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IS THERE EVIDENCE THAT METHYL HEPTINE
CARBONATE CAUSES ALLERGIC CONTACT
DERMATITIS?

Jurij J. Hostynek and Howard I. Maibach
Department of Dermatology, UCSF School of Medicine, San Francisco,
California, USA

The fragrance material methyl heptine carbonate has been cited as a moderately firequent
cause of cosmetics-related allergic contact dermatitis. A review of the literature shows that
when the underlying clinical data are analyzed, there is only one published case where a
possible causal link to a cosmetic product has been established. Predictive tests in a compu-
tational model, in animal systems, and in volunteers have demonstrated a significant sensi-
tization potential for this substance but reports of clinical cases of allergy are rare with no
new reports appearing in the last two decades. The infiequence of reported cases of allergy
may be linked to risk management procedures put in place by the International Fragrance
Association (IFRA) more than 20 years ago.
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INTRODUCTION

Methyl heptine carbonate (Fig. 1) has been cited as a moderately frequent
cause of allergic contact dermatitis (1). The following reviews the published evidence
relating to the sensitization potential of methyl heptine carbonate (2-octynoic acid,
methyl ester, CASRN 111-12-6, EINECS 203-836-6). A semi-quantitative evaluation
of the different reports cited below has been made in accordance with the rules out-
lined by Hostynek and Maibach (2) which are based on those made by Benezra and
coworkers (3) in 1985. This approach has been used to examine six other substances
that have also been cited as frequent causes of contact dermatitis: alpha-iso-methy-
lionone (4), anisyl alcohol (5), linalool (6), amylcinnamic aldehyde (7), citronellol (8),
and geraniol (9).

METHODS

The medical literature was searched using the electronic databases. Biosis,
Caplu, Embase, RTECS, Toxlit, Medline/HealthStar, Toxnet, Science Citation
Index (from 1960 to September 2003), and ISI Current contents (1997 through
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Figure 1 Methyl heptine carbonate.
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January 2006). Search terms included “methyl heptine carbonate,” “allergic contact
dermatitis,” “sensitization,” and “patch tests.”” Standard textbooks on dermatology
in English, French, and German were screened via their indices. Copies of all cited
publications were obtained. The Research Institute for Fragrance Materials Inc.
kindly made available copies of unpublished studies performed by its members or
performed under its commission.

The semi-quantitative evaluation of the different reports obtained by these
means was based on the method outlined in the study by Hostynek and Maibach
(2). This is briefly outlined in the Appendix. Different criteria are applied to predic-
tive studies and clinical patch tests, but both relate to the amount of detail provided.
For clinical patch tests, top scores are attributed to those studies that eliminate false-
positive reactions and attribute these unambiguously to the presence of the allergen
in a specific product to which the patient has reacted.

RESULTS

Analysis of the Methyl Heptine Carbonate Structure for Contact
Sensitization Potential by a Structure-Activity Relationship (QSAR)
Model Predictive of Human Allergic Contact Dermatitis

A comprehensive quantitative structure-activity relationship model combining
both structural alerts with barrier-diffusion criteria was developed by BIOSAR to
predict cell-mediated immunity (allergic contact dermatitis) in humans (10). Trained
and validated on 50 fragrance chemicals of common use, that model performed with
88% concordance, with 100% specificity in predicting nonallergens and 83% sensi-
tivity for allergens. The BIOSAR model classified methyl heptine carbonate as an
allergen.

Data from Predictive Tests on Animals

Several nonadjuvant tests have been performed on methyl heptine carbonate
that indicate a significant sensitization potential (Table 1). Two reports of open epi-
cutaneous tests carried out at 2%, and at the “maximum non irritant concentration”
gave positive effects, which were not quantified (11,12) and which, due to the
absence of experimental detail, are ascribed a degree of confidence of only 2.
Another open epicutaneous test of higher reliability (confidence score of 3), in which
induction was carried out at 3%, gave sensitization reactions at 0.3% (13,14). In a
similar study by the same authors no reactions were observed when induction was
carried out at 30% (14), but the absence of experimental details confers only low
reliability (score of 2) to this study.
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An incompletely reported Draize test (score of 1) carried out on guinea pigs
gave no sensitization at intradermal induction and challenge doses of 0.1% (13).
A modified Draize test (only one intradermal injection) on guinea pigs at a concen-
tration of 0.05% for induction and 10% for topical challenge gave an unspecified
proportion of sensitization reactions (15). This was ascribed a degree of confidence
of 3. Another similarly modified Draize test, in which the induction concentration
was the “minimally irritant dose” with challenge at the maximum nonirritant dose,
gave 4 reactions in 10 guinea pigs (16) but could not be ascribed a higher confidence
level than 3 due to the incompleteness of experimental details. When the same work-
ers modified the above procedure to include two induction doses, the proportion of
animals reacting rose to 8 of 10 (16).

A closed epicutaneous test (Buehler method) of high quality (score of 4) using
an induction concentration of 3% gave 14 of 20 reactions on challenge at 0.3%, 15 of
20 at 0.9%, and 17 of 20 at 3% (17). A similarly high quality closed epicutaneous
tests (score of 4) produced 13 of 13 reactions on initial challenge at 0.3, 0.9, and
3.0%, but rechallenge after 7 days gave 1 of 10 reactions at 0.3%, 4 of 10 at
0.9%, and 1 of 10 at 3% (18).

A good quality Buehler test (score of 5) in which 20 guinea pigs were treated
with an induction dose of 2.5% gave 14 of 20 reactions to a challenge dose of
5%, 12 of 20 to a challenge dose of 1.5%, and 9 of 20 reactions at 0.5% (19).

Predictive tests using Freund’s complete adjuvant showed more consistently
positive results, although a good quality (score of 3) Maguire hyposensitivity test
using doses of 2% topical methyl heptine carbonate for induction and challenge gave
no reactions (20). An incompletely reported Freund’s complete adjuvant test
(FCAT) was reported to give sensitization (13); but no details of the conditions or
the results were reported, and hence the level of confidence ascribable to this study
was low (score of 1).

In the guinea pig maximization test (again incompletely reported and hence
rated only with a score of 1) an unreported percentage of animals reacted when
methyl heptine carbonate was administered at 5% (intradermally) and 25% topically
with challenge at a “subirritant concentration” (13). In another guinea pig maximi-
zation test reported in better detail (ranked as 5) three separate induction/challenge
regimens (intradermal induction: 0.625%, 5%, and 10%:; topical induction: 1%, 3%,
and 30%; challenge: 0.3%, 0.9%, and 3%) gave 18 of 20 at the least severe and mid-
dle regimens and 20 of 20 at the most severe (21).

A local lymph node assay of high quality (ranking of 5) in ethanol/diethyl
phthalate (1:3) gave stimulation indexes of 5.7 at 0.5%, 7.3 at 1%, 9.0 at 2.5%,
12.3 at 5%, and 14.7 at 10%. This indicated that methyl heptine carbonate has an
EC3 value below 0.5% and hence is considered as a strong allergen (22).

Data from Predictive Tests on Human Volunteers

Human maximization tests have been performed on methyl heptine carbonate.
These have been attributed a degree of confidence of 2 due to the low doses
employed and incomplete reporting. Despite this, they nonetheless demonstrate
the significant sensitization potential of this substance in humans.
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Maximization tests performed at 2% gave 7 of 25 reactions (23), 0 of 25 reac-
tions (24), 3 of 25 reactions (25), 10 of 25 reactions (26), 7 of 25 reactions (26), 4 of 24
reactions (27), 5 of 22 reactions (27), 1 of 24 reactions (27), 4 of 24 reactions (27), 7 of
25 reactions (28), and 5 of 26 reactions (28).

A study in which a freshly prepared sample of methyl heptine carbonate (at 2%)
was used in conjunction with the antioxidant BHA (Butylated Hydroxyanisole) gave
0 of 21 reactions, which may implicate the ultimate role of autoxidation products of
this substance in sensitization (27). This hypothesis is perhaps strengthened by the
observation that a 14-month air-exposed sample of methyl heptine carbonate at 2%
gave 8 of 25 reactions (29). Attempts to demonstrate antagonism failed to show
reduced levels of sensitization when methyl heptine carbonate was applied at 2% but
in the presence of other fragrance substances. For instance when mixed with an equal
quantity of geraniol, 9 of 25 reactions were observed (30). When mixed with an equal
quantity of d-limonene, 2 of 19 reactions were observed (27) and 4 of 23 reactions were
observed when the concentration of d-limonene was increased 9 times (27). When mixed
with 9 times its weight of phenylethyl alcohol, 4 of 27 reactions were observed (30).

Studies using single induction patches followed by a single challenge patch
aimed at developing diagnostic methods for immunodeficiency diseases were per-
formed on patients suffering from chest diseases (31). With an induction dose of
5% followed by challenge at 1%, 6 of 45 reactions were observed, induction at
20% followed by challenge at 10% produced 17 of 37 reactions, and induction at
30% (challenge dose not indicated) produced 10 of 10 reactions. As these tests were
not specifically aimed at determining the allergenic potency of methyl heptine car-
bonate, a score of 2 was ascribed.

Human repeat insult patch tests have been carried out on methyl heptine car-
bonate, but their degree of confidence is only rated as 2 because of the limited num-
ber of subjects, low concentrations, and the absence of controls. Studies in ethanol
gave mixed results. At 0.25%, 2 reactions were observed in 41 subjects (30), whereas
others carried out at 0.1% gave no reactions in 40 or in 42 subjects (33). More recent
studies were carried out in a mixture of ethanol and diethyl phthalate (3:1). At 0.1%
methyl heptine carbonate, there were 1 of 36 reactions in one study (34), 0 of 33 in
another (35), and 0 of 71 in another study (36). When the test material was 0.1% of a
1:1 mixture of methyl heptine carbonate and its homologue, methyl octine carbon-
ate, 3 of 37 and 1 of 64 reactions were observed (34,37).

Clinical Diagnostic Tests on Patients

Methyl heptine carbonate has been applied to patients’ skin in routine patch
testing (Table 2). The following reports indicate positive elicitation reactions to methyl
heptine carbonate when this was one of the patch test substances. In some cases, other
substances were patch tested simultaneously to methyl heptine carbonate and as a
result it is not possible to attribute causality due to possible cross-reactivity. All of
these reports are examined here in light of the criteria elaborated in Table 3 (in the
Appendix) to determine clinical relevance (i.e., whether methyl heptine carbonate
had caused the allergic dermatitis from which these patients were suffering).

Only two of the studies reviewed relate the cause of the patient’s allergy to a spe-
cific source. In one case (38), a patient who was sensitive to an after-shave product
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reacted to three constituents of that aftershave: methyl heptine carbonate (when patch
tested at 0.5%), hydroxycitronellal (at 10%), and cinnamic alcohol (at 5%). Although
this study did not single out any of these as the possible causative allergen, we have
attributed it with a level of confidence of 4. Another case relates to possible workplace
exposure of a laboratory assistant in a fragrance manufacturing company (39) who
reacted when patch tested to high concentrations (1%) of methyl heptine carbonate
and methyl octane carbonate but not to other International Contact Dermatitis
Research Group (ICDRQG) allergens. Although there was no clear direct link to
exposure, a level of confidence of 4 was attributed in this case.

In other reports, there is no clear link to an exposure scenario. In one case, 1 of
4 bakers who may have been exposed to substances such as methyl heptine carbonate
when used in flavorings, reacted to this substance at 0.5% (40). The patient reacted
also to 4 unrelated fragrance/flavoring ingredients, and there was no clear direct link
to exposure to any particular product containing methyl heptine carbonate. A level
of confidence of 2 was attributed to the causality of this substance. In a multicenter
study carried out in North America between 1979 and 1980, 1% of 278 patients
patch tested reacted to 1% methyl heptine carbonate (41). On the basis of the results
seen in human predictive testing, it is possible that 1% may be too high for patch
testing. This study also showed a high degree of polyreactivity. The reacting patients
reacted to an average of 4.5 of the test materials. A score of 1 was given.

A pilot multicenter study gave a reaction in a patient tested alone at 8%, in
another patient among 26 tested at 2%, and in another 1 of 34 tested at 0.5%
(42). It was reported that irritant reactions may occur at concentrations of 2% or
higher. There was no linkage of these reactions to any particular product and the
study was accorded a score of 2. A larger scale multicenter study reported by the
same authors (42) indicated that 2 of 182 patients reacted to a concentration of
0.5% and was accorded the same rating. Two Japanese studies presented as reviews
have been rated as 2. In one, the patch testing of patients with 0.5% methyl heptine
carbonate in a cosmetic cream base gave 43 4 reactions and 25 +/— reactions of 1994
(43). Another indicates that 1 patient of 65 tested with 5% methyl heptine carbonate
gave a strong reaction within 24 hours and another reacted after 1 week (44,45).

DISCUSSION

Unlike the subjects of previous articles in this series (alpha-iso-methylionone
[4], anisyl alcohol [5], linalool [6], amlycinnamic aldehyde [7], citronellol [§] and ger-
aniol [9]), methyl heptine carbonate is a strong skin sensitizer in most predictive tests
on animals. The local lymph node assay, a test method particularly designed to
determine the allergenic potential of substances, indicates that methyl heptine car-
bonate is indeed a strong sensitizer, placing it in the second most potent category
of 4 classes of allergens (46). This substance also shows a marked potential for sen-
sitization when tested on volunteers at sufficiently high levels.

Yet there is an apparent paradox. Methyl heptine carbonate is not a frequent
sensitizer in dermatological patients. A likely causal relationship has only been estab-
lished for one case: a patient’s use of an after-shave product containing this sub-
stance. There was also a probable link to workplace exposure in the fragrance
industry and maybe in the bakery industry, but the cause of allergies does not result
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Table 2 Diagnostic patch tests implicating methyl heptine carbonate

Number & Conditions Patients
Primary condition of patch reacting Has irritancy
Ref. report of patients testing given & scores been excluded?
38 Primary 1: ecz No 0.5%: Pet 1: score? Yes
39 Primary 1: ecz No 1%: MEK 1: strong Yes
40 Primary 1: ecz No 0.5%: Pet 1: not given Yes
41 Multi. Cent. 278: ecz No 1%: Pet 3: not given No
42 Multi. Cent. 61: ecz No 8%, 2% 1/1 at 8% 1/26 at 8% and 2%
& 0.5%: Pet 2% 1/34 at 0.5% considered
irritant
43 Review 1994 of which No 0.5% in 25 with +/— 43 with + No
10% ecz cream base
44, 45 Review 65 No 5%: Pet One with ++ to No

+++ for days 2-8

Note: Primary = Primary report of cases; Multi. Cent. = multicenter study, may be reported separately;
Review = primary reports cited; ecz. = eczematic; Pet. = petrolatum; MEK = Methyl Ethyl Ketone;
acet. = acetone; score? = intensity of reaction not recorded; +/— = doubtful; + = mild; erythema only;
4+ to +++ =
from the report, or cross reactions are possible but cannot be determined from the report; phased
testing = procedures to avoid “excited skin” producing false-positive results.

severe; unknown = reactions to other substances possible but cannot be determined
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Reaction
to other Cross reactions Excited skin Linkage to
materials? likely? excluded? or PUT used specific product Final score
Reacted to hydroxyl- No No No Yes. All three substances 4
citronellal and in aftershave
cinnamic alcohol
Analogous methyl  Yes No No No but linkage to 4
octane carbonate workplace exposure
4 other substances  No No No No 2
1.5 reactions/patient Unknown No No No 1
Reactions to 10 Unknown No No No 2
other substances
No data Unknown No No No 2
No data Unknown No No No 2
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from the use of cosmetics or other consumer products. A limited number of other
studies describe reactions to methyl heptine carbonate in multiple-substance patch
testing on previously sensitized patients. However, these studies have been carried
out under severe exposure conditions and do not go as far as establishing clinical
relevance according to current procedures (47-49); and no new reports have been
published for more than 20 years.

One explanation for the very low frequency of reactions to methyl heptine car-
bonate may be the low frequency of its use in patch testing. However, if the true
prevalence of allergy to this substance, such as this with a longstanding use in fra-
grances, was high, it would certainly have found its way into the patch testing trays
of dermatologists around the world. It is therefore enticing to invoke an alternative
explanation. Could this be due to its restricted use? The International Fragrance
Association first imposed a limit on the use of methyl heptine carbonate in 1976.
Methyl heptine carbonate is limited to a maximum concentration of 0.01% in con-
sumer products such as cosmetics whether used alone or in combination with methyl
octine carbonate (50). Limiting the magnitude of exposure but not its frequency, may
be an effective form of risk management.

CONCLUSION

Predictive tests in animals and humans indicate with a good degree of confi-
dence that methyl heptine carbonate has a significant sensitization potential. Yet
it is not a frequently observed cosmetic allergen, with only one published case where
a possible causal link has been established with the use of a product. Other clinical
data indicate possible levels of allergy among patients, but no new reports have
appeared for more than 20 years. While its inclusion in cosmetic labeling declara-
tions (51) and routine patch testing materials may provide further information on
its possible causal role in allergic contact dermatitis, the evidence currently available
does not indicate that methyl heptine carbonate is a frequent fragrance allergen. A
possible explanation could be that risk management procedures in place for more
than 20 years have reduced exposure and hence the acquisition of clinical allergy
to this substance. Because of its markedly restricted use, we may never clarify how
potent an allergen it may be in clinical use. With the other fragrance allergens
previously reviewed, the current ready availability of fragrance allergens for patch
testing may provide clarification (52).

Appendix Assignment of degree of confidence

Test qualification degree of confidence

Meets all criteria = 5

Number of cases is marginal = 4

Some parameters questionable = 3

Lack of controls; no corroborating results = 2
Unreliable results = 1

Fails all criteria = 0

Note: Criteria: vehicle-treated and untreated controls; test concentration sufficient for response; use of
appropriate vehicle; adequate compound purity; significant number of cases used.
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