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Abstract

Pediculosis is a widespread condition reported in schoolchildren. Treatment most commonly involves
the physical removal of nits using fine-toothcombs and the chemical treatment of adult lice and eggs
with topical preparations. The active constituents of these preparations frequently exert their effects
through inhibition of acetylcholinesterase (AChE, EC 3.1.1.7). Increasing resistance to many prepara-
tions has led to the search for more effective treatments. Tea Tree oil, otherwise known as Melaleuca
oil, has been added to several preparations as an alternative treatment of head lice infestations. In this
study two major constituents of Tea Tree oil, 1,8-cineole and terpinen-4-ol, were shown to inhibit
acetylcholinesterase at IC50 values (inhibitor concentrations required to give 50% inhibition) of 0.04
and 10.30 mw, respectively. Four samples of Tea Tree oil tested (Tisserand, Body Treats, Main Camp and
Irish Health Culture Association Pure Undiluted) showed anticholinesterase activity at IC50 values of
0.05, 0.10, 0.08 and 0.11 uLmL~", respectively. The results supported the hypothesis that the insecti-
cidal activity of Tea Tree oil was attributable, in part, to the anticholinesterase activity of Tea Tree oil.

Introduction

Infestation with head lice (Pediculus humanus capitis), pediculosis capitis or pediculo-
sis, has been recorded for generations (Parish 1985). It is a common condition in
schoolchildren and is usually detected when children are seen scratching their heads.
Infestation is confirmed by the presence of live adult lice, viable eggs and nits. The
recognized management of head lice infestations involves combing hair with purpose
made fine-toothcombs to remove eggs and nits, and the application of topical insecti-
cidal and ovicidal preparations. Typically, these preparations are shampoos, lotions or
cremes which contain pyrethrines, synthetic pyrethroids (e.g. permethrin and pheno-
thrin), organophosphates (e.g. malathion) or carbamates (e.g. carbaryl) (Vander
Stichele et al 1995; Elgart 1999; Mazurek & Lee 2000; Downs et al 2002; Frankowski
& Weiner 2002; Meinking et al 2002; Nash 2003). Organochlorides such as dicophane
(DDT) and lindane have been used to good effect in topical preparations (Vander
Stichele etal 1995; Elgart 1999; Mazurek & Lee 2000; Meinking etal 2001, 2002;
Frankowski & Weiner 2002; Orion etal 2002; Jones & English 2003). Although there
have been many reported instances of resistance to these preparations, treatment
failures are often the result of non-compliance with directions, improper use of the
product, use of outdated preparations, re-exposure to lice or incomplete removal of
viable eggs (Witkowski & Parish 2002). However, genuine resistance to commonly
used pediculoside treatments including pyrethrum and the synthetic pyrethroids,
lindane, malathion and carbaryl have been reported (Goldsmid 1990; Dodd 2001a;
Downs et al 2002; Witkowski & Parish 2002 and references therein). In addition, multi-
resistance to commonly used preparations have been reported (Rasmussen 1986;
Downs etal 1999; Picollo etal 2000; Dodd 2001b). As a result, an increase in the
number of head lice infestations has been recorded. Importantly, there have been
reported cases of toxicity relating to the use of such preparations (Mortensen 1986).
A more recent approach for persistent infestations has been to use oral drugs such as
ivermectin (Burkhart & Burkhart 1999; Elgart 1999; Mazurek & Lee 2000; Frankowski
& Weiner 2002), cotrimoxazole (Morsy etal 1996; Burkhart et al 1998) or drug com-
binations (Hipolito etal 2001; Pollack 2001). Alternative forms of topical therapy
include preparations containing essential oils such as ylang ylang (Cananga odorata)
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(Mumcuoglu etal 2002), lavender (Lavandula augustifolis)
(Veal 1996), anise (Pimpinella anisum) (Mumcuoglu etal
2002), neem (Azadirachta indica) (Morsy etal 2000), tea
tree (Melaleuca alternifolia) (Nash 2003) and others (Veal
1996; Frankowski & Weiner 2002). These essential oils are
complex mixtures of compounds, many of which are mono-
terpenes, and have been shown to possess a wide range of
useful properties. Two of the major components of Tea Tree
oil, 1,8-cineole and terpinen-4-ol, have been shown to inhibit
acetylcholinesterase activity (Greenberg-Levy etal 1993;
Keane & Ryan 1999) and terpinen-4-ol has been shown to
be lethal to head lice at concentrations of 10% in isopropa-
nol (Downs et al 2000). The insecticidal activity of malathion
and carbaryl is attributed to similar activity (Main 1979).
However, although Tea Tree oil is used as an active ingre-
dient in topical preparations for the treatment of head lice,
no reference to inhibition of acetylcholinesterase by Tea
Tree oil could be located in the literature. Therefore, the
aim of this study was to determine whether the insecticidal
activity of Tea Tree oil was, at least in part, due to inhibition
of acetylcholinesterase activity.

Materials and Methods

Materials

Electric eel acetylcholinesterase type III (AChE, EC 3.1.1.7)
and acetylthiocholine iodide (ATCI) were purchased from
Sigma (Sigma-Aldrich Ireland Ltd, Dublin, Ireland). 5,5'-
Dithiobis(2-nitrobenzoic acid) (DTNB) and 1,8-cineole
were purchased from Aldrich (Sigma-Aldrich Ireland Ltd,
Dublin, Ireland). Terpinen-4-ol was obtained by elution of
a sample (1.5mL) of Tisserand Tea Tree Oil from a silica
column (45 x 100 mm, Merck Kieselgel 40-60 ym) with
hexane. Fractions were pooled according to TLC results
(Merck Kieselgel F;sq/hexane developed by 0.5% anisalde-
hyde in 5% sulfuric acid spray) and the identity of the
compound confirmed by GC/MS fragmentation patterns
and NMR spectroscopy. Tea Tree oils were purchased from
local pharmacies. Tea Tree oil and monoterpene stock solu-
tions were prepared with methanol (Riedel-de Haén
Chromasolv). AChE and DTNB stock solutions were pre-
pared using phosphate buffer (pH 8) and ATCI stock solu-
tion was prepared with glass distilled water. The reaction
progress was monitored using a Spectronics Genesys 5
spectrophotometer.

Enzyme assay

AChE activity was determined by a modified method of
Ellman etal (1961). AChE (50 xL 0.22UmL ™" in phos-
phate buffer pH 8) and inhibitor solution (20 L) were
added to 2.0 mL phosphate buffer (pH 8) and incubated
at room temperature for Smin. DTNB (20 4L, 10mMm in
phosphate buffer pH 8) was added and the reaction initiated
by addition of ATCI substrate (20 #L) at concentrations
ranging from 0 to 1.5mm as required. The reaction was
monitored at 412nm for 6 min. Results are presented as
the mean + s.e.m. from a minimum of triplicate readings.

Enzyme inhibition studies

Kinetic data were analysed by GraphPad Prism version
3.03. The values of K, (Michaelis constant (substrate
concn at which V, =Vy,44/2)) and Vyax (maximal or limit-
ing reaction rate) were calculated by non-linear regression
analysis. IC50 values, inhibitor concentrations required to
give 50% inhibition of AChE activity, were calculated gra-
phically from the concentration—response curves for each
inhibitor. Inhibitor constant values (Kjupp)) were derived
from plots of (V,/Vi)—1 vs inhibitor concentration (Salvesen
& Nagase 1989), where V, is the initial reaction rate and
Vi is the reaction rate in the presence of an inhibitor. The
true inhibitor constant, the K; value, was subsequently
calculated from K;=Kjupp)/(1 +[S]/Ky,). Where S is the
substrate concentration.

GC/MS analysis

The identification and quantitation of 1,8-cineole and ter-
pinen-4-ol in each of the Tea Tree oils evaluated was made
by GC/MS analysis on the basis of mass spectral fragmen-
tation and retention time comparison. Tea Tree oil, terpi-
nen-4-ol and 1,8-cineole samples were dissolved in ethanol
and analysed on a Varian ChromPak CP300 GC coupled to
a Saturn 2000 MS detector. Data were analysed using
Varian Saturn GC/MS Workstation software (version
5.52). The monoterpene or Tea Tree oil solutions (1.5 uL)
were separated on a Varian DB35MS mid polarity column
(30m x 0.25 mm, 0.1 mm film thickness), with an injection
port (split 1:20) temperature of 150 °C using a temperature
program from 60 °C (held for 5min) to 100 °C at 4°C min '
(held for 5min), to a final temperature of 180°C at
8°Cmin . Relative percentages of each component were
determined by area normalization of the total detector
response (Russell & Southwell 2003).

Data analysis

Data were statistically compared using X Lstatistics version
5.68 (XLent Works, Australia (Carr 2000)). Differences
between treatment groups were statistically examined
using either the Kruskal-Wallis test, followed by
Nemenyi’s post hoc test to identify individual differences,
or alternatively the Mann Whitney U-test. A significance
value of 5% was selected.

Results

Composition of oils

The two major constituents of interest were 1,8-cineole
and terpinen-4-ol. The percentage of these monoterpenes,
as determined by GC/MS analysis, in each of the Tea Tree
oil samples tested is shown in Table 1.

Concentration-dependent inhibition

Concentration-dependent inhibition of AChE was observed
for 1,8-cineole and terpinen-4-ol (Figure 1). The IC50



Table1 Proportion of 1,8-cineole and terpinen-4-ol in the Tea Tree
oil samples tested.

Sample 1,8-Cineole (%) Terpinen-4-ol (%)
Body Treats 20.4 26.7
Main Camp 7.0 24.8
IHCA Pure Undiluted 14.6 31.7
Tisserand 13.2 30.4
100 S
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Figure 1 Inhibition of AChE activity by 1,8-cineole (®) and

terpinen-4-ol ( ) (mean=+s.e.m., n=23).

values obtained for 1,8-cineole and terpinen-4-ol using a
substrate concentration of 0.06 mm were 0.04 £0.00 and
10.30 £ 0.61 mm, respectively (Table 2). Similarly, a concen-
tration-dependent inhibition was observed for each of the
Tea Tree oils used and the IC50 values of each are given in
Table 3.

Inhibition kinetics

In the absence of inhibitor, the K., and V.« values were
0.07 + 0.00 mm and 3.98 £ 0.10 zmol/0.01 Umin ', respec-
tively, as calculated by direct non-linear regression analysis.
The kinetic data for the monoterpenes and Tea Tree oil
samples are shown in Tables 2 and 3. The monoterpenes
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showed competitive inhibition of AChE as determined by
non-linear regression, where the Kupp) values increased
with increasing inhibitor concentration, and by 1/V vs 1/[S]
(Lineweaver-Burke) plots of the data. Similarly, the
Tisserand sample showed competitive inhibition; however,
the remaining samples were shown to be non-competitive
inhibitors of AChE. K; values were derived from Salvesen-
Nagase data replots as shown in Figure 2 for 1,8-cineole. K;
values calculated for 1,8-cineole and terpinen-4-ol were
0.03£0.01 and 4.70 £0.60 mm, respectively (Table 2).
The kinetic data for the oil samples can be seen in Table 3.

Discussion

The incidence of head lice resistance to conventional topi-
cal preparations and persistent infestation problems has
lead to the search for more effective treatments. The use of
preparations containing plant essential oils has been of
some benefit (Veal 1996; Frankowski & Weiner 2002).
Tea Tree, or Melaleuca, oil has been incorporated into a
wide range of products for use in the pharmaceutical,
cosmetic, veterinary, industrial and household product
industries and the antimicrobial properties of Tea Tree
oil are well documented. Several topical preparations
that contain Tea Tree oil are available to treat head lice
infestations.

Resistance is now widespread to even, arguably, the
most effective treatments, those that contain malathion
(Abou el-Ela et al 2000; Meinking etal 2001). The target
of these treatments is the enzyme AChE. The two main
constituents of Melaleuca oil, 1,8-cineole and terpinen-4-ol,
are known to inhibit AChE (Greenberg-Levy etal 1993;
Keane & Ryan 1999), however no reference to the inhibi-
tion of AChE by Tea Tree oil could be located in the
literature.

In the absence of any inhibitor, K, and Vy,,x values
(0.07 £0.00 mm and 3.98 £ 0.10 zmol/0.01 U min ", respec-
tively) were consistent with literature values for electric
eel acetylcholinesterase (e.g. Perry etal 2000). 1,8-Cineole
and terpinen-4-ol showed competitive inhibition of AChE,
with 1,8-cineole being the more effective inhibitor (IC50
=0.04 £ 0.00 mm; K; 0.03+0.01 mm, P < 0.05). However,
these compounds are considered weak inhibitors of AChE
when compared with physostigmine (IC50 =5 x 10~* m) or
tacrine (IC50 =2 x 10~° mm) (Perry etal 2000 and refer-
ences therein).

Table 2 Kinetic data for 1,8-cineole and terpinen-4-ol.

Inhibitor K (mM) 2V max (#mol 0.01U ™! min™?) K; (mm) P1C50 (mm)
No inhibitor 0.07 £0.00 3.98+0.10 — —
1,8-Cineole 0.254+0.01% 4.1240.08 0.03+£0.01%* 0.04 +0.00*
Terpinen-4-ol 0.09 £0.02 4.1940.34 4.70+0.60* 10.3040.61%

Values are mean =+ s.e.m., n=3. *Inhibitor concn of 0.04 mm. b[ATCI]:O.O() mm. *P < 0.05.
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Table 3 Kinetic data for Tea Tree oil samples.

Inhibitor Konapp LML ™Y *Voappy (@mol 001U " min ) K; wLmL™)  "IC50 (uLmL ™
Tisserand 0.18 +0.04* 4.44+0.48 0.0340.00 0.05+£0.01*
Main Camp 0.1140.02% 3.7340.51 0.030.01 0.08£0.02
Body Treats 0.2240.08* 5.78 +1.45 0.0440.00 0.10£0.02
IHCA Pure Undiluted  0.1440.03* 4.3240.58 0.0540.01 0.11+£0.02

Values are mean+s.e.m., n=5. “Inhibitor concn of 0.02 uL mL™". b[ATCI] =0.05mm. *P< 0.05.

Vy/ V-1

0.25

0.50 0.75
Cineole concn (mm)

1.00 1.25

Figure 2 Salvesen & Nagase (1989) replot of AChE activity in
the presence of 1,8-cineole used to determine the Kiwupp) (slope=
1/Kiapp))- [ATCI]= Wl 0.063; A 0.125; W 0.250;/ 0.50mm.

Three of the Tea Tree oil samples evaluated showed a
non-competitive inhibition of AChE. This was in contrast
to the competitive inhibition showed by the monoterpenes
used in this study. The most active of the oils tested was
Tisserand (IC50 =0.05+0.01 uLL mL~!, P < 0.05), which
showed competitive inhibition, and the least active was
Irish Health Culture Association Pure Undiluted (IHCA)
(IC50=0.11£0.02 L mL ™). An increase in the K; values
was accompanied by an increase in the IC50 values for the
Tea Tree oils (Table 3).

To directly compare Tea Tree oil data with the mono-
terpenes used in this study, an average molecular weight of
160 gmol ' (Perry etal 2000) was assumed for each of the
Tea Tree oils. An average density of 0.89 gmL ' was deter-
mined for the Tea Tree oils by weighing known volumes in
triplicate of each sample. This showed that the rank order
of potency was Tisserand (IC50 =0.26 mm), Main Camp
(IC50=0.46 mm), Body Treats (IC50=0.58 mm) and
IHCA Pure Undiluted (IC50=0.61 mm). The 1,8-cineole
and terpinen-4-ol content of Tea Tree oils is regulated
by Australian Standard AS 2782-1997 and International
Standard ISO 4730 to be less than 15% and greater than
30%, respectively. Of the samples tested for activity against
AChE, Body Treats had both high 1,8-cineole (20.4%) and
low terpinen-4-ol (26.7%) concentrations. Main Camp was
shown to have a low terpinen-4-ol concentration (24.8%).

The concentrations of 1,8-cineole and terpinen-4-ol in each
of the Tea Tree oils sampled did not account for the total
activity of the oil itself. This may have been due to syner-
gistic action of all of the constituents of the oils or the
presence of other active components.

Conclusion

This work did not show efficacy of Tea Tree oil in infesta-
tion, rather that its known activity might be attributed to
AChE inhibition. The low incidence of adverse side effects
of Tea Tree oils and the moderate inhibition of AChE
activity would suggest that preparations containing Tea
Tree oil may be of some benefit as part of a co-ordinated
approach to the control of head lice infestation.
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