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B-MYRCENE

1. Exposure Data

Myrcene exists as two isomers: the natu-
rally occurring B-isomer, containing an isopro-
pylidene group, and the isopropenyl form, often
called the a-isomer (Behr & Johnen, 2009);
however, the term “myrcene” in the literature
may not exclusively refer to f-myrcene.

1.1 ldentification of the agent

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 123-35-3

Chem. Abstr. Serv. name:
7-Methyl-3-methylene-1,6-octadiene
EC/List No.: 204-622-5

IUPAC systematic name: 7-Methyl-3-methyl-
ideneocta-1,6-diene

Synonyms:  2-Methyl-6-methylene-2,7-octa-
diene; 3-methylene-7-methyl-1,6-octadiene;
myrcene; NSC No. 406264; B-geraniolene
From NTP (2010); Merck Index (2013); NCBI
(2018)

1.1.2 Structural and molecular formulae, and

relative molecular mass

Molecular formula: C,jH,,
Relative molecular mass: 136.24

1.1.3 Chemical and physical properties of the

pure substance

Description: Yellow oily liquid with a char-
acteristic pleasant terpene odour and citrus-
like taste

Boiling point: 167 °C

Melting point: < =10 °C

Density: 0.794 g/cm? at 20 °C

Octanol/water partition coefficient (P): log
K, ,4.33

Refractive index: 1.4709 at 20 °C

Solubility: Practically insoluble in water;
soluble in alcohol, chloroform, ether, and
glacial acetic acid

Stability: Polymerizes spontaneously at room
temperature, whether air is excluded or not
Conversion factor: 1 ppm = 5.57 mg/m?, at

normal temperature (25 °C) and pressure
(103.5 kPa)
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From Merck Index (2013); NCBI (2018); Behr
& Johnen (2009).

1.1.4 Impurities

Technical-grade B-myrcene has a purity
of 75%, but rectification can achieve a purity
of > 90%. Impurities include limonene, psi-li-
monene, dl-limonene, terpenes, B-pinene, dipen-
tene from a cyclization reaction, and isomers
and dimers of B-myrcene (Behr & Johnen, 2009;
NTP, 2010). A polymerization inhibitor such
as butylhydroxytoluene or tenox propyl gallate
is normally added to crude or high-purity
B-myrcene during shipment or extended storage
(NTP, 2010). Most commercial preparations
contain inhibitors of polymerization, such as
tocopherol (Behr & Johnen, 2009).

1.2 Production and use

1.2.1 Production process

Monoterpenes such as p-myrcene are
naturally formed in plants by stereospecific
condensation of isopentenyl diphosphate with
dimethylallyl diphosphate leading to geranyl
diphosphate, which is hydrolysed to the mono-
terpene alcohol geraniol. B-Myrcene is then
formed by dehydration and isomerization of
geraniol (Eggersdorfer, 2012).

B-Myrcene occurs naturally in many organ-
isms. It is a major component of essential oils of
plants such as hops, bay leaf, and lemongrass, but
since extraction is uneconomical, it is produced
industrially by the pyrolysis of B-pinene, which
is one of the key components of turpentine (Behr
& Johnen, 2009; NTP, 2010; Eggersdorfer, 2012).

1.2.2 Production volume

B-Myrcene is listed in the USA as a chem-
ical with a high production volume; > 1 million
pounds [> 453 592 kg] were produced in or
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imported into the USA in 1990-1994 (NCBI,
2018). Aggregated national production volumes
for B-myrcene reported under the inventory
update rule show production in the range of
> 10 million to < 50 million pounds [> 4536 to
< 22680 tonnes] for the years 1986, 1990, 1994,
1998, 2002, and 2006 (HSDB, 2012).

The Joint Food and Agriculture Organization
of the United Nations and World Health
Organization (FAO/WHO) Expert Committee
on Food Additives (JECFA) reported annual
production volumes of P-myrcene used as a
flavouring agent of 58 076 kg for Europe and
1188 kg for the USA, while the annual volume
of B-myrcene in naturally occurring foods was
estimated as 66 842 kg for the USA (based on
summarized data published between 1987 and
1999) (Pronk & Bend, 2006). Burdock (2010)
reported an annual volume of 3500 pounds
[1588 kg; presumably in the USA, date not
specified].

B-Myrcene is listed as a chemical with a
high production volume by the Organisation
for Economic Co-operation and Development
(OECD) (OECD, 2004). It was produced at a level
of greater than 1000 tonnes per year in at least
one member country or region of the OECD.
B-Myrcene is manufactured and/or imported
in the European Economic Area at a level of
0-100 tonnes per year (ECHA, 2017a).

The database Chemical Sources International
(2017) listed 27 manufacturing companies world-
wide, of which 10 are located in the USA, 12 in
European countries, and 5 in Asia.

1.2.3 Use

One use of technically prepared f-myrcene is
as a flavouring agent, for example, in foods and
beverages. It is also used widely in cosmetics,
soaps, and detergents as well as other fragranced
products such as perfumes, air care products,
polishes, wax blends, adhesives, disinfectants,
biocides, paints, plasters, fuels, inks, and toners
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(NTP, 2010; ECHA, 2017b), and electronic ciga-
rette liquids (Yang et al., 2015). B-Myrcene is
a starting material for a range of industrially
important products such as menthol, geraniol,
nerol, linalool, and isophytol (Behr & Johnen,
2009; Eggersdorfer, 2012). Besides its main use
as an intermediate for the production of terpene
alcohols, B-myrceneisalso used in the production
of terpene polymers, terpene—phenol resins, and
terpene-maleate resins (Eggersdorfer, 2012).

B-Myrcene also occurs naturally in various
plants (see Sections 1.4.1 and 1.4.2), and many
plants and plant essential oils containing
B-myrcene are used in medicinal, food, cosmetic,
and other consumer products. For example,
B-myrcene is a major constituent of hops used in
the manufacture of beer (Okaru & Lachenmeier,
2017) (see Table 1.1; average, 37% of volatiles;
Salanta et al., 2016).

1.3 Analytical methods

B-Myrcene is typically analysed along with
various other compounds in assays for the
characterization of terpenes and essential oils,
which are predominantly based on hydrodis-
tillation for sample preparation, followed by
gas chromatography with flame ionization
detection (GC-FID) or with mass spectrometry
(GC-MS) (Okaru & Lachenmeier, 2017). The
International Organization for Standardization
(ISO) provides an international standard for
the GC-FID analysis of essential oils, which
includes B-myrcene as analyte (ISO, 1998). The
various ISO standards for essential oils also
contain representative gas chromatograms for
each matrix (see summary in Section 1.5).

Another means of sample preparation is head-
space solid-phase microextraction (Lachenmeier
etal., 2006). For determination of the percentage
of B-myrcene in mastic gum oil, a rapid proce-
dure using Fourier transform Raman spectros-
copy has been suggested (Daferera et al., 2002).

Selected methods for the analysis of B-myrcene
in various matrices are listed in Table 1.2.

No methods for analysis of B-myrcene in
biological matrices in humans were reported.

1.4 Occurrence and exposure

1.4.1 Natural occurrence

B-Myrcene is a compound that occurs natu-
rally in more than 200 plants, including verbena,
lemongrass, hops, and bay (NTP, 2010; Merck
Index, 2013). B-Myrcene has been reported qual-
itatively in more than 200 foods and beverages,
including citrus peel oils and juices, apricot, sweet
and sour cherry, berries, guava, pineapple, carrot,
celery, potato, bell pepper, blackcurrants, anise,
anise seed, cardamom, cinnamon, cassia, clove,
capsicum varieties, ginger, Mentha oils, mace,
parsley, thyme, cheeses, cream, pork, hop oil,
beer, white wine, rum, cocoa, coffee, tea, mango,
tamarind, coriander, gin, sweet bay, prickly pear,
calamus, dill, lovage, caraway, buckwheat, corn,
basil, fennel, kiwi fruit, rosemary, myrtle berry,
turmeric, lemon balm, sage, pimento, angelica
oil, Roman and German chamomile oil, euca-
lyptus and mastic gum oil (HSDB, 2012).

Table 1.1 and Table 1.3 provide a quantitative
overview of the natural occurrence of f-myrcene
in essential oils, some natural products, food,
medicinal and related products.

Whilethehighestconcentrationsof-myrcene
in natural materials have been detected in hops
(up to 10 g/kg dry weight), the final concentra-
tion in beer was very low (0.4-80 ug/L) due to
dilution, low extraction, and potential deteriora-
tion during processing (Kishimoto et al., 2005;
Okaru & Lachenmeier, 2017).

B-Myrcene has been measured in air in forests
in different parts of the world. Concentrations
vary considerably by day and season, and by
height of measurement in the forest. Measured
concentrations of f-myrcene were often less than

55



9g

Table 1.1 Relative concentrations of B-myrcene in essential oils and some natural products

Product Average Range Unit Year® Country or region  Reference
concentration®

Essential oils from Distichoselinum 67.2 47.7-84.6 % 2010 Portugal Tavares et al. (2010)

tenuifolium

Curcuma mangga 46.50 NR % 2011 Malaysia Wahab et al. (2011

Essential oil of Schinopsis brasiliensis 45.12 NR % 2011 Brazil Donati et al. (2015)

Leaf volatiles of Zanthoxylum gilletii 42.87 NR % 1997 Cameroon Jirovetz et al. (1999)

Hops (n=12) 37.90 23.29-52.63 % of volatiles 2011,2012 Romania Salanta et al. (2016

Essential oil of Cannabis sativa (n = 5) 28.41 21.08-35.02 % 2001 Austria Novak et al. (2001)

Essential oil of lemongrass (Cymbopogon  27.83 NR % 2013 Benin Gbenou et al. (2013)

citratus)

Peel of pomelo (n = 4) 27.801 22.811-30.928 % of relative 2014 China Shao et al. (2014)

content

Mastic gum oil (n = 10) 24.5 4.5-57.9 % in oil 2002 Greece Daferera et al. (2002)

Essential oil and the gum of Pistacia 15.6 7.8-25.0 % 2002 Greece Koutsoudaki et al. (2005)

lentiscus Var. chia (n = 6)

Essential oil of Lippia alba 15.0 NR % of content 2002 Brazil Oliveira et al. (2006)

Essential oil of Thymus serpyllum ssp. 14.30 NR % 1987 Finland Stahl-Biskup & Laakso

serpyllum (n = 52) (1990)

Essential oil of Artemisia annua 12.6 0.0-37.7 % 2007 China Yu et al. (2011)

Essential oil of Santolina rosmarinifolia ~ 11.8 0.3-15.5 % of content  1995-1996  Spain Pald-Paul et al. (2001)

L. ssp. Rosmarinifolia (n = 13)

Essential oil of Houttuynia Thunb. 11.51 2.58-18.47 % 2004 China Lu etal. (2006)

Essential oil of Korean endemic citrus 9.51 2.06-32.10 % 2005 Republic of Korea ~ Baik et al. (2008

species (n = 14)

Essential oil of Thymus serpyllum ssp. 9.1 NR % 1987 Finland Stahl-Biskup & Laakso

tanaensis (n = 133) (1990)

Essential oils of Juniperus rigida Siebold 9.0 0.0 (stems, needles) % 2014 China Liu et al. (2016)

& Zucc. -27.00 (berries)

Essential oil of Teucrium stocksianum 8.64 NR % 2012 Pakistan Shah et al. (2012)

Bioss.

Essential oil of juniper berry (Juniperus 8.3 NR % 2014 Bulgaria Hoferl et al. (2014)

communi L.)

Carrots (Daucus carota) (n = 7) 7.56 0.87-29.90 % of volatiles 2008 NR Soria et al. (2008)

Essential oil of lemongrass (Cymbopogon  6.52 NR % 2015 Cuba Pinto et al. (2015)

citratus)

Essential oil of thyme (Thymus 6.46 0.26-12.65 % 2000 Iran (Islamic Rasooli & Mirmostafa

kotschyanus and Thymus persicus)

Republic of)

2003)
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Table 1.1 (continued)

Product Average Range Unit Year® Country or region  Reference
concentration®

Essential oil of sweet fennel (Ocimum 6.4 NR % 2013 Benin Adjou et al. (2013

gratissimum L.)

Odorants in frankincense (Boswellia 6.3 2.8-8.0 % (total peak 2014 Oman and Somalia  Niebler & Buettner (2015)

sacra) (n = 6) area)

Essential oil of Thymus serpyllum L. 6.2 0.0-20.2 % of content  2001-2004  Estonia Paaver et al. (2008

(n=33)

Essential oil of Murraya koenigii L. 6.12 NR % 2014 India Rajendran et al. (2014)

Evodia rutaecarpa fruits 5.83 NR % of volatiles 2005 Japan Pellati et al. (2005)

Essential oils of wild populations of 5.8 0.0-26.2 % 2011 Iran (Islamic Aghaei et al. (2013)

Stachys lavandulifolia Vahl (Lamiaceae) Republic of)

Essential oil of Thymus serpyllum L. 5.65 0.0-20.2 % 2002,2003  Estonia Raal et al. (2004

(n=20)

Essential oil from Stachys lavandulifolia  5.49 0.52-15.87 % 2010 Iran (Islamic Pirbalouti & Mohammadi

Vahl (n=7) Republic of) (2013)

Essential oils from Gynura bicolour DC ~ 5.10 NR % 2012 Japan Miyazawa et al. (2016)

Oil from Thymus serpylloides ssp. 5.0 0.13-30.39 % 1990-1993  Spain Sdez (2001

gadorensis (n = 34)

Essential oils of rosemary (Rosmarinus 4.8 3.4-5.9 % 2008-2009  Serbia Lakusic¢ et al. (2013)

officinalis, Lamiaceae)

Japanese pepper (Xanthoxylum 4.41 1.75-7.08 % 2001 Japan Jiang & Kubota (2004)

piperitum DC.)

Essential oils from black pepperc (Piper 4.37 NR % of content 2013 Nigeria Oboh et al. (2013)

guineense)

Essential oil of pineapple weed 4.2 1.1-7.9 % of content 2007 Estonia Orav et al. (2010)

(Chamomilla suaveolens) (n = 2)

Leaves from species of Clausena 4.0 0.1-14.3 % 2012 Viet Nam Trung et al. (2014

(Rutaceae)

Essential oil from Danggui and Zhiqiaod  3.71 NR % 2016 China Wang et al. (2016)

Essential oil of carrot seeds (Daucus 3.7 0.5-10.5 % 2014 Italy Flamini et al. (2014)

carota)

Essential oil of wormwood (Artemisia 3.5 Trace — 9.2 % in oil 1999-2007 Lithuania Judzentiene et al. (2009)

absintium) (n = 15)

Essential oil of Lippia alba f. intermedia 3.5 NR % of content 2002 Brazil Oliveira et al. (2006)

Cardamom oil (Elettaria cardamomum 3.3 2.1-6.6 % 2004 Italy Marongiu et al. (2004)

(L.) Maton)

QUIAN-g
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Table 1.1 (continued)

Product Average Range Unit Year® Country or region  Reference
concentration®
Essential oils of three Thymus species 2.8 0.6-6.8 % 2008 Iran (Islamic Asbaghian et al. (2011)
Republic of)
Essential oil from Satureja intermedia 2.5 NR % 2014 Iran (Islamic Sharifi-Rad et al. (2015)
CA Mey Republic of)
Essential oils of ripe berries of Juniperus 2.4 1.9-2.8 % 2007 Tunisia Hanéne et al. (2012)
oxycedrus L. ssp. macrocarpa (S.&m) Ball
Orange fruit juice (Citrus sinensis) L. 2.38 NR % of volatiles 2008 China Qiao et al. (2008)
Essential oils of herbs 2.26 0.11-6.29 % 2006 South-Western Qiao et al. (2008)
Rwanda
Peel oil of Citrus natsudaidai Hayata 2.25 NR % (w/w) 2002 Japan Mukazayire et al. (2011)
(Natsudaidai)
Cardamom essential oil (Elettaria 2.2 NR % 2016 Iran (Islamic Lan Phi et al. (2006)
cardamomum) Republic of)
Essential oil of Citrus tamurana Hort. ex  2.20 2.11-2.28 % (w/w) 2000 Japan Masoumi-Ardakani et al.
Tanaka (Hyuganatsu) (2016)
Essential oils of fennel fruits (n = 7) 2.15 1.48-3.00 % 2010 Romania Choi & Sawamura (2000)
Orange peel oil (Citrus sinensis L.) 1.88 NR % of volatiles 2008 China Aprotosoaie et al. (2013)
Peel oil of kumquat (Fortunella japonica  1.84 NR % 2003 Republic of Korea ~ Choi (2005)
Swingle)
Essential oil of cardamom (Amomum 1.57 1.16-2.36 % 2013 India oshi et al. (2013)
subulatum Roxb.)
Essential oil from ripe fruits of 1.2 NR % 2002 Jordan Flamini et al. (2004)
Jordanian Pistacia palaestina Boiss.
Essential oil of Origanum vulgare L. 1.1 0.0-3.4 % 2011 Europe Lukas et al. (2015)
(Lamiaceae) (n = 12)
Essential oils of Gynura bicolour DC. 0.75 NR % 2012 Japan Miyazawa et al. (2016)
Leaves
Essential oil of Thymus serpyllum L. 0.6 0.2-1.1 % of content  2001-2004  Armenia, Latvia, Paaver et al. (2008)
(n=7) the Russian
Federation
Essential oil of Eucalyptus citriodora 0.11 NR % 2013 Benin Gbenou et al. (2013)
Tapereba fruits 0.1-0.7 NR % of volatiles 2002 Brazil Ceva-Antunes et al. (2003)
Caja fruits 38-41 NR % of volatiles 2001 Brazil Ceva-Antunes et al. (2003)
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Table 1.1 (continued)

Product Average Range Unit Year® Country or region  Reference
concentration®

Essential oil of Lingularia persica Boiss. 0.5 (root) NR % 2012 Iran (Islamic Mohadjerani et al. (2016)
2.0 (leaf) Republic of)
2.8 (stem)
4.4 (flower)

Essential oil of Lavandula L. species 0.3-7.5 NR % 2012 Tunisia Messaoud et al. (2012)

Essential oil of Pistacia lentiscus var. chia 8.34 (resin) NR % 1997 Greece Magiatis et al. (1999)
20.58 (leaves)
47.92 (twigs)

+ Calculated by the Working Group if not provided in reference; values below limit of quantification were calculated as zero

b Year of harvest/sampling; if not provided, year of publication

¢ Ashanti black pepper (Piper guineense)

4 Radix Angelica sinensis and Fructus aurantii

NR, not reported; trace, traces below limit of quantification

Table 1.2 Selected methods for the analysis for B-myrcene

Sample matrix Assay procedure Limit of detection Reference

Essential oils GC-FID NR ISO (1998)

Beer SBSE-GC/MS 0.001 ug/L Kishimoto et al. (2005)

Hops and beer HS trap-GC/MS NR Aber] & Coelhan (2012); Schmidt & Biendl (2016)

Cheese HS-SPME-GC/MS NR Giuseppe et al. (2005)

Herbs GC/MS NR Gherman et al. (2000)

Liver patés SPME-GC/MS NR Estévez et al. (2004)

Tropical fruits SPME-GC/MS NR Ceva-Antunes et al. (2003)

Orange juice HS-SPME-GC/MS NR Lachenmeier et al. (2006)

Mastic gum oil FT-Raman spectroscopy NR Daferera et al. (2002)

Tangerines GC-O NR Miyazaki et al. (2012)

Pomelos TDS-GC/MS NR Shao et al. (2014)

FT, Fourier transform; GC-FID, gas chromatography-flame ionization detection; GC/MS, gas chromatography-mass spectrometry; GC-O, gas chromatography-olfactometry; HS,
headspace; NR, not reported; SPME, solid-phase microextraction; SBSE, stir bar-sorptive extraction; TDS, thermal desorption system

QUIAN-g
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Table 1.3 Concentration of 3-myrcene in foods, medicinal products, and related products

Product Average Range Unit Year® Country or Reference
concentration? region
Alcoholic beverages 1.12 Max. 5.00 ppm 1994 USA HSDB (2012
(ng/L]
Baked goods 10.05 Max. 14.92 ppm 1994 USA HSDB (2012
Beer (bottled and canned, n = 2) 25.0 8.9-41.0 ug/L 2016  Germany Wietstock et al. (2016)
Beer (n=2) 62.7 45.6-79.7 ug/L 2016 USA and Schmidt & Biendl (2016)
Germany
Beer (n = 3) 0.7 0.4-1.1 ppb 2005 Japan Kishimoto et al. (2005)
Bullock’s heart fruit (Annona reticulata L.) (n = 24) 16.24 12.62-20.06 mg/kg 2003 Cuba Pino et al. (2003)
Carrots (Daucus carota L.) 125.25 80.0-219.0 ng/g 1999 Denmark Kjeldsen et al. (2003)
Chewing gum 116.2 Max. 126.00 ppm 1994 USA HSDB (2012
Condiments, relishes 5.00 Max. 10.00 ppm 1994 USA HSDB (2012
Dekopon peel (Shiranuhi mandarin) 36.54 NR mg/kg 2002 Japan Umano et al. (2002)
Fennel fruits 1150 NR ug/g 2006 Hungary Zeller & Rychlik (2006)
Fennel tea (prepared) 140 NR ug/L 2006 Hungary Zeller & Rychlik (2006)
Frozen dairy 12.32 Max. 15.68 ppm 1994 USA HSDB (2012)
Gelatins, puddings 19.96 Max. 22.91 ppm 1994 USA HSDB (2012
Hops (n = 12) 5489 2330-10 494 pg/gdw 2008 Germany Aberl & Coelhan (2012)
Houttuynia cordata (n = 13) 138.0 57.68-271.2 ug/g 2010  China ietal (2011)
Italian lemon liquors (Limoncello) (n = 12) 12.2 3.0-31.0 mg/L 2003 Italy Andrea et al. (2003)
Leaves and stalks of celery 31.5 8.0 (raw stalk)-73.0 ug/kg 2006 Japan Kurobayashi et al. (2006)
(boiled leaves)
Mango 65.9 NR ug/kg 2014 USA Munafo et al. (2016)
Meat products 5.00 Max. 10.00 ppm 1994 USA HSDB (2012
Non-alcoholic beverages 7.72 Max. 11.15 ppm 1994 USA HSDB (2012
Soft candy 6.22 Max. 8.07 ppm 1994 USA HSDB (2012)
Spanish pomegranates (Punica granatum L.), sour 0.01 0.01-0.01 g/kg 2009 Spain Calin-Sanchez et al.
cultivars (n = 2) (2011)
Spanish pomegranates (Punica granatum L.), sour-sweet 0.03 0.02-0.04 g/kg 2009  Spain Calin-Sdnchez et al.
cultivars (n = 3) (2011)
Spanish pomegranates (Punica granatum L.), sweet 0.03 0.01-0.07 g/kg 2009  Spain Calin-Sdnchez et al.

cultivars (n = 4)

(2011

+ Calculated by the Working Group if not provided in reference; values below limit of quantification were calculated as zero

b Year of harvest/sampling. If not provided, year of publication.

dw, dry weight; NR, not reported

6Ll - SHdY4OONOW DuVI
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Table 1.4 Exposure to 3-myrcene in the general population

Region, Exposure (integrated/mixed exposure data)

country

Year Mean Range Comments Reference
USA 3 ug/kg bw per day NR Estimated daily per capita intake for eaters only; Adams et al. (2011)
Before 2008 calculation based on annual volume of 1338 kg

Europe 138 ug/kg bw per day NR Estimation based on data sources 1989-1999 and an Pronk & Bend
Before 1999 annual production of 58076 kg (2006)

USA 3 pg/kg bw per day NR Estimation based on data sources 1989-1999 and an Pronk & Bend
Before 1999 annual production of 1188 kg (2006)

USA 2.966 ug/kg bw per day NR Individual consumption based on annual Burdock (2010)
NR consumption of 3500 Ib [1587.5 kg]

bw, body weight; NR, not reported

10 ppt during the day, rising to ppb levels during
the night (Clement et al., 1990; Janson, 1992).

1.4.2 Exposure in the general population

The general population may be exposed to
B-myrcene via ingestion of food and medicinal
products containing P-myrcene, inhalation of
ambient air in natural environments containing
plants that emit f-myrcene, and dermal contact
with products containing p-myrcene (HSDB
2012). Inhalation exposure may also occur due to
the emission of B-myrcene from various house-
hold products such as detergent, fabric deodor-
izer, or general purpose cleaner (Kwon et al.
2007). The United States consumer product
information database lists five air freshener
products containing B-myrcene (Household
Products Database, 2017). [The Working Group
noted that quantitative data for inhalation expo-
sure, e.g. in households, were not unavailable.]

Since [B-myrcene is an approved food
flavouring additive, the greatest potential for
exposure lies in the consumption of foods
that naturally contain f-myrcene or to which
B-myrcene has been added (HSDB, 2012).

JECFA  estimated daily intakes of
B-myrcene of 138 pg/kg body weight (bw) in
Europe and 3 pg/kg bw in the USA (Pronk &
Bend, 2006). More recently, the Flavour and
Extract Manufacturers Association estimated

daily per capita intake to be 3 ug/kg bw in the
USA (assuming 10% of consumers of flavoured
products only) (Adams et al., 2011), a value that
is similar to other estimates (Burdock, 2010;
Table 1.4).

[The Working Group noted that the available
information on exposure was based on estimated
use of f-myrcene as a food additive, and did not
include exposure resulting from the natural
occurrence of B-myrcene in food and beverages.
Total diet estimations were not available.]

1.4.3 Occupational exposure

The only estimate of the number of workers
(n =25 154) exposed to this substance in the USA
came from the National Occupational Exposure
Survey (NOES) conducted in 1981-1983 (ILS,
1997).

In view of the extensive uses of f-myrcene,
it is possible that workers may be exposed via
dermal contact and inhalation (N'TP, 2010).

[No data concerning exposure of workers
were available to the Working Group].

1.5 Regulations and guidelines

The International Organization for Standard-
ization (ISO) provided international standards
with minimum and maximum percentages of
B-myrcene in essential oils from various plant
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Table 1.5 International standards regarding B-myrcene content in various plant essential oils

Common name Botanical name B-Myrcene content ISO norm
(% in essential oil)? no.
Min. Max.
Bay Pimenta racemosa (Mill.) JW Moore 20.0 30.0 3045:2004
Bergamot petitgrain Citrus bergamia (Risso et Poit.) 1.2 1.8 8900:2005
Bitter fennel Foeniculum vulgare Mill. ssp. vulgare var. vulgare 0.5 12.0 17 412:2007
Bitter orange Citrus aurantium L. 1.5 3.0 9844:2006
Caraway Carum carvi L. 0.2 0.7 8896:2016
Cardamom Elettaria cardamomum (L.) Maton Trace 2.5 4733:2004
Celery seed Apium graveolens L. 0.3 1.4 3760:2002
Coriander fruits Coriandrum sativum L. 0.5 1.5 3516:1997
Cumin seed Cuminum cyminum L. 0.1 15 9301:2003
Dwarf pine Pinus mugo Turra 3.0 11.0 21 093:2003
Galbanum Ferula galbaniflua Boiss. et Buhse 2.5 3.5 14 716:1998
Grapefruit, obtained by  Citrus x paradisi Macfad. 1.5 2.5 3053:2004
expression
Gum turpentine, Mainly from Pinus massoniana Lamb. Trace 13 21 389:2004
Chinese
Juniper berry Juniperus communis L. 3.0 22.0 8897:2010
Lavandin Grosso, French Lavandula angustifolia Mill. X Lavandula latifolia Medik. 0.3 1.0 8902:2009
type
Lime (cold pressed), Citrus aurantifolia (Christm.) Swingle 1.0 2.0 3809:2004
Mexican type
Lime distilled, Mexican  Citrus aurantifolia (Christm.) Swingle 1.1 1.5 3519:2005
type
Lime expressed, Persian  Citrus latifolia Tanaka 1.2 2.0 23 954:2009
type
Mandarin, Italian type Citrus reticulata Blanco 1.4 2.0 3528:2012
Molle, Argentinean type  Schinus areira L. 1.0 14.0 16 385:2014
Neroli Citrus aurantium L., syn. Citrus amara Link, syn. Citrus 1.0 4.0 3517:2012
bigaradia Loisel, syn. Citrus vulgaris Risso
Oregano Origanum vulgare L. subsp. hirtum (Link) letsw 0.5 3.0 13 171:2016
Origanum, Spanish type  Coridothymus capitatus (L.) Rchb.f. 1.0 3.0 14 717:2008
Petitgrain, Paraguayan Citrus aurantium L. var. Paraguay (syn. Citrus aurantium 1.3 3.0 3064:2015
type var. bigaradia Hook f.)
Rosemary Rosmarinus officinalis L. 1.0 4.5 1342:2012
Sweet orange Citrus sinensis (L.) Osbeck, obtained by physical extraction 1.5 3.5 3140:2011
of the peel
Thyme containing Thymus zygis (Loefl.) L. 1.0 2.8 14 715:2010
thymol, Spanish type
Turpentine, Iberian type  Pinus pinaster Sol. 0.4 1.5 11 020:1998

» The widest possible minimum-maximum range is specified when the norm contained data on several subtypes

ISO, International Organization for Standardization
All ISO norms from ISO Standards (ISO, 2017)
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species; these oils are widely used in the food and
perfumery industries (ISO, 2017; Table 1.5).

B-Myrcene has been approved as a food
additive by the United States Food and Drug
Administration (FDA) (Behr & Johnen, 2009).
According to FDA regulations, p-myrcene may
be used as a flavouring substance or adjuvant in
food in its natural form in essential oils (Code of
Federal Regulations (CFR) 21, § 172.510), and as
a synthetic substance (CFR 21, § 172.515) (N'TP
2010).

In 1974, the European Council included
B-myrcene in the list of artificial flavouring
substances that may be added to foodstuffs
(Behr & Johnen, 2009), and P-myrcene is
included in the most recent list of approved
flavouring substances in the European Union
according to Regulation No. 872/2012 (European
Commission, 2012).

2. Cancer in Humans

No data were available to the Working Group.

3. Cancer in Experimental Animals

3.1 Oral administration

The results of studies of carcinogenicity in
mice and rats treated with B-myrcene by gavage
are summarized in Table 3.1 (N'TP, 2010).

3.1.1 Mouse

Groups of 50 male and 50 female B6C3F,
mice (age, 6-7 weeks) were given (-myrcene
(purity, > 93%; impurity: psi-limonene, CAS No.
499-97-8, approx. 5%) ata dose of 0 (control), 0.25,
0.5, or 1 g/kg bw by gavage in corn oil, 5 days
per week for 105 (males) or 104 (females) weeks
(N'TP, 2010). [The Working Group noted that this
was a study of commercially available B-myrcene

with a purity of > 93%. The major contaminant
was psi-limonene and there had been no studies
of carcinogenicity with this compound).]

Survival of male and female mice at 1 g/kg bw
was significantly lower than that of mice in the
vehicle-control groups: males: 35/50 (control),
35/50, 31/50, 21/50; females: 39/50 (control),
34/50, 35/50, 17/50. The cause of the early deaths
was not determined. Mean body weights of males
at 1 g/kg bw, females at 0.5 g/kg bw, and females
at 1 g/kg bw were less than those of controls after
weeks 8, 17, and 11, respectively. Because of the
number of early deaths in male and female mice
at 1 g/kg bw, these groups were not considered to
contain enough animals for the carcinogenesis
analysis, and were not included in the statistical
evaluation for the treatment-related development
of tumours.

In treated male mice, there were significant
increases in the incidence of epithelial hepato-
cellular neoplasm and of hepatoblastoma [an
embryonal tumour of the liver cells], with a
significant positive trend for each. These included
increases in the incidence of: hepatocellular
adenoma (multiple); hepatocellular adenoma
(including multiple); hepatocellular carcinoma
(multiple); hepatocellular carcinoma (including
multiple); and hepatoblastoma (including
multiple). The incidence of the combination of
hepatocellular adenoma, hepatocellular carci-
noma, or hepatoblastoma was also significantly
increased, with a significant positive trend. In
female mice, there were also increases in the
incidence of hepatocellular tumours, but to a
lesser extent than in male mice. The incidence
of hepatocellular adenoma (including multiple),
hepatocellular carcinoma, and hepatocellular
adenoma or carcinoma (combined) was signif-
icantly increased at the lowest dose, without a
significant positive trend.

[The Working Group noted this was a
well-conducted study that complied with good
laboratory practice (GLP), and was carried out
in males and females. The Working Group also

63



79

Table 3.1 Studies of carcinogenicity in experimental animals treated with 3-myrcene by gavage

Species, strain
(sex)

Age at start
Duration
Reference

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence

Significance

Comments

Mouse, B6C3F,
M)

6-7 wk

105 wk

NTP (2010

Purity, > 93%
Corn oil

0, 0.25, 0.5 g/kg bw
5 d/wk for 105 wk
50, 50, 50

35, 35, 31

Liver
Hepatocellular adenoma (multiple):
15/50%, 31/50**, 30/50**

Hepatocellular adenoma (includes
multiple):
26/50%, 41/50**, 43/50**

Hepatocellular carcinoma
(multiple):
1/50%, 4/50, 9/50**

Hepatocellular carcinoma (includes
multiple):
14/50%, 20/50, 28/50**

Hepatocellular adenoma or
carcinoma (combined):

33/50%, 44/50**, 48/50***

Hepatoblastoma:
4/50%, 6/50, 11/50**

Hepatocellular adenoma,
carcinoma, or hepatoblastoma:

34/50%, 45/50**, 48/50***

*[P =0.002 (trend, Cochran-
Armitage test)], *P < 0.01
(poly-3 test)

*P < 0.001 (trend, poly-3 test),
**P < 0.001 (poly-3 test)

* [P =0.024 (trend, Cochran-
Armitage test)], **P < 0.01
(poly-3 test)

*P =0.003 (trend, poly-3 test),
**P =0.004 (poly-3 test)

*P < 0.001 (trend, poly-3 test),
P =0.003, ***P < 0.001 (poly—3
test)

*P = 0.027 (trend, poly-3 test),
**P = 0.041 (poly-3 test)

*P < 0.001 (trend, poly-3 test),
*P =0.003, **P < 0.001 (poly-3
test)

Principal strengths: GLP study; study in
males and females

The dose of 1 g/kg bw was tested but not
used for tumour analysis due to early
death and effect on body weight
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Table 3.1 (continued)

Species, strain Purity Tumour incidence Significance Comments
(sex) Vehicle
Age at start Dose(s)
Duration No. of animals at start
Reference No. of surviving
animals
Mouse, B6C3F,  Purity, > 93% Liver Principal strengths: GLP study; study in
(F) Corn oil Hepatocellular adenoma (multiple): males and females
6-7 wk 0,0.25, 0.5 g/kg bw 0/50, 2/50, 0/50 NS The dose of 1 g/kg bw was tested but not
104 wk 5 d/wk for 104 wk Hepatocellular adenoma (includes used for tumour analysis due to early
NTP (2010) 50, 50, 50 . death and effect (decrease) on body weight
39, 34, 35 multiple):

Rat, F344/N (M)
5-6 wk

105 wk

NTP (2010

Purity, > 93%
Corn oil

0,0.25, 0.5 g/kg bw
5 d/wk for 105 wk
50, 50, 50

29, 36, 28

6/50, 13/50%, 6/50
Hepatocellular carcinoma:
1/50, 7/50%, 2/50

Hepatocellular adenoma or
carcinoma (combined):

7/50, 18/50%, 8/50 *P =0.005 (poly-3 test)
Kidney, standard (single section) evaluation:

*P = 0.042 (poly-3 test)

*P =0.025 (poly-3 test)

Renal tubule adenoma (multiple):
0/50, 2/50, 1/50 NS

Renal tubule adenoma (includes
multiple):

0/50%, 4/50, 8/50** *P =0.002 (trend, poly-3 test),

**P =0.003 (poly-3 test)

Renal tubule carcinoma:

0/50, 3/50, 1/50 NS
Renal tubule adenoma or
carcinoma (combined):
0/50%, 7/50**, 9/50*** *P = 0.002 (trend, poly-3 test),
*>*P =0.010, ***P = 0.002 (poly—3
test)

Kidney, extended evaluation (step sections)

Renal tubule adenoma:
0/50%, 8/50**, 7/50*** *P =0.013 (trend, poly-3 test),
P =0.005, **P =0.007 (poly-3
test)

Principal strengths: GLP study; study in
males and females

The dose of 1 g/kg bw was tested but not
used for tumour analysis due to early
death and effect (decrease) on body weight
Historical control incidence for renal
tubule carcinoma (single section):

gavage studies, 0/150; all routes, 1/1394
(0.1% + 0.5%) [range, 0-2%]
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Table 3.1 (continued)

Species, strain Purity

(sex) Vehicle

Age at start Dose(s)

Duration No. of animals at start

Reference No. of surviving
animals

Tumour incidence Significance

Comments

Rat, F344/N (M)
5-6 wk

105 wk

NTP (2010

(cont.)

Rat, F344/N (F)  Purity, > 93%

5-6 wk Corn oil
105 wk 0, 0.25,0.5, 1 g/kg bw
NTP (2010 5 d/wk for 105 wk

50, 50, 50, 50

31, 33, 28, 33

Renal tubule carcinoma:
0/50, 3/50, 0/50 NS

Renal tubule adenoma or
carcinoma (combined):

0/50%, 10/50*%, 7/50°**

*P = 0.017 (trend, poly-3 test),
P < 0.001, **P = 0.007 (poly-3
test)

Kidney, standard (single section) evaluation and extended evaluation

(step sections) (combined)

Renal tubule adenoma:
0/50%, 12/50**, 13/50**

Renal tubule carcinoma:
0/50, 3/50, 1/50

Renal tubule adenoma or

carcinoma (combined):
0/50%, 14/50**, 13/50**

*P < 0.001 (trend, poly-3 test),
**P < 0.001 (poly-3 test)

NS

*P < 0.001 (trend, poly-3 test),
**P < 0.001 (poly-3 test)

Kidney, standard (single section) evaluation
Renal tubule adenoma:

0/50, 1/50, 0/50, 2/50 NS
Kidney, standard (single section
evaluation) and extended evaluation

(step sections) (combined)

Renal tubule adenoma:

0/50, 2/50, 1/50, 3/50 NS

Principal strengths: GLP study; study in
males and females

Historical control incidence for renal
tubule adenoma (single section):

gavage studies, 0/150; all routes, 1/1340
(0.1% + 0.4%) [range, 0-2%]

bw, body weight; d, days; F, female; GLP, good laboratory practice; M, male; NS, not significant; wk, week
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noted the poor survival of male and female mice
at the highest dose.]

3.1.2 Rat

Groups of 50 male and 50 female F344/N rats
(age, 5-6 weeks) were given f-myrcene (purity,
>93%;impurity: psi-limonene, CASNo.499-97-8,
approx. 5%) at a dose of 0 (control), 0.25, 0.5, or
1 g/kg bw by gavage in corn oil, 5 days per week
for 105 weeks (N'TP, 2010). All males in the group
at 1 g/kg bw died before the end of the study as
a result of renal toxicity, and this group was not
included in the statistical evaluation for the treat-
ment-related development of tumours (survival
in males: 29/50 (control), 36/50, 28/50, 0/50). The
mean body weights of males and females at 1 g/kg
bw were less than those of controls after weeks 7
and 13, respectively. Survival of female rats was
considered adequate for all exposed groups, and
all three dose levels were included in the statis-
tical analysis for tumour incidence.

Tumoursoftherenal tubules wereseeninmale
and female treated rats; this tumour response was
stronger in males than in females. The incidence
of renal tubule adenoma in male rats at 0.5 g/kg
bw was significantly increased, with a significant
positive trend, compared with controls, and the
incidence of renal tubule adenoma or carcinoma
(combined) was significantly increased, with a
significant positive trend, in male rats at 0.25
and 0.5 g/kg bw. These increases in the incidence
of renal tubule tumours were confirmed by the
extended evaluation (step section) of the kidneys.

According to the standard (single section)
evaluation of the male rat kidney, the incidence of
renal tubule tumours was: renal tubule adenoma:
0/50 (control), 4/50, 8/50; renal tubule carcinoma:
0/50 (control), 3/50 (6%), 1/50 (2%); and renal
tubule adenoma or carcinoma (combined): 0/50
(control), 7/50, 9/50. According to the extended
(step section) evaluation of the male rat kidney,
the incidence of renal tubule tumours was: renal
tubule adenoma: 0/50 (control), 8/50, 7/50; renal

tubule carcinoma: 0/50 (control), 3/50, 0/50; and
renal tubule adenoma or carcinoma (combined):
0/50 (control), 10/50, 7/50. According to the
original (single section) and extended evalua-
tion (step sections) (combined) of the male rat
kidney, the incidence of renal tubule tumours
was: renal tubule adenoma: 0/50 (control), 12/50,
13/50; renal tubule carcinoma: 0/50 (control),
3/50, 1/50; and renal tubule adenoma or carci-
noma: 0/50 (control), 14/50, 13/50. In male rats,
the historical incidence (mean + standard devi-
ation) of renal tubule carcinoma (single section)
for gavage studies was: 0/150; all routes: 2/1394
(0.1% = 0.5%); range, 0-2%.

The evaluations of the female rat kidney also
demonstrated a treatment-related carcinogenic
effect. In the standard (simple section) eval-
uation of the female rat kidney, the incidence
of renal tubule adenoma (including multiple)
was: 0/50 (control), 1/50 (2%), 0/50, 2/50 (4%).
According to the original (single section) and
extended evaluation (step sections) (combined)
of the female rat kidney, the incidence of renal
tubule adenoma (including multiple) was: 0/50
(control), 2/50, 1/50, and 3/50. In female rats,
the historical incidence (mean + standard devia-
tion) of renal tubule adenoma (single section) for
oral gavage studies was: 0/150; all routes, 1/1340
(0.1% + 0.4%); range, 0-2%. [Thus, the 4% inci-
dence of renal tubule adenoma (single section)
in female rats at 1 g/kg bw was considered by the
Working Group to be related to treatment with
B-myrcene.] No malignant tumours of the kidney
occurred in the treated groups of female rats.

Renal toxicity was seen in treated male and
female rats, as demonstrated by the occurrence of
several non-neoplastic kidney lesions. The inci-
dence of renal tubule nephrosis was increased in
groups of treated male and female rats. In addi-
tion, the incidence of papillary mineralization
in treated male rats was increased. Nephropathy
was increased in all groups of treated female rats.
The incidence of hyperplasia of the transitional
epithelium lining of the pelvis and overlying
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the renal papilla was significantly increased in
all treated groups of male and female rats. The
incidence of focal suppurative inflammation was
increased in treated male rats (N'TP, 2010). [The
Working Group noted that this was a well-con-
ducted study that complied with GLP, and was
carried out in males and females. The Working
Group also noted the poor survival of male rats
at the highest dose.]

3.2 Co-carcinogenicity studies

In a study on the chemopreventive effects
of terpenoids (including P-myrcene) (Russin
et al., 1989), groups of female Sprague-Dawley
rats (age, 6 weeks) were fed diets containing
B-myrcene (purity, 94.3%) at a concentration
of 0% (control, n = 31) or 1% (n = 32) for up
to 20 weeks. At week 2, the rats were given
a single gavage dose of 712-dimethylbenz|a]
anthracene (DMBA) at 65 mg/kg bw. Starting
from 5 weeks after treatment with DMBA, the
rats were palpated for mammary tumours at
weekly intervals until week 20. All tumours
were processed for histopathology (more than
95% were mammary carcinomas). There was a
total of 81 mammary tumours in the DMBA-
only control group (average, 2.6 mammary
tumours per rat; mean tumour latency period,
70 days) versus 72 mammary tumours (average,
2.3 mammary tumours per rat; mean tumour
latency period, 77 days) in the group treated with
DMBA plus B-myrcene). While the number of
tumours in the group treated with DMBA plus
B-myrcene was lower than in the control group,
this effect was not significant when using a x2
test adjusted for the total number of days at risk.
B-Myrcene did not significantly extend tumour
latency (Russin et al., 1989). [The Working Group
noted that this was a study of chemoprevention
and not a study of carcinogenicity.]
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4, Mechanistic and Other
Relevant Data

4.1 Absorption, distribution,

metabolism, and excretion

4.1.1 Humans

No data from exposed humans were available
to the Working Group.

A study in vitro showed that B-myrcene
permeates human skin (Schmitt et al., 2009).
In a model of human intestinal absorption of
xenobiotic compounds in vitro (human colon
epithelial cancer cell line/Caco-2 cell monolayer),
B-myrcene quickly established an equilibrium
state of efflux and uptake by cells under the static
conditions of the test system (Heinlein et al.,
2014).

4.1.2 Experimental animals

(a)  Absorption, distribution, and excretion

Few published data on the absorption, distri-
bution, and excretion of f-myrcene in experi-
mental animals were available to the Working
Group. A study in rats indicated ready absorp-
tion through intact skin (Valette & Cavier, 1954).
In rabbits and rats, 3-myrcene is well absorbed
after oral administration. Approximately 25%
of the total dose (670 mg/kg bw per day for
2 days, by gavage) administered to male Japanese
white rabbits was recovered in urine excreted
over a period of 3 days after treatment (Ishida
et al., 1981). In female rats treated orally with
B-myrcene (1000 mg/kg bw, by gavage), blood
concentrations as high as 14.1 + 3.1 ug/mL were
detected 60 minutes after treatment (Delgado
et al., 1993a). In the same study, the elimination
half-life of P-myrcene was 285 minutes, and
the parent compound was concentrated in the
adipose tissue and in organs including the brain,
liver, kidney, and testis.
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Fig. 4.1 Characterized metabolites of f-myrcene
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I, p-myrcene; II, 10-hydroxylinalool; III, 10-carboxylinalool; IV, 7-methyl-3-methylene oct-6-ene-1,2-diol; V, 2-hydroxy-7-methyl-3-methylene

oct-6-enoic acid, VI, 1-hydroxymethyl-4-isopropenyl cyclohexanol

Source: Madyastha & Srivatsan (1987). Metabolism of f-myrcene in vivo and in vitro: its effects on rat-liver microsomal enzymes, Madyastha
KM, Srivatsan V, Xenobiotica, 1987, Taylor & Francis, by permission of the publisher (Taylor & Francis Ltd, http://www.tandfonline.com).

Urine was the predominant route of excretion
of conjugated myrcene glycol/diol metabolites in
rats and rabbits (Ishida et al., 1981). No studies
examined the possibility of biliary excretion.

(b) Metabolism

The biotransformation of B-myrcene was
studied in rabbits and rats (see Fig. 4.1). In
male rabbits treated by gavage with 3-myrcene,
urinary excretion of the conjugates of two diols
(10-hydroxylinalool and 7-methyl-3-methylene-
oct-6-ene-1,2-diol) was observed. Their forma-
tion involved the corresponding epoxides as
intermediates, and subsequent production of
two hydroxyl acids (10-carboxylinalool and

2-hydroxy-7-methyl-3-methylene-oct-6-enoic
acid) (Ishida et al., 1981; Ishida, 2005). Like
in rabbits, male rats treated by gavage with
B-myrcene (800 mg/kg bw per day) for 20 days
excreted 10-hydroxylinalool, 7-methyl-3-methyl-
ene-oct-6-ene-1,2-diol, 1-hydroxymethyl-4-iso-
propenyl cyclohexanol, 10-carboxylinalool, and
2-hydroxy-7-methyl-3-methylene-oct-6-enoic
acid in the urine (Madyastha & Srivatsan, 1987).

A similar pattern of biotransformation of
B-myrcene was also observed in vitro with
rat liver microsomal fraction (Madyastha &
Srivatsan, 1987). The conversion of f-myrcene
into 10-hydroxylinalool by rat liver microsomes
was inhibited by several nonspecific inhibitors
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of cytochrome P450 (CYP) (e.g. metyrapone,
carbon monoxide, SK-525A, and para-chlo-
romercuric benzoate). This indicated that the
apparent oxidation of the p-myrcene carbon-
carbon double bond to a 3,10-epoxide interme-
diate, which after hydrolysis gives rise to the
corresponding 3,10-diol, is a CYP-catalysed
reaction. Moreover, a higher rate of conversion
of B-myrcene into 10-hydroxylinalool was seen
usingliver microsomal fractions from rats treated
with phenobarbital than with liver microsomal
fractions from rats that had or had not been
treated with 3-methylcholanthrene, indicating
that f-myrcene is preferentially metabolized by
phenobarbital-inducible CYP forms (e.g. CYP2B)
(Madyastha & Srivatsan, 1987).

The main urinary metabolites of orally
administered B-myrcene found in the urine of
rabbits and rats (after enzymatic hydrolysis of
conjugates by treatment of urine samples with
B-glucuronidase/arylsulfatase) were 10-hydrox-
ylinalool and 7-methyl-3-methylene-oct-6-ene-
1,2-diol (or myrcene-3,10-glyclol and 1,2-glycol,
respectively), formed by hydrolysis of the respec-
tive 3,10- and 1,2- epoxide intermediates. In both
species, the epoxidation of the 3,10 carbon-
carbon double bond was apparently favoured
over epoxidation of the 1,2 double bond,
while epoxidation of the 6,7 double bond was
not observed. Further oxidation of f-myrcene
primary metabolites (diols) to carboxylic acids
and cyclization products was also noted in
rabbits and rats (Ishida et al., 1981; Madyastha
& Srivatsan, 1987; Ishida, 2005). Formation of
a single covalent bond linking carbons 1-6 in
the p-myrcene acyclic structure results in ring
closure and excretion of 1-hydroxymethyl-4-iso-
propenyl cyclohexanol (para-menth-8-ene-1,7-
diol) or uroterpenol (4-menth-1-ene-8,9-diol) as
a minor metabolite in the rat and rabbit urine,
respectively (Ishida et al., 1981; Madyastha &
Srivatsan, 1987).
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4.2 Mechanisms of carcinogenesis

4.2.1 Genetic and related effects

The genotoxic potential of p-myrcene hasbeen
studied in different assays in vitro and in vivo
that gave consistently negative results. Table 4.1
summarizes studies carried out in non-human
mammals in vivo, and Table 4.2 summarizes
studies in human cells and in various experi-
mental systems in vitro.

(a) Humans

No data from exposed humans were available
to the Working Group.

In lymphocytes isolated from nonsmoking
donors (one male and one female), f-myrcene
(100, 500, or 1000 pg/mL), did not induce
chromosome aberrations or sister-chromatid
exchange (Kauderer et al., 1991). f-Myrcene did
not alter mitotic or proliferation indices.

(b)  Experimental systems

(i)  Non-human mammals in vivo

No changes in the incidence of metaphase
cells with chromosome aberrations were detected
in the bone marrow of male and female Wistar
rats sampled 24 or 48 hours after oral adminis-
tration of f-myrcene (0.1, 0.5, or 1.0 g/kg bw).
Although not clastogenic, B-myrcene caused a
dose-dependent increase in the mitotic index
in bone marrow cells, indicating that the dose
present in the target tissue was sufficient (Zamith
et al., 1993).

No increase in the frequency of micronucle-
ated normochromatic erythrocytes was noted
at any dose level in mouse peripheral blood
sampled within 24 hours after administration
of the final dose in a 13-week study in which
male and female B6C3F, mice were treated with
B-myrcene (250-2000 mg/kg bw per day) by
gavage (N'TP, 2010).
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Table 4.1 Genetic and related effects of 3-myrcene in non-human mammals in vivo

End-point Species, strain  Tissue Results: Dose Route, duration, Reference

(sex) (LED or HID) dosing regimen
Chromosomal Rat, Wistar, Bone marrow - 1000 mg/kgbw  Gavage, 1x Zamith et al. (1993)
aberrations (M and F)
Micronucleus Mouse, B6C3F,  Peripheral blood - 1000 mg/kgbw  Gavage, 13 weeks NTP (2010
formation (M andF) per day

* -, negative; the level of significance was set at P < 0.05 in all cases

bw, body weight; F, female; HID, highest ineffective dose; LED, lowest effective dose; M, male

Table 4.2 Genetic and related effects of B-myrcene in experimental systems in vitro

End-point Species, tissue, cell line  Results? Concentration Comments Reference
(LEC or HIC)
Without With
metabolic  metabolic
activation  activation
Hprt mutation Chinese hamster, lung, - = 1000 pug/mL Kauderer et al.
V79 (1991)
Reverse mutation  Salmonella typhimurium, - - 5000 pg/plate Gomes-
TA97a, TA98, TA100, (-S9) Carneiro et al.
TA1535 1500 pg/plate (2005)
(+S9)
Reverse mutation  Salmonella typhimurium, - = 10 000 pg/plate NTP (2010)
TA97, TA98, TA100,
TA1535, Escherichia coli
WP2 uvrA
Chromosomal Human, lymphocytes - - 1000 pg/mL Kauderer et al.
aberrations, 1991
sister-chromatid
exchange
Sister-chromatid ~ Chinese hamster, lung, - - 500 ug/mL Roscheisen
exchange V79 etal. (1991
Sister-chromatid ~ Rat, hepatocellular * * 100 pg/mL Slight, Roscheisen
exchange carcinoma, HTC cells reproducible etal. (1991
increase, not
concentration-
related

@ -, negative; +, equivocal, variable response in several experiments within an adequate study; the level of significance was set at P < 0.05 in all

cases

HIC, highest ineffective concentration; LEC, lowest effective concentration; $9, 9000 x g supernatant
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(i) Non-human mammalian cells in vitro

B-Myrcene did not increase mutation
frequencies at the hypoxanthine-guanine phos-
phoribosyl transferase (Hprt) locus or induce
sister-chromatid exchange in hamster V79 cells,
in the absence or presence of metabolic acti-
vation (Kauderer et al., 1991; Roscheisen et al.,
1991). In a metabolically competent rat hepato-
cellular carcinoma cell line, B-myrcene produced
a slight increase in sister-chromatid exchange
at 100-250 pug/mL, but with no concentration-
response relationship (Roscheisen et al., 1991).

(i)  Non-mammalian systems

In bacterial test systems, P-myrcene was
not mutagenic. Two assays conducted by the
National Toxicology Program (NTP) did not
reveal any mutagenic activity with p-myrcene
(doses ranging from 33 up to 10 000 pg/plate)
in any of the Salmonella typhimurium strains
tested (TA97, TA98, TA100, and TA1535) or in
Escherichia coli (strain WP2 uvrApKM101), either
in the presence or in the absence of exogenous
metabolic activation (S9 fraction from Aroclor
1254-induced rat or hamster liver) (N'TP, 2010).
In another study, B-myrcene (10-5000 pg/plate,
without metabolic activation; 1-1500 pg/plate,
with metabolic activation) gave negative results
in four S. typhimurium strains (TA100, TA9S,
TA97a and TA1535) (Gomes-Carneiro et al.,
2005).

4.2.2 Oxidative stress

(@) Humans

No data were available to the Working Group.

(b)  Experimental systems

No study reported P-myrcene-mediated
enhancement of oxidative stress in mammalian
cells or tissues. Several experimental studies,
however, have provided evidence that f-myrcene
has antioxidant activity. In the liver of female
Sprague-Dawley rats treated by gavage with
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B-myrcene at a dose of up to 200 mg/kg bw per
day for 30 or 60 days, there was an increase in
the levels of reduced glutathione, and increases
in the activities of catalase, glutathione perox-
idase, and superoxide dismutase, as well as a
decline in the formation of thiobarbituric acid
reactive substances (lipid peroxidation) (Ciftci
et al., 2011a). Moreover, Ciftci et al. (2011a) also
demonstrated that concomitant administration
of B-myrcene counteracted the enhancement
of oxidative stress mediated by 2,3,7,8-tetra-
chlorodibenzo-para-dioxin (2 pg/kg bw per
week by gavage) in the rat liver. Another study
suggested that oral administration of f-myrcene
(7.5 mg/kg bw) in male Wistar rats protected
against ethanol-induced gastric ulcers, and
increased the activities of glutathione reductase
and glutathione peroxidase, while decreasing
levels of malondialdehyde in the gastric tissue
(Bonamin et al., 2014). A study in C57Bl/]J6 mice
showed that f-myrcene (200 mg/kg bw per day,
intraperitoneal dose), given for 10 days after
transient surgical occlusion of the carotid artery,
attenuated the cerebral ischaemia and reperfu-
sion-mediated enhancement of oxidative stress
in brain tissue (increase in the formation of thio-
barbituric acid reactive substances, and decrease
in glutathione levels and activities of glutathione
peroxidase and superoxide dismutase), and also
attenuated the increase in incidence of histo-
pathological damage and apoptosis induced by
ischaemia (Ciftci et al., 2014).

4.2.3 Inflammation and immunosuppression

(a) Humans

No data in exposed humans were available to
the Working Group.

In a primary culture of human chondrocytes,
B-myrcene (25-50 pg/mL) decreased interleukin
IL-1p-induced nuclear factor-kB (NF-xB), jun
terminal kinase (JNK) and p38 activation, and
the expression of inflammatory inducible nitric
oxide synthase (iNOS) and catabolic genes
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(matrix metalloprotease MMPI and MMPI3),
while increasing the expression of anti-cata-
bolic genes (tissue inhibitor of metalloproteases
TIMPI and TIMP3) (Rufino et al., 2015).

(b)  Experimental systems

B-Myrcene and nine other monoterpenoid
compounds found in essential oils were tested
in the rat popliteal lymph node assay (PLNA), a
screening test for allergic and autoimmune-like
reactions in humans (Friedrich et al., 2007). In
the primary (direct) PLNA, B-myrcene induced
a clear (positive) immuno-stimulatory response
due to its irritant properties, but it gave a negative
result and proved not to be a sensitizing agent
in the secondary PLNA (a T-cell priming test)
(Friedrich etal., 2007). In female Wistar rats, oral
administration of p-myrcene (200 mg/kg bw per
day, for 30 or 60 days) reduced (flow cytometric
analysis) the percentage of CD8+ cells in the
blood, while increasing the percentages of CD3,
CD4+, CDI161+, CD45RA, CD4+CD25%, and the
populations of total lymphocyte cells (Ciftci et al.
2011b). In the same study, f-myrcene (200 mg/kg
bw per day) counteracted the immunosuppres-
sive effects induced by 2,3,7,8-tetrachlorodiben-
zo-para-dioxin (2 ug/kg bw per week by gavage)
when administered concomitantly (Ciftci et al.
2011b).

In BALB/c mice, B-myrcene (0.8 mg/dose,
injected intraperitoneally) mixed with oval-
bumin or Ag85B (a protective antigen for tuber-
culosis) enhanced the specific antibody response
to immunization with ovalbumin or Ag85B.
Administration of p-myrcene alone did not
enhancelevels of T-helper Th1 and Th2 cytokines,
nor did it cause any increase in immunoglobulin
IgG subtypes (Uyeda et al., 2016).

4.2.4 Other mechanisms

In human hepatoma HepG2 cells, f-myrcene
(74 uM) did not alter the process of repair of
tert-butyl hydroperoxide-induced DNA damage,

as shown by data from the alkaline comet assay,
performed every 30 minutes for 2.5 hours (Mitic-
Culafi¢ et al., 2009).

B-Myrcene (100, 500, or 1000 mg/kg bw, by
gavage) caused a dose-dependent increase in the
mitotic index in Wistar rat bone marrow cells
(Zamith et al., 1993).

In cell culture, f-myrcene (1 mM and 3 mM)
was more potent than limonene in inhibiting
protein isoprenylation, an effect positively
correlated with inhibition of cell proliferation
(Crowell et al., 1994). Nonetheless, in a model
of DMBA-induced mammary carcinogenesis,
B-myrcene and other acyclic monoterpenes (in
contrast to limonene-like monocyclic mono-
terpenes) did not extend mammary tumour
latency and did not reduce the total number of
mammary tumours in Sprague-Dawley rats fed a
diet containing 3-myrcene (1%) when compared
with controls (Russin et al., 1989).

4.3 Data relevant to comparisons
across agents and end-points

For the results of high-throughput screening
assays of the Toxicity Testing in the 21st Century
(Tox21) and Toxicity Forecaster (ToxCast)
research programmes of the government of
the USA, see Section 4.3 of the Monograph on
1-tert-butoxypropan-2-ol in the present volume.

4.4 Susceptibility to cancer

No data were available to the Working Group.

4.5 Other adverse effects

4.5.1 Humans

No data were available to the Working Group.
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4.5.2 Experimental systems

In male and female Wistar rats treated
orally with B-myrcene for 91 days, the highest
dose (500 mg/kg bw, by gavage) induced small
(approximately 10%) increasesin liver and kidney
weights (Paumgartten et al., 1998). In male and
female F344/N rats, a 14-week (GLP-compliant)
study of toxicity with B-myrcene found dose-re-
lated increases in liver and kidney weights. Renal
tubule necrosis, the severity of which increased
in a dose-dependent manner, was augmented
in all treated groups compared with control
groups. The incidence of nephrosis (restricted to
the outer stripe of the outer medulla) was higher
in rats treated with doses of > 1000 mg/kg bw
(N'TP, 2010). In B6C3F, mice, B-myrcene (up to
1000 mg/kg bw per day, by gavage, for 14 weeks)
increased liver weight in males (up to 17%) and
females (up to 21%), and also increased kidney
weight in females (18%) (N'TP, 2010).

IARC has established seven criteria that need
to be fully met in order to conclude that an agent
induces tumours of the kidney by a a, -globu-
lin-associated response (IARC, 1999). Three
criteria were met for the present agent, specifi-
cally: (1) induction of the characteristic sequence
of histopathological changes associated with
a, -globulin accumulation; (2) identification of
the accumulating protein as a, -globulin (Cesta
et al., 2013); and (3) absence of genotoxicity (see
Section 4.2.1). However, four of these criteria
were not met for f-myrcene (NTP, 2010), specifi-
cally: (1) male rat specificity for nephropathy and
renal tumorigenicity (tumours and nephropathy
were induced by P-myrcene in female rats);
(2) reversible binding of the chemical or metab-
olite to a,,-globulin (no data were available on
the binding of B-myrcene or its metabolites to
a,,-globulin); (3) induction of sustained increase
in cell proliferation in the renal cortex was not
demonstrated; and (4) similarities in dose-
response relationships of the tumour outcome
with histopathological end-points associated
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with a, -globulin nephropathy (hyaline droplets
were not seen at the highest dose, and a, _-glob-
ulin protein was not quantified).

5. Summary of Data Reported

5.1 Exposure data

B-Myrcene is found in a wide variety of
plants. It is not commonly extracted from natural
materials, but is generally manufactured via the
pyrolysis of B-pinene. The main use of B-myrcene
is as a raw material in the manufacture of other
chemicals such as menthol, although it is also
used as a flavouring material in foods and
cosmetics. Reliable information about global
production volume was not available, but less
than 100 tonnes were reported to be manufac-
tured or imported into the European Union. The
general population is mainly exposed by inges-
tion of foods and medicinal products containing
B-myrcene, either from plant ingredients or
manufactured additives. The estimated human
intake from food additives is 3-138 pg/kg bw per
day. People may also be exposed by inhalation
of air in forests and other natural environments
containing plants that emit 3-myrcene, and from
inhalation of and dermal contact with consumer
products containing B-myrcene. Workers may be
exposed to B-myrcene by inhalation and dermal
contact.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

In one well-conducted study that complied
with good laboratory practice (GLP) in male
and female mice treated by gavage, f-myrcene
caused a significant increase, with a significant
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positive trend, in the incidence of hepatocellular
adenoma, hepatocellular carcinoma, hepatocel-
lular adenoma or carcinoma (combined), hepa-
toblastoma, and the combination of these three
tumours in males; and a significant increase in
the incidence of hepatocellular adenoma, hepato-
cellular carcinoma, and hepatocellular adenoma
or carcinoma (combined) in females.

In a well-conducted GLP study in male
and female rats treated by gavage, p-myrcene
caused a significant increase, and a significant
positive trend, in the incidence of renal tubule
adenoma, and renal tubule adenoma or carci-
noma (combined) in males; and rare renal tubule
adenomas were also observed in treated females.

A study in rats given f-myrcene in combina-
tion with 7,12-dimethylbenz[a]anthracene gave
negative results.

5.4 Mechanistic and other relevant
data

Inrabbitsandrats, 3-myrceneis well absorbed
after oral administration, being converted into
conjugated metabolites found in the urine.
The parent compound undergoes oxidation by
cytochrome P450 2B to 1,2- and 3,10-epoxide
intermediates, with subsequent hydrolysis to
diols.

No data on the absorption, metabolism,
distribution, or excretion of P-myrcene in
humans were available.

With respect to the key characteristics of
carcinogens, it was consistently demonstrated
in bacterial and mammalian assays, including
tests in vivo and in vitro, that 3-myrcene is not
genotoxic.

Few other data on the key characteristics were
available. Experimental studies demonstrated
antioxidant activity.

In a long-term bioassay in rodents, the
primary toxic effects were seen in the kidney.
Four of the seven criteria established by IARC for

concluding that an agent induces tumours of the
kidney by an a, -globulin-associated response
have not been met.

6. Evaluation

6.1 Cancer in humans

There is inadequate evidence in humans for
the carcinogenicity of f-myrcene.

6.2 Cancer in experimental animals

There is sufficient evidence in experimental
animals for the carcinogenicity of f-myrcene.

6.3 Overall evaluation

B-Myrcene is possibly carcinogenic to humans
(Group 2B).
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