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Abstract

This paper describes the development and validation of an isothermal gas chromatography—flame ionisation detection (GC—FID) method
for the assay of pure tea tree oil. The chromatographic conditions of the method employ a 5% carbowax packed colug Z80mm),
isothermal elution with hydrogen at a column flow of 36 ml/min, injector and detector temperature®&t 220 oven temperature at 10D,
and a 1.9l injection volume. Samples and standard were diluted in hexane. The calibration cymveyfoene was linear{ = 0.9995) from
20 to 120% range of the analytical concentration of §0ml. The precision of this method was calculated as the relative standard deviation
(R.S.D.) was 0.66%(=6). The R.S.D. for intermediate precision study was 0.13 and recovery pfdmmene ranged between 93.39 and
97.86%. The limits of detection and quantitation were determined to be 2.08 and 10.39 ng/ml, respectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction successfully in the treatment of many other conditions and is
now increasingly employed by herbal practitioners in many
Tea tree oil Melaleuca alternifolia) is distilled from the countries. Cuts, wounds, ulcers, sores, boils, burns, throat,
fronds of a tree native to New South Wales, Australia, and bronchial and sinus infections, mouth ulcers, infected gums
parts of New Zealand. This tre#, alternifolia, isamember  and many other conditions have all responded remarkably
of the myrtle family, and is extremely hardy and disease- well to treatment with this essential oil. Its chemical content
resistant. The leaves have been employed medicinally foris not different from eucalyptus or rosemary, except that it
centuries by New South Wales Aborigines, and the name ishas an unusually high content of terpinen-4-ol, an alcohol,
said to stem from a visit by Captain Cook, whose crew made which constitutes some 35% of the best quality oils. Itis also
a tea from the leaves. worth noting that a thorough analysis of the oil revealed the
Tea tree oil is pale yellow-green or colourless in appear- presence of four constituents which have not been found any-
ance, and has a fresh, spicy, agreeable odour and therapeutiwhere else in nature: viridiflorene, present at 1%, B-terpineol
grade. Tea tree oil turns out to be one of the most useful (0.24%) 1-terpineol (trace) and allyl hexanoate (trg@g)
of all essential oils, especially as an antiseptic, antibiotic, Chemically p-cymene is a 1-methyl-4-(1-methylethyl)
antibacterial, anti-fungal, anti-inflammatory, antiviral, and benzend3] occurs in a number of essential oilsd. 1).
anti-infectious propertied]. Tea tree oil has also been used Quality assurance (QA) of the essential oil obtained from
M. alternifolia is now clearly defined by the draft ISO 4730
Tesent address: Abbott Laboratories, Research & Development, Witney, “.O.” of Melaleuca-Tgrplnen-4-oI Type”. This stan(_jard iden-
Oxfordshire OX29 0YL. UK. Tel.: +44 1993 863 099: ’ ‘tifies a set of chemical parameteiable ) that stipulates
fax: +44 1235 467 737, the range of 14 key terpenes. It should be stressed that
E-mail address: ghulam.shabir@abbott.com. this standard is primarily a QA tool for trade in pure tea

0731-7085/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2005.03.036



682

Fig. 1. Chemical structure gfcymene.

tree oil and does not provide a definitive composition for
optimum concentrations of principal bioactive compounds.
The issue of optimal bioactivity of tea tree oil has been
addressed4,5] and must be linked ultimately with QA.
As therapeutic uses are identified and formulated products
developed, significantly narrower ranges for tea tree olil
constituents may be required to satisfy the more stringent

demands placed on therapeutic and pharmaceutical raw ma:

terials.p-Cymene concentration can rise to levels approach-
ing its upper limit Table 1. Two pathways are operating
here Fig. 2), one involving hydrolysis of the pi bond at C-

4 to produce terpinen-4-ol, the other involving oxidation of
thep-menthane skeleton to its benzene analogtsymene.

Table 1
Normative values of tea tree oil constituents

Constituent Maximum (%) Minimum (%)
1,8-Cineole 15 -
a-Terpinene 13 5
v-Terpinene 28 10
p-Cymene 12 ®
Terpinen-4-ol - 30
a-Terpineol 8 15
«-Pinene 6 1
Terpinolene 5 3
Limonene 4 ®
Sabinene 35 Trace
Aromadendrene 7 Trace
3-Cadinene 8 Trace
Globulol 3 Trace
Viridiflorol 15 Trace
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Fig. 2. Degradation pathways of some monoterpene hydrocarbons.

The first pathway must involve water, naturally present in

the oil through the steam distillation extraction process and
possibly, trace volatile organic acids that may catalyse the
reaction. The second pathway is well known in terpene
chemistry however the various oxidation agent and catalysts
that are involved in tea tree oil degradation require further
investigation.

GC and GC-MS methods for tea tree oil have been re-
ported[6,7]. GC methods are very useful in the determination
of essential oils, and offers a significant improvement in sen-
sitivity over previous reports. | believe that the availability
of this method, with its increased sensitivity and selectiv-
ity, will be very useful for the determination pfcymene in
therapeutic and pharmaceutical preparations. Owing to the
widespread use of GC in routine essential oils analysis, it
is necessary that good GC methods are developed and that
these are thoroughly validat@8]. The aim of this study was
to develop an assay, rapid and accurate GC-FID method for
the determination gf-cymene contentin pure tea tree oil for-
mulation. This method can also be used to identify product
degradation op-cymene in stability studies.

2. Experimental
2.1. Materials

All chemicals and reagents were of the highest purity.
The p-cymene reference material used was purchased from
Sigma—Aldrich Fine Chemicals (St. Louis, MO, USA) and
hexane was purchased from Merck (Darmstadt, Germany).
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2.2. Equipment

A Perkin Elmer (Beaconsfield, UK) model (8410) gas
chromatograph (GC) equipped with a flame ionisation de-
tector (FID) was used to analyse the samples. Separation was
achieved using a 5% carbowax 20 m packed column with the
following dimensions, 6 mnx 0.25 mm, 80-100 mesh. The
data was acquired via Perkin ElImer gas chromatograph data
acquisition software. An Oxford A2205D analytical balance
was used for massing standards and samples.

The chromatographic conditions were as follows:

e Column, packed 5% carbowax 20 m (6 nx®.25 mm)
80-100 mesh (Phenomenex, Torrance, CA, USA).
Carrier gas, hydrogen.

Detection, FID.

Injector and detector temperature, 220

Oven temperature, 10C.

Flow rate, 36.0 ml/min.

Injection volume, 1.5ul.

Attenuation, 64.

Quantitation, peak area.

Approximate retention time gf-cymene, 8.4 min.

2.3. Preparation of the standard and sample solutions

A standard solution at 0.5 mg/ml was prepared by dissolv-
ing 50 mg of purg-cymene in 100 ml of hexane. A 30 mg/ml
solution was prepared by dissolving of 3.0 g of the tea tree
oil sample and the final volume was adjusted to 100 ml with
hexane.

3. Results and discussion
3.1. Method development

The method development for the assayafymene was
based on its chemical properties.

p-Cymene (CHCgH4CH(CHg)?2) is a nonpolar molecule
and, therefore, a nonpolar solvent hexangH{;) was used
as the diluents. The medium polarity 5% carbowax was used
for separation. The GC—FID parameters used in the method
development were based on the boiling point (177@0and
the flash point (47C) of p-cymene. The injection port and
detector temperature were set to 280and oven tempera-
ture was set to 100C. The oven program is isothermal with
a run time of 10 min. The head pressure was set to ensure a
hydrogen flow of 36 ml/min. The split was then adjusted to
6:01. The solvent, column and acquisition parameters were
chosen to be a starting point for the method development.
However, the separation produced using these parameters
was excellent. The retention time pftymene was approxi-
mately 8.45 min with good peak shape and USP tailing was
approximately 1.0. No further optimisation of the method
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Fig. 3. p-Cymene standard reference chromatogram.
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Additionally, preliminary precision and linearity studies
performed during the development of the method showed
that the 1.9ul injection volume was reproducible and the
peak response was significant at the analytical concentration
chosen. Diluting the standard and sample in hexane gave solu-
tions that could be injected directly (without further dilution,
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Fig. 4. A 100% tea tree oil sample chromatogragwCymene eluted at
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Table 2 Table 3
Within and between-run precision fgr-cymene in 100% tea tree oil Recovery ofp-cymene from samples with known concentrations
formulation Concentration level spiked Recovery (%) and
Peak area Retention time (min)  (p-cymene, mg/ml) confidence limits
Within-run precision 0.5 93.3%+0.11
Injection 1 292152 8.46 0.10 95.4H10.13
Injection 2 290633 8.45 0.05 94.49t0.10
Injection 3 296717 8.45 0.01 97.86+0.11
Injection 4 283922 8.46
Injection 5 285053 8.45 .
Injection 6 282665 8.45 3.2.3. Accuracy/recovery studies . o
Mean (6) 288523 8.45 The accuracy of the method was determined by fortifying
R.S.D. (%) 013 0.06 sample with known amounts of tirecymene reference sub-
stance. Mean recoveries for sample was found to be 95.29%,
Mean between-run precision € 3 days) as shown inrable 3
Injection 1 211505 8.45
::jgg:gz ; ;ﬁiig 222 3.2.4. Limits of detection and quantitation
Injection 4 213291 8.46 The limit of detection (LQD) z_and_ limit of quantitation
Injection 5 213453 8.45 (LOQ) were evaluated by serial dilutions micymene stock
Injection 6 209958 8.45 solutions in order to obtain signal to noise ratiosx#:1 for
Mean (6) 212450 8.45 LOD and~10:1 for LOQ. The LOD and LOQ values for
R.S.D. (%) 066 0.05 p-cymene were found to be ng/ml (signal/noise =2.08) and

(signal/noise =10.39), respectively.

filtration or centrifugation). Chromatograms of the resulting
solutions gave very good peak shapeg$. 3 and 3 Chro-
matograms and co-elution of excipients was not observed on
the same retention time ascymene.

4. Conclusion

This method for assaying-cymene from a tea tree oil
sample is capable of high throughput and applicable to ther-
apeutic and pharmaceutical formulated products. The vali-
dation study shows good linearity, sensitivity, accuracy and
precision. The suggested technique can be used in quality
control of formulations containing-cymene products.

3.2. Method validation

3.2.1. Linearity/range

The linearity of peak area response versus concentra-
tion for p-cymene was studied from approximately 20 to
120p.g/ml. Six solutions were prepared corresponding to 20,
40, 60, 80, 100, and 120% of the nominal analytical con- paferences
centration (10@wg/ml). A linear simple regression by the

least squares was applied. The correlation coefficiemtas [1] A. Penfold, Aust. J. Pharmacol. (1937) 274-279.
0.9995 (1 =6), slope 354.05 and intercept was 0.2181. [2] G. Swords, G.L.K. Hunter, J. Agric. Food Chem. 26 (1978) 734—
739.

3.2.2. Precision (repeatability and reproducibility) [3] AT-2832, The Merck index, vol. 12, 1996, pp. 467-467.
[4] ILA. Southwell, A.J. Hayes, J. Markham, D.N. Leach, Acta Hort. 344

The precision was examined by analysing six different (1993) 256-265
samples £=6) by only one operator. The repeatability [s]c.F. carson, T.V. Riley, J. Appl. Bacteriol. 78 (1995) 264-269.
(within-run precision) was evaluated by only one analyst [6] D.N. Leach, S.G. Wyllie, J.G. Hall, I. Kyratzis, J. Agric. Food Chem.
within 1 day, whereas reproducibility (between-run pre- 41 (1993) 1627-1632. _
cision) was evaluated for 3 different days. The R.S.D. [7] D._N. Leach, Proceedings of the Natlonal Conference on Tea Tree
alues for within-run precision was 1.91% and for between Oil—From Folklore to Fact, Australian Tea Tree Oil Export and Mar-
Vi o p : ] - . keting Ltd., Sydney, August 24-25, 1995.
run precision was 0.66%. The data is summarised in [g] |cH, Proceedings of the International Conference on Harmonisation,

Table 2 Geneva, Switzerland, March, 1995.
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