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Three different species of Myrtaceae growing in Australia and New Zealand are known as ‘Tea-tree’:
the Australian Tea tree (Melaleuca alternifolia), the New Zealand Manuka {eptospermum scopariuin
and Kanuka (Kunzea ericoidep All three essential oils are used by aromatherapists, although onliviela-
leucahas been tested for toxicity, and its antimicrobial effects studied. The pharmacology and antimicro-
bial activity of the three ‘tea-tree’ oils was determined using guinea-pig ileum, skeletal muscle (chick
biventer muscle and the rat phrenic nerve diaphragm) and also rat uterusin vitro. Differences were
shown between the three essential oils in their action on smooth muscle: Manuka had a spasmolytic
action, while Kanuka and Melaleuca had an initial spasmogenic action. Using the diaphragm, Manuka
and Melaleuca decreased the tension and caused a delayed contracture; Kanuka had no activity at the
same concentration. The action on chick biventer muscle was, however, similar for all three oils, as was
the action on the uterus, where they caused a decrease in the force of the spontaneous contractions. The
latter action suggests caution in the use of these essential oils during childbirth, as cessation of contrac-
tions could put the baby, and mother, at risk. The comparative antimicrobial activity showed greater dif-
ferences between different samples of Manuka and Kanuka tharMelaleuca samples. The antifungal
activity of Kanuka was inversely proportional to its strong antibacterial activity, whilst Manuka dis-
played a stronger antifungal effect, though not as potent adelaleuca The antioxidant activity of Manu-

ka samples was more consistent than that of Kanuka, whileMelaleuca showed no activity. The
variability in the Manuka and Kanuka essential oils suggests caution in their usage, as does the fact that
the oils have not been tested for toxicity.
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INTRODUCTION soldiers. The essential oil is nowadays used as a strong
antimicrobial and antifungal agent in creams, soaps,
toothpastes and other preparations and has been used both
Both Australia and New Zealand have indigenous ‘tea- externally and internally by both herbalists and aro-
trees’ in the family Myrtaceae which were reputedly used matherapists for some years (Blackwell, 1991; Lis-
for brewing tea by Captain Cook. There is, however, no Balchin, 1997).
resemblance between real t€amellia sinensisCamel- There is scant evidence that Manukaptospermum
liaceae, and the taste or odour of these species. scoparium and Kanuka Kunzea ericoides has such
The Australian tea tree oil fromlelaleuca alternifolia potential (Bloor, 1992; Cooke and Cooke, 1994; Lis-
and otherMelaleuca species has strong antimicrobial Balchinet al, 1996a; Lis-Balchiret al, 1998b), but as
potential (Carson and Riley, 1993, 1994, 1995; Lis- the essential oils are said to have remarkable powers of
Balchin et al,, 1999). The whole plant extract had been healing, based on folk medicinal usage (Brookel,,
used originally by aboriginals and the essential oils 1987), these oils are being used by some aromatherapists,
themselves had been used during the Second World Waralthough there have been no safety/toxicological evalua-
as a general antimicrobial agent and insect repellant, andtions performed on them.
provided in the first aid kits of serving Australian Many of the folk-medicinal uses of the New Zealand
‘tea-tree’ oils are related to both species, e.g. the leaves of
* Correspondence to: Dr M. Lis-Balchin, School of Applied Science, South MaDUka.and Kanuka were .used as Vapo“r. baths for colds;
Bank University, Borough Road, London SE1 OAA, UK. an infusion was very ast”ngent and various uses were
E-mail: lisbalmt@sbu.ac.uk found for concoctions including urinary complaints and

Received 7 March 2000
Copyright© 2000 John Wiley & Sons, Ltd. Accepted 16 March 2000



624 M. LIS-BALCHIN ETAL.

asafebrifuge(Brookeretal., 1987).Kanukawasapplied
to scaldsand burns, usedto stop coughingand as a
sedative; it was also used against dysentery. The
decoctionof boiled leavesand bark was usedto treat
stiff backs etc. Seed capsuleswere boiled to give a
decoctionfor externalapplicationto treatinflammation
or drankfor diarrhoeajthe capsulesor leaveswere also
chewedfor dysentery.The water from boiled bark was
usedfor treatinginflamedbreastsandalsoto treatmouth,
throatandeyeproblems.

The antibacterial effect of honeys derived from
Kanuka and Manuka blossom against Staphylococcus
aureuswas shown by Allen et al., (1991), and more
recently Manukahoneywas shownto be active against
Helicobacterpylori (Somalet al., 1994). L. scoparium
containsleptospermonewhich hasantihelminthicprop-
ertiesandis closelyrelatedto compoundsavingsimilar
propertiesin maleferns;leptospermonédasinsecticidal
properties,andis similar in structureto the insecticide
valone (Brooker et al., 1987). There are virtually no
studieson the pharmacologicakffects of any of these
‘tea-tree’oils, exceptfor Lis-Balchinetal. (1996a),Lis-
Balchin and Hart (1998); thereforethe presentstudies
wereinitiated to studythe pharmacologicabasisof their
‘aromatherapeuticaction (if any) and to comparethe
modeof actionof the different ‘tea-tree’oils in different
tissuesin vitro. Due to their usein body massagethe
action was studied in skeletal muscle, using chick
biventer muscle and rat phrenic nerve diaphragm
preparationsas well asin smoothmuscle (guinea-pig
ileum), due to the possibleabsorptionof somecompo-
nents (Bronough et al., 1990). The pharmacological
action was also studiedin the uterus(using rat uterine
preparations) as aromatherapistsise various essential
oils duringpregnancyandchildbirth (Lis-Balchin,1997),
without knowing their possible effects or side-effects
(Burns and Blamey, 1994). Someof the major compo-
nentsof the ‘tea-tree’oils werealsoassessedn orderto
ascertainwhich componentswere responsiblefor the
particularpharmacologicahctivity.

The comparative antimicrobial activity was also
investigatedin vitro for the tea-tree oils using 25
different bacterial species, 20 different varieties of
Listeria monocytogeneand three speciesof fungi. The
antioxidant activity was also compared.Some of the
major component®f the oils werealsoinvestigated.

Studieson skeletal muscle were performedin vitro
usingmalealbino rat diaphragmpreparationg¢Bulbring,
1946) with the muscle stimulated directly or via the
phrenic nerve. The diaphragm was suspendedin a
100mL organbathin Krebsbuffer at 34°C, gassedvith
95% oxygen in carbon dioxide. Stimulation was at
0.21Hz (0.5ms,40V). Theessentiabils andcomponents
werepresentedt 2.5x 10 3 v/v.

Preparation®f chick biventermusclewere alsoused
as a skeletal muscle, with the essential oils and
componentpresentedit 1 x 10 3 viv.

All experimentswere repeatedat leastfive timeson
different tissues:results, where appropriate,were ex-
pressedasthe meanpercentagénhibition (or changein
the electrically induced or spontaneouscontractions)
+ SEM.

The chemical compositionof the essentialoils was
determinedby gas chromatographyusing a Shimadzu
Model GC 8A with an OV1 column, 0.32mm x 58m;
temperaturgorogrammerom 100°-230°C at 4°C min.

Microorganisms used. The 25 different species of
bacteria included both food spoilage organismsand
pathogenidacteriawith 9 Gram-positiveand16 Gram-
negative (Deansand Ritchie, 1987); the 20 strains of
Listeriamonocytogenessedwereobtainedfrom various
airline foods(Lis-Balchinet al., 1997).

Microbiological techniques. The antibacterialstudies
were conductedas previouslydescribedLis-Balchin et

al., 1996c¢) using 10uL of essentialoils pipettedinto

wells madein agarpreviouslyinoculatedwith a single
bacterium.Zonesof inhibition were measuredfter 48h

incubationin the dark,atthe appropriateemperaturdor

eachbacterium Antifungal activity wasassessedgainst
Aspergillusniger, A. ochraceusaand Fusariumculmorum
(Lis-Balchin et al.,1996b). 1uL and 10uL dosesof

essentiabil wereaddedto testtubescontaininglOuL of

YES broth, then seededwith eachsingle fungus. After

incubationin the dark for 10 daysat 25°C the solution
wasfiltered andthe dry fungi weighed.The % Inhibition

wascalculatedfrom:

Testweight(g) — control weight(g)
Control weight (g)

x 100

MATERIALS AND METHODS

RESULTS

Essential oils. Thesewere donatedby Butterbur and
Sage,Reading,UK; The componentswere purchased
from Sigma,UK.

Pharmacologicalstudies.Guinea-pigleum wasusedas
the smoothmuscleand 2cm lengthswere mountedin a
25mL organbath, with field stimulation applied using
two parallelplatinumelectrodeglacedeithersideof the
tissueandattachedo a stimulator(0.5ms,0.1Hz, 70V).

Changesn tensionof the musclewererecordedwith an
isometrictransduceattachedo a penrecorder Essential
oils and componentsdiluted in methanol,were intro-

duced into the bath at 5x 107> v/v in a maximum
volumeof 0.2mL, atwhich volumetherewasno solvent
interference.

Copyright© 2000JohnWiley & Sons,Ltd.

The pharmacologicaactionon guinea-pigileum in vitro
showeda strong spasmolyticactivity for Manuka in
contrastto aninitial spasmogeniactionfor Kanukaand
Melaleuca which wasfollowed by a spasmolyticaction
(Table 1). «-Terpineol and terpinen-4-ol produced a
substantial spasmolytic action, while «-terpinene, -
pineneand o(—)pinene producedan initial contraction
followed by spasmolysisat the sameconcentrationthe
(+) a-pineneenantiomerproducedonly a spasmogenic
response.l,8-cineole produceda rise in tone of the
electricallyinducedcontractions.

The action of the three ‘tea-tree’ oils on the phrenic
nervediaphragmmuscleillustrateda different response
for MelaleucaandManukaoils (showingbotha decrease
in tensionand a delayedincreasein resting tone, or

Phytother.Res.14, 623-629(2000)
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Table 1. Pharmacological studieson tea tree oils and their
major components

Essential oil/

component Pharmacological action

Table 3. Pharmacological activity of Melaleuca oil,
Manuka and Kanuka and some of their compo-
nentsin uterine muscle

Pharmacological effect

Smooth Muscle Spasmogenesis Spasmolysis
Guinea-pig ileum % %
Conc. 5x 1075 viv

Melaleuca oil 15 (3.5) initially 46.8 (4.6)
Manuka 38.1(1.4)
Kanuka 28.6 (3.1) initially 59.7 (4.6)

Components
1, 8-Cineole 25 (4.5) rise in tone
o-Pinene (+) 7 (4.6)

B-Pinene () 98 (4.7) 23.5 (3.5)
y-Terpineol 86 (2.5)
a-Terpinene 78 (3.2) 87 (2.5)
y-Terpinene 3.8 (0.5) 73 (2.2)
Terpinen-4-ol 93 (3.5)

contracture)comparedwith Kanuka,which showedno
responseat that concentration(Table 2). The two
enantiomerf a-pineneshoweda similar effect to that
of MelaleucaandManuka,buttheresponsevaslowerin
the (—) isomer (Table 2). The responsewas almost
identical if the diaphragm muscle was stimulated
directly.

Using the chick biventer muscle,all three ‘tea-tree’
oils produceda decreasén tension,in contrastto the
increasan toneor contractureshownby o- and -pinene
andalsop-cymeng(Table 2).

The effect on the uterinemuscleby all the ‘tea-tree’
oils andcomponentsvasinvariably a decreasén force,
whichin thecaseof o-terpinenevasalsoaccompaniety

Table 2. Pharmacological activity of Melaleuca oil and
componentsin skeletal muscle

Decrease
Increase in resting tone in tension
Rat phrenic nerve diaphragm at 2.5 x 1073
Melaleuca 87.5 (4.8)
+delayed increase to 100%
Manuka 82.5 (2.5)
+delayed increase to 100%
Kanuka No effect
a-Pinene (+) 85 (4.0)
+delayed increase to 56%
p-Pinene (—) 18 (2.4)
Rat diaphragm direct at 2.5 x 1073
Melaleuca 66.7 (3.8)
+delayed increase to 100%
Manuka 65.0 (8.8)
+delayed increase to 100%
Kanuka No effect
Chick biventer muscle at 1 x 1073
Melaleuca 71.0 (5.8)
Manuka 27.8 (4.7)
Kanuka 24.0 (2.5)
a-Pinene 15% rise in resting tone
p-Pinene 10% rise in resting tone
p-Cymene 20% increased twitch,

+14% increase in resting tone

Numbers indicate mean (SEM) %

Copyright© 2000JohnWiley & Sons,Ltd.

Rat uterus at 1 x 107°
Melaleuca
Manuka (at 1 x 1079)

26.0 (1.5) decrease in force®
100% decrease in force, quick

recovery

Kanuka (at 1 x 107) 100% decrease in force, quick
recovery

1,8-Cineole 51.0 (2.5) decrease in force

a-Pinene 21.0 (1.7) decrease in force

p-Pinene 25.0 (2.5) decrease in force

a-Terpineol 100% decrease in force and loss

of contractions
100% decrease in force and
frequency, quick recovery
25 (0.5) decrease in force
100% decrease in force

a-Terpinene

p-Cymene
Terpinen-4-ol

@ Decrease in force of spontaneous contractions.

a decreasén the frequencyof the spontaneousontrac-
tions (Table 3).

The antibacteriakctivity agains25 differentbacterial
speciesand 20 Listeria monocytogenevarieties was
strongesfor Melaleucaoils comparedvith Manukaand
Kanukaoils from different sitesin New Zealand(Table
4); different samplesof the New ZealandManukaand
Kanuka oils showed considerable variation, whilst
Melaleuca oils from different sites remained more
constant.

The actual activity of two samplesof Melaleuca
alternifolia oil and some of their componentsagainst
individual bacteria(Table 5a,b) showedsomevariation,
with y-terpineneexhibiting very low activities on all
twenty five of 25 bacteriaand o-terpineneshowingonly
one high antibacterialactivity. The individual activities
against Listeria monocytogenestrains are shown in
Table 6. The activities were generallylow for all the
componentsyith y-terpineneexhibitingnoactivity atall.

The antifungalactivity of the Melaleucaand Manuka

Table 4. Summary of the activity of the different samplesof
three ‘tea-tree’ oils against 25 different bacterial
speciesand 20 different Listeria monocytogenes

strains
25 bacteria 20 Listeria
species strains
Melaleuca alternifolia Austr. 24 20
Melaleuca alternifolia NZ 24 15
Manuka NI 15 20
Manuka Sl 1 0
Kanuka NI 12 19
Kanuka Sl 16 20
Kanuka/Manuka NI 18 18
1,8-Cineole 16 0
p-Cymene 6 0
Terpinene-4-ol 24 20
a-Terpinene 14 8
y-Terpinene 5 0
o-Pinene 23 9

Phytother.Res.14, 623-629(2000)
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Table 5a. Antibacterial activity of ‘tea-tree oils’ from
Melaleuca alternifolia, Leptospermumscoparium
(Manuka) and Kunzea ericoides (Kanuka) and
some of their main components against 25
different speciesof bacteria

mm diameter

Organism a b c d e f
1 9.1 5.4 6.0 6.3 6.8 0
2 12.9 5.8 6.4 7.8 7.6 5.9
3 9.4 5.7 0 11.6 9.8 5.6
4 10.7 0 14.3 7.3 6.3 6.3
5 11.6 6.5 5.4 4.9 9.3 6.3
6 11.4 6.5 10.6 8.7 8.0 7.7
7 8.5 6.3 19.9 10.7 7.6 10.6
8 11.0 0 0 0 0 0
9 16.0 122 260 315 9.3 220

10 8.3 0 0 0 0 0

11 11.8 0 10.6 5.6 0 0

12 10.4 5.5 6.3 12.8 6.3 0

13 5.8 0 5.9 7.0 0 0

14 5.9 0 0 0 0 0

15 8.3 5.7 4.7 5.4 5.9 5.1

16 6.9 0 16.7 5.7 7.0 5.7

17 10.4 0 24.2 6.5 6.0 5.0

18 9.5 0 0 0 0 0

19 12.2 0 0 0 5.5 0

20 9.1 0 0 0 0 0

21 9.8 0 0 7.4 0 0

22 8.0 0 0 6.5 0 0

23 7.6 8.9 11.7 12.6 12.3 10.8

24 6.2 0 8.0 14.4 6.0 0

25 9.3 0 0 0 5.3 0

No. +ve 9 5 9 8 9 8

No. —ve 14 6 6 10 7 4

Total 25 1 15 18 16 12

a, Melaleuca oil, Australian; b, Manuka from South Island;
¢, Manuka from North Island; d, Manuka/Kanuka mix;
e, Kanuka from South Island; f, Kanuka from North Island.

andKanukaoils from differentsites(Table7) againshow
greaterdifferencesin activity betweenthe two Manuka
and Kanukasamplesthan the Melaleucasamples.This
differenceis also reflectedin the antioxidant activity
(Table 8). Only y-terpineneandterpinen-4-olout of the
componentstudiedexhibitedantioxidantactivity.

DISCUSSION AND CONCLUSIONS

The possible therapeutic application of Melaleuca
Manuka and Kanuka was initially investigated by
studyingtheir mode of actionin smoothmuscle(using
guinea-pigileum), due to the possibleabsorptionof at
leastsomeof its componentsif notall (Bronoughetal.,
1990).Thepharmacologicahctionwasdifferentbetween
the ‘tea-tree’ oils, showinga strongspasmolyticactivity
for Manukain contrastto an initial spasmogeniaction
for Kanuka and Melaleuca which was followed by a
spasmolytiaction:this wasareflectionof thedifference
in the chemicalcomposition KanukaandMelaleucaoils
containeda large proportion of monoterpeneswhich
havebeenshownto berelatedto thespasmogeniactivity
(Lis-Balchin et al, 1996b) whilst Manuka contained
mostly sesquiterpened.he differencesin the activity of

Copyright© 2000JohnWiley & Sons,Ltd.

Table 5b. Antibacterial activity of tea tree Melaleuca
alternifolia Australian and New Zealand oil and
someof its main componentsagainst25 different
speciesof bacteria

(Melaleuca oils and components) mm diameter

Organism a b c d e f g h

1 126 84 0 79 156 75 8.0 9.1
2 9.1 86 O 83 75 58 87 129
3 13.1 115 0 90 108 0 269 94
4 115 96 0 84 103 53 6.2 10.7
5 77 89 0 105 7.2 83 149 116
6 116 0 6.2 85 143 75 179 114
7 1.7 69 7.7 141 169 88 13.0 85
8 82 0 0 10.4 108 O 15.6 11.0
9 36.1 315 0 86 195 372 6.9 16.0
10 87 73 0 92 60 52 59 83
11 122 7.4 0 76 95 0 19.2 11.8
12 65 0 70 96 6.2 65 214 104
13 107 89 0 85 129 50 183 5.8
14 94 0 0 6.0 81 0 6.0 59
15 94 82 0 98 104 6.0 75 83
16 341 0 84 0 207 79 157 6.9
17 84 0 91 80 97 95 6.6 104
18 9.4 0 0 89 116 0 53 95
19 96 83 0 75 109 0 16.1 12.2
20 0 0 0 6.4 0 0o 0 9.1
21 97 0 0 88 109 0 222 98
22 0 0 0 86 60 O 7.8 8.0
23 156 9.0 0 88 7.0 6.4 119 176
24 1.6 O 0 58 6.0 53 6.2 6.2
25 86 96 0 80 92 49 120 93
Total 23 14 5 24 24 16 24 25

a, a-pinene; b, f-terpinene; c, y-terpinene; d, o-terpineol;
e, terpinen-4-ol; f, 1,8-cineole; g, Melaleuca oil, New Zealand;
h, Melaleuca oil, Australian.

the individual componentsvas pronouncedxz-terpineol
andterpinen-4-olproducingsimply a strongspasmolysis,
while «- and y-terpinenesproduced both an initial
spasmogeni@ction followed by a spasmolyticaction.
1,8-cineolegavea distinctiverise in tone, ratherthana
contraction,unlike any of the othercomponentstudied
(Table 1). This is difficult to explain, as Eucalyptus
globulus containing about 90% of this component
showedonly a spasmolyticeffect in the sametissue
(Lis-Balchin et al., 1996b). The differencein activity
betweertheenantiomersf «-pinenehadpreviouslybeen
reported(Lis-Balchin et al 1999)andthis could makea
substantialifferenceto the pharmacologicahctivity of
different essentiabils, dependingon their enantiomeric
proportions.Melaleucaalternifolia oils were found to
contain many different enantiomericcomponentswith
different proportionsof eachenantiomer(Leachet al.,
1993); nowadays the commercial ‘tea tree’ oil is
producedfrom many different speciesof Melaleucain
Australia and there are also possible enantiomeric
differencesin the oils producedfrom plantsgrowingin
otherpartsof theworld giving riseto differentgradesof
oil of different pharmacologicahction. Someof the so-
called ‘therapeuticgradetea-treeoils’ now producedin
Australia,containdoublethe proportionof terpinen-4-ol
compared with normal grade oils and this could
dramaticallyalter the pharmacologicahction.
Differencesin the modeof actionin guinea-pigileum
hadpreviouslybeenshownbetweerManukaandKanuka

Phytother.Res.14, 623-629(2000)
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Table 6. Antibacterial activity of tea tree Melaleuca alter-
nifolia Australian and New Zealand oil and some
of its main componentsagainstListeria monocyto-

Table 8. Antioxidant activity of Melaleuca alternifolia oil
againstManuka and Kanuka samples

genes Essential oil Zone (mm) Intensity
Melaleuca oils and components mm Melaleuca Australian 0
diameter Man 1 111 +
No.Bact. a b c d e f g h maanr}l\ilan 2.2 *

1 0 59 0 73 54 0 58 87 E: ; 13'7

2 70 66 0 60 64 0 59 8.0 S-Pinene 0

3 0 0 0O 68 50 0 56 69 2 Terpinene 71 N

4 65 0 0 74 65 0 54 86 2-Terpinene 0

5 60 56 0 66 51 0 O 9.2 Terpinene-4-ol 9.1 N

6 0 0 0 54 63 0 51 77 Tp ineol 0

7 0o 0 ©0 59 70 0 0 78 a-'erpineo

8 0 0 0 75 61 0 O0 9.0 . o .

+ indicates a faint intensity.

9 9.1 0 0 7.2 5.6 0 8.9 8.5 Mel, Melaleuca; Man 1, Myanuka from North Island; Man 2,
10 0 0 0 60 64 0 56 77 Manuka from South Island; Man/Kan, Manuka/Kanuka mix;
11 64 60 0 60 55 0 59 67 Kan 1, Kanuka from North Island ; Kan 2, Kanuka from South
12 0 66 0 70 52 0 62 65 Island.

13 0 0 0O 66 55 0 83 88

14 0 51 0 75 62 0 O 9.1

15 51 0 0 79 54 0 60 7.1 . . . .

16 70 0 0 79 54 0 60 7.1 was also studl_edto ascertainwhethertheir activity was
17 70 0 0 70 55 0 60 80 similar to thatin smoothmuscleandsecondlywhetherit
18 1.9 0 0 59 62 0 0 7.6 was similar for all the ‘tea-tree’ oils. The action of
19 0 66 0 72 55 0 59 73 Manuka was almost identical to that of Melaleuca
$0 | g 2-6 g 28-0 23-7 8 7.2 23-3 showingbotha decreasén tension(throughaninhibition

otal no. 15

a, a-pinene; b, o-terpinene; c, y-terpinene; d, o-terpineol;
e, terpinen-4-ol; f, 1,8-cineole; g, Melaleuca oil; New Zealand;
h, Melaleuca oil, Australian.

(Lis-Balchin and Hart, 1998) where there was some
evidencefor the involvement of cyclic AMP in the

mechanisnof actionof Manuka,but not Kanuka;neither
usedcyclic GMP, andthey did not seemto behavelike

calciumchannelblockersof potassiunchannelopeners.
Theactivity of Melaleucaoils resemble&anukato some
extent as the oil has an initial spasmogenicaction
followed by a potentspasmolyticaction;the mechanism
of the latteractionwasapparentlyneithervia cAMP, nor

cGMP or acting as potassiumchannelopenersat low

concentrations,but some evidence was obtained for

action as calcium channelblockersat higher concentra-
tions (Lis-BalchinandHart, 2000).

Dueto their usein bodymassagén aromatherapythe
actionof the‘tea-tree’oils wasstudiedn skeletaimuscle,
using chick biventer muscle and rat phrenic nerve
diaphragmpreparationsThe action in skeletalmuscle

of thetwitch responsé¢o nervestimulation)andadelayed
butvery profoundincreasen restingtonewhich signifies
contracturavhetherthemusclewasstimulateddirectly or
via the phrenicnerve.The sameactionswere shownby
clary sage dill, fennel,frankinsenceand nutmeg,all of
which, exceptclary sage arevery strongly spasmogenic
onsmoothmuscle(Lis-BalchinandHart, 1997).Kanuka,
at the sameconcentrationdid not show any effect on
either the nerve-stimulatedr solely muscle-stimulated
diaphragm, similar to that of angelicaroot oil (Lis-
BalchinandHart,1997).The (+) enantiomenf o-pinene
exhibited a similar reactionto Manukaand Melaleuca
butthe (—) enantiomeshowedust a decreasén tension
at the same concentration:this again illustrated the
differencein the enantiomericpharmacologicakffect.
The effect of Manuka showeda differencein the two
muscletissuesandindicateda ratherlessrelaxing effect
on skeletalmusclethan that obviously wantedthrough
aromatherapeutianassage:the effect of Manuka on
muscle fatigue or muscle cramp could thus be very
detrimental.

The activity of the three ‘tea-tree’ oils on the chick
biventermusclewasvery similar showinga decreasén
tension:Melaleucaproducedmorethandoublethe effect

Table 7. Antifungal activity of Melaleuca alternifolia oil against Manuka and Kanuka

samples
Antifungal activity
NZ Mel Austr Mel Man1 Man2 M/K Kanl  Kan2
Aspergillus niger 94 85 64 68 30 1 0
Aspergillus ochraceus 89 91 49 87 13 10 27
Fusarium culmorum 78 76 25 57 0 0 16

NZ Mel, New Zealand Melaleuca; Austr Med, Australian Melaleuca; Man 1, Manuka from North
Island; Man Z, Manuka from South Island; M/K, Manuka/L6 Kanuka mix, Kaul, Kanuka from

North Island; Kan Z, Kanuka from South Island.

Note: Numbers approaching 100 indicate most potent antifungal activity.

Copyright© 2000JohnWiley & Sons,Ltd.
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of the otheroils. The pinenesand p-cymeneshowedan
opposingeffect of contracture.

The pharmacologicaactionon uterinemusclein vitro
indicated a similarity for all the ‘tea-tree’ oils and
componentsalike and resembledprevious studieswith
over 30 essentiabils and mixturesof different essential
oils (Lis-BalchinandHart, 1997)whereareductionin the
size of the spontaneougontractionsalways occurred.
This was often accompaniedby a reduction in the
frequencyof contractiondor manyessentiabils. There
is thereforea possiblecautionfor the useof essentiabils
during childbirth, as they could stop contractionsand
therebyput the baby (aswell asthe mother)at risk.

Thereis a wide rangeof effectsof different essential
oils onthe sameskeletalmusclein vitro (Lis-Balchinand
Hart, 1997),andthe presentesultsshowdifferencesalso
in the actual skeletaltissue studied.Thereis therefore
difficulty in understandinghe aromatherapistsbelief
(withoutanyscientificevidencehata givenessentiabil
is ‘relaxing’, especiallyastheyseemto imply it achieves
this through its activity when applied via massage.
Perhapsit is the massagealone which is relaxing, as
thereis noclinical studyasyet, to provethatessentiabils
actually haveany further benefit(Lis-Balchin, 1997).

The presentresultssupportthe work of Buchbaueret
al. (1993)in showingthat essentialoils have selective
actionson biological tissuesandthat their bioactivity is
not dueto non-specifictoxic actionson cell membranes
(Buchbaueet al., 1993).

The antibacterialand antifungal activities was stron-
gest for Melaleuca oils comparedwith Manuka and
Kanuka oils (Table 4); different samplesof the New
ZealandManukaand Kanukaoils showedconsiderable
variation,whilst Melaleucaoils remainedmoreconstant.
However,the productionof more potentMelaleucaoils
(labelledastherapeutichy someAustraliancompanies,
which containa higher percentagef terpinen-4-oland
lower 1,8-cineoleindicatesthat there is an expected
differencein antimicrobial activity: theseoils were not
includedin the presentstudy.

The datapresentedn Table5 showhow two different
Melaleucaoils and their main componentsact against
individual bacteriaxn-terpineolhasvery low antibacterial
activity againstonly 5 of 25 different specieswhilst o-
terpinenehasonly one potentactivity and againshows
low activity againstthe rest of the 14 of 25 bacteria.
Terpinen-4-ol shows the highest activity against 24
bacteria,which is comparableto that of the whole oil,
whilst 1,8-cineoleshowsreducedantibacterialactivity
againstmostof the speciesTheresultsarein agreement
with studiesby CarsonandRiley (1994)who studiedthe
antibacterial effect of eight Melaleuca components
against 10 different bacteria. The results against 20
Listeria monocytogenesarietiesshow that y-terpinene
and1,8-cineolehaveno effect, whilst z-pinenehasa low
effectagainstonly eightvarieties(Table6) ; o-terpineol

is slightly moreeffectivethanterpinen-4-olagainstmost

of theListeriavarietieswhich showsthatgeneralizations
cannotbe made as to the effectivenessof individual

essentialoils or componentsagainstall bacteria.There

wasa markeddifferencein the activity betweenthe two

Melaleucasamples.

The antifungalactivity of the different ‘tea-tree’ oils
showedmarkedvariationsfor the Manukaand Kanuka
samples but not for the Melaleuca samples. The
possibility of mistaking the two latter speciescan be
demonstratedin the sample marked M/K (Manuka/
Kanuka) whichwasverylittle differentfrom theKanuka
samplesn theantibacteriaktudies put showedprofound
differencesagainstthe fungi. There was a very strong
negativecorrelationbetweenthe pure Kanuka samples
and the antifungal activity, comparedwith the more
effective antifungal activity of Manuka;the mixture of
Kanuka/Manuka showed an intermediate antifungal
activity.

Thereis a voguefor many scientifically non-qualified
aromatherapiststo practise ‘clinical aromatherapy’,
wherethey prescribethe internalusageof essentiabils.
Internal prescribing involves oral, rectal and vaginal
intake: however,the use of tamponssoakedin various
potentiallytoxic essentiabils, like the various‘tea-tree’
oils with variable biological potential could have a
possibleharmful effect on the delicateinternal mucosal
membranesThe possibility of misdiagnosisof a urino-
genital condition by medically unqualifiedaromathera-
pists or by the patientsthemselvescould also resultin
seriousconsequences.

The antioxidantactivity of the ‘tea-tree’oils wasvery
variable in the presentstudies, the Manuka samples
showing more effectivenessthan one of the Kanuka
samples and the Kanuka/Manukamixture. Only v-
terpineneandterpinen-4-oshowedantioxidantpotential.
The latter are also the most potentantibacterialagents
and possibly exert some of this activity through their
antioxidantaction.

The problem with many Myrtaceaeis that of their
genetic variation or the production of spontaneous
chemotypesgiving manydifferentessentiabil composi-
tions with differing bioactivities. The quality of com-
mercial Australian Tea tree has now been generally
stabilized, mainly by the selectionof clonesand the
blendingof differentessentiabils from differentspecies
of Melaleucato conformwith the AustralianStandards,
but the problemof diversity remainsin otherpartsof the
world where Melaleucaspeciesgrow, e.g. Zimbabwe,
New Zealand,Indonesiaetc. The diversity of Manuka
andKanukaoils is evenmorepronouncedndthe useof
theseNew Zealandoils, especiallyin aromatherapynay
therefore be premature, unless their quality can be
assured and also toxicological studies (which are
available for all essentialoils usedin the Food and
Cosmeticdndustry)are undertaken.
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