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1 Introduction

The present document contains the assessment of the health hazard of 
cyclohexene by the Committee on Updating of Occupational Exposure Limits, a 
committee of the Health Council of the Netherlands. The first draft of this 
document was prepared by H Stouten, M.Sc. (TNO Nutrition and Food 
Research, Zeist, The Netherlands).

The evaluation of the toxicity of cyclohexene has been based on the review 
by the American Conference of Governmental Industrial Hygienists (ACG98). 
Where relevant, the original publications were reviewed and evaluated as will be 
indicated in the text. In addition, in April 1999, literature was searched in the on-
line databases Medline, Toxline, and Chemical Abstracts, starting from 1966, 
1965, and 1967, respectively, and using the following key words: cyclohexene, 
110-83-8, and 33004-06-7.

In July 2000, the President of the Health Council released a draft of the 
document for public review. No comments were received.

An additional search in Toxline and Medline in November 2003 did not 
result in information changing the committee’s conclusions.

2 Identity

name : cyclohexene
synonyms : cyclohex-1-ene; benzenetetrahydride; tetrahydrobenzene; hexanaphthylene 
molecular formula : C6H10

structural formula :

CAS number : 110-83-8
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3 Physical and chemical properties

Data from ACG98, http://esc.syrres.com.

Cyclohexene is a highly flammable, colourless liquid, with a sweet odour. An 
odour threshold of 0.18 ppm (0.6 mg/m3) has been reported (Amo83).

4 Uses

Cyclohexene is used in oil extraction, as a catalytic solvent, and in organic 
synthesis and in the manufacture of adipic acid, maleic acid, and 
tetrahydrobenzoic acid and aldehyde (ACG98, NLM03).

5 Biotransformation and kinetics

The committee did not find human data on the kinetics of cyclohexene. 
In vitro experiments with microsomal liver preparations showed that 

cyclohexene can be metabolised by cytochrome P450 monooxygenases. Binding 
experiments resulted in difference spectra characteristic of Type I substrates 
(Can74, Jam71). The experiments indicated that under the applied conditions 
cyclohexene is converted into its trans-diol derivative via an epoxide (Lei70, 
Lei71). Formation of 2-cyclohexen-1-ol and 2-cyclohexen-1-one was found as 
well (Lei78). Cyclohexene was not a suicide substrate for cytochrome P450 
(Ort80).

No cyclohexene oxide could be detected in the blood of rats during a 1-hour 
exposure to 600 ppm (2040 mg/m3) while cyclohexene levels increased to ca. 
2 µg/g blood, in an experiment performed to investigate the phenomenon that 
exposure to alkenes that inactivate cytochrome P450 result in an early peak in 
epoxide blood levels. Cyclohexene did not affect cytochrome P450 

molecular weight : 82.1
boiling point : 83oC
melting point : -104oC
flash point : -6oC (closed cup)
vapour pressure : at 20oC: 8.9 kPa
solubility in water : insoluble 
log Poctanol/water : 2.86 (experimental); 2.96 (estimated)
conversion factors : at 20oC, 101,3 kPa: 1 ppm = 3.42 mg/m3

1 mg/m3 = 0.29 ppm
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concentrations in livers sampled 20 or 360 minutes after starting exposure 
(Map93). Following oral administration of 250 mg/kg bw to rats, a rapid 
decrease in total glutathione content in the liver was measured. When an oral 
dose of 165 mg/kg bw was given to rats, 12.7% of the dose was excreted in the 
urine as 3-hydroxycyclohexylmercapturic acid (both the cis- and trans-isomer) 
while there were only traces present of cyclohexylmercapturic acid and cis-2-
hydroxycyclohexylmercapturic acid (but no trans-isomer). In rabbits, 3-
hydroxycyclohexylmercapturic acid (25.4%), cyclohexylmercapturic acid 
(traces), and cis-2-hydroxycyclohexylmercapturic acid (traces) were found as 
well, in addition to glucuronides (20%) and sulphates (3.5 %). This experiment 
was mainly aimed at identifying (possible) mercapturic acid metabolites. 
Glucuronides and sulphates were not further specified and the remaining fraction 
was not accounted for (Jam71). In a separate experimented only investigating the 
possible hydroxylation at the allylic position in rats, 0.1% of an oral dose of ca. 
60 mg/kg bw was excreted as 2-cyclohexen-1-one in the 24-hour urine while no 
2-cyclohexen-1-ol (free or glucuronidated) could be detected (Lei78).   

6 Effects and mechanism of action

Human data

The committee did not find data on workers occupationally exposed to 
cyclohexene.

Animal data

Irritation and sensitisation

When 0.1 mL of cyclohexene was instilled into the right eyes of 6 rabbits, the 
mean Draize score calculated from 6 observation periods was 0.8. When the 
material was washed out after a 4-second contact period, the mean score was 0.3 
(maximum possible score: 8.0) (Moo81a, Moo81b).

When 2 mL/kg (ca. 1600 mg/kg) was applied to the clipped skin of rabbits 
(n=3/sex) and left covered for 24 hours, erythema, oedema, and induration were 
observed in all animals, lasting for 3-5, 1, and 14 (i.e., the observation period) 
days, respectively. Eschar formation or infection were not seen in any of the 
animals (Moo81c). In guinea pigs (n=3), covered application of undiluted 
material (5-20 mL/kg) produced slight to moderate oedema, moderate to severe 
100-5 Cyclohexene



erythema, and scattered necrosis at 24 hours, eschars over the entire patch after 1 
week, and scarring and up to complete alopecia after 2 weeks (Nob80).

The committee did not find data on the possible sensitising effects of 
cyclohexene. 

Acute toxicity

A 4-hour exposure to 6370 ppm (21,660 mg/m3) was not lethal to rats (n=5/sex). 
During exposure, depressed activity, ataxia, and squinting in all animals and 
lachrymation in one male animal were observed. All animals appeared normal 
within 24 hours after ending exposure. At gross necropsy at the end of the 14-day 
observation period, multiple pulmonary cysts were seen in 1/5 male and 4/5 
female animals. In one female animal, there were multiple haematomas in the 
thymus (Yat81). Single exposures of unknown duration to 8850 and 14,800 ppm 
(ca. 30,000 and 50,000 mg/m3) were stated to seriously affect and kill 
experimental animals, respectively (ACG98).

Twenty-four-hour covered dermal application of 2 mL/kg (ca. 1600 mg/kg 
bw) to the clipped skin of rabbits (n=3/sex) did not induce mortality. Apart from 
the skin effects presented above, 2/3 male and 2/3 female animals showed 
‘excretory conditions’ that lasted for the 14-day observation period. Both in male 
and female animals, there were weight losses in the second post-exposure 
observation week. At gross necropsy, dark purple or brown spots were seen on 
the lungs of 5 animals while discolouration of the liver and spots on the kidney 
were seen in 2 and one of these animals, respectively. The remaining 6th animal 
had spots on the kidney (Moo81c).

In male and female rats (Sprague-Dawley), an oral LD50 of 3.53 mL/kg bw 
(ca. 2880 mg/kg bw) was found. At non-lethal doses (2.0 and 2.5 mL/kg bw, ca. 
1630 and 2040 mg/kg bw) ruffed fur, docile behaviour, tremors, and blood 
stained squinting eyes were seen, persisting throughout a significant part or the 
whole observation period. At lethal doses (3.2 and 4.0 mL/kg bw, ca. 2610 and 
3265 mg/kg bw), additional effects seen were amongst others convulsions, 
paralysis, nasal discharge, salivation, rapid breathing. The surviving animals 
from the 2 higher dose groups generally gained less weight during the 
observation period than the animals from the 2 lower dose groups. At gross 
necropsy, abnormalities were seen in the lungs, liver, and kidneys of the animals 
of all dose groups, in the stomach, intestine, and spleen of the animals of the 3 
higher dose groups, in the adrenals of the animals of the 2 higher dose groups, 
and in the thymus of the animals of the highest dose group (Moo81d). In a 
separate study, an LD50 of 2.4 mL/kg bw (ca. 1960 mg/kg bw) was found for 
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male rats (Charles River CD), with no mortality occurring at doses of 0.8 and 1.6 
mL/kg bw (ca. 650 and 1305 mg/kg bw). At these latter doses, depressed activity 
was observed. At necropsy, effects on the stomach, kidneys, and spleens were 
reported in some of the animals (Fie79). In male mice (Royalhart ICR), the LD50 
was calculated to be greater than 3.2 mL/kg bw (ca. 2610 mg/kg bw). No 
mortality was found at single dose of 0.2, 0.4, and 1.6 mL/kw bw (ca. 165, 325, 
and 1305 mg/kg bw), while doses of 0.8 and 3.2 mL/kg bw (ca. 650 and 2610 
mg/kg bw) caused the death of 1/4 animals in both groups. Effects observed were 
limited to the highest dose group and included depression, ataxia, and loss of 
righting reflexes, and pale kidneys in one mouse at necropsy (Fie80).

Repeated-dose toxicity

Information on toxicity following repeated dosing is limited to one abstract of a 
6-month inhalation study in which male rats (n=20/group), guinea pigs (n=10/
group), and rabbits (n=6/group) were simultaneously exposed to 75, 150, 300, 
and 600 ppm (255, 510, 1020, and 2040 mg/m3), 6 hours/day, 5 days/week, for 6 
months. Examinations included body weight recordings (weekly), haematology 
(before, during, after exposure), biochemistry (after the 6-month exposure 
period), and gross pathology of the haematopoietic organs (after the 6-month 
exposure period). The rats of the highest concentration group showed 
significantly less body weight gains than the animals of the 300-ppm and the 
control group (no information on comparison with other groups given). Alkaline 
phosphatase was significantly increased in all rat exposure groups. Furthermore, 
it was stated that most of the other parameters were within normal limits for all 
groups and that there were no significant changes in the bone marrow in any of 
the exposure groups (Lah76). 

In a study designed to investigate the mechanism of the ovotoxicity induced 
in mice by 4-vinylcyclohexene, neither cyclohexene nor cyclohexene oxide 
caused ovotoxicity (parameter: follicle counts) following intraperitoneal 
injections of ca. 615 mg/kg bw and 140 mg/kg bw, respectively, for 30 days 
(Doe95). The committee did not find other data on the potential reproduction 
toxicity of cyclohexene.

Mutagenicity and genotoxicity

Cyclohexene was negative when tested both with and without a metabolic 
activating system (derived from induced rat livers) in S. typhimurium strains 
TA98 and TA100 (at concentrations of 2.5-2500 µg/plate - precipitation at 2500 
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µg - or 0.1-1000 µg/plate) (Flo80, Syc00) and strains TA1535 and TA1537 (250 
µg/plate) (Flo80). 

7 Existing guidelines

The current administrative occupational exposure limit (MAC) for cyclohexene 
in the Netherlands is 1015 mg/m3 (300 ppm), 8-hour TWA.

Existing occupational exposure limits in some European countries and the 
USA are summarised in the annex. 

8 Assessment of health hazard

The committee did not find human data on effects of exposure to cyclohexene.
Limited kinetic data suggest that cyclohexene is metabolised by cytochrome 

P450 via an epoxide intermediate. It is excreted conjugated with glutathione, 
glucuronic acid, and sulphate, depending on the species involved.

Cyclohexene was irritating to the skin but not to the eyes of rabbits. The 
committee did not find data on potential sensitising properties.

Based on acute lethality data, cyclohexene is of low toxicity following 
exposure by inhalation, oral administration, and by dermal contact.

Data on repeated exposure were limited to an abstract of a 6-month 
inhalation study in rats, guinea pigs, and rabbits in which no effects were 
reported to have been induced in guinea pigs and rabbits while in rats there was a 
decrease in body weight gain in animals exposed to 2040 mg/m3 (600 ppm) and 
increased alkaline phosphatase levels in all dose groups (255-2040 mg/m3 or 
75-600 ppm). Although the significance of the latter is unclear in absence of 
histological data and 1020 mg/m3 (300 ppm) could be a NOAEL, the committee 
is of the opinion that this study cannot be used in deriving a health-based 
occupational exposure limit in view of the limited reporting and the incomplete 
post-mortem examinations (no microscopic, only partly gross examination). 
However, the committee notices that the possible NOAEL (based on decreased 
body weight gain) and the current occupational exposure limit are identical.

The committee did not find data on the potential carcinogenicity.
Cyclohexene did not induce mutations when tested in a bacteria cell system 

in vitro. The committee did not find data from other in vitro or in vivo assays.
Cyclohexene was not ovotoxic in mice following intraperitoneal 

administration to mice; other data on the potential reproduction toxicity were not 
available.
100-8 Health-based Reassessment of Administrative Occupational Exposure Limits



The committee considers the toxicological database on cyclohexene too poor to 
justify recommendation of a health-based occupational exposure limit. 

In view of the results of a 6-month inhalation study in rats, the committee 
concludes that the current MAC-value of 1015 mg/m3 (300 ppm), 8-hour TWA, 
may be too high. 
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Annex

Occupational exposure limits for cyclohexene in various countries.
country 
- organisation

occupational
exposure limit

time-weighted
average

type of
exposure limit

notea

a S = skin notation; which means that skin absorption may contribute considerably to body burden; sens = substance can 
cause sensitisation.

referenceb

b Reference to the most recent official publication of occupational exposure limits.

ppm mg/m3

the Netherlands 
- Ministry of Social Affairs and 
Employment

  300 1015 8 h administrative SZW03

Germany
- AGS

- DFG MAK-Kommission

  300
1200
 -c 

c Listed among compounds for which studies of the effects in man or experimental animals have yielded insufficient 
information for the establishment of MAK values.

1015
4060
-c

8 h
15 min

TRG00

DFG03
Great Britain
- HSE   300 1020 8 h OES HSE02
Sweden   -     - Swe00
Denmark   300 1015 8 h Arb02
USA
- ACGIH
- OSHA
- NIOSH

  300
  300
  300

-
1015
1015

8 h
8 h
8 h

TLV
PEL
REL

ACG03b
ACG03a
ACG03a

European Union
- SCOEL - - EC04
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