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ABSTRACT: Gyrodactylus spp. infections of commercially farmed fishes are responsible for signifi-
cant economic losses. Existing treatments have proved uneconomic, stressful to the fishes, and eco-
logically damaging. Essential oils are naturally occurring compounds that exhibit a wide range of
anti-microbial and anti-fungal activities. This study explored the possibility of using Australian tea
tree (Melaleuca alternifolia) oil (TTO) to treat Gyrodactylus spp. infection on the three-spined stick-
leback Gasterosteus aculeatus. In the presence of 0.01 % Tween 80 as an emulsifier, TTO treatments
at concentrations between 3 and 30 ppmv (parts per million by volume) lowered the prevalence and
significantly reduced the parasite burden of sticklebacks naturally infected with Gyrodactylus spp. In
addition, Tween 80 alone exhibited parasiticidal activity against Gyrodactylus spp. These findings
show the potential of TTO in combination with Tween 80 as an effective treatment of Gyrodactylus

spp. infection of fishes.
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INTRODUCTION

Gyrodactylus spp. are monogenean ectoparasites of
19 orders of teleost fishes (Bakke et al. 2002) and are
recognised as a significant threat to commercial fish-
eries (Scholz 1999) because of their unusual reproduc-
tion. They employ a unique mode of viviparous repro-
duction involving polyembryony and production of a
succession of generations in situ (Cable & Harris 2002).
With very short generation time, Gyrodactylus spp.
populations can reach epizootic levels very rapidly
(Thoney & Hargis 1991, Tinsley 2004). Damage caused
by gyrodactylids includes epithelial proliferation and
increased mucus production in the gills provoked by
their feeding activities and by mechanical action of
their attachment apparatus (Cone & Odense 1984).
This may eventually lead to host death by asphyxiation
due to functional failure of the respiratory epithelium
(Schaperclaus 1991). In addition, the epithelial damage
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predisposes the host to secondary bacterial infection
(Heggberget & Johnsen 1982, Cone & Odense 1984).

The main strategy to control and eliminate Gyrodacty-
lus salaris from Norwegian rivers involves the killing of
entire fish populations with the pesticide rotenone
(Johnsen & Jensen 1991) and subsequent re-stocking
with parasite-free fishes. This method is not only expen-
sive but also presents environmental and health con-
cerns: rotenone has been suspected of being carcino-
genic (Gosalvez 1983) and of causing Parkinson's disease
(Sherer et al. 2003). Other treatments include toltrazuril
(Schmahl & Mehlhorn 1988), praziquantel (Schmahl &
Taraschewski 1987), metals (Soleng et al. 1999, Poléo et
al. 2004), hydrogen peroxide (Rach et al. 2000), sodium
percarbonate (Buchmann & Kristensson 2003), and
formaldehyde (Buchmann & Kristensson 2003). However,
with the rise in popularity of ‘organic’ produce and in-
creasing fastidiousness of the consumer, a natural treat-
ment with no harmful human side-effects is desirable.
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The oil of the Australian tea tree Melaleuca alterni-
folia has been used as a topical antiseptic for almost
80 yr (Altman 1988). Essential oils have been shown to
exhibit parasiticidal activity against nematodes (Hasan
1992, Pandey et al. 2000) and bloodstream forms of
Trypanosoma brucei (Mikus et al. 2000). As tea tree oil
(TTO) is a natural product and therefore potentially
‘environmentally friendly’, its effect on Gyrodactylus
spp. infection of three-spined sticklebacks, Gastero-
steus aculeatus, was investigated.

MATERIALS AND METHODS

Reagents. TTO was obtained from Abbey Essentials,
and Tween 80 (cell culture tested) from Sigma.

Experimental fish. We collected three-spined
sticklebacks from a wild population in a farmland
stream near Bristol in February 2004. Fish captures
were random and there was wide variation in fish
weight and length. In the laboratory, the fish were kept
in transparent plastic tanks in 25 1 of original stream
water and acclimated at 13°C under a 12:12 h
light:dark regime for approximately 19 h prior to
experimentation.

Tea tree oil treatment of fish. As TTO is hydro-
phobic, Tween 80 was employed to increase its solubil-
ity in water (Carson et al. 1995). White cylindrical plas-
tic containers were filled with 1 1 tap water and 0.22 ml
Haloex (for dechlorination), 1 ml 10% Tween 80
(0.01 % final concentration), and varying amounts (1 to
30 pl) of TTO corresponding to final concentrations of
1 to 30 ppmv (parts per million by volume) were added.
Controls included 0.01 % Tween 80 alone in dechlori-
nated water. A second control consisted only of dechlo-
rinated water. The water was stirred thoroughly and
kept at 13°C for approximately 19 h. Subsequently, fish
were randomly selected and transferred from the
reservoir tank to the containers (2 fish per container)
and incubated at 13°C. After 48 h, the fish were killed
and examined with a dissecting microscope to deter-
mine numbers of Gyrodactylus spp. on fins, skin and
gills. Although 2 species of Gyrodactylus (G. arcuatus,
G. gasterostei) can be found on sticklebacks in the
UK (and both occurred in this study population),
no attempt was made to differentiate between Gyro-
dactylus species detected on the sticklebacks.

RESULTS

In the presence of 0.01 % Tween 80 as solvent, TTO
had a negative effect on Gyrodactylus spp. infections
of three-spined sticklebacks, reducing the overall pre-
valence from 90 to 50 % (Fig. 1). In addition, TTO treat-
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Fig. 1. Gyrodactylus spp. Prevalence on sticklebacks Gas-
terosteus aculeatus after tea tree oil (TTO) treatment. Stickle-
backs naturally infected with Gyrodactylus spp. were treated
with different concentrations (parts per million by volume,
ppmv) of TTO in the presence of 0.01% Tween 80; control
treatment consisted of 0.01% Tween 80 alone. Numbers of
parasites per fish were recorded after maintenance at 13°C
for 48 h. Each treatment comprised 10 fish from 2 indepen-
dent captures

ment lowered parasite abundance on sticklebacks,
particularly between concentrations of 3 and 30 ppmv
(Fig. 2). Mean parasite abundance was reduced from
5.9 worms per host for the Tween 80 control treatment
to 1.4 worms per host for the 30 ppmv TTO treatment.
Analysis of the data revealed that there was a signifi-
cant difference between parasite abundance in the
different treatments (H = 11.01, df = 4, p = 0.026, non-
parametric Kruskal-Wallis). A series of Mann-Whitney
tests showed no significant difference between para-
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Fig. 2. Gyrodactylus spp. Parasite abundance on sticklebacks

Gasterosteus aculeatus after TTO treatment, showing median

(bar), mean (cross), interquartile range containing 50 % of

values (box) and range (whiskers) for each concentration.
Further details as in Fig. 1 legend
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site abundance in the control treatment and 1 ppmv
TTO treatment (W = 115, p = 0.4697); however, fish
treated with 3 to 30 ppmv TTO had significantly fewer
parasites than those untreated (control vs. 3 ppmv oil:
W=137.5, p =0.0139; control vs. 10 ppmv oil: W =135,
p = 0.0239; control vs. 30 ppmv oil: W = 136.5, p =
0.0178). Comparison of mean parasite intensities
displayed the same trend (data not shown).

Tween 80 alone had an effect on Gyrodactylus spp.
infection on sticklebacks (Fig. 3). In the absence of
Tween 80, mean parasite abundance was 12.6 com-
pared to 5.9 in the presence of 0.01 % Tween 80. This
difference was significant (W = 132.5, p = 0.0402,
Mann-Whitney test). Thus, compared to the control
without Tween 80, treatment of fish with 30 ppmv
TTO in the presence of 0.01 % Tween 80 resulted in a
90 % reduction in parasite abundance (from 12.6 to
1.4 worms per host).

No ill effects were detected amongst the fish treated
with TTO in Tween 80 at the concentrations employed.

DISCUSSION

This study has shown that TTO has a negative effect
on Gyrodactylus spp. infection of three-spined stickle-
backs. The parasiticidal action of the oil is primarily
displayed in the presence of the solubilising agent
Tween 80: in the absence of the solvent, TTO has little
effect on parasite burdens (data not shown). This is
due to the insolubility of TTO in water. Interestingly,
Tween 80 alone displayed parasiticidal activity against
Gyrodactylus spp. worms, although it is a non-toxic
surfactant widely used as an emulsifier, dispersant or

40
T
<
N
Y 30 -
(%)
S
g
fa 20 -
(0]
o
T
° X
10
3 - !
< T X
0 [
without with

Tween 80 (0.01%)

Fig. 3. Gyrodactylus spp. Parasite abundance on sticklebacks

Gasterosteus aculeatus exposed to Tween 80. Sticklebacks

naturally infected with Gyrodactylus spp. were exposed to

0.01% Tween 80 (with) or water alone (without). Further
details as in legends to Figs. 1 & 2

stabiliser in food, pharmaceutical preparations and
cosmetics (National Toxicology Program 1992). How-
ever, it has been previously shown that Tween 80 has
intrinsic anti-tumour activity (Crispens & Sorenson
1988).

Infections with Gyrodactylus spp. are pathogenic to
fishes principally at high infection levels (Cone &
Odense 1984). This study has shown that, although
TTO does not completely remove all Gyrodactylus spp.
worms within 2 d, it reduces infection levels signifi-
cantly. It is possible that continuous TTO treatment
would maintain an infection level low enough to pre-
vent pathogenicity until the host develops resistance to
the parasite. Lindenstrem & Buchmann (2000) showed
that rainbow trout Oncorhynchus mykiss acquired
resistance against Gyrodactylus derjavini 5 wk post
infection, exhibiting decreasing parasite infections
regardless of high infection pressure. The same gen-
eral principle (with various timescales) has been
demonstrated in other fish—Gyrodactylus spp. systems
studied experimentally (Harris 1993, Cable et al. 2000).

Gyrodactylus spp. infections in small groups of natu-
rally infected sticklebacks are potentially unstable
(Tinsley 2001). In situ reproduction could have pro-
duced an increase in infection levels during the course
of this experiment (above those occurring at capture).
Alternatively, some burdens may have declined under
the influence of a developing immune response. These
effects are likely to have been minor over the 48 h
experimental period and would be expected to affect
all replicates equally. Whatever the intrinsic capacity
for parasite population increase, typically exhibited
initially by captive samples of naturally infected stick-
lebacks (see Tinsley 2001), the significant reduction in
infection levels following treatment indicates that TTO
is very effective in reversing any potential for increase,
and acts directly on the parasite. Whether TTO also
has potential effects on parasite reproduction and/or
survival of offspring remains to be determined.

The exact mode of action of TTO against helminths is
unknown. Investigations into the effect of essential oils
as nematicides have suggested that the presence of
oxygenated compounds is partially responsible (Adb-
Elgawad & Omer 1995). In studies of the efficacy of
TTO against bacteria, the oil has been shown to have
adhesion-inhibiting activity (Takarada et al. 2004) and
to disrupt the permeability of cytoplasmic membranes,
leading to loss of chemiosmotic control and cell death
(Cox et al. 2000). The latter mode of action specifi-
cally involves the lipophilic monoterpen terpinen-4-ol
(Carson et al. 2002), the major constituent (30%) of
TTO. Terpinen-4-ol is responsible for most of the anti-
microbial activities (Carson & Riley 1995) and has been
reported to exhibit trypanocidal activity (Mikus et al.
2000).
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Epithelial damage caused by Gyrodactylus species
often promotes secondary infection by micro-organ-
isms that are regarded as the primary cause of fish
death (Cone & Odense 1984, Mo 1994). Given the well-
known anti-microbial properties of TTO (Carson et al.
1995), it is likely that, in addition to the reduction of
Gyrodactylus spp. burdens, TTO treatment will aid in
sterilising inflammatory wounds. The effect of TTO
on other infections was suggested by the reduction of
skin ectoparasites such as Trichodina species found
on sticklebacks in this study (data not shown).

In conclusion, this preliminary study has shown that
TTO has potential as a natural, consumer-friendly
alternative to current chemotherapy treating Gyro-
dactylus spp. infection of fishes. In addition, this work
adds to the growing evidence supporting the use of
essential oils as commercial parasiticides.
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