
SUMMARY OF DATA FOR CHEMICAL SELECTION 

~-Caryophyllene 
87-44-5 

BASIS OF NOMINATION TO THE CSWG 

The nomination of ~-caryophyllene to the CSWG is based on widespread human exposure and an 

unknown potential for adverse health effects from long-term exposure to this structurally unique 

compound. ~-Caryophyllene came to the attention of the CSPG because of information supplied by 

the Food and Drug Administration (FDA) from a review of"GRAS" substances used as direct food 

additives. According to the FDA data, ~-caryophyllene is found in 80 different food additives. The 

possible average daily intake from foods has been estimated to be >10 mg. In addition, nearly 

45,000 workers are potentially exposed to ~-caryophyllene in the workplace. 

SELECTION STATUS 

ACTION BY CSWG: 12/10/97 

Studies requested: 

- Subchronic study 

- Metabolism study 

- Cell transformation 

- In vivo micronucleus 

- Mouse lymphoma assay (NCI Short-Term Test Program) 

Priority: Moderately high 

Rationale/Remarks: 

- Coordinate testing with NCI's Division of Cancer Prevention 

- Reconsider for carcinogenicity after subchronic study is completed 

INPUT FROM GOVERNMENT AGENCIES/INDUSTRY 

Dr. Dan Benz, Center for Food Safety and Applied Nutrition (CFSAN), Food and Drug 

Administration (FDA) and Dr. Ed Matthews (formerly with CFSAN) provided information on 

~-caryophyllene from the FDA Priority-Based Assessment of Food Additives (PAFA) database. 

111248. 




Ms. Joellen Putnam, Scientific Project Manager, Flavor and Extract Manufacturers' Association 

(FEMA) provided a copy of the FEMA monograph on ~ -caryophyllene. 



CHEMICAL IDENTIFICATION 

CAS Registty Number: 

Chemical Abstract Service Name: 

Synonyms and Trade Names: 

Structural Class: 

P-Caryophyllene 
87-44-5 

87-44-5 

Bicyclo(7.2.0)undec-4-ene, 4,11, 11-trimethyl-8
methylene-, (lR-(lR*, 4E, 9S*))- (9CI) 

Caryophyllene; (-)-p-caryophyllene; trans
caryophyllene 

Sesquiterpenoid 

Structure. Molecular Formula and Molecular Weight: 

Chemical and Physical Properties: 

Description: 

Boiling Point: 


Flash Point: 


Density: 


Solubility: 


Vapor Pressure: 

Mol. wt.: 204.36 

Liquid with a terpene odor midway between the 
odor of cloves and turpentine (Budavari, 1996) 

129-130°C@ 14 mm Hg (Budavari, 1996) 

>200°F, CC (FEMA, 1997) 

0.9075 g/cm3 @ 20°C (Lide, 1995) 

Insoluble in water; very soluble in benzene 
(Polarome International, 1997; Lide, 1995) 

0.007 mm Hg@ 20°C (FEMA, 1997) 

Technical Products and Impurities: P-Caryophyllene is available at purities of >80% and -99% 

from TCI America and Fluka, respectively (TCI America, 1996; Fluka Chemical Corp., 1997). 
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EXPOSURE INFORMATION 

Production and Producers: P-Caryophyllene occurs in nature as a mixture with 

isocaryophyllene and a-caryophyllene (Budavari, 1996). P-Caryophyllene can be 

prepared by isolation from clove leaf oil, clove stem oil, cinnamon leaf oil or pine oil 

fractions (FEMA, 1997). According to recent chemical catalogs and directories, 

caryophyllene is manufactured and/or distributed by Berje Inc., Fluka Chemical Corp., 

Penta Manufacturing Co., Polarome Manufacturing Co., Inc., Sigma Chemical Co., and 

TCI America (Van, 1995; TCI America, 1996; Fluka Chemical Corp., 1997; Sigma, 

1997). 

P-Caryophyllene is listed as a chemical of commerce in the US International Trade 

Commission (USITC) publication Synthetic Organic Chemicals, US Production and Sales 

fortheyears 1983-1993 (USITC, 1984,1985,1986,1987,1988,1989,1990,1991,1993, 

1994a, 1994b). The reporting companies were Biddle Sawyer Corp., Fragrance 

Resources, Inc., Fritch, Dodge & Olcott, Givaudan Corp., SMC Corp., Ungerer & Co., 

and Union Camp Corp.; but no production or sales quantities were included. According 

to the USITC, separate statistics were not published to avoid disclosure of individual 

company operations; however, the USITC reporting guidelines specify that each 

company's report of a chemical represents production of ~4,500 kg [1 0,000 lbs] or sales 

~$10,000. 

P-Caryophyllene is listed in the EPA's Toxic Substances Control Act (TSCA) Inventory 

(NLM, 1997). 

Use Pattern: P-Caryophyllene has been used as a flavor and fragrance ingredient since the 

1930s (Opdyke, 1973; FEMA, 1997). Its use in fragrances in the US in the early 1970s 

amounted to less than 20,000 lbs/year. P-Caryophyllene has been used in the following 

commercial products at the following concentrations (typical; maximum): soap, (0.0 1; 
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0.1%), detergent (0.001; 0.01%), cr_eams and lotions (0.01; 0.1%), and perfume (0.04; 

0.4%) (Opdyke, 1973). 

P-Caryophyllene has the following reported food uses with associated use levels (typical; 

maximum ppm): baked goods (31.1; 42.5), frozen dairy (20.9; 26.6), meat products (1 0; 

15), condiment relish (49.0; 70.8), soft candy (38.3; 52.3), gelatin pudding (69.3; 76.6), 

non-alcoholic beverages (23.5; 30.1 ), alcoholic beverages (2.6; 6.9), and chewing gum 

(293.3; 721.9). Levels ofuse ofp-caryophyllene as a flavoring agent have been 1795 lbs 

in 1970, 1487 lbs in 1975, 4048 lbs in 1982 and 6358 lbs in 1987 (FEMA, 1997). In 1994, 

the annual consumption of P-caryophyllene as a flavoring agent was estimated at 10,633 

lbs (FDA, 1994). 

Human Exposure: There is potential for widespread, low-level exposures to P-caryophyllene 

in general and consumer populations resulting from its presence as a flavoring agent in 

foods and as a fragrance material. Caryophyllene is found in 80 direct food additive 

substances listed in the PAF A database (FDA, 1994). The possible average daily intake 

(P ADI) of P-caryophyllene from foods has been estimated at 10.24 mg (FEMA, 1997). 

Food products containing P-caryophyllene are presented in Table 1. 

Table I. Food products containing j}-Caryophyllene (in ppm) 

Lower Upper Lower Upper 
Food Limit Limit Food Limit Limit 

Orange juice 0.01 Carrot 1.2 47.1 

Lemon peel oil 2,000 3,000 Celery leaves (raw) 3.8 

Grapefruit juice 5.3 32.5 Celery root 0.08 0.4 

Grapefruit peel oil 2,500 3,100 Anise 8,000 23,700 

Mandarin peel oil 600 Cloves 10,300 16,000 

Lime peel oil (coldpressed) TRACE Nutmeg TRACE 

Lime peel oil (distilled) TRACE Pepper 2,300 10,000 

Bilberry 0.002 Chicken (heated) 0.001 

Guava 0.0009 6.8 Green tea 2.8 

Raspberry 1.7 Mango 0.0003 2.3 

From FEMA, 1997 
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The National Occupational Exposure Survey (NOES), which was conducted by the 

National Institute for Occupational Safety and Health (NIOSH) between 1981 and 1983, 

estimated that 44,7 46 workers, including 27,262 female workers, were potentially exposed 

to P-caryophyllene in the workplace. The NOES database does not contain information 

on the frequency, level or duration of exposure to workers of any chemicals listed therein 

(NLM, 1997). 

Environmental Occurrence: P-Caryophyllene is found in nature as a constituent of the essential 

oils of clove, cinnamon leaves, and copaiba balsam and in minor quantities in various 

other essential oils, especially lavender (Opdyke, 1973). 

P-Caryophyllene has been identified as a volatile organic compound emitted by vegetation 

into the atmosphere (Guenther et al., 1994). Sesquiterpenoids are introduced into the 

atmosphere by direct volatilization from plants and from biomass burning. P

Caryophyllene has also been identified in sediments of a coastal lagoon (Elias et al., 

1997). 

P-Caryophyllene has been reported in the emissions from household liquid floor wax and 

paste wax for leather as well as in the emissions of kitchen and garden waste (Knoppel & 

Schauenburg, 1989; Wilkins & Larsen, 1995). 

P-Caryophyllene is a major constituent in clove cigarette smoke, delivering up to 2 mg 

caryophyllene per cigarette (Wise & Guerin, 1986). It has also been identified in the 

volatile oil of fresh and dried marijuana buds at levels up to 5.45% of the oil (Ross & 

ElSohly, 1996). 

Regulatory Status: No standards or guidelines have been set by NIOSH or OSHA for 

occupational exposure to or workplace allowable levels of P-caryophyllene. P

caryophyllene was not on the American Conference of Governmental Industrial 
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Hygienists (ACGIH) list of compounds for which recommendations for a threshold limit 

value (TL V) or biological exposure index (BEl) are made. P-Caryophyllene has been 

granted "generally recognized as safe" (GRAS) status by FEMA and is approved by the 

FDA for food use (Opdyke, 1973; FEMA, 1997). 
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EVIDENCE FOR POSSIBLE CARCINOGENIC ACTIVITY 

Human Data: No epidemiological studies or case reports investigating the association of 

exposure to P-caryophyllene and cancer risk in humans were identified in the available 

literature. 

At concentrations up to 4%, P-caryophyllene did not cause skin irritation or sensitization 

in human subjects ._ ~pdyke, 1973; FEMA, 1997). 

Animal Data: No 2-year carcinogenicity studies of P-caryophyllene in animals were identified 

in the available literature. Toxicity information was limited to acute data. 

Both the acute oral LD50 in rats and the acute dermal LD50 in rabbits exceeded 5 g/kg 

(Opdyke, 1973). Intratracheal doses of 12, 24, or 48 mglkg of P-caryophyllene were not 

toxic to the lungs of F344 male rats (LaVoie et al., 1986). 

Short-Term Tests: At concentrations up to 150,000 ,ug/plate, P-caryophyllene was not 

mutagenic in Salmonella typhimurium strains TA1535, TA1537, TA1538, TA98 and 

T A 100 both with and without activation. P-Caryophyllene was also inactive in an 

unscheduled DNA synthesis assay using rat hepatocytes and doses up to 10,000 ,ug/ml 

(Heck et al., 1989; FEMA, 1997). 

The frequency of spontaneous sister chromatid exchanges (SCE) in Chinese hamster ovary 

K-1 cells was not affected by p:..caryophyllene concentrations up to 1,000 ,uM. The same 

doses also failed to increase the frequency of mitomycin C-induced SCEs (Sasaki et al., 

1989). 

Caryophyllene CP not specified) inhibited the mutagenic activity of aflatoxin B, in 

Salmonella typhimurium strains TA98 and TAlOO. A P-caryophyllene concentration of 

3% produced a 72% inhibition of aflatoxin B1 mutagenicity in TAl 00 (Kim et al., 1992). 
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Metabolism: Asakawa and coworkers (1981, 1986) characterized the metabolism of 

P-caryophyllene (I) in rabbits as shown in the following scheme. 
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The main metabolite, (10S)-(-)-14-hydroxycaryophyllene-5,6-oxide (III), was separated 

as an acetate, (IOS)-(-)-14-acetoxycaryophyllene-5,6-oxide (IV), using column 

chromatography by n-hexane-ethyl acetate. A second acetate, identified as (-)

caryophyllene-5,6-oxide-2,12-diol monoacetate (VI), was the hydroxyacetate derivative 

of an additional metabolite, caryophyllene-5,6-oxide-2,12-glycol (V). The metabolic 

pathway shown as A was confirmed by administering(-)-caryophyllene-5,6-oxide (II) to 

rabbits. After being acetylated compound IV was identified and compound III was 
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established as the major metabolite. The authors note that the presence of the route B 

remains to be clarified and that route A may be favorable to route B since the oxide (II) 

is often found in essential oils. The stereoselective biohydroxylation of the gem-dimethyl 

group on the four-membered ring in mammals had not previously been reported. 

Other Biological Effects: Several studies have documented the anti-inflammatory, 

cytoprotective, and enzyme-inducing activities of ~-caryophyllene, as well as its in vitro 

cytotoxicity against several solid tumor cells. 

In the rat hindpaw edema model induced by the phlogogen agents, carrageenan or 

prostaglandin E 1, ~-caryophyllene showed anti-inflammatory activity against both agents 

in female Wistar rats. ~-Caryophyllene doses of 150 or 300 mg/kg and 300 or 600 mg/kg 

were orally administered 15 minutes prior to injection of carrageenan and prostaglandin 

E 1, respectively. ~-Caryophyllene also reduced carrageenan-induced inflammation in 

adrenalectomized animals. The authors note that arachidonic acid metabolism acts as a 

mediator of the inflammatory response induced by carrageenan. Therefore, a component 

of the anti-inflammatory activity of ~-caryophyllene may be due to inhibition of 

prostaglandin synthesis and release, and also to its action, as shown by the activity against 

prostaglandin E 1-induced edema (Martinet al., 1993). 

Tambe and coworkers (1996) demonstrated that ~-caryophyllene, given orally but not 

intraperitoneally, was capable of protecting rats from the induction of gastric mucosal 

injuries by necrotizing agents such as ethanol and strong acid, without affecting gastric 

acid secretion. ~-Caryophyllene administered at 1-150 mg/kg 15 minutes prior to ethanol 

administration protected the gastric mucosa of Sprague-Dawley rats in a dose-dependent 

manner. Complete suppression ofulcerogenesis was seen at doses of25 mg/kg or more. 

The antiulcerogenic activity of ~-caryophyllene was attributed to the potentiation of 

defensive factors via gastric cytoprotection. 
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The glutathione S-transferase (GST)-inducing activity of P-caryophyllene was determined 

in the liver, forestomach, and small intestine mucosa of female NJ mice. At the 20 mg 

dose, P-caryophyllene increased the GST activity 2.6 times more than the control in the 

liver and 3.0 times over the control in the small intestine mucosa. No significant increase 

of GST activity was observed in the forestomach. Induction of GST activity by 

anticarcinogenic compounds is believed to be a major mechanism for carcinogen 

detoxification (Zheng et al., 1992). 

P-Caryophyllene exhibited significant in vitro cytotoxicity against human epithelioid 

cervix carcinoma (HeLa) cells and human breast carcinoma (BT-20) cells. The respective 

IC50s were 3.86 .ug/ml and 3.92 .uglml. Moderate cytotoxicity was also noted against 

human melanoma skin cells (HTB-140) and mouse melanoma cells (B-16) (Kubo et al., 

1996). 

Structure Activity Relationships: Caryophyllene is a unique molecule; closely related structural 

counterparts were not found. 
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