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Abstract
Introduction. Phenoloxidases are known to play a role in the immune defences of arthropods and molluscs. In the 
invertebrates, phenoloxidases mediate three major physiologically important processes: sclerotization, wound healing, and 
defence reactions. Helix lucorum serve as the first intermediate host for the larval stages of dicrocoeliid trematodes which 
infects animals as well as human beings.�  
Objective. The aim of the study is to investigate the effect of larval forms of dicrocoeliid trematodes to phenoloxidase 
acitivity in H. lucorum, Linneaus, 1758, in Bitlis, Turkey. The effect of the snail’s shell colour to phenoloxidase activity was 
also investigated. �  
Materials and method. Land snails (n=200) were collected by hand from their natural habitats during the period May – 
June 2019 in Bitlis, Turkey. Evaluation of the process was performed by measuring immune reaction of the snails against 
larval forms of dicrocoeliid trematodes. Phenoloxidase activity assay was carried out using a spectrophotometer device 
based on 3,4-Dihydroxy-L-phenylalanine (L-dopa) hydrolysis.�  
Results. The natural infection rate of the land snails with the developmental stages of dicrocoeliid trematodes was 20%. 
Phenoloxidase activity was found to be significantly higher (*p<0.05) in larval forms of dicrocoeliid trematodes infected 
snails when compared with non-infected snails. No effect of shell colours to phenoloxidase activity was observed.�  
Conclusions. To the best of the authors’ knowledge, this study is the first to report that the phenoloxidase system is involved 
in the immune reaction of Helix lucorum to parasitic infestation by larval forms of dicrocoeliid trematodes.
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INTRODUCTION

Phenoloxidase (PO) is a copper-dependent enzyme that 
appears to be widespread in many microorganisms, plants, 
and animals [1–4] and its activity has been utilised as an 
immune indicant in several species of molluscs [5–8]. PO 
can be found in the haemolymph in its inactive form called 
prophenoloxidase (proPO) and is activated by external 
components of some microorganisms [9]. Melanisation is 
in a relation with PO and requires the activation of proPO 
in invertebrates [10, 11].

The Dicrocoeliidae is a large family that includes more than 
400 species [12]. Dicrocoeliid trematodes (DTs) can be found 
in the liver, bile ducts, gall bladder, pancreas, and intestines 
of their final hosts [13]. The most well-known member of the 
family is Dicrocoelium dendriticum, also known as the small 
lancet fluke usually seen in the bile ducts of ovine. Cercariae 
and metacercariae, which are larval stages of D. dendriticum, 
occur in the first intermediate host – snails, and in second 
intermediate hosts – ants, respectively. Zoonotically, humans 
could be the final host and may become infected with 
D. dendriticum without showing any clinical symptoms [14].

Helix lucorum, known by the common name ‘big garden 
snail’ is a terrestrial pulmonate gastropod mollusc. Helix 
spp. are of interest to industrial farming, in demand with 
the food, pharmaceutical, and other industries [15]. Besides 
its economic value, land snails are intermediate host to DTs 
which infect mammals, reptiles, amphibians, and birds. 
The main physical barrier of H.  lucorum is the shell and 
mucus which cover the soft body of the snail. The internal 
defence mechanisms of molluscs involve; phagocytosis, 
nodule formation, pearl formation, encapsulation, atrophy, 
and necrosis. Humoral parts of molluscan immunity are 
consisted by lysosomal activity, lectins, and the phenoloxidase 
system [16].

The effect of the larval forms of DTs parasitisation on PO 
activity in the land snail has not yet been determined. In the 
present study, PO activity were measured in the haemolymph 
of big garden snails, Helix lucorum, which were naturally 
infected with DTs. PO levels were also determined in the 
light and dark shell coloured snail’s haemolymph.

MATERIALS AND METHOD

Sampling and identification. Samples of terrestrial snails 
Helix lucorum (n=200) were collected by hand picking from 
their natural habitats, rural areas close to streams during 
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the period May – June 2019 in Bitlis, Turkey. Only adult 
size snails were selected for the experiment. The snails were 
identified according to Schütt [17]. Larval stages of DTs were 
recognised under the microscope (Leica DM500, Germany) 
and identified according to Olsen [13].

Experiment set-up. The land snails were kept in moistened 
handmade plastic terrariums for haemolymph collection and 
dissection. All the snails were numbered 1 – 200. Haemolymph 
collection was performed according to Renwrantz et al. [18]. 
Haemolymph samples were kept in 0.5 ml eppendorf tubes 
on ice and were used freshly for the phenoloxidase activity 
assay. Following the haemolymph collection, the snails 
were removed from their shells and digestive glands were 
disrupted. The dissection process was performed according to 
Segun [19]. In order to avoid the effect of natural infestation 
with nematodes, the snails were examined for nematode 
infection by microscopic examination of the digestive glands.

Phenoloxidase (PO) activity assay. PO activity assay 
was performed using non-infected and DT infected Helix 
lucorum. PO activity in the non-infected snails was used 
as a control. The colour effect (melanisation) on the snail 
immunity was analysed using light and dark morph of the 
non-infected snails.

PO activity assay was carried out using the classical 
spectrophotometric procedure based on 3,4-Dihydroxy-
L-phenylalanine (L-dopa) hydrolysis and performed as 
previously described, with some modifications [20]. Firstly, 
40 µl of haemolymph was mixed with 40 µl of 1X phosphate 
buffered saline (PBS) on ice. A total of 80 µl sample aliquots 
were placed in cuvettes containing 280 µl of ic-cold distilled 
water and 40 µl of 1X PBS. In short, 40 µl of ice cold L-DOPA 
(Sigma-Aldrich, Germany) were added to each well to start the 
reaction. PO oxidizes L-DOPA which results in an increase 
in the absorbance of the samples. Photometric measurement 
was performed immediately to the prepared cuvettes at 
490 nm in a spectrophotometer device (SpectroScan 60DV) 
resulting 0h values. The covered cuvettes were incubated 
at 30oC in an incubator for 45 mins (species specific time 
which the increase in absorbance is linear, data not shown). 
After the incubation period, the photometric measurement 
process was performed again at 490 nm. PO activity value 
was then calculated by subtracting the 0h value from the 
species specific time value. The change in the absorbance 
was recorded as microunits. All the measurements were 
performed in triplicate.

Statistical analysis. All experiments were performed in 
triplicate. The mean and standard error (SE) were calculated.
The data acquired from the results of the PO acitivity assay 
were statistically analyzed by one-way analysis of variance 
(one-way ANOVA) to identify differences between groups. 
Differences were considered statistically significant when 
*p<0.05.

RESULTS

Identification and prevalence. Second-generation sporocysts 
(A, B) and cercariae (A, B, C, D) of dicrocoeliid trematodes 
(DTs) were found in the digestive glands of Helix lucorum at 
the rate of 20% (Fig. 1). Nematode infections were determined 

in three land snails and these samples were excluded from 
the study to avoid any interference.

Levels of phenoloxidase (PO) activity The existence of PO 
activity was shown in the haemolymph of Helix lucorum. 
The PO activity levels in larval forms of DT infected snails 
were significantly (*p<0.05) higher compared to those non-
infected (Fig. 2). Shell colours of 41 non-infected snails were 
significantly lighter or darker than the rest. PO activity levels 
of dark shell coloured snails tended to be slightly higher. 
However, no statistically significant effect of colour was 
observed as regards the PO activities in the snails (Fig. 2); 
therefore, the colour of the snail shell and its effect on the 
snail’s immune defence were not taken into consideration.

DISCUSSION

In the invertebrates, POs mediate physiologically important 
processes, such as wound healing, sclerotization, and most 
important immune defence reactions and comprehensive 
information about the role of PO in immunity is notably 
available for insects and crustaceans [10, 21, 22]. The role of 
the PO activity in controlling infection by trematode parasites 
is still poorly understood in molluscs, and clarification of 
this process is important for understanding the defence 
mechanisms present in the intermediary host. The current 
study provides new data on PO activity in the haemolymph 
of Helix lucorum species which have a commercial value.

The land snail, Helix lucorum, can be found in the whole 
of Anatolia, Iran, and Caucasia, as well as in Central France. 
These land snails are abundant in humid conditions, riverine 
grasslands, forests, gardens, and orchards [23]. Dicrocoeliid 
trematodes (DTs) are parasitic organisms of amphibians, 
reptiles, and mammals, including humans, and land snails 
are the first intermediate host for DTs [13,14]. Previous 
prevalence studies conducted in Turkey showed that the 
infection rates of the larval stages of DTs in H. lucorum were 
4.6%, 7%, 4.9%, and 22% in Eskisehir, Bartin, Afyonkarahisar, 
and Van, respectively [24–26]. In the presented study, the 
infection rate with the larval stages of DT was found to be 
20% in Bitlis, Turkey (Fig. 1).

In the current study, the immune defence of the land 
snail was quantified by directly measuring the PO activity 
using L-DOPA as a substrate. When considering the results 
of PO activity, there was a significant difference observed 
in larval forms of DT infected snails compared with those 
non-infected (Fig. 2). PO activity could be increased due to 
detrimental and harmful effect of larval forms of DT in the 
land snail, since POs mediates wound healing and immune 
reactions in invertebrates [3, 10].

In the present study, only adult size snails were collected 
in a two months period since the PO activity of molluscs 
could differ due to the effect of different ages and seasons 
[27, 28]. Land snails reach a definite adult size, and then stop 
growing. Therefore, unless they are raised in a laboratory, it 
is not possible to determine the exact age of the snails.

Invertebrates employ phenoloxidase for melanin 
biosynthesis. Melanisation is considered a natural immune 
response in invertebrates due to it ‘s role in eradicating 
invader pathogens [29, 30]. Shell colour polymorphism is a 
widespread characteristic feature that can be seen in various 
land snails [31, 32]. It has been reported that no statistically 
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significant effects of colour were found in PO activity between 
light and dark morph of helicid snail species [33, 34]. In the 
present study, shell colours of 41 non-infected snails were 
significantly lighter or darker than the rest, likewise, there 
was no statistically significant effect of shell colour observed 
in PO activity. However, slight increases were detected in 
dark shell coloured snails compared with the values found 
in light shell coloured samples (Fig. 2).

CONCLUSION

The study shows that phenoloxidase (PO) is involved in the 
immune reaction of Helix lucorum to parasitic infestation 
by larval forms of dicrocoeliid trematode (DT). This finding 
supports the idea that a PO mediated immune defence 
mechanism could be important for the land snail to survive 
while larval forms of the parasite exist in its digestive glands. 

Figure 1. Second-generation sporocysts (A, B) and cercariae (A, B, C, D) of dicrocoeliid trematodes (DTs). Arrows show second-generation sporocysts. Magnification: 
A, B and C; x40 and D; x100.

Figure 2. Phenoloxidase (PO) activity present in the haemolymph of Helix lucorum; 
non-infected (control), larval stages of dicrocoeliid trematodes (DTs) infected (A), 
non-infected medium shell coloured (B), non-infected light shell coloured (C), and 
non-infected dark shell coloured (D). Datas represent mean + standart error (SE). 
Asterisk shows statistically significant difference (*p<0.05)
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Future work will help to reveal how PO-dependent defence 
mechanisms take place in the land snail, and more about 
the vital relations between the larval forms of DTs and the 
land snail in nature.
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