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High-performance liquid chromatographic assay of menthol using in-
direct photometric detection
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Menthol is commonly found in pharmaceutical products and a number of
analytical methods have been developed for its quantitation in both pharmaceutical
products and volatile oils. These include colorimetric methods!—4, gas-liquid chro-
matography*~® and normal-phase high-performance liquid chromatography (HPLC)
with refractive index detection®, However, menthol lacks a chromophoric system and
cannot normally be detected using UV detection systems.

Recently it has been demonstrated that non-UV absorbing compounds can be
detected in reversed-phase HPLC by the addition of a suitable UV-absorbing com-
pound to the running-solvent!®. During a study of this phenomenon it was noted
that mentho! could be detected and quantitated by this method. This paper presents
a simple HPLC assay for menthol in a simple pharmaceutical product [Menthol
Inhalation A.P.F.'!, 2% (w/v) menthol in 90% ethanol] using indirect photometric
detection.

EXPERIMENTAL

Reagents and materials

n-Heptyl-p-aminobenzoate and n-pentyl-p-aminobenzoate were prepared from
p-nitrobenzoic acid and the corresponding alcohol by the method of Flynn and Yal-
kowsky!? and recrystallised repeatedly from ethanol-water (60:40, v/v). The p-nitro-
benzoic acid, #-heptanol, n-pentanol, natural (—)-menthol and synthetic (% )-men-
thol were obtained from Aldrich (U.S.A.). The methanol was HPLC grade (Ajax
Chemicals, Australia).

Chromatographic equipment

The liquid chromatograph consisted of a pump and variable-wavelength de-
tector (LC-3, Pye-Unicam, Cambridge, U.K.), 20-ul loop injector (Rheodyne 7125,
Cotati, U.S.A)), integrating recorder (Hewlett-Packard 3380 A, Palo Alto, U.S.A.),
and a uBondapak C;g column (30 cm x 6.4 mm 1L.D., 10 um particle size) (Waters
Assoc., Sydney, Australia).
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Chromatographic conditions

The mobile phase was methanol-water (75:25, v/v) containing 2 - 1073 M n-
heptyl-p-aminobenzoate at a flow-rate of 1.5 ml min ~!, Monitoring wavelength was
290 nm.

Standard solutions

Menthol (2.5%, w/v) standards were prepared in 90% ethanol and serially
diluted to prepare calibration curves.

Internal standard solutions used were either 5 - 107° M n-pentyl-p-amino-
benzoate in 90% ethanol or »-heptanol (5%, v/v) in 90% ethanol.

RESULTS AND DISCUSSION

It has been previously observed in this laboratory!® that neutral compounds
such as aliphatic alcohols, ethers and esters can be quantitated in the reversed-phase
mode by indirect photometric detection following the addition of a neutral UV-ab-
sorbing detection compound (UV-ADC) to the chromatographic solvent. The pres-
ence of the alcohol on the column is sufficient to perturb the partitioning character-
istics of the UV-ADC to enable detection and quantitation to be made. Compounds
eluting before the UV-ADC give positive peaks and a negative “system-peak” at the
retention time of UV-ADC°. The response was found to be greatest when a UV-
ADC was used which eluted immediately after the compound being studied!®, Fur-
ther studies in this laboratory3 have shown that this is a general phenomenon and
can be applied to the detection of a wide range of compounds by the careful selection
of a suitable UV-ADC. In this study n-heptyl-p-aminobenzoate was used as the
UV-ADC. The p-aminobenzoate esters, which can be readily synthesized from the
corresponding alcohols??, afford a series of compounds with widely differing polar-
ities which readily aid optimisation in the selection of UV-ADCs eluting immediately
after the compound being analysed.

The injection of 20 4l of (+)-menthol in 90% ethanol over the range 0-2.5%
(w/v) gave a linear calibration curve which passed through the origin:

Area response = 179.2 - 10% (conc. %, w/v) — 0.89 - 103
(n=15r=0.9993)

with the menthol peak well separated from the system peak (Fig. 1a). Repeated
injection of a sample of menthol inhalation A.P.F. (2%, w/v, menthol in 90% etha-
nol) afforded a single peak due to the menthol; the coefficient of variation based on
six replicate determinations being 1.8%. It was found that the analysis could be
modified to include an internal standard, either by dilution of the inhalation (5 mi)
with (5%, v/v) n-heptanol (2 ml) (Fig. 1b) or 5 - 10”3 M n-pentyl-p-aminobenzoate
(2 ml) (Fig. 1c), with results of comparable precision. The n-pentyl-p-aminobenzoate
is an internal standard quantitated by direct photometric detection whereas the »-
heptanol is quantitated in the indirect photometric mode. It was also shown that
natural (—)-menthol and synthetic ( +)-menthol give identical responses. This is im-
portant as the British Pharmacopoeia 19804 allows the use of either natural or
synthetic menthol in pharmaceutical products. ,

A disadvantage of the method is the lack of sensitivity, the method requiring



438 NOTES

[0.001 AU
M M

Lusuubsbbs

1T
0 4 80 ] 8 0 4 8

TIME (MIN}

Fig. 1. Chromatograms of (a) menthol (2%, w/v); (b) menthol (2%, w/v) (5 ml) diluted with n-heptanol
(5%, v/v) (2 ml); (c) menthol (2%, w/v) (5 ml) diluted with 5 - 10~* M n-pentyl-p-aminobenzoate (2 ml).
All solutions in 90% ethanol. Volume of injection 20 ul. M = menthol; A = r-heptanol; B = n-pentyl-
p-aminobenzoate; S = system peak. Flow-rate 1.5 ml/min; monitoring wavelength 290 nm.

the injection of relatively high concentrations of the compound to be analysed. This
could result in interference from low concentrations of strongly UV-absorbing com-
ponents in the case of more complex formulations of menthol. This problem may be
circumvented by the use of detection compounds which absorb in the visible region
of the spectrum with subsequent greater specificity. Studies on this and related prob-
lems are continuing in these laboratories.
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