris), and wild mint (Mentha arvensis) were tested at two
different concentrations on apricots (cv. Kyoto and cv. Tonda di Costigliole), nectarines (cv. Big Top
and cv. Nectaross) and plums (cv. Italia and cv. TC Sun). The volatile composition of the essential
oils tested was determined by gas chromatography-mass spectrometry analysis. The treatments
containing essential oils from oregano, savory, and thyme at 1% (vol/vol) controlled both B. cinerea
and M. laxa growing on apricots cv. Tonda di Costigliole and plums cv. ltalia and cv. TC Sun;
however, the same treatments were phytotoxic for the carposphere of nectarines cv. Big Top and
cv. Nectaross. Treatments with 10% (vol/vol) essential oils were highly phytotoxic, notwithstanding
their efficacy against the pathogens tested. The essential oils containing as major components a-
pinene, p-cymene, carvacrol, and thymol showed similar results on stone fruit, so their antimicrobial
activity and the phytotoxicity produced could be based on the concentration of their principal
compounds and their synergistic activity. The efficacy of the essential oil treatments on control of
fungal pathogens in postharvest depended on the fruit cultivar, the composition and concentration
of the essential oil applied, and the length of storage.” As taken from Lopez-Reyes JG et al. 2013.
J. Food Prot. 76(4), 631-9. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23575125

“‘BACKGROUND: In the last years essential oils from different plants were used in the prevention of
fungi and mycotoxins accumulation in cereals. The most attractive aspect derived from using of
essential oils as seed grains protectants is due to their non-toxicity. This study was focused on
assessment the inhibitory effect of some essential oils: Melissa officinalis (O1), Salvia officinalis
(02), Coriandrum sativum (O3), Thymus vulgaris (O4) Mentha piperita (O5) and Cinnamomum
zeylanicum (O6) against natural mycoflora and Fusarium mycotoxins production correlated with
their antioxidants properties. RESULTS: All essential oils showed inhibitory effect on fungal
contamination of wheat seeds. This ability was dose-dependent. The highest inhibitory effect on
Fusarium and Aspergillus fungi was recorded after 5 days of treatment. Fungi such as yeast (Pichia,
Saccharomyces and Hyphopichia) were predominantly on seeds mycoflora after 22 days. Each
treatment had a selective inhibitory effect on frequency of fungus genera. After 5 days of treatment
the most fungicidal effect was recorder for O4, followed by O1. In terms of essential oils effect on
mycotoxins development, the best control on fumonisins (FUMO) production was recorded for O6.
The antioxidant properties of essential oils decreased in order: O4>01>06> 05> 02> 03. Also,
our data suggested that there is a significant negative correlation between antioxidant properties



and seed contamination index (SCI), but there was not recorded a good correlation between
antioxidant properties and FUMO content. CONCLUSIONS: Based on proven antifungal and
antimycotoxin effects as well as their antioxidant properties, the essential oils could be
recommended as natural preservatives for stored cereals. The highest inhibition of fungal growth
was noted after 5 days of treatment and decreased after 22 days. As taken from Sumalan RM et al.
2013. Chem. Cent. J. 7(1):32. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23409841

‘BACKGROUND: The study objectives were: (1) to field test potential repellency of common
essential oils against several pestiferous social wasps (Hymenoptera: Vespidae), using attractant-
baited traps; (2) to identify vespid antennally active compounds from the repellent essential oils; (3)
to determine potential repellency of these electroantennographic detection (EAD) active compounds
in the field. RESULTS: Of the 21 essential oils tested, 17 showed significant repellency on
yellowjackets [mainly Vespula pensylvanica (Saussure)] and paper wasps [mainly Polistes
dominulus (Christ)]: clove, pennyroyal, lemongrass, ylang ylang, spearmint, wintergreen, sage,
rosemary, lavender, geranium, patchouli, citronella, Roman chamomile, thyme, fennel seed, anise
and peppermint. Two essential oil mixtures - 3EO-mix (clove, geranium and lemongrass) and 4EO-
mix (clove, geranium, lemongrass and rosemary) - totally blocked the attraction of vespid workers.
Twenty-nine vespid antennally active compounds were identified from solid-phase microextraction
(SPME) samples of 11 strongly repellent essential oils by GC-EAD/MS techniques. Among the
synthetic EAD-active compounds field tested, eugenol, P/I-menthone, pulegone, a/B-thujone, I-
carvone, E/Z-citral, citronellal, methyl benzoate, benzyl acetate, methyl salicylate and 3-octanol
showed a significant repellency on vespid workers. These compounds are likely responsible for the
repellency of their corresponding essential oils. CONCLUSION: These repellent essential oils and
their active compositions have great potential for efficient, environmentally sound semiochemical-
based IPM of pestiferous vespid wasps.” As taken from Zhang QH et al. 2013. Pest. Manag. Sci.
69(4), 542-52. PubMed, 2014 available at http://www.ncbi.nlm.nih.gov/pubmed/23081867

“‘Nasopharyngeal myiasis of camels is caused by the larvae of Cephalopina titillator. We determined
the efficacy of essential oils (EOs) of pumpkin, Cucurbita maxima; lupinus, Lupinus luteus; garlic oil,
Allium sativum; and peppermint, Mentha piperita, against the third larval stage of C. titillator using
larval immersion tests. The positive control group was treated with ivermectin and the negative
control one was treated with distilled water and few drops of Tween 80. Larvae were reared until
adult emergence. The data indicated that complete larval mortalities were reached 24 h post
treatment (PT) with 2 % pumpkin, 7.5 % garlic and peppermint, 30 % lupinus, and 0.15 %
ivermectin. The lethal values, LC50s, were 0.20, 0.44, 0.42, 0.47, and 0.03 %, respectively.
Pumpkin and ivermectin were 2 and 17 times, respectively, more effective than the other EOs.
Ivermectin was seven times more intoxicating than pumpkin oil. Formation of pupae had been
stopped after treatment of larvae with 2 % pumpkin, 7.5 % garlic and peppermint, 30 % lupines, and
0.04 % ivermectin. Adult emergence had been completely ceased following treatment of larvae with
0.5 % EOs and 0.04 % ivermectin. Morphological abnormalities were pronounced after treatments,
and peppermint oil was the foremost cause of deformation in larvae (44 % PT with 7.5 %) and
pupae (40 % PT with 2 %). Pumpkin oil (6 %) was selected to be the drug of choice for controlling
C. titillator. Besides their insecticidal effects, EOs are much safer than ivermectin regarding health
and environmental issues. Consequently, EOs described herein merit further study as potential
nasal drench for C. titillator control.” As taken from Khater HF. 2014. Parasitol. Res. 113(2), 593-
605. PubMed, 2014 available at http://www.ncbi.nlm.nih.gov/pubmed/24276644

ECOSAR version 1.11 reports the following aquatic toxicity data for CAS RN 8006-90-4:

Values used to Generate ECOSAR Profile
Log Kow: 3.381  (EPISuite Kowwin v1.68 Estimate)
Wat Sol: 490 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations
Neutral Organics




ECOSAR Class Organism | Duration | End | Predicted
Pt mg/L (ppm)
Neutral Earthworm | 14-day LC50 | 195.365

Organics

“Greenhouse producers are interested in integrating natural enemies along with pesticides to
suppress western flower thrips, Frankliniella occidentalis (Pergande), populations. The insidious
flower bug, Orius insidiosus (Say), is a commercially available natural enemy of western flower
thrips. We conducted a series of laboratory experiments to determine the direct and indirect effects
of 28 pesticides (insecticides, miticides, and fungicides), 4 pesticide mixtures, and 4 surfactants (36
total treatments plus a water control) on the adult O. insidiosus survival and predation on western
flower thrips adults under laboratory conditions. The number of live and dead O. insidiosus adults
was recorded after 24, 48, 72, and 96 h. The results of the study indicate that the fungicides
(aluminum tris, azoxystrobin, fenhexamid, and kresoxim-methyl), insect growth regulators
(azadirachtin, buprofezin, kinoprene, and pyriproxyfen), botanicals (Capsicum oleoresin extract,
garlic oil, soybean oil; and rosemary, rosemary oil, peppermint oil, and cottonseed oil), and
entomopathogenic fungi (Beauveria bassiana and Metarhizium anisopliae) were minimally directly
harmful to adult O. insidiosus, with 80% to 100% adult survival. However, abamectin, spinosad,
pyridalyl, chlorfenapyr, tau-fluvalinate, imidacloprid, dinotefuran, acetamiprid, and thiamethoxam
directly affected O. insidiosus survival after 96 h (0-60% adult survival). The pesticide mixtures of
abamectin + spinosad and chlorfenapyr + dinotefuran reduced adult survival (20% and 0%,
respectively, after 48 h). Furthermore, the surfactants were not directly harmful to O. insidiosus
adults. All western flower thrips adults were killed by the surviving adult O. insidiosus after 48 h,
indicating no indirect effects of the pesticides on predation.” As taken from Herrick NJ and Cloyd
RA. 2017. J. Econ. Entomol. 110(3), 931-940. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/28444217

“The essential oil was obtained by hydrodistillation and the identification and quantification of
components were achieved with the use of GC-MS analysis. The antioxidant activity was evaluated
by the method of sequestration of DPPH. Essential oils were used for study the cytotoxic front
larvae of Artemia salina. In the evaluation of the antimicrobial activity of essential oils, we employed
the disk-diffusion method. The potential larvicide in mosquito larvae of the third stage of
development of Aedes aegypti to different concentrations of essential oils was evaluated. The major
compounds found in the essential oils of M. piperita were linalool (51.8%) and epoxyocimene
(19.3%). The percentage of antioxidant activity was 79.9 £ 1.6%. The essential oil showed LC50 =
414.6 pg/mL front of A. saline and is considered highly toxic. It shows sensitivity and halos
significant inhibition against E. coli. The essential possessed partial larvicidal efficiency against A.
aegypti.” As taken from da Silva Ramos R et al. 2017. Scientific World Journal 2017, 4927214.
PubMed, 2017 available at https://www.ncbi.nlm.nih.gov/pubmed/28116346

“The larvicidal activity of Mentha piperita, Cymbopogan citratus (lemongrass), Eucalyptus globulus
and Citrus sinensis (orange) essential oils and their combinations was evaluated against Musca
domestica (housefly) and Anopheles stephensi (mosquitoes) through contact toxicity assay. Among
all the tested essential oils/combinations, Me. piperita was found to be the most effective larvicidal
agent against Mu. domestica and An. stephensi with LC50 values of 0.66 ul/cm(2) and 44.66 ppm,
respectively, after 48 h. The results clearly highlighted that the addition of mentha oil to other oils
(1:1 ratio) improved their larvicidal activity. The order of effectiveness of essential oils/combinations
indicated that the pattern for An. stephensi follows the trend as mentha > mentha + lemongrass >
lemongrass > mentha + eucalyptus > eucalyptus > mentha + orange > orange and for Mu.
domestica as mentha > mentha + lemongrass > lemongrass > mentha + orange > orange > mentha
+ eucalyptus > eucalyptus. The images obtained from scanning electron microscopy (SEM) analysis
indicated the toxic effect of Me. piperita as the treated larvae were observed to be dehydrated and
deformed. This study demonstrates the effectiveness of tested essential oils/combinations against
the larval stages of Mu. domestica and An. stephensi and has the potential for development of
botanical formulations.” As taken from Chauhan N et al. 2016. Parasitol. Res. 115(6), 2223-31.
PubMed, 2017 available at https://www.ncbi.nIlm.nih.gov/pubmed/26920567




“Herbal extracts have been investigated as an alternative for parasite control, aiming to slow the
development of resistance and to obtain low-cost biodegradable parasiticides. The goal of this
study was to evaluate the efficacy, in vitro, of 11 essential oils from Brazil on reproductive efficiency
and lethality of the cattle tick Rhipicephalus (Boophilus) microplus. The effects of oils extracted from
Curcuma longa, Zingiber officinale, Lippia alba, Lippia gracilis, Lippia origanoides, Lippia sidoides,
Mentha arvensis, Mentha piperita, Croton cajucara (white and red), and Croton sacaquinha on ticks
were investigated by the Immersion Test with Engorged Females (ITEF) and the modified Larval
Packet Test (LPT). Distilled water and 2% Tween 80 were used as control treatments. Chemical
analysis of the oils was done with gas chromatography coupled with mass spectrometry. Analysis of
the in vitro tests using Probit (SAS program) allowed the calculation of lethal concentrations (LCs).
Lower reproductive efficiency indexes and higher efficacy percentages in the ITEF were obtained
with the oils extracted from C. longa (24 and 71%, respectively) and M. arvensis oils (27 and 73%,
respectively). Lower LC50 was reached with C. longa (10.24 mg/mL), L. alba (10.78 mg/mL), M.
arvensis (22.31 mg/mL), L. sidoides (27.67 mg/mL), and C. sacaquinha (29.88 mg/mL) oils. In the
LPT, species from Zingiberaceae and Verbenaceae families caused 100% lethality at 25 mg/mL,
except for L. sidoides. The most effective oils were from C. longa, L. gracilis, L. origanoides, L.
alba, and Z. officinale. The LC50 and LC90 were, respectively: 0.54 and 1.80 mg/mL, 3.21 and 7.03
mg/mL, 3.10 and 8.44 mg/mL, 5.85 and 11.14 mg/mL, and 7.75 and 13.62 mg/mL. The efficacy
was directly related to the major components in each essential oil, and the oils derived from Croton
genus presented the worst performance, suggesting the absence of synergistic effect among its
compounds. Since C. longa, containing 62% turmerone, was the one most efficient against ticks,
this compound may be potentially used for tick control, but further research is needed, especially to
assess toxicity of these compounds to the host. These new studies, together with the results
presented here, may provide a strong rationale for designing pre-clinical and clinical studies with
these agents.” As taken from Chagas AC et al. 2016. Ticks Tick Borne Dis. 7(3), 427-32. PubMed,
2017 available at https://www.ncbi.nlm.nih.gov/pubmed/26867819

10.5. All other relevant types of ecotoxicity

The Ecological Categorization Results from the Canadian Domestic Substances List simply state
that oils, peppermint (CAS RN 8006-90-4) are not bioaccumulative in the environment.

Data accessed July 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx

EPISuite provides the following data:

Bioaccumulation Estimates (BCFBAF v3.01):

Log BCF from regression-based method: 1.772 (BCF = 59.12 L/kg wet-wt)
Log Biotransformation Half-life (HL): -0.1483 days (HL = 0.7108 days
Log BCF Arnot-Gobas method (upper trophic): 1.368 (BCF = 23.36)

Log BAF Arnot-Gobas method (upper trophic): 1.368 (BAF = 23.36)

log Kow used: 3.19 (expkow database)

11. References for conventional products

e Adel M et al. (2016). Hemato - Immunological and biochemical parameters, skin antibacterial
activity, and survival in rainbow trout (Oncorhynchus mykiss) following the diet supplemented
with Mentha piperita against Yersinia ruckeri. Fish Shellfish Immunol. 55, 267-73. PubMed,
2017 available at https://www.ncbi.nim.nih.gov/pubmed/27245867

e Akhavan Amjadi M et al. (2012). The effect of peppermint oil on symptomatic treatment of pruritus in
pregnant women. Iran. J. Pharm. Res. 11(4), 1073-7. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/24250539




Alam MS et al. (2013). Efficacy of Peppermint QOil in Diarrhea Predominant IBS - A Double Blind
Randomized Placebo - Controlled Study. Mymensingh Med. J. 22(1), 27-30. PubMed, 2013 available
at http://www.ncbi.nlm.nih.gov/pubmed/234 16804

Alarie Y [undated]. Unpublished data (cited in Federal Register, 1976).

Alexa A et al. (2018). Phytochemical Screening and Biological Activity of Mentha x piperita L. and
Lavandula angustifolia Mill. Extracts. Anal. Cell Pathol. (Amst). 2018, 2678924. DOI
10.1155/2018/2678924. PubMed, 2018 available at: https://www.ncbi.nlm.nih.gov/pubmed/29552454

Aminifard MH and Mohammadi S (2013). Essential oils to control Botrytis cinerea in vitro and in vivo
on plum fruits. J. Sci. Food Agric. 93(2), 348-53. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/22740387 ?dopt=AbstractPlus

Andersen P H & Jensen N J (1984). Mutagenic investigation of peppermint oil in the
Salmonella/mammalian-microsome test. Mutation Research, 138, 17-20 (cited in BIBRA, 1999).

Anheyer D et al. (2017). Herbal Medicines for Gastrointestinal Disorders in Children and Adolescents:
A Systematic Review. Pediatrics 139(6), e20170062. DOI 10.1542/peds.2017-0062. PubMed, 2018
available at https://www.ncbi.nim.nih.gov/pubmed/28562281

Anon (1985). Tokishikoroji Foramu (Toxicology Forum), 8, 91 (cited in RTECS, 2011).

Arruda MO et al. (2017). The Hydroalcoholic Extract Obtained from Mentha piperita L. Leaves
Attenuates Oxidative Stress and Improves Survival in Lipopolysaccharide-Treated Macrophages. J.
Immunol. Res. 2017, 2078794. DOl 10.1155/2017/2078794. PubMed, 2018 available at:
https://www.ncbi.nlm.nih.gov/pubmed/29085843

Asao T et al. (2001), Gastrointest Endosc. 2001 Feb;53(2):172-7. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=11
1742878&query hl=7&itool=pubmed docsum

Ash M (1995). Handbook of food additives: an international guide to more than 7000compounds by
trade name, chemical, function and manufacture. Gower Publishing Ltd.ISBN 0-566-07592-x.

Baker R and Bishop L. (2005). The pyrolysis of non-volatile tobacco ingredients using a system that
stimulates cigarette combustion conditions. J. Anal. Appl. Pyrolysis 74, 145-170.

Baker R et al. (2004a). The effect of tobacco ingredients on smoke chemistry.Part |: Flavourings and
additives. Food and Chemical Toxicology 42s, S3-S37.

Baker R et al. (2004c). An overview of the effects of tobacco ingredients on smoke chemistry and
toxicity. Food and Chemical Toxicology 42s, S53-S83.

Bayat R and Borici-Mazi R (2014). A case of anaphylaxis to peppermint. Allergy Asthma Clin.
Immunol. 10(1), 6. PubMed, 2014 available at http://www.ncbi.nim.nih.gov/pubmed/24472564

Beesley A et al. (1996), Gut. 1996 Aug;39(2):214-9. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=89
91859&query hl=19&itool=pubmed DocSum

Begas E et al. (2017). Effects of peppermint tea consumption on the activities of CYP1A2, CYP2AG6,
Xanthine Oxidase, N-acetyltranferase-2 and UDP-glucuronosyltransferases-1A1/1A6 in healthy
volunteers. Food Chem. Toxicol. 100, 80-89. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/28011360

Behrends M et al. (2005), Anesth Analg. 2005 Oct;101(4):1160-2. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=16
192538&query hl=9&itool=pubmed docsum

BIBRA (1999). Toxicity Profile: Peppermint oil, powered by Toxnet. URL: http://toxnet.nim.nih.gov/
Burdock GA (ed.) (2010). Fenaroli's Handbook of Flavor Ingredients. 6th ed. Boca Raton, FL, p. 1627.

Caboni P et al. (2013). Nematicidal activity of mint aqueous extracts against the root-knot nematode
Meloidogyne incognita. J. Agric. Food Chem. 61(41), 9784-8. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24050256

Carmines E (2002). Evaluation of the potential effects of ingredients added to cigarettes. Part 1.




Cigarette design, testing approach, and review of results. Food and Chemical Toxicology, 40, 77-91.
CD-ROM 1, JTI Submission, 2002

Chagas AC et al. (2016). Efficacy of 11 Brazilian essential oils on lethality of the cattle tick
Rhipicephalus (Boophilus) microplus. Ticks Tick Borne Dis. 7(3), 427-32. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/26867819

Chauhan N et al. (2016). Larvicidal potential of essential oils against Musca domestica and Anopheles
stephensi. Parasitol. Res. 115(6), 2223-31. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/26920567

ChemlIDplus. Accessed March 2018. Available at https://chem.nlm.nih.gov/chemidplus/

Coggins CRE et al. (2011b). A comprehensive evaluation of the toxicology of cigarette ingredients:
essential oils and resins. Inhalation Toxicology, 23 (S1), 41-69.

Cosing (Cosmetic substances and ingredients database). Record for Mentha piperita oil. Undated,
accessed March 2018. Available at http://ec.europa.eu/growth/tools-databases/cosing/

Cosmetics Bench Reference (1996). Published by Cosmetics and Toiletries. ISBN 0-931710-51-0.

da Silva Ramos R et al. (2017). Chemical Composition and In Vitro Antioxidant, Cytotoxic,
Antimicrobial, and Larvicidal Activities of the Essential Oil of Mentha piperita L. (Lamiaceae). Scientific
World Journal 2017, 4927214. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/28116346

Dagli N et al. (2015). Essential oils, their therapeutic properties, and implication in dentistry: A review.
J. Int. Soc. Prev. Community Dent. 5(5), 335-40. PubMed, 2016 available at:
http://www.ncbi.nlm.nih.gov/pubmed/26539382

Davies SJ et al. (2002), Clin J Pain. 2002 May-Jun;18(3):200-2. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcqgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=12
048423&query hl=19&itool=pubmed DocSum

de Aguiar FC et al. (2018). Antimicrobial activity of selected essential oils against Streptococcus suis
isolated from pigs. Microbiologyopen. Epub ahead of print. DOI 10.1002/mbo3.613. PubMed, 2018
available at: https://www.ncbi.nlm.nih.gov/pubmed/29575822

DeKoven JG et al. (2017). North American Contact Dermatitis Group Patch Test Results 2013-2014.
Dermatitis 28(1), 33-46. DOl 10.1097/DER.0000000000000225. PubMed, 2018 available at:
https://www.ncbi.nlm.nih.gov/pubmed/27775967

Department of Health (2003). Permitted Additives to Tobacco Products in the United Kingdom.
Department of Health, London. October 2003. Available at:
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/prod consum dh/gr
oups/dh digitalassets/@dh/@ab/documents/digitalasset/dh 095251.pdf

Dew MJ et al. (1984), Br J Clin Pract. 1984 Nov-Dec;38(11-12):394, 398. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=63
97219&query hl=1&itool=pubmed DocSum

Doull et al. (1994). A safety assessment of the ingredients added to tobacco in the manufacture of
cigarettes. Available at http://legacy.library.ucsf.edu/tid/thy03c00

Doull et al. (1998). A safety assessment of the ingredients added to tobacco in the manufacture of
cigarettes. Available at http://legacy.library.ucsf.edu/tid/wzp67e00

Douros A et al. (2016). Herb-Induced Liver Injury in the Berlin Case-Control Surveillance Study. Int. J.
Mol. Sci. 17(1), E114. PubMed, 2017 available at https://www.ncbi.nlm.nih.gov/pubmed/26784183

Dresser GK et al. (2002), Clin Pharmacol Ther. 2002 Sep;72(3):247-55. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=12
235445&query hl=5&itool=pubmed docsum

EAFUS (2013). US Food and Drug Administration. Everything added to food in the United States. Last
updated 23 April 2013. Accessed March 2018. Available at
https://www.accessdata.fda.gov/scripts/fcn/fcnNavigation.cfm?rpt=eafusListing

ECHA (2016). European Chemicals Agency. Annex Ill Inventory. Last updated 18 May 2016.




Available at: https://echa.europa.eu/information-on-chemicals/annex-iii-inventory

ECHA (2018a). European Chemicals Agency. Information on Chemicals. Record for oils, peppermint
(CAS RN 8006-0-4). Last updated 7 February 2018. Available at: https://echa.europa.eu/information-
on-chemicals/pre-registered-substances

ECHA (2018b). European Chemicals Agency. Information on Chemicals. Record for peppermint, ext.
(CAS RNs 8006-90-4/84082-70-2). Last wupdated 27 March 2018. Available at:
https://echa.europa.eu/information-on-chemicals/registered-substances

ECHA (2018c). European Chemicals Agency. Classification and Labelling (C&L) Inventory database.
Last updated 28 March 2018. Available at: http://fecha.europa.eu/information-on-chemicals/cl-
inventory-database

ECOSAR. Record for oils, peppermint (CAS RN 8006-90-4). Accessed July 2017. (ECOSAR content
has not been updated since 2012, version 1.11.) Available to download, through EPISuite, at
https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface

EMA (2014). European Medicines Agency. Public statement on the use of herbal medicinal products
containing pulegone and menthofuran. Draft revision 1. 24 November 2014. EMA/HMPC/138386/2005
Rev. 1. Available at:
http://www.ema.europa.eu/docs/en GB/document library/Public_statement/2014/12/WC500179556.p
df

EMEA (2008). European Medicines Agency. Assessment report on Mentha x piperita 1., Aetheroleum.
Available at http://www.emea.europa.eu/docs/en GB/document library/Herbal -
HMPC assessment report/2010/01/WC500059311.pdf

EPISuite (undated). Record for oils, peppermint (CAS RN 8006-40-9). Accessed July 2017. (EPISuite
content has not been updated since 2012, version 4.11.) The programme is available to download via
https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface

EPISuite (2017). Record for oils, peppermint (CAS RN 8006-90-4). EPISuite version 4.11. Last
updated June 2017. EPISuite is available to download at https://www.epa.gov/tsca-screening-
tools/download-epi-suitetm-estimation-program-interface-v4 11

Fashner J and Gitu AC (2013). Common gastrointestinal symptoms: irritable bowel syndrome. Family
Physician Essentials 413, 16-23. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/24124703

FDA (2018). US Food and Drug Administration. Electronic Code of Federal Regulations (e-CFR), Title
21. Current as of 26 March 2018. Accessed March 2018. Available at: https://www.ecfr.gov/cgi-
bin/ECFR?page=browse

Ferreira P et al. (2014). Mentha piperita essential oil induces apoptosis in yeast associated with both
cytosolic and mitochondrial ROS-mediated damage. FEMS Yeast Res. 14(7), 1006-1014. PubMed,
available at http://www.ncbi.nim.nih.gov/pubmed/25065265

fGLH Study Report (2010).
Fox N (1930). Archs Otolar. 11, 48.

Gaworski C.L. et al. (1998). Toxicologic evaluation of flavor ingredients added to cigarette tobacco:
13-week inhalation exposures in rats. Inhalation Toxicology, 10:357-381.

Gaworski C.L. et al. (1999). Toxicologic evaluation of flavor ingredients added to cigarette tobacco:
skin painting bioassay of cigarette smoke condensate in SENCAR mice. Toxicology 139, 1-17.

Gaworski CL et al. (2011a). An evaluation of the toxicity of 95 ingredients added individually to
experimental cigarettes: approach and methods. Inhalation Toxicology, 23 (S1), 1-12.

Gaworski CL et al. (2011b). Insights from a multi-year program designed to test the impact of
ingredients on mainstream cigarette smoke toxicity. Inhalation Toxicology, 23 (S1), 172-183.

Grigoleit HG & Grigoleit P. (2005) Phytomedicine. Aug;12(8):612-6. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=16
121523&query hl=19&itool=pubmed DocSum

Grigoleit HG & Grigoleit P. (2005) Phytomedicine. Aug;12(8):607-11. PubMed, 2010 available at




http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=16
1215228&query hl=19&itool=pubmed DocSum

Hall RL and Oser BL (1965). Recent progress in the consideration of flavoring ingredients under the
Food Additives Amendment. lll. GRAS substances. Food Technology, 19, 151-197. Available at
https://www.femaflavor.org/sites/default/files/3.%20GRAS%20Substances%282001-3124%29 0.pdf

Hamoud R et al. (2012). Antimicrobial activity of a traditionally used complex essential oil distillate
(Olbas(®) Tropfen) in comparison to its individual essential oil ingredients. Phytomedicine 19(11),
969-76. Pubmed, 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/22739414

Haresaku M et al (1985). Mutagenicity study (Ames test) of toothpaste ingredients.Journal of the
Society of Cosmetic Chemists, Japan, 19, 100-104 (in Japanese).

Hassan HA et al. (2013). Mentha piperita as a pivotal neuro-protective agent against gamma
irradiation induced DNA fragmentation and apoptosis: Mentha extract as a neuroprotective against
gamma irradiation. Cytotechnology 65(1), 145-56. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/23011739

Heck DE et al. (1989). An evaluation of food flavoring ingredients in a genetic toxicity screening
battery. The Toxicologist, 9(1), 257.

Herrick NJ and Cloyd RA (2017). Direct and Indirect Effects of Pesticides on the Insidious Flower Bug
(Hemiptera: Anthocoridae) Under Laboratory Conditions. J. Econ. Entomol. 110(3), 931-940. PubMed,
2017 available at https://www.ncbi.nlm.nih.gov/pubmed/28444217

Hiki N et al. (2003), Gastrointest Endosc. 2003 Apr;57(4):475-82. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=12
665756&query hl=19&itool=pubmed DocSum

Hilliard CA, et al. (1998) Chromosome aberrations in vitro related to cytotoxicity of nonmutagenic
chemicals and metabolic poisons.Environ Mol Mutagen. 1998;31(4):316-26.

HSDB (2003). Peppermint oil. Last updated 14 February 2003. Accessed March 2018. Available at
http://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm

IFRA (2016). International Fragrance Association. IFRA Volume of Use Survey 2016: Transparency
List. Accessed March 2018. Available at http://www.ifraorg.org/en-us/ingredients#.Ws8KmTtwYfl

Ishidate M et al. (1984). Primary mutagenicity screening of food additives currently used in Japan.
Food and Chemical Toxicology, 22, 623-636.

Ishidate M et al. (1988). A comparative analysis of data on the clastogenicity of 951 chemical
substances tested in mammalian cell cultures. Mutation Research, 195, 151-213 (cited in BIBRA,
1999).

Jack AR et al. (2013). Allergic contact dermatitis to plant extracts in cosmetics. Semin. Cutan. Med.
Surg. 32(3), 140-6. PubMed, 2014 available at http://www.ncbi.nlm.nih.gov/pubmed/24175401

JECFA (1999). Safety evaluation of certain food additives. WHO Fd Add. Ser. 42. Prepared by the
Fifty-First Meeting of the Joint FAO/WHO Expert Committee on Food Additives.

JTI KB Study Reports (s).
JTI Study Report (s).

Kalavala M et al. (2007). Allergic contact dermatitis to peppermint foot spray. Contact Dermatitis, 57,
57-58.

Kearns GL et al. (2015). Systemic exposure to menthol following administration of peppermint oil to
paediatric  patients. BMJ Open 5(8), e008375. PubMed, 2016 available at:
http://www.ncbi.nlm.nih.gov/pubmed/26270949

Khan IA and Abourashed EA (2010). Leung’s Encyclopedia of Common Natural Ingredients Used in
Food, Drugs, and Cosmetics. Third Edition. John Wiley & Sons, Inc., Hoboken, New Jersey.

Khanna R et al. (2014). Peppermint Qil for the Treatment of Irritable Bowel Syndrome: A Systematic
Review and Meta-analysis. J. Clin. Gastroenterol. 48(6), 505-12. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24100754




Khater HF (2014). Bioactivities of some essential oils against the camel nasal botfly, Cephalopina
titillator. Parasitol. Res. 113(2), 593-605. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/24276644

Koo HN et al. (2001), J Mol Neurosci. 2001 Dec;17(3):391-6. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=11
859935&query hl=19&itool=pubmed DocSum

Korterink JJ et al. (2015). Pharmacologic treatment in pediatric functional abdominal pain disorders: a
systematic  review. J. Pediatr. 166(2), 424-31. PubMed, 2016 available at:
http://www.ncbi.nim.nih.gov/pubmed/25449223

Koutroumanidou E et al. (2013). Increased seizure latency and decreased severity of
pentylenetetrazol-induced seizures in mice after essential oil administration. Epilepsy Res. Treat.
2013, 532657. PubMed, 2014 available at http://www.ncbi.nIm.nih.gov/pubmed/23819045

Kowalski Z et al. (1962). Medycyna Pracy, 13, 69.
Kuroda K et al. (1989). Seikatsu Eisei, 33, 15 (cited in BIBRA, 1999).

Lazutka J R et al. (2001). Genotoxicity of dill (Anethum graveolens L.), peppermint (Mentha x piperita
L.) and pine (Pinus sylvestris L.) essential oils in human lymphocytesand Drosophila melanogaster.
Food and Chemical Toxicology, 39, 485-492.

LBI (1973). Summary of mutagenicity screening studies. FDA Compound 71-57. Menthol. Contract
FDA-71-628. Litton Bionetics Inc., Bethesda, Maryland.

LBl (1975). Mutagenic evaluation of FDA Compound 71-57. Menthol. Report PB-245444. Litton
Bionetics Inc., Bethesda, Maryland (cited in JECFA, 1999).

Leung A. & Foster S., Encyclopaedia of common natural ingredients used in food, drugs and
cosmetics, 2nd edition, 2003, pp. 368-372

Li J et al. (2011). Peppermint oil decreases the production of virulence-associated exoproteins by
Staphylococcus aureus. Molecules 16(2), 1642-54. PubMed, 2013 available at
http://www.ncbi.nim.nih.gov/pubmed/213261417?dopt=AbstractPlus

Liakos | et al. (2013). All-natural composite wound dressing films of essential oils encapsulated in
sodium alginate with antimicrobial properties. Int. J. Pharm. 463(2), 137-45. PubMed, 2014 available
at http://www.ncbi.nlm.nih.gov/pubmed/24211443

Lloyd R A et al. (1976). Flue-cured tobacco flavour. 1. Essence and essential oil components.
Tobacco Science, 20, 40-48.

Lopez-Reyes JG et al. (2013). Efficacy of plant essential oils on postharvest control of rots caused by
fungi on different stone fruits in vivo. J. Food Prot. 76(4), 631-9. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23575125

Luke E. (1962). Lancet i, 110.

Mahmoud | et al. (1992). Mutagenic and toxic activities of several spices and some Jordanian
medicinal plants. International Journal of Pharmacognosy, 30, 81-85.

Marjani A et al. (2012). Effect of peppermint oil on serum lipid peroxidation and hepatic enzymes after
immobility stress in mice. Open Biochem. J. 6, 51-5. PubMed, 2013, available at
http://www.ncbi.nlm.nih.gov/pubmed/22654997

Martindale (1993). The Extra Pharmacopoeia. Edited by J E F Reynolds. Thirteenth edition. The
Pharmaceutical Press. ISBN 0-85369-300-5.

Meamarbashi A and Rajabi A (2013). The effects of peppermint on exercise performance. J. Int. Soc.
Sports Nutr. 10(1), 15. PubMed, 2014 available at http://www.ncbi.nIm.nih.gov/pubmed/23517650

Merck (2013). The Merck Index. An encyclopaedia of chemicals, drugs and biologicals. Fifteenth
edition. O’Neil MJ et al ed. Merck and Co., Inc.; Whitehouse Station, New Jersey, USA. ISBN 978-1-
84973-670-1

Mogosan C et al. (2017). A Comparative Analysis of the Chemical Composition, Anti-Inflammatory,
and Antinociceptive Effects of the Essential Oils from Three Species of Mentha Cultivated in Romania.




Molecules 22(2), E263. PubMed, 2017 available at https://www.ncbi.nlm.nih.gov/pubmed/28208614

Morey RA & Khandagle AJ et al. (2012). Bioefficacy of essential oils of medicinal plants against
housefly, Musca domestica L. Parasitol. Res. 111(4), 1799-805. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/22777704

Morton CA et al. (1995), Contact Dermatitis. 1995 May;32(5):281-4. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=76
34781&query hl=13&itool=pubmed docsum

Muhammad F et al. (2017). Influence of some plant extracts on the transdermal absorption and
penetration of marker penetrants. Cutan. Ocul. Toxicol. 36(1), 60-66. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/27027912

Nath SS et al. (2012). A near fatal case of high dose peppermint oil ingestion- Lessons learnt. Indian
J. Anaesth. 256(6), 582-4. PubMed, 2014 available at http://www.ncbi.nim.nih.gov/pubmed/23325948

NCI (1978). Bioassay of dI-menthol for possible carcinogenicity. Report PB-288 761. National Cancer
Institute, Bethesda, Maryland.

NIOSH. National Institute for Occupational Safety and Health. National Occupational Exposure Survey
(1981-1983). Record for oil, peppermint (CAS RN 8006-90-4). Available at
https://web.archive.org/web/20111028111422/http://www.cdc.gov/noes/noes2/80680occ.html

NTP, (2011), NTP Technical Report on the Toxicology and Carcinogenesis Studies of Pulegone (CAS
NO. 89-82-7) in F344/N Rats and B6C3F1 Mice (Gavage Studies). NTP TR 563. NIH Publication No.
11-5905. August 2011. National Institutes of Health, Public Health Service, U.S. DEPARTMENT OF
HEALTH AND HUMAN SERVICES. Available at https://ntp.niehs.nih.gov/ntp/htdocs/It rpts/tr563.pdf

NZ EPA (2006). New Zealand Environmental Protection Authority. Inventory of Chemicals. Records
for peppermint, ext. (CAS RN 84082-70-2) and oils, peppermint (CAS RN 8006-90-4). Date added to
inventory: 1 December 2006. Accessed March 2018. Available at: https://www.epa.govt.nz/database-
search/new-zealand-inventory-of-chemicals-nzioc/view/7556 and https://www.epa.govt.nz/database-
search/new-zealand-inventory-of-chemicals-nzioc/view/7713

NZ EPA CCID (undated). New Zealand Environmental Protection Authority. Chemical Classification
and Information Database. Record for oils, peppermint (CAS RN 8006-90-4). Accessed March 2018.
Available at https://www.epa.govt.nz/database-search/chemical-classification-and-information-
database-ccid/view/7713

OECD. Organization for Economic Co-operation and Development. The Global Portal to Information
on Chemical Substances (eChemPortal). Oils, peppermint (CAS RN 8006-90-4). Accessed July 2017.
Available via http://www.echemportal.org/echemportal/page.action?pagelD=9

Olsen P., Thorup 1. (1984). Neurotoxicity in rats dosed with peppermint oil and pulegone. Disease,
Metabolism and reproduction in the toxic response to drugs and other chemicals Arch. Oxicol., Suppl.
7, 408-409.

O'Mullane N M et al. (1982). Adverse CNS effects of menthol-containing olbas oil. Lancet i, 1121.

Papathanasopoulos A et al. (2013). Effect of acute peppermint oil administration on gastric
sensorimotor function and nutrient tolerance in health. Neurogastroenterol. Motil. 25(4), e263-71.
PubMed, 2013 available at http://www.ncbi.nim.nih.gov/pubmed/23489975

Pasha H et al. (2012). Study of the effect of mint oil on nausea and vomiting during pregnancy. Iran.
Red Crescent Med. J. 14(11), 727-30. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23396673

Pellegrini M et al. (2018). Characterization of Essential Oils Obtained from Abruzzo Autochthonous
Plants: Antioxidant and Antimicrobial Activities Assessment for Food Application. Foods 7(2), E19.
DOI 10.3390/foods7020019. PubMed, 2018 available at:
https://www.ncbi.nlm.nih.gov/pubmed/29393893

Pilipenko VI et al. (2013). Contemporary dietotherapy of the irritable bowel syndrome. Vopr. Pitan.
82(1), 64-73. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/23808281 ?dopt=AbstractPlus

Posadzki P et al. (2013). Adverse effects of herbal medicines: an overview of systematic reviews.




Clin. Med. 13(1), 7-12. PubMed, 2014 available at http://www.ncbi.nim.nih.gov/pubmed/23472485

Rakieten N et al. (1954). Journal of the American Pharmaceutical Association, 43, 390.

Renne R et al. (2006). Effects of Flavoring and Casing Ingredients on the Toxicity of Mainstream
Cigarette Smoke in Rats. Inhalation Toxicology, 18:685-706.

Roe F J C et al. (1979). Journal of Environmental Pathology and Toxicology, 2, 799.

Roemer E et al. (2002). Evaluation of the potential effects of ingredients added to cigarettes. Part 3: In
vitro genotoxicity and cytotoxicity. Food and Chemical Toxicology, 40, 105-111.

Roemer E et al.,, (2014). Toxicological assessment of kretek cigarettes Part 6: The impact of
ingredients added to kretek cigarettes on smoke chemistry and in vitro toxicity. Regulatory Toxicology
and Pharmacology 70; S66-80.

Roth TL et al. (2013). Neurobiology of secure infant attachment and attachment despite adversity: a
mouse model. Genes Brain Behav. 12(7), 673-80. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23927771

Roussos AP and Hirsch AR (2014). Alliaceous migraines. Headache 54(2), 378-82. PubMed, 2014
available at http://www.ncbi.nlm.nih.gov/pubmed/23551212

RTECS (2011). Registry of Toxic Effects of Chemical Substances. Peppermint oil (CAS RN 8006-90-
4). RTECS number: #5C6125000. Last updated October 2011. Accessed March 2018.

Rustemeier K et al. (2002). Evaluation of the potential effects of ingredients added to cigarettes. Part
2. Chemical composition of mainstream smoke. Food and Chemical Toxicology, 40, 93-104.

Saharkhiz MJ et al. (2012). Chemical Composition, Antifungal and Antibiofilm Activities of the
Essential Oil of Mentha piperitaL. ISRN Pharm. 2012, 718645. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/23304561

Samojlik | et al. (2012). Acute and chronic pretreatment with essential oil of peppermint (Mentha x
piperita L., Lamiaceae) influences drug effects. Phytother. Res. 26 (6), 820-5. PubMed, 2013
available at http://www.ncbi.nim.nih.gov/pubmed/22076909?dopt=AbstractPlus

Sasaki Y F et al. (2000). The comet assay with multiple mouse organs: comparison of comet assay
results and carcinogenicity with 208 chemicals selected from the IARC monographs and U.S. NTP
Carcinogenicity Database. CRC Critical Reviews in Toxicology, 30, 629-799.

SCCS (2011). Scientific Committee on Consumer Safety (SCCS). Opinion on fragrance allergens in
cosmetic products. Pre-consultation opinion adopted by the SCCS at its 13th plenary meeting of 13-
14 December 2011. Available at
http://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs o 073.pdf

Schievelbein H (1969). Munch. Med. Wschr. 111, 2457.

Schramke H et al., (2014). Toxicological assessment of kretek cigarettes Part 7: The impact of
ingredients added to kretek cigarettes on inhalation toxicity. Regulatory Toxicology and Pharmacology
70; S81-89.

Shelby M D et al. (1993). Evaluation of a three-exposure mouse bone marrow micronucleus protocol:
results with 49 chemicals. Environmental and Molecular Mutagenesis, 21, 160-179.

Shepherd K and Peart DJ (2017). Aerobic capacity is not improved following 10-day supplementation
with peppermint essential oil. Appl. Physiol. Nutr. Metab. 42(5), 558-561. PubMed, 2017 available at
https://www.ncbi.nlm.nih.gov/pubmed/28177705

Sites DS et al. (2014). Controlled Breathing With or Without Peppermint Aromatherapy for
Postoperative Nausea and/or Vomiting Symptom Relief. A Randomized Controlled Trial. J.
Perianesth. Nurs. 29(1), 12-9. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/24461278

Sivaswamy S N et al. (1991). Mutagenic activity of South Indian food items. Indian Journal of
Experimental Biology, 29, 730-737.

Sola-Bonada N et al. (2012). 1.6% peppermint oil solution as intestinal spasmolytic in retrograde
endoscopic cholangiopancreatography. Farm. Hosp. 36(4), 256-60. PubMed, 2013 available at




http://www.ncbi.nim.nih.gov/pubmed/221371597dopt=AbstractPlus

Stedman, R L (1968). The Chemical composition of Tobacco and Tobacco Smoke. Chemical
Reviews, 68 (2), 153-207.

Sumalan RM et al. (2013). Assessment of inhibitory potential of essential oils on natural mycoflora
and Fusarium mycotoxins production in wheat. Chem. Cent. J. 7(1), 32. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/23409841

Taher YA (2012). Antinociceptive activity of Mentha piperita leaf aqueous extract in mice. Libyan J.
Med. 2012, 7. PubMed, 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/22468149

Talbert R & Wall R (2012). Toxicity of essential and non-essential oils against the chewing louse,
Bovicola (Werneckiella) ocellatus. Res. Vet. Sci. 93(2), 831-5. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/22177577

Tran A et al. (2010). Acute allergic contact dermatitis of the lips from peppermint oil in a lip
balm. Dermatitis 21, 111-115. PubMed available at
http://www.ncbi.nim.nih.gov/pubmed/20233551 ?dopt=AbstractPlus

Travassos AR et al. (2011). Non-fragrance allergens in specific cosmetic products. Contact Dermatitis
65, 276-285.

Umezu T. Pharmacol Biochem Behav. 2010, Feb; 94(4):497-502. PubMed, 2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcqi?cmd=retrieve&db=pubmed&list uids=19917306&dopt=A
bstractPlus

Umezu T. (2012). Evaluation of the effects of plant-derived essential oils on central nervous system
function using discrete shuttle-type conditioned avoidance response in mice. Phytother. Res. 26(6),
884-91. PubMed, 2013 available at http://www.ncbi.nIm.nih.gov/pubmed/22086772

US Department of Health and Human Services (2017). Household Products Database. Last updated
September 2017. Accessed March 2018. Available at _https://hpd.nim.nih.gov/index.htm

US EPA 2012 CDR list (Chemical Data Reporting Rule). Accessed March 2018. Available at
https://iaspub.epa.gov/sor internet/reqistry/substreg/searchandretrieve/searchbylist/search.do

US EPA ECOTOX Database. Record for oils, peppermit (CAS RN 8006-90-4). Accessed December
2014. Available at http://cfpub.epa.gov/ecotox/quick query.htm

US EPA Inert Finder Database (2018). Last updated 2 January 2018. Accessed March 2018.
Available at https://iaspub.epa.gov/apex/pesticides/f?p=INERTFINDER:1:0::NO:1::.

us EPA TSCA inventory. Accessed March 2018. Available at
https://iaspub.epa.gov/sor internet/reqistry/substreg/searchandretrieve/searchbylist/search.do

Uter W et al. (2010). Contact allergy to essential oils: current patch test results (2000-2008) from the
Information Network of Departments of Dermatology (IVDK). Contact Dermatitis 63, 277-283.

Uzair B et al. (2017). Essential oils showing in vitro anti MRSA and synergistic activity with penicillin
group of antibiotics. Pak. J. Pharm. Sci. 30(5(Supplementary)), 1997-2002. PubMed, 2018 available
at: https://www.ncbi.nlm.nih.gov/pubmed/29105634

van Tilburg and Felix CT (2013). Diet and functional abdominal pain in children and adolescents. J.
Pediatr. Gastroenterol. Nutr. 57(2), 141-8. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23698023

Vanscheeuwijck P.M. et al. (2002). Evaluation of the potential effects of ingredients added to
cigarettes.Part 4: subchronic inhalation toxicity. Food and Chemical Toxicology 40 (2002) 113-131

Varney E and Buckle J (2013). Effect of inhaled essential oils on mental exhaustion and moderate
burnout: a small pilot study. J. Altern. Complement. Med. 19(1), 69-71. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/23140115

Vermatt H et al. (2008). Vulval allergic contact dermatitis due to peppermint oil in herbal tea. Contact
Dermatitis 58, 364-365

Vo LT et al. (2003), Clin Exp Pharmacol Physiol. 2003 Oct;30(10):799-804. PubMed, 2010 available
at



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=14
516421&query hl=3&itool=pubmed docsum

Volimuth TA et al. (1990). An evaluation of food flavoring ingredients using an in vivo reproductive and
developmental toxicity screening test. Teratology 41(5), 597.

Warikoo R et al. (2011). Oviposition-altering and ovicidal potentials of five essential oils against
female adults of the dengue vector, Aedes aegypti L. Parasitol. Res. 109(4), 1125-31. PubMed, 2013
available at http://www.ncbi.nim.nih.gov/pubmed/21445613?dopt=AbstractPlus

WHO Food Additives Series 42, (2006), available at
http://www.inchem.org/documents/jecfa/jecmono/v042je21.htm
WHO Food Additives Series 46, available at

http://www.inchem.org/documents/jecfa/jecmono/v46je10.htm

Wu JF et al. (2010). Bioequivalence evaluation of menthol after oral administration of peppermint oil
soft capsules in dogs. Arzneimittelforschung 60, 479-482. PubMed available at
http://www.ncbi.nlm.nih.gov/pubmed/20863003?dopt=AbstractPlus

Yap PS et al. (2013). Combination of essential oils and antibiotics reduce antibiotic resistance in
plasmid-conferred multidrug resistant bacteria. Phytomedicine 20(8-9), 710-3. PubMed, 2014
available at http://www.ncbi.nlm.nih.gov/pubmed/23537749

Zhang QH et al. (2013). Essential oils and their compositions as spatial repellents for pestiferous
social wasps. Pest. Manag. Sci. 69(4), 542-52. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/23081867

12. Other information

Klus H et al. 2012. Influence of Additives on Cigarette Related Health Risks. Beitrage zur
Tabakforschung 25(3), 412-493. Available at:
http://www.degruyter.com/view/j/cttr.2012.25.issue-3/cttr-2013-0921/cttr-2013-
0921.xml?rskey=qUDqg5B&result=1

Chumpitazi BP et al. (2018). Review article: the physiological effects and safety of peppermint oil and
its efficacy in irritable bowel syndrome and other functional disorders. Aliment. Pharmacol. Ther.
47(6), 738-752. DOI 10.1111/apt.14519. PubMed, 2018 available at:
https://www.ncbi.nIm.nih.gov/pubmed/29372567

13. Last audited
April 2018



SCCS/1459/11

ELsopean
Commission

Scientific Committee on Consumer Safety

SCCS

OPINION

on
Fragrance allergens in cosmetic products

The SCCS adopted this opinion at its 15" plenary meeting

of 26-27 June 2012



SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

About the Scientific Committees

Three independent non-food Scientific Committees provide the Commission with the
scientific advice it needs when preparing policy and proposals relating to consumer safety,
public health and the environment. The Committees also draw the Commission's attention
to the new or emerging problems which may pose an actual or potential threat.

They are: the Scientific Committee on Consumer Safety (SCCS), the Scientific Committee
on Health and Environmental Risks (SCHER) and the Scientific Committee on Emerging and
Newly ldentified Health Risks (SCENIHR) and are made up of external experts.

In addition, the Commission relies upon the work of the European Food Safety Authority
(EFSA), the European Medicines Agency (EMA), the European Centre for Disease prevention
and Control (ECDC) and the European Chemicals Agency (ECHA).

SCCS

The Committee shall provide opinions on questions concerning all types of health and safety
risks (notably chemical, biological, mechanical and other physical risks) of non-food
consumer products (for example: cosmetic products and their ingredients, toys, textiles,
clothing, personal care and household products such as detergents, etc.) and services (for
example: tattooing, artificial sun tanning, etc.).

Scientific Committee members

Jurgen Angerer, Ulrike Bernauer, Claire Chambers, Qasim Chaudhry, Gisela Degen, Elsa
Nielsen, Thomas Platzek, Suresh Chandra Rastogi, Vera Rogiers, Christophe Rousselle, Tore
Sanner, Jan van Benthem, Jacqueline van Engelen, Maria Pilar Vinardell, Rosemary Waring,
lan R. White

Contact

European Commission

Health & Consumers

Directorate D: Health Systems and Products
Unit D5 - Risk Assessment

Office: B232 B-1049 Brussels
Sanco-SCCS-Secretariat@ec.europa.eu

© European Union, 2011
ISSN 1831- ISBN 978-92-79-
Do0i:10.2773/ ND-

The opinions of the Scientific Committees present the views of the independent scientists
who are members of the committees. They do not necessarily reflect the views of the
European Commission. The opinions are published by the European Commission in their
original language only.

http://ec.europa.eu/health/scientific_committees/consumer_safety/index_en.htm




SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

Acknowledgements

Dr. C. Chambers

Dr. Q. Chaudry

Dr. S.C. Rastogi

Dr. I.R. White (chairman)

External experts

Prof.. A. Borje University of Gothenburg, Sweden

Prof. J. D. Johansen Gentofte Hospital, University of Copenhagen, Denmark

Prof. A-T. Karlberg University of Gothenburg, Sweden

Prof. C. Lidén Karolinska Institutet, Sweden

Dr. D.W. Roberts Liverpool John Moores University, UK

Prof. W. Uter (rapporteur) Friedrich-Alexander University (FAU), Erlangen,
Germany

Keywords: SCCS, scientific opinion, labelling, fragrance allergens, directive 76/768/ECC

Opinion to be cited as: SCCS (Scientific Committee on Consumer Safety), opinion on
fragrance allergens in cosmetic products, 26-27 June 2012



SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

Table of contents

o S [0 11T [T [ =T a'a =T o 3
QL= 1o L= 0 o 0 1 = 0| (= 4
I U 1 = 72 7
I = = Tod (o | 0 1¥ | o [ U P 9
P2 =T 5 E= T Y (= =] 1= L 10
G 101 e To L T o o 11
4. Clinical aspects of contact allergy to fragrance ingredients...........ccccvviiiiiiiniiiinnn... 12
4.1, SPEeCtrum Of FEACTIONS ...ttt et aeens 12
4.1.1. Allergic contact dermatitis .......ooiiiiiiiiiiiii e 12
4.1.2. lrritant reactions (including contact urticaria) ........c.c.oooiioiiiiiiiiiii i, 14
4.1.3. Pigmentary anomalies. . ...t 14
A.1. 4. PROTO-TEACTIONS. ettt et ettt ettt an 14
4.1.5. GeNEral/res Piratory ...ttt 14

4.2, PaAlCN TS iNg it aaas 15
4.3. Epidemiology of fragrance allergy ........coeiiiiiiioiii it 15
4.3.1. Substances used for screening of contact allergy to fragrance ingredients .... 15
4.3.2. Clinical epidemiolOgy ...cceuiii it et 16
4.3.3. Population-based epidemiology .......coiiiiiiiiii i e 23

4.4. Consumer products as a cause of fragrance contact sensitisation and allergic
[oTe] o) r= Td e (=T g 0 0 =1 11 L 25
4.4.1. CHNICaAl FEIEVANCE ...ttt aaes 25
4.4.2. Elicitation with clinical symptoms/signs, current and past...............ccoceeene.. 26
4.4.3. Elicitation in diagnostic patch tests without clinical history.......................... 28

4.5. Socio-economic impact of contact allergy.......ccovviiiiiiiiiiiii e 29
4.5.1. Health related quality of life.... ..o e 29
4.5.2. Occupational restriCliONS ......ciiiiiiii i e e et aaeeaan 29
4.5.3. Costs to health care/health eCoONOMICS .......coiiiiiiiiii e 29

T AN 1Y (o =T o = V0] Lo F= 1 o [ 30
4.6.1. Primary prevention: limiting or eliminating exposure to allergens in the

007 o 111 F= 1 a0 30
4.6.2. Secondary prevention: avoiding re-exposure to (a) specific sensitiser(s) in
clinically diagnosed iNAiVIAUAIS..........oii e e 30

N o T 111 T o 32
5. Activation of weak or non-sensitising substances into sensitisers - prehaptens and
0] 0] T= T o (=1 o 1 33
LS I R o = o = T o =] o 1 33

LS T2 = e ] o = T o =1 o 1 37

LS I TR @7 [od 11 ] T ] o 1= 39
6. Retrieval of evidence and classification of fragrance substances............cccccvviiin.... 40
6.1. Retrieval Of @VIAENCE ... e 40



SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

6.1.1. Search strategy for clinical data ..........ccccooiiiiiiii i e 40
6.1.2. Collection of experimental (LLNA) data...... ..o i eeeaes 41
(S €1 = Vo | T e ) =V T =T o o - 41
6.2.1. Quality of a clinical StUAY ...... oo e 41
6.2.2. Quality of an experimental StUAY .......ccoiiiiiiiii e 42
6.2.3. Quality of “Other” eVIdeNCe ... i 42
6.3. Aggregating evidence for a final conclusion ........ ..o e 42
6.3.1. Established contact allergen in humans ... e 42
6.3.2. Established contact allergen in animals...........cooiiiiiiiiiii e 43

6.3.3. Likely contact allergen, if human, animal and other evidence is considered... 43

6.3.4. Possible contact allergen, if human, animal and other evidence is considered 43

S 3 S 0 o 113 [o 1 44
7. Reported fragrance allergens from the clinical perspective .........c..oooiiiiiiiiiiiiinnen. 45
7.1. Tabular summary of evaluated individual fragrance chemicals........................... 45
7.2. Tabular summary of evaluated natural extracts/essential 0ils ................ccoooiie 53
4% TR 70 o 1o 1153 To 1= 57
8. ANIMAl At - 58
8.1. Predictive tests and sensitising potency CategoriesS .....cuieiiiiiii i eeianeeenn 58

S 2 It O I N o - - 59
8.1.2. LLNA data on oxidised fragrance subStanCes ..........coviiiiiiiiiieriiiiiineaaanns 61

8.2. Methodological conSiderations ..........coouii i 62
8.3. Summary of animal data by LLNA ... e e 63

S 2 S @70 o] 11 ] T ] o 1= 64
9. Structure activity relationships (SAR): grouping of substances based on expert
18 T Lo 1= 1T o | 66
S I IO €T =T o I =] ] 71

1S A @7 o] 11 ] T ] o 1= 71
10. D 010 1 1 = 72
10.1. Concentrations and quUaNntities USed...........ooiiiiiiiiiii e 72
10.2. Global exposure (household and occupational eXpoSUres) ......cc.vvevveeevveniinnnnn. 81
10.3. Exposures related to particular anatomical SiteS..........ccoeviiiiiiiiiiiiiiiii ... 84
10 1 o o o [ T o 86
11. Dose-response relationships and thresholds ..o e, 87
11.1. 1 o LT ] o 87

I 2 T = T o 88
11.2.1. General CoNSIAEratioNS ....c.. ettt et e e e aannees 88
11.2.2. Studies on specific fragrance ingredients ..........coooiiiiiiiiiiii i 90
11.3. Hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC)........ccoiiiiiiiiiiiininn.n. 98

I 0 S o ] T 1= T o 101
12. Data gaps and researcCh Needed ...... ..ot 103
12.1. Clinical and epidemiological researCh ............coiiiiiiiiiiiii i eaeaaas 103

5



SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

12.2.  NON-hUMAN STUAIES . ... et e e eaaeens 104
IR R © I o ] o 105
I 0 O @ 1 1= 1= oo e 106
CoNCIUSIONS - QUESTION L ..ttt ettt et e e e e e eeeeeaaaaaannnnnnnenenees 114

I T © 11 1= = 1 o] o 2 115
CoNCIUSIONS - QUESTION 2 ..ttt ettt ettt et e e e e e eeeeeaaaaannnnnneenenees 116

I 0 T @ 11 1= 1= 1 o] o T J 117
(@70] 1] 11 7 o] SRR @ 1§ 1= 1 1o I 119

14. List Of @bbreViatioNs .....coo et 121
dD . RO EIENCES ..t 123
Annex | - Catalgoue of fragrance allergens. ... .o e 141
Y1 | 1S3 = 1o = 1 = 142
Catalogue of single chemicals evaluated......... ..o 146
Natural extracts / essential OilS .......ooiiiii i e 237
Catalogue of natural extracts / essential oils evaluated................coiiiiiiiiiiiiiiii i, 238
RS (=2 (=T g o < 277
ANNEX T1 - ANIMAL DAta ... ettt et eaaas 293
RS (=T =T g o = 309
Annex |1l - Tabular summary of dose-elicitation studies in sensitised patients............... 315
ChIOrOatranOl ... ettt 316
CINNAIM A . e aaaas 318
HydroXYCItronellal . ... ..o e ettt ettt e e e eee e e e eaanns 321
Hydroxyisohexyl 3-cyclohexenecarboxaldehyde (HICC) ... 323
ST T =10 Lo =1 5 101 329
S =] =T o =2 333



SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

Summary

Contact allergy to fragrance ingredients may develop following skin contact with a sufficient
amount of these substances, often through the use of cosmetic products. Contact allergy is
an altered specific reactivity in the immune system, which entails recognition of the
fragrance allergen(s) in question by immune cells. Contact allergy, which per se is a latent
condition, i.e. without visible signs or symptoms, persists lifelong. Upon each re-exposure to
sufficient amounts of the allergen(s) eczema develops (allergic contact dermatitis), which
typically will involve the face, the armpits and/or the hand(s). The disease can be severe
and generalised, with a significant impairment of quality of life and potential consequences
for fitness for work.

Around 16% of eczema patients in the European population are sensitised to fragrance
ingredients. From studies performed on sectors of the population it can be estimated that
the frequency of contact allergy to fragrance ingredients in the general population in Europe
is 1-3%. The overall trend of fragrance allergy has been stable during the last 10 years, as
some causes of fragrance allergy have decreased and others increased.

Most individuals with contact allergy to fragrance ingredients are aware that they cannot
tolerate scented products on their skin and are often able to specifically name product
categories that initiated their disease. In this context colognes, eau de toilette, deodorants
and lotions are named significantly more often by fragrance allergic eczema patients than
by patients without fragrance contact allergy.

Commercially available fragrances and other scented cosmetic products can provoke allergic
contact dermatitis under patch test as well as simulated use conditions.

Appropriate diagnostic procedures and patient information are cornerstones in secondary
prevention of contact allergy. The SCCNFP identified in 1999 a set of 26 fragrance allergens
with a well-recognised potential to cause allergy, for which information should be provided
to consumers about their presence in cosmetic products.

This listing has shown to be important in the clinical management of patients who are
allergic to one or more of these 26 fragrance chemicals. Listing of the 26 fragrances has
also been shown to be beneficial for patients with contact allergy to one or more of the
fragrance chemicals, because these are identified on the ingredient listings of cosmetic
products, and can thus be avoided.

The present opinion updates the SCCNFP opinion with a systematic and critical review of the
scientific literature to identify fragrance allergens, including natural extracts, relevant to
consumers. Clinical, epidemiological and experimental studies were evaluated, as well as
modelling studies performed, to establish lists of (i) established fragrance allergens, (ii)
likely fragrance allergens and (iii) possible fragrance allergens.

The studies since the SCCNFP Opinion on fragrance allergy in consumers confirm that the
fragrance allergens identified by SCCNFP in 1999 are still relevant fragrance allergens for
consumers from their exposure to cosmetic products. The review of the clinical and
experimental data published since then shows that many more fragrance substances have
been shown to be sensitisers in humans. Based on the clinical experience alone, 82
substances can be classified as established contact allergens in humans, 54 single chemicals
and 28 natural extracts. Of these, 12 chemicals and 8 natural extracts were found to pose a
high risk of sensitisation to the consumer, considering the high number of reported cases.
In particular one ingredient stood out, hydroxyisohexyl 3-cyclohexene carboxaldehyde,
having been the cause of more than 1500 reported cases since the 1999 opinion.

Moreover, animal experiments indicate that additional fragrance substances can be
expected to be contact allergens in humans, although human evidence is currently lacking.
Additionally, limited in vivo evidence together with Structure-Activity Relationship analysis
suggests that other fragrance ingredients may also be a cause of concern with regard to
their potential of causing contact allergy in humans.

The review also lists fragrance substances that can act as prehaptens or prohaptens,
forming new or more potent allergens by air oxidation and/or metabolic activation. Such
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activation processes are of concern as they increase the risk of sensitisation and also the
risk for cross reactivity between fragrance substances. In addition to known prehapten
fragrance substances, the SCCS performed SAR analyses to identify fragrance substances
with structural alerts that indicate that they are possible prehaptens. While in the case of
prohaptens the possibility of becoming activated is inherent to the molecule and cannot be
avoided, the activation of prehaptens can be prevented by appropriate measures.

The SCCS examined available elicitation dose-response data to decide whether safe
thresholds can be established for the fragrance allergens of concern, i.e. those found to
pose a high risk of sensitisation to consumers. The SCCS considers that thresholds based on
elicitation levels in sensitised individuals will be sufficiently low to protect both the majority
of sensitised individuals as well as most of the non-sensitised consumers from developing
contact allergy. As data from human dose elicitation experiments are very limited in several
respects, no levels that could be considered safe for the majority of contact allergic
consumers could be established for individual substances. The studies available, however,
indicate that a general level of exposure of up to 0.8 ug/cm=2 (0.01% in cosmetic products)
may be tolerated by most consumers, including these with contact allergy to fragrance
allergens. The SCCS is of the opinion that this level of exposure (up to 0.01%) would suffice
to prevent elicitation for the majority of allergic individuals, unless there is experimental or
clinical substance-specific data allowing the derivation of individual thresholds.

It was not possible to provide a safe threshold for natural extracts of concern, as no specific
investigations exist and the model providing the general threshold (0.01%) has been based
on individual chemicals only. However the SCCS considers that the maximum use
concentration applies to the identified chemicals both if added as chemicals or as an
identified constituent of a natural ingredient. This will also reduce the risk of sensitisation
and elicitation from natural extracts.

The suggested general threshold, although limiting the problem of fragrance allergy in the
consumer significantly, would not preclude that the most sensitive segment of the
population may react upon exposure to these levels and does not remove the necessity for
providing information to the consumer concerning the presence of the listed fragrance
substance in cosmetics.

In the case of hydroxyisohexyl 3-cyclohexene carboxaldehyde, the SCCP had recommended
limiting the concentration in cosmetics to 200 ppm. Recent voluntary restrictions
(recommendations to lower use concentrations, at least for some product types, to the level
recommended by the SCCS in 2003) are not reflected in available evidence and are
considered insufficient. The SCCS considers that the number of cases of HICC allergy
documented over the last decade is exceptionally high and that continued exposure to HICC
by the consumer is not considered safe, even at concentrations as low as 200 ppm.
Therefore, HICC should not be used in consumer products in order to prevent further cases
of contact allergy to HICC and to limit the consequences to those who already have become
sensitized.

The SCCP concluded in 2004 that chloroatranol and atranol, the main allergenic constituents
of Evernia prunastri and Evernia furfuracea, should not be present in products for the
consumer. The persistently high frequency of contact allergy to Evernia prunastri and
Evernia furfuracea noted in eczema patients does point to a persisting problem with
exposure to the allergenic constituents. The SCCS is of the opinion that the presence of the
two constituents, chloroatranol and atranol, in cosmetic products are not safe.
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1. Background

As a result of the public consultation on perfumery materials, which ended on 27 January
2007, there were further requests and information on important and/or frequently used
allergens other than those proposed for regulation, such as farnesol, citral, linalool and
hydroxyisohexyl-3-cyclohexenecarboxaldehyde. These substances were not part of the
consultation, but they all belong to the 26 fragrance substances which should be labelled
when present in cosmetic products under certain conditions.

The 26 fragrance substances were introduced into annex Ill of the Cosmetics Directive by
the 7™ amendment (2003/15/EC) on the basis of the SCCNFP draft opinion
(SCCNFP/0017/98) published on 30 September 1999 for public consultation and the final
opinion adopted by the SCCNFP during the plenary session of 8 December 1999.

Thirteen of the allergenic fragrance substances listed in this opinion have been frequently
reported as well-recognised contact allergens in consumers and are thus of most concern;
11 others are less well documented. See the lists below from the opinion.

List A: Fragrance chemicals, which according to existing knowledge, are most frequently
reported and well-recognised consumer allergens.

Common name CAS number
Amyl cinnamal 122-40-7
Amylcinnamyl alcohol 101-85-9
Benzyl alcohol 100-51-6
Benzyl salicylate 118-58-1
Cinnamy! alcohol 104-54-1
Cinnamal 104-55-2
Citral 5392-40-5
Coumarin 91-64-5
Eugenol 97-53-0
Geraniol 106-24-1
Hydroxycitronellal 107-75-5
Hydroxymethylpentyl-cyclohexenecarboxaldehyde 31906-04-4
Isoeugenol 97-54-1

List B: Fragrance chemicals, which are less frequently reported and thus less documented
as consumer allergens.

Common nhame CAS number
Anisyl alcohol 105-13-5
Benzyl benzoate 120-51-4
Benzyl cinnamate 103-41-3
Citronellol 106-22-9
Farnesol 4602-84-0
Hexyl cinnamaldehyde 101-86-0
Lilial 80-54-6
d-Limonene 5989-27-5
Linalool 78-70-6
Methyl heptine carbonate 111-12-6

3-Methyl-4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-onel27-51-5



SCCS/1459/11

Opinion on fragrance allergens in cosmetic products

Furthermore, two fragrances (natural mixtures) were added

Common name CAS number
Oak moss 90028-68-5
Tree moss 90028-67-4

At the time there were insufficient scientific data to allow for the determination of dose-
response relationships and/or thresholds for these allergens. Nevertheless, in a pragmatic
administrative decision the limits of 0.01 and 0.001% were set, for rinse-off and leave-on
products respectively.

Scientific information of both a general and a specific nature has been submitted to DG
ENTR in order to ask the SCCS for a revision of the 26 fragrances with respect to further
restrictions and possible even delisting.

2. Terms of reference

1. Does the SCCS still consider that the fragrance allergens currently listed in Annex III,
entries 67-92, for labelling purposes represent those fragrance ingredients that the
consumer needs to be made aware of when present in cosmetic products?

2. Can the SCCS establish any threshold for their safe use based on the available
scientific data?

3. Can the SCCS identify substances where processes (e.g. metabolism, oxidation and
hydrolysis) may lead to cross-reactivity and new allergens which are relevant for the
protection of the consumer?

10
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3. Introduction
Fragrance ingredients

Fragrance and flavour substances are organic compounds with characteristic, usually
pleasant, odours. They are ubiquitously used in perfumes and other perfumed cosmetic
products, but also in detergents, fabric softeners, and other household products where
fragrance may be used to mask unpleasant odours from raw materials. Flavourings are used
in foods, beverages, and dental products. Fragrance substances are also used in
aromatherapy and may be present in herbal products, and used as topical medicaments for
their antiseptic properties.

Contact allergy to fragrance ingredients occurs when an individual has been exposed, on the
skin, to a suffcient degree of fragrance contact allergens. Contact allergy is a life-long,
specifically altered reactivity in the immune system. This means that once contact allergy is
developed, cells in the immune system will be present which can recognise and react
towards the allergen. As a consequence, symptoms, i.e. allergic contact dermatitis, may
occur upon re-exposure to the fragrance allergen(s) in question. Allergic contact dermatitis
is an inflammatory skin disease characterised by erythema, swelling and vesicles in the
acute phase. If exposure continues it may develop into a chronic condition with scaling and
painful fissures of the skin. Allergic contact dermatitis to fragrance ingredients is most often
caused by cosmetic products and usually involves the face and/or hands. It may affect
fitness for work and the quality of life of the individual.

Fragrance contact allergy has long been recognised as a frequent and potentially disabeling
problem. Prevention is possible as it is an environmetal disease and if the environment is
modified (e.g. by reduced use concentrations of allergens), the disease frequency and
severity will decrease. Ingredient information is a cornerstone in the prevention of allergic
contact dermatitis, as knowledge about the allergens which a patient has been exposed to is
crucial for including the right substances in the allergy test, and for subsequent information
on avoidance of re-exposure. However, the labelling rules in the Cosmetics Directive
76/768/EEC stipulated that perfume and aromatic compositions and their raw materials
shall be referred to by the word “perfume” or “aroma”, rather than being labelled
individually. This is the reason why the SCCNFP in their opinion SCCNFP/0017/98 (1)
identified 26 fragrance allergens for which information should be provided to consumers
concerning their presence in cosmetic products. This was implemented in the Cosmetics
Directive as individual ingredient labelling of the 26 fragrance allergens (Annex Ill, entries
67-92). However, safe use concentrations of these fragrances in cosmetic products had not
yet been determined and much new evidence concerning fragrance allergy has been
published since the 1999 opinion. The present request to review the list of recognised
fragrance allergens which the consumer needs to be made aware of, to indicate thresholds
for their safe use and to consider possible modification of allergens by metabolism and
autoxidation, required a thorough review of all relevant scientific data. This includes both
published scientific literature as well as unpublished scientific information on fragrances
from the industry. The International Fragrance Association (IFRA), as representative of the
fragrance industry, was contacted to provide relevant unpublished scientific data on
fragrance ingredients. This information, together with the up-to-date published scientific
literature, has been critically reviewed for the present SCCS opinion. The relevant data gaps
are identified and recommendations for research addressing these gaps are made.
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4. Clinical aspects of contact allergy to fragrance ingredients

4.1. Spectrum of reactions

Adverse reactions to fragrances in perfumes and in fragranced cosmetic products include
allergic contact dermatitis, irritant contact dermatitis, photosensitivity, immediate contact
reactions (contact urticaria), and pigmented contact dermatitis. Airborne and connubial
contact dermatitis occur.

4.1.1. Allergic contact dermatitis
Mechanism

Allergic contact dermatitis (ACD) depends primarily on the activation of allergen-specific T-
cells. In allergic contact dermatitis, a distinction is made between induction (sensitisation)
and elicitation phases. A useful review is available (2).

The induction phase includes the events following initial contact with the allergen and is
complete when the individual is sensitised and capable of giving a positive allergic contact
dermatitis reaction.

The elicitation phase begins upon re-exposure to the allergen (challenge) and results in
clinical manifestation of allergic contact dermatitis.

The entire process of the induction phase requires ca. 10 days to several weeks, whereas an
elicitation phase reaction develops within 1-2 days.

Most contact allergens are small, chemically reactive compounds. As these compounds are
too small to be directly immunogenic, they act as haptens; i.e. they react with higher
molecular weight epidermal and/or dermal biomolecules to form immunogenic adducts. It is
usually considered that the biomolecules involved are free or membrane bound proteins,
which react via nucleophilic thiol, amino, and hydroxyl groups.

Dendritic cells (DCs) and the local tissue microenvironment are crucial factors in the
development of ACD. Langerhans cells (LCs), as epidermal DCs, and dermal DCs are pivotal
for the sensitisation and the elicitation phases of ACD. During sensitisation, DCs react with
the immunogenic complexes by interaction with neighbouring keratinocytes, migration to
the local draining lymph nodes and the priming of naive T-cells. These reactions are
mediated by inflammatory cytokines, chemokines and adhesion molecules. Antigen specific
effector T-cells are then recruited into the skin upon contact with the same hapten
(elicitation). Following their recruitment these T-cells are activated by antigen-presenting
skin cells, including LCs, dermal DCs and keratinocytes, and macrophages.

Although most allergens can form hapten—carrier complexes directly, some need activation,
e.g. by enzyme-induced metabolic conversion or abiotic oxidation. Such compounds are
termed prohaptens and prehaptens, respectively, and are discussed in more detail in
chapter 5. Well known examples of prehaptens and prohaptens are limonene and eugenol.
Reduced enzyme activity in certain individuals, related to genetic enzyme polymorphisms,
may give an increased or reduced risk of sensitisation to prohaptens (that need enzymatic
activation) in certain individuals or populations.

Once sensitised, individuals can develop allergic contact dermatitis upon re-exposure to the
contact allergen. Positive patch test reactions mimic this process of allergen-specific skin
hyper-sensitivity. Skin contact induces an inflammatory reaction that is maximal within 2—3
days and, without further allergen supply, then declines.

Overview of clinical features

Perfumes and deodorants are the most frequent sources of sensitisation to fragrance
ingredients in women, while aftershave products and deodorants are most often responsible
in men (3). Thereafter, eczcema may appear or be worsened by contact with other
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fragranced products such as cosmetics, toiletries, household products, industrial contacts
and flavourings.

Contact allergy to a particular product or chemical is established by means of diagnostic
patch testing. When patients with suspected allergic cosmetic dermatitis are investigated,
fragrances are identified as the most frequent allergens, not only in perfumes, after-shaves
and deodorants, but also in other cosmetic products. Evaluation of perfume allergy may be
difficult; a perfume compound may consist of ten to > 300 basic components selected from
about 2500 materials.

Between 6 and 14% of patients routinely tested for suspected allergic contact dermatitis
react to a standard indicator of fragrance allergy, the Fragrance Mix | (4), see also chapter
4.3.2. When tested with ten popular perfumes, 6.9% of female eczema patients proved to
be allergic to them (5) and 3.2—-4.2% were allergic to fragrances from perfumes present in
various cosmetic products (6). The finding of a positive reaction to the Fragrance Mix |
should be followed by a search for its relevance, i.e. is fragrance allergy the cause of the
patient’s current or previous complaints, or does it at least contribute to it? Between 50 and
65% of all positive patch test reactions to the mix are relevant. Sometimes, correlation with
the clinical picture is lacking and many patients appear to tolerate perfumes and fragranced
products without problems (7). This may be explained by: a) irritant (false-positive) patch
test reactions to the mix; b) the absence of relevant allergens in those products; and c) the
concentration being too low to elicit clinically visible allergic contact reactions. Contact
allergy to fragrances often causes dermatitis of the hands (and aggravation of), face and
neck, axillae and patches in areas where perfumes are dabbed on such as behind the ears,
upper chest, elbow flexures and wrists. Depending on the degree of sensitivity and
exposure, the severity of dermatitis may range from mild to severe with dissemination (8)
[pp 158-170].

Clinical studies have shown a highly significant association between reporting a history of
visible skin symptoms from using scented products and a positive patch test to the
Fragrance Mix | (9). Provocation studies with perfumes and deodorants have also shown
that fragrance-mix-positive eczema patients often react to use-tests with the products.
Subsequent chemical analysis of such products has detected significant amounts of one or
more Fragrance Mix | ingredients, confirming the relevance of positive patch tests to the
Fragrance Mix | in these patients (5, 10).

Hands

Contact sensitisation may be the primary cause of hand eczema, or may be a complication
of irritant or atopic hand eczema. The number of positive patch tests has been reported to
correlate with the duration of hand eczema, indicating that long-standing hand eczema may
often be complicated by sensitisation (11). The most common contact allergies in patients
with hand eczema are metals, the Fragrance Mix, Myroxylon pereirae, and colophonium
(12).

Fragrance allergy may be a relevant problem in patients with hand eczema; perfumes are
present in consumer products to which their hands are exposed (13). A significant
relationship between hand eczema and fragrance contact allergy has been found in some
studies based on patients investigated for contact allergy (14). However, hand eczema is a
multi-factorial disease and the clinical significance of fragrance contact allergy in (severe)
chronic hand eczema may not be clear. A review on the subject has been published (15).

Axillae

Bilateral axillary dermatitis may be caused by perfume in deodorants and, if the reaction is
severe, it may spread down the arms and to other areas of the body (8) [pp 158-170]. In
individuals who consulted a dermatologist, a history of such first-time symptoms was
significantly related to the later diagnosis of perfume allergy (9).
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Face

Facial eczema is an important manifestation of fragrance allergy from the use of cosmetic
products (16). In men, aftershave products can cause an eczematous eruption of the beard
area and the adjacent part of the neck (8) [pp 158-170], and men using wet shaving as
opposed to dry have been shown to have an increased risk of 2.9 of being fragrance allergic
an).

4.1.2. Irritant reactions (including contact urticaria)

Irritant effects of some individual fragrance ingredients, e.g. citral (18, 19), are known.
Irritant contact dermatitis from perfumes is believed to be common, but there are no
exisiting investigations to substantiate this (7). Many more people complain about
intolerance or rashes to perfumes/perfumed products than are shown to be allergic by
testing (9). This may be due to irritant effects or inadequate diagnostic procedures.

Fragrances may cause a dose-related contact urticaria of the non-immunological type
(irritant contact urticaria). Cinnamal, cinnamic alcohol, and Myroxylon pereirae are well
recognised causes of contact urticaria, but others, including menthol, vanillin and
benzaldehyde have also been reported (20). The reactions to Myroxylon pereirae may be
due to cinnamates (21).

A relationship to delayed contact hypersensitivity was suggested (22), but no significant
difference was found between a fragrance-allergic group and a control group in the
frequency of immediate reactions to fragrance ingredients (20), in keeping with a non-
immunological basis for the reactions seen.

4.1.3. Pigmentary anomalies

The term “pigmented cosmetic dermatitis” was introduced in 1973 for what had previously
been known as melanosis faciei feminae when the mechanism (type IV allergy) and
causative allergens were clarified (23). It refers to increased pigmentation, usually on the
face/neck, often following sub-clinical contact dermatitis. Many cosmetic ingredients were
patch tested at non-irritant concentrations and statistical evaluation showed that a number
of fragrance ingredients were associated: jasmine absolute, ylang-ylang oil, cananga oil,
benzyl salicylate, hydroxycitronellal, sandalwood oil, geraniol, geranium oil (24).

4.1.4. Photo-reactions

Musk ambrette produced a considerable number of allergic photocontact reactions (in which
UV-light is required) in the 1970s (25) and was later banned from use in the EU. Nowadays,
photoallergic contact dermatitis is uncommon (26). Furocoumarins (psoralens) in some
plant-derived fragrance ingredients caused phototoxic reactions with erythema followed by
hyperpigmentation resulting in Berloque dermatitis (8) [pp 417—-432]. There are now limits
for the amount of furoumarins in fragrance products. Phototoxic reactions still occur but are
rare (27).

4.1.5. General/respiratory

Fragrances are volatile and therefore, in addition to skin exposure, a perfume also exposes
the eyes and naso-respiratory tract. It is estimated that 2—4% of the adult population is
affected by respiratory or eye symptoms by such an exposure (28). It is known that
exposure to fragrances may exacerbate pre-existing asthma (29). Asthma-like symptoms
can be provoked by sensory mechanisms (30). In an epidemiological investigation, a
significant association was found between respiratory complaints related to fragrances and
contact allergy to fragrance ingredients, in addition to hand eczema, which were
independent risk factors in a multivariate analysis (31).
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4.2. Patch testing

The diagnosis of contact sensitisation (or contactc allergy — regarded here as synonymous)
as the immunological alteration underlying allergic contact dermatitis is made by patch
testing. This diagnostic tool involves the standardised application of small doses of a set of
potential or individually suspected allergens for a period of 1 day or, mostly, 2 days. In the
following days, exposed skin sites are checked for the occurrence of allergic reactions,
which morphologically mimick allergic contact dermatitis occurring elsewhere, after
exposure to culprit products. International guidelines for the application, reading and
interpretation of the patch test exist (32). The present brief secion does not intend to
reiterate all technical and scientific aspects, but to outline some aspects of diagnostic patch
testing which are often misunderstood (for a recent comment see also (33)).

e The patch test identifies whether the patient has contact allergy to a substance, but
cannot contribute information on the clinical relevance of that contact allergy for the
eczema that led to consultation and to patch testing (see 4.4.1).

e Exposure conditions of the patch test (one-time, prolonged occlusive application,
usually in petrolatum or water, of a single substance) have been optimised to achive
above diagnostic aim, and thereby have nothing in common with exposures which
lead to sensitisation and elicitation of allergic contact dermatitis. These are normally
repetitive, often over weeks, months or years, non-occlusive, and to much lower
concentrations and doses/area, respectively, but possibly on damaged or inflamed
skin. In fact, the repeated open application test (ROAT), which is sometimes used
after a positive patch test of uncertain validity to verify that contact allergy indeed
exists mimicks these day-to-day exposure conditions, and typically involves single
dosings which are a small fraction of the one-time patch test dose (see 11).

e It is self-evident that such (repeated, low-level) exposures must have occurred and
have culminated in an adaptive immune response — therefore it is axiomatic that the
substance involved is a skin sensitiser in humans (33).

e Repeated patch testing, which is a relatively rare event, does not contribute
significantly to contact allergy (to fragrance allergens).

e Most allergen test preparations, and certainly those that are included in international
baseline series, have evolved from studies critically (re-) appraising their diagnostic
validity, i.e., sensitivity and specificity. Notwithstanding this, false-positive and false-
negative reactions do occur (as with any diagnostic tool). While in the individual case
such diagnostic misclassification may have unfortunate consequences, it will hardly
impair epidemiological estimates of contact allergy frequency — at least as long as a
reasonable balance between false-positive and false-negative reactions is achieved.

4.3. Epidemiology of fragrance allergy

4.3.1. Substances used for screening of contact allergy to fragrance
ingredients

A fragrance formula may consist of ten to 300 or more different ingredients. The Coslng
database lists 2587 ingredients used for perfuming®, as well as several other materials
classified as odour “masking” agents, which is equivalent with regard to allergy. A mixture
of seven fragrance chemicals and one natural extract, which have been identified as major
fragrance allergens in the past (34), are used for diagnosing contact allergy to fragrance

1 http://ec.europa.eu/enterprise/cosmetics/cosing/index.cfm?fuseaction=search.results&function=66&search, last

accessed 2009-10-14.
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ingredients (Table 4-1). This mixture is called the Fragrance Mix (FM 1) and is included in
the standard patch test tray containing the most common allergens in Europe.

Table 4-1: Ingredients of Fragrance Mix | (FM I; 8% allergens in petrolatum).

Single constituent: INCI name (common name) Conc. (%)

Amyl cinnamal (alpha-amyl cinnamal)

Cinnamyl alcohol (cinnamic alcohol)

Cinnamal (cinnamic aldehyde)

Eugenol

Geraniol

Hydroxycitronellal

Isoeugenol

Oak moss absolute (a natural extract; INCI: Evernia prunastri)

I e e e e e S N

Sorbitan sesquioleate (added as an emulsifier)

Note: All single allergens of the above, when used for breakdown testing, are also in petrolatum.

However, due to the introduction of new fragrance ingredients (with allergenic potential),
the above Fragrance Mix | was deemed not to be sufficient for the diagnosis of fragrance
allergy. Thus, Fragrance Mix Il was devised to supplement Fragrance Mix | in a European
multicentre study (35, 36). Since then, FM Il has been included in the European baseline
series. Table 4-2 lists the ingredients of FM Il. In addition to being tested in FM II,
hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC) is also tested separately at 5% test
concentration in the baseline series (37).

Table 4-2: Ingredients of Fragrance Mix Il (FM I1; 14% allergens in petrolatum).

Single constituent: INCI name (common name) Conc. (%)
Citronellol 0.5
Citral 1
Coumarin 2.5
Hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC) 2.5
Farnesol 2.5
Alpha-hexyl-cinnamal 5

Note: All single allergens of the above, when used for breakdown testing, are also in petrolatum.

Patch test results in patients and in population samples with these two screening mixes, and
single allergens, will be presented and discussed in the following two sections.

4.3.2. Clinical epidemiology

For a number of reasons the bulk of the evidence regarding the frequency of contact allergy
to fragrance ingredients relies on clinical data, i.e. the history, clinical presentation and test
results of patients patch tested for suspected allergic contact dermatitis — in general, and
not specifically due to fragrance ingredients. The frequency of contact allergy to fragrance
ingredients (or other contact allergies, for that matter) cannot be related to the population
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directly, as it is derived from a subgroup (of patients) selected for specific morbidity.
Nevertheless, these data can be examined epidemiologically assuming a largely similar
selection process: (i) across time in a given department; and (ii) between departments at
any point of time. If the notion of similarity, and thus direct comparability, does not appear
valid, adjustment or standardisation techniques can be employed to account for differences,
e.g. the average age of patients in a time series on a (fragrance) allergen with age-
associated risk of sensitisation. In this situation, changes in the age composition of the
patients tested may confound a time trend. A distinction must be made between patch
testing “consecutive” patients, i.e. all patients who are patch tested for suspected contact
sensitisation, and “aimed” patch testing, i.e. application of allergens only in the subset of
patients in whom exposure to the particular allergens of the applied “special series” is
suspected. For any given allergen, the latter “aimed” approach will usually yield higher
sensitisation prevalences than the testing of not-further-selected “consecutive” patients.
Thus, information on the inclusion of an allergen either in a baseline series (tested in
virtually all patients) or in a special series (applied in an aimed fashion) must be considered
and is given in the following tables, where available in the cited references.

Notwithstanding the potential pitfalls of clinical data, they have proven useful in identifying
emerging trends or persisting problems, and also in evaluating the effect of preventive
action — either regarding the entire population, or subgroups thereof, such as certain
occupations. Regarding the fragrance mixes (FM | and FM Il) mentioned above, evidence
regarding sensitisation frequencies published since 1999 will be outlined below, thus
supplementing the data presented in the SCCNFP opinion on Fragrance Allergy in 1999 (1).
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Fragrance Mix I ("Larsen Mix")

Table 4-3: Results with screening agents for contact allergy to fragrance ingredients reported since
1999 in patients patch tested for suspected allergic contact dermatitis in Europe: Fragrance Mix “I”
(see Table 4-1). If not given in the publication, the confidence interval (Cl) was calculated from the

absolute numbers by the SCCS (®).

Country (Ref.) Population Year(s) No. tested | Crude % positive
(95% CI)
Sweden (38) Consecutive 2000 3790 6.9
patients
Hungary (39) 1998-1999 3604 8.2
(7.3-9.1)8
Czech Republic (40) 1997-2001 12058 5.8
(5.4-6.2)8
Ljubljana, Slovenia Consecutive 1989-1998 6129 5.9
(41) patients (5.3-6.5)8
Germany (42) Consecutive 1IVDK 1996-2002 59298 11.3
patients (11.0-11.5)8
Germany (43) Consecutive 1VDK 2005-2008 36961 7.3
patients (7.0-7.6)%
Vienna, Austria (16) Consecutive 1997-2000 2660 9.1
patients of one (8.1-10.3)8
clinic
Groningen, Patients (fragrance 04/2005- 295 5.8
Netherlands (44) allergy suspected) 06/2007 (3.4-9.1)8
The Netherlands Consecutive 09/1998- 1825 10.6
(45) patients 04/1999 (9.2-12.1)
The Netherlands Patients (cosmetic 1994-1998 757 14.8
(46) allergy suspected) (12.3-17.5)8
Leuven, Belgium Consecutive 1990-2005 10128 9.1
47) patients (8.6-9.7)8
Coimbra, Portugal Consecutive 07/1989- 2600 10.9
48) patients 06/1999 (9.7-12.2)8
Spain (49) Consecutive 10/2005- 1253 4.5
patients 06/2008 (3.4-5.8)8
Sheffield, UK (50) Consecutive 1994-1995 744 11.4
patients (9.2-13.9)8
St. John’s, London, Consecutive 1980-2004 34072 7.7
UK (51) patients (7.4-8.0)8
Copenhagen, Consecutive 1985-2007 16173 7.2
Denmark (52) patients (6.8-7.6)%
ESSCA (53) Consecutive 2002-2003 9663 7.1
patients (6.6-7.6)8
ESSCA (54) Consecutive 2004 9941 7.6
patients (7.1-8.2)8
ESSCA (55) Consecutive 2005-2006 18542 7.0
patients (6.6-7.4)°
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Table 4-4: Results with screening agents for contact allergy to fragrance ingredients reported since
1999 in patients patch tested for suspected allergic contact dermatitis in non-European countries:
Fragrance Mix “I” (see Table 4-1). If not given in the publication, the confidence interval (Cl) was

calculated from the absolute numbers by the SCCS (%).

Country (Ref.) Population Year(s) No. tested Crude % positive
(95% CI)
South Korea (56) Consecutive 04/2002— 422 9.7
patients 06/2003 (7.1-13.0)8
Lahore, Pakistan Dermatitis 2 years prior to 350 7.7
(57) patients 2002 (5.2-11.0)8
Manipal, India (58) Dermatitis 1989-1998 1780 3.1
patients (2.3-4.0)8
Tel Aviv, Israel®(59) Consecutive 1999-2000 943 8.5
patients (6.8-10.5)8
Tel Aviv, Israel (60) Consecutive 1998-2004 2156 7.1
patients (6.1-8.3)8
Tehran, Iran (61) Consecutive 2002-2004 250 4.0
patients (1.9-7.2)8
Ankara, Turkey Consecutive 1992-2004 1038 2.1
(62) patients (1.3-3.2)8
Beijing, China (63) Consecutive 2000-2003 378 15.9
patients (12.3-20.0)8
USA (Canada) (64) Probably 2003 1603 5.9
consecutive
patients
NACDG 2009 (US Consecutive 2005-2006 4439 11.5
and Canada) (65) patients

Note: $ Possibly included in (60).

Beyond the studies discussed above, regarding a time trend of sensitisation to FM I, a
significant increase of positive results to FM | until 1998, and a significant drop thereafter
has been noted in the IVDK study covering 1996 to 2002 (42). A similar drop from 1999 to
2007 has been observed in female, but not male patients from Copenhagen (52). In
accordance with these findings, the prevalence of positive reactions to FM | doubled, or
thereabouts, from 1989-1993 to 1994-1998 in Ljubljana, Slovenia (41).

Within Europe, a comparison between different countries and clinical departments is
possible. An EECDRG study covering 1996-2000 found 9.7% positives to FM | (range: 5.0—
12.6% in ten departments from seven European countries (66). A different European study,
covering 10/1997-10/1998, found 11.3% (95% CIl: 9.9-12.9%) positive reactions to FM 1
in 1,855 patients; the variation between centres was marked: Gentofte 8.2% vs. Leuven
23.0% as extremes (67). In the first study of the European Surveillance System on Contact
Allergies (ESSCA), covering 2002 and 2003, 9663 patients were patch tested with FM I,
overall yielding 7.1% positive reactions with marked variation between participating
departments. In Dortmund, Germany, the minimum frequency of 3.7% was noted, while in
Lahti, Finland, the highest prevalence, namely 10.4%, was found (53). Subsequently, in the
year 2004, the overall prevalence was 7.6%, i.e. largely unchanged (54). In the most
recent study by ESSCA, based on 2005/2006 PT data across Europe, significant differences
were again noted, this time on the aggregated level of European regions, with FM |
sensitisation being the least frequent in the Southern countries (4.8% [95% CIl: 3.9-5.5%]
age- and sex-standardised prevalence) vs. 7.7% (95% CIl: 7.0-8.4%) in the central
European departments, with the Finnish, Polish and Lithuanian departments (5.7% [95%
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Cl: 4.6 — 6.8%]) and the UK network (6.8% [95% CIl: 6.3 — 7.3%]) in an intermediate
position (55).

Fragrance Mix II

Table 4-5: Results with screening agents for contact allergy to fragrance ingredients reported since
1999 in patients patch tested for suspected allergic contact dermatitis: Fragrance Mix “I1” (see Table
4-2). The FM Il was only conceived in 2005, so results are still sparse). If not given in the publication,
the confidence interval (Cl) was calculated from the absolute numbers by the SCCS (%).

Country (Ref.) Population Year(s) No. tested Crude % positive
(95% CI)
EU (35) Six clinical depts. 10/2002- 1701 2.9
06/2003 (2.2-3.9)8
IVDK, Germany Consecutive 01/2005- 35633 4.9
(68) patients 12/2008 (4.7-5.1)8
Groningen, Patients (fragrance 04/2005- 227 9.3
Netherlands (44) allergy suspected) 06/2007 (5.8-13.8)%
Leuven, Belgium Consecutive 2005 only 335 2.1
@n patients (0.8-4.3)8
Spain (49) Consecutive 10/2005- 1253 0.6
patients 06/2008 (0.2-1.1)8
Denmark (69) on Consecutive 2005-2008 12302 4.5
behalf of the patients (4.1-4.9)8
DCDG, 2010

Hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC)

Hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC) has been the most frequently
reported chemical causing fragrance allergy since the 1999 opinion on fragrance allergy. In
total, reports of about 1500 cases have been published in the scientific literature (see
section 7.1).

HICC was recognised as an allergen in 1995 (70) and later included in the new perfume
mixture, Fragrance Mix Il (71), which is routinely used for the diagnosis of perfume allergy,
see above. Furthermore, it is recommended to test separately with HICC, because it is a
very frequent allergen (37) and detects relevant fragrance sensitisation which would
otherwise have been missed (49). In the studies performed in European dermatology
clinics, 0.5-2.7% of eczema patients have been found to be allergic to HICC with the
highest frequency in central Europe (55). For further details see Table 4-6.

Table 4-6: Results with fragrance contact allergy screening agents reported since 1999 in patients
patch tested for suspected allergic contact dermatitis: HICC (5% pet. if not stated otherwise). If not
given in the publication, the confidence interval (Cl) was calculated from the absolute numbers by the
scces ).

Country (Ref.) Population Year(s) No. tested Crude % positive
(95% CI)
Lithuania (72) Consecutive 04/2006- 816 0.9
patients 10/2008 (0.3-1.8)8
Spain (49) Consecutive 10/2005- 852 0.8
patients 06/2008 (0.3-1.7)8
Germany (CH, AT) Consecutive 03/2000- 3245 1.9
(73) patients 02/2001 (1.5-2.4)8
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Country (Ref.) Population Year(s) No. tested Crude % positive
(95% CI)
Germany (CH, AT) Consecutive 01/2003- 21325 2.4
(74) patients 12/2004 (2.2-2.6)8
Germany (CH, AT) Consecutive 01/2005- 35582 2.3
(68) patients 12/2008 (2.2-2.5)8
Belgium (47) Consecutive 2002-2005 2901 2.1
patients (1.6-2.7)8
Denmark (69) Consecutive 2005-2008 12302 2.4
patients (2.1-2.7)8
South Korea (56) Consecutive 04/2002— 422 1.7
patients 06/2003 (0.6-3.4)8
USA, Canada (64) Probably 2003 1603 0.4
consecutive (0.2-0.9)8
patients

Myroxylon pereirae (Balsam of Peru)

Myroxylon pereirae is a balm obtained from a Central American tree. It is used as a
screening substance for fragrance allergy in Europe and other geographical areas. Although
the crude balm is not used in Europe in cosmetics, extracts and distillates are used (75).
This natural mixture has been employed as screening agent in the baseline series for many
decades. Hence, a wealth of data is available; Table 4-7 summarises results of the past 10

years.

Table 4-7: Results with fragrance contact allergy screening agents reported since 1999 in patients
patch tested for suspected allergic contact dermatitis: Myroxylon pereirae resin (Balsam of Peru)
(25% pet.). If not given in the publication, the confidence interval (Cl) was calculated from the
absolute numbers by the SCCS (®).

Country (Ref.) Population Year(s) No. tested Crude % positive

(95% CI)S

Tel Aviv, Israel (59) Consecutive 1999-2000 943 6.6
# patients (5.1-8.4)8

South Korea (56) Consecutive 04/2002 — 422 7.3
patients 06/2003 (5.1-10.3)8

Tel Aviv, Israel (60) Consecutive 1998-2004 2156 3.6
patients (2.9-4.5)8

Manipal, India (58) Dermatitis patients 1989-1998 1780 1.0
(0.5-1.5)%

Tehran, Iran (61) Consecutive 2002-2004 250 2.4
patients (0.9-5.2)8

Sevilla, Spain (76) Consecutive 2002-2004 863 5.8
patients (4.3-7.6)8

Ankara, Turkey (62) Consecutive 1992-2004 1038 2.1
patients (1.3-3.2)8

Vienna, Austria (16) Consecutive 1997-2000 2660 54
patients of one (4.6-6.3)8

clinic

Czech Republic (40) Consecutive 1997-2001 12058 7.3
patients (6.8-7.8)8

Spain (49) Consecutive 10/2005- 1253 6.4
patients 06/2008 (5.1-7.9)8
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Country (Ref.) Population Year(s) No. tested | Crude % positive
(95% CI)S
Copenhagen, Consecutive 1985-2007 16173 3.9
Denmark (52) patients (3.6-4.2)8
Sweden (38) Consecutive 2000 3790 6.5
patients
Nine European Consecutive 2002-2003 9672 6.1
countries (53) patients
Germany, three Consecutive 2005-2008 36919 8.0
Swiss and one patients (7.7-8.3)
Austrian Dept. (43)
Ten depts. From Consecutive 1996-2000 26210 6.0
seven EU countries patients
(66)
USA (Canada) (64) Probably 2003 1603 6.6
consecutive
patients
NACDG 2009 (65) Consecutive 2005-2006 4449 11.9
patients

Oi