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activity in the nematode parasite (Contracaecum 
sp.) and its host, cod (Gadus morhua)
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Abstract
-

Contracaecum 
Gadus morhua) and its nematode parasite. Fish were caught in three areas 

Introduction
The Baltic is endangered by pollution more than 
other marine areas, because it is almost totally 

-
cological problems in the marine environment 

-
rines) and high toxicity (organophosphates and 
carbamates) (Bocquene et al., 1995) to aquatic 

Baltic cod (Gadus morhua -

-
todes in Baltic cod has been observed (Buch-

these is Contracaecum osculatum which occurs 
in the liver (Szostakowska et al., 2005; Haarder 
et al., 2014; Nadolna and Podolska, 2014) and 

(Lumsden et al., 1979). However, the presence 

acetylcholinesterase (AChE) activity was re-
-

monitoring (Podolska and Napierska, 2006). 

involved in nerve impulse transmission whose 
main role is to regulate acetylcholine (ACh) 

to tetany, paralysis or death (Kirby et al., 2000). 

AChE inhibition by carbamate and organo-
phosphate pesticides or other neurotoxicants. 
Simultaneous AChE activity measurement in 
host–parasite systems: herring (Clupea harengus) 
and Anisakis simplex nematode (Podolska and 
Napierska, 2006; Podolska and Nadolna, 2014) 
or cod and acanthocephala: Echinorhynchus gadi 
(Podolska et al., 2014) gave more complex re-
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However, no study on this neuro-regulator in 
Contracaecum sp has been conducted.

Contracaecum sp (L3). A secondary aim was to 
determine whether the AChE activity response 

Contracaecum sp.) 
system varied according to sampling region and 

Material and methods 
Collection of samples
During the survey in February 2012 samples 

across the 3 areas in the southern Baltic: western 

-
ological parameters were recorded: total body 

calculated:

3) × 100

were removed, rinsed with physiological NaCl 
solution and examined using a Nikon SMZ 

on anatomo-morphological characteristics 

Contracaecum sp. (L3) were collected 

-

Preparation of tissue homogenates

-
nized using a mechanical blender. The cholin-

-

g

Determination of enzyme activity 

the method described by Ellman et al. (1961) 

kinetics were monitored at 412 nm using an 
absorbance microplate reader (iMark, Bio-Rad). 

(pH 7.0), 0.01 M DTNB [5,5-dithiobis(2-nitro-

2.6 mM ACTC (acetylthiocholine iodide). For 

hydrolysis was measured in a blank without 
homogenate. The protein concentration was 

using Protein Kit II (Bio-Rad) and bovine serum 
albumin as the protein standard.
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Statistical analysis

host and parasites was analyzed using simple 
linear regression, with ln AChE activity in 
parasite as a response variable and ln AChE 
activity in cod as explanatory variable. Com-
parisons between AChE activity in the host 

carried out using a two-sample non-parametric 

was accepted at p
biomarker responses. All statistical analyses 

Results

Contracaecum sp. L3 
-

p < 0.05). AChE activity 
showed an inverse relationship in the host–
parasite system: the highest mean values in 

Figure 1.



to the lowest mean enzymatic activity in par-
asites 

vice versa
Gdansk (Table 2). 

Enzymatic activity was higher in male than in 

Contra-
caecum sp. L3 were at a similar level in the 

protein, respectively) (Figure 2a). The greatest 

Contracaecum 
-

mg protein on the east Polish EEZ (Fig. 2c). 
-

host (Figure 3).

Discussion
Exposure to several toxic compounds can be 

Table 1.

 

 

No. of 
sh

Total body length 
[cm]

Body 
condition 

factor

Sex 
composition 

[%]

Gonad 
stage

(Maier’s 
scale)

Mean Min Max Mean ±SE 1 2 Min Max
Bornholm 11 43.09 36 55 0.903 0.037 63.64 36.36 2 4
Central PL EEZ 13 0.027 76.92 2 4

14 44.71 37 59 0.030 57.14 2 4

Total 44.47 36 59 47.37 52.63 2 4

Table 2.
parasites (Contracaecum 

 
 
 

No. of sh
samples

No. of 
parasite 

sample sets

AChE activity
Host Parasite

Mean ±SE Mean ±SE
Bornholm 11 16 13.34 1.31
Central PL EEZ 13 20 77.95 5.56 4.46

14 23 75.22 7.90

Total 59 5.36 1.69
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Figure 2. Contracaecum sp. (parasite) and cod 
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measurement at biochemical or physiological 

-
ophosphorus and carbamate pesticides and 
other neurotoxins (Monserrat et al., 2001). Two 
cholinesterases exist in vertebrates: AChE and 
closely related BChE (butyrylcholinesterase). 

-

Only AChE has been detected in invertebrate 

-

obtain a more detailed response to the environ-
ment and to detect the polluted areas. 

In the present work, AChE activity in cod and its 

-

tion represented Contracaecum species based 
on anatomical and morphological characters. 
According to previously published genetic data, 
Contracaecum osculatum
the C. osculatum complex recorded in the Baltic 

et al., 2014). 

in environmental conditions appear to be in-
versely related. AChE activity showed a nega-

host–parasite system, whereas AChE inhibition 

-
A. simplex 

E. 
gadi (Podolska et al., 2014). In the studies dis-

Figure 3. Contracaecum sp.) 
(estimate –0.379, p = 0.019).
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cussed, the response in the host–parasite system 
A.simplex 

Contracaecum 
-

cavity (E. gadi – digestive tract and Contracaecum 
sp. L3 – liver) in the same host (cod). 

AChE activity depends on the biological param-

enzymatic activity was higher in male than 

by Podolska et al. (2014). In contrast to my 
E. gadi 

activity in A.simplex
also described (Podolska and Napierska, 2006). 

-
ments, the AChE activity is higher because 
enzyme activity is not inhibited by neurotox-
ins. A response dependent on the sampling 
area has been observed in the present study: 
the highest enzyme level in nematodes was 
accompanied by the lowest AChE activity in 

polluted area) and vice versa in near Bornholm 
Island (a relatively uncontaminated area). A 

 
A.simplex (Podolska and Napierska, 2006). The 
results are consistent with the risk assessment 

by Dabrowska et al. (2013), where sediments 

as the most contaminated with organochlorine 
pesticides, compared with other studied areas 

(Zbikowski et al., 2006; Polak-Juszczak, 2013), 
because accumulates neurotoxic compounds 

It is interesting that the divergence between 
measured AChE activity in the host–parasite 

sampled near Bornholm (unpolluted area) and 
Contracaecum 

-
nated area). Furthermore, males appeared to 
be more sensitive to contamination and their 
host–parasite response was stronger in the pol-
luted area. It seems that parasite AChE activity 
is due rather to changes in the host, than in the 
marine environment. 

Contracaecum 

The results suggest that the enzymatic response 

related. Also, the divergence between meas-
ured AChE activity in the host–parasite system 

Contracaecum sp. 
-
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