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Abstract:

In this work we studied the local anaesthetic activity

of (+)- and (±)-menthol, a substance used after topical application to induce a feeling of coolness. We compared its activity to
two chemically related compounds thymol and (±)-menthone.
Anaesthetic activity was evaluated in vivo in the rabbit conjunctival reflex test and in vitro in a rat phrenic nerve hemidiaphragm preparation. Both enatiomers of menthol (10 ±4±1

mg/

ml), but not thymol and (±)-menthone, were able to drastically
reduce, in a dose-dependent manner, the electrically evoked
contractions of rat phrenic hemidiaphragm. In the rabbit conjunctival reflex test, treatment with a solution of (+)- and (±)menthol (30 ± 100

mg/ml) allowed a dose-dependent increase in

the number of stimuli necessary to provoke the reflex, thus
confirming in vivo the local anaesthetic activity observed in vitro. Similar to the in vitro results, thymol and (±)-menthone

were ineffective also in the in vivo test. In conclusion, these data evidence the local anaesthetic activity of menthol, which appears to be strictly dependent on its chemical structure.

Menthol is present in the volatile oil of several species of mint
plants such as peppermint Mentha piperita L., (Labiatae). Peppermint oil, prepared by steam distillation from the fresh
flowering tops of the plant, contains 30±40% of (±)-menthol,
frequently more than 50% (1). Menthol can be also obtained
from the essential oil of M. arvensis L. or by total synthesis;
synthetic menthol is racemic (2). Applied topically, menthol
causes a tingling sensation and a feeling of coolness due to
stimulation of ªcoldº receptors (3). In pharmacy, it is part of
topical antipruritic, antiseptic and cooling formulations.
Moreover, (±)-menthol is included in eutectic formulations of
local anaesthetic agents (4). Peppermint is traditionally used
in the symptomatic treatment of digestive disorders; the antispastic, carminative, choleretic and colagogic properties attributed to it are referred to the presence of the essential oil
rich in (±)-menthol (5). Menthol is also employed in external
broncholytic and secretolytic preparations (6). Even though
their wide use, ethereal oils are endowed with some toxic effects (7).
It has been suggested that, due to their high lipid solubility,
the essential oils may interact with the lipid bilayer of the
plasma membrane, inhibiting Ca++ influx, or preventing the
increase of Na+ permeability, and thereby by blocking the
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Both (+)- and (±)-menthol, in the concentration range of
0.0001±0.1 mg/ml, were able to reduce, in a dose-dependent
manner, the electrically evoked contractions of rat phrenic
hemidiaphragm in vitro, up to complete abolishment of contractions (Fig. 1). In the same experimental conditions, the
classical local anaesthetic procaine (Fig. 1) exhibited a similar
profile to that shown by menthol enantiomers. On the contrary, (±)-menthone (oxidised derivative of menthol) and thymol
(aromatic analogue of menthol) up to the dose of 1 mg/ml did
not inhibit electrically evoked contractions (Fig. 1). These two
compounds did not reduce hemidiaphragm contractions even
at concentrations of 1 mg/ml (data not shown). (+)- and (±)menthol did not modify the contractions evoked through direct stimulation of the diaphragm muscle (data not shown).
the local anaesthetic activity of the above-mentioned
enantiomers was confirmed in the conjunctival reflex test in
the rabbit. Treatment with a solution of (+)-menthol (10±
300 mg/ml) and (±)-menthol (10±300 mg/ml), administered in
the conjunctival sac, permitted a dose-dependent increase in
the number of stimuli necessary to provoke the reflex (Fig. 2).
The application of a solution of thymol and menthone, in the
range of doses of 3±1000 mg/ml, did not exhibit any local anaesthetic effect (Fig. 2). The vehicle, constituted by a solution
of DMSO in H2O 1:4, was devoid of any effect when administered in the conjunctival sac alone (Fig. 2). The local anaesthetic activity exhibited by (+)- and (±)-menthol was observed starting 5 min after administration, then quickly diminished and disappeared within 15 min (Fig. 3). Both menthol enantiomers injected subcutaneously at concentrations
of 300 mg/ml, also inhibited coutaneous muscle reflex in guinea-pig dorsal skin (data not shown).
In vivo

Fig. 1

Dose-response curve of (+)- and (±)-

menthol,

(±)-menthone

Fig. 2

Male Wistar rats (150±200 g), guinea pigs (300±400 g) and
New Zealand albino rabbits (2.5±3.0 kg) from Morini (San Polo d©Enza, Italy) breeding farm were used. All experiments
were carried out according to the guidelines of the European
Community Council on animal care.
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The local anaesthetic activity of menthol appears to be strictly
dependent on its chemical structure since the oxidised derivative menthone is devoid of any effect. Furthermore, this action
cannot be related to a general property of alcohols since the
aromatic analogue of menthol did not show any local anaesthetic activity. The reduction of the number of the palpebral
closures cannot be attributed to an increase of the pain
threshold since even drugs able to induce a strong analgesia
such as morphine, diphenhydramine, amitriptyline, acetylsalicilic acid, were completely ineffective in the test of rabbit
conjunctival reflex (data not shown). The only effect on this
test observed using analgesic drugs is a potentiation of the effect induced by local anaesthetics (13).
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Our experiments show that menthol has a strong local anaesthetic action. These results are in agreement with previous reports in which the anaesthetic activity on the gastric mucous
membrane attributed to the essential oils containing menthol
(7) and with use of menthol after application to the tympanic
membrane during tympanocentesis (5). This pharmacological
effect also explains the use of menthol in pain relief after application to the skin (12). It is interesting to note that, even if
the natural enantiomer (which usually is the most effective)
of menthol is (±), concerning the local anaesthetic activity
both enantiomers are equiactive.
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neurotransmission (8). Therefore, the aim of the present study
was to investigate the potential local anaesthetic activity of
the two enantiomers of menthol.
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Experiments on rat phrenic nerve-hemidiaphragm were performed according to Bülbring (9), and modified by Wessler
and Kilbinger (10).
The rabbit conjunctival reflex test was conducted according to
the method described by Donatelli and Buffoni (11). The external side of rabbit eye was stimulated with a cat whisker to
induce conjunctival reflex and consequently the closure of the
palpebrals.
The following drugs (purity higher than 90%) were used: (+)menthol, (±)-menthone (Aldrich, Milan, Italy), (±)-menthol,
thymol (Sigma, Milan, Italy); procaine hydrochloride (RBI, Milan, Italy). (+)- and (±)-menthol were solubilised in a vehicle
of 1:4 solution of DMSO in H2O at the highest concentration
whereas successive dilutions were made by using only H2O.
References

1 Bruneton J. In: Pharmacognosie Phytochimie Plantes mØdicinales.
2nd edition Tecnique et Documentation. Paris: Lavoisier, 1993a:

431±4

2 Bruneton
nales. 2nd

J. In: Pharmacognosie Phytochimie Plantes mØdiciedition Tecnique et Documentation. Paris: Lavoisier,
1993b: 436±7
3 Der Marderosian A, Liberti L. In: Natural Product Medicine. G. F.
Stikley editor. Philadelphia: 1988: 28
4 Jyvakorpi M. A comparison of topical Emla cream with Bonain©s
solution for anesthesia of the tympanic membrane during tympanocentesis. European Archives of Otorhinolaryngology 1996;
253: 234±6
5 Van Hellemont J. Mentha piperita. In: Compendium de Phytotherapie. Bruxelles: Association Pharmaceutique Belge, 1985: 253±6
6 Schäfer D, Schäfer W. Pharmacological studies with an oinment
containing menthol, camphene and essential oils for broncholytic
and secretolytic effects. Arzneimittelforschung 1981; 31: 82±6
7 Korting GW, Weigand U. A new case of reticular hyperplasia
connected with volatile oils. Hautarzt 1975; 26: 352±6
8 Van Den Broucke CO, Lemli JA. Antispasmodic activity of Origanum compactum. Planta Medica 1980; 38: 317±31
9 Bülbring E. Observation on the isolated phrenic nerve diaphragm preparation on the rat. British Journal of Pharmacology
1946; 1: 38±61
10 Wessler I, Kilbinger H. Release of [3H]-acetylcholine from a
modified rat phrenic nerve-hemidiaphragm preparation. Naunyn-Schmiedeberg©s Archives Pharmacology 1986; 334: 357±64
11 Donatelli L, Buffoni F. Potenziamento dell©anestesia locale operato da mefenidina. Archivio Italiano della Società di Farmacologia
1948; 1: 4±20
12 McCaffery M, Wolff M. Pain relief using cutaneous modalities,
positioning, and movement. Hospice Journal 1992; 8: 121±53
13 Ghelardini C, Galeotti N, Fantetti L, Gualtieri F, Scapecchi S, Bartolini A. Antinociceptive effect of R-(+)-hyoscyamine on the conjunctival reflex test in rabbits. Japanese Journal of Pharmacology
1999; 81: 34±7

Dr. Carla Ghelardini

Department of Pharmacology
University of Florence
Viale G. Pieraccini 9
50139 Florence
Italy
E-mail: ghelard@server1.pharm.unifi.it
Fax: +39 55 4271280

Downloaded by: Universita' Studi di Firenze. Copyrighted material.

176

