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Abstract
-

tised Black Sea whiting Merlangus merlangus euxinus
Hysterothylacium aduncum. 

Antioxidant enzyme activities (superoxide dismutase (SOD), catalase (CAT), peroxidase (PER), 

Introduction 
Parasites may have considerable impact on 
physiological and biochemical processes in 
their hosts and can reduce their health and vi-
ability. Marine coastal areas, which are the main 

and pathogens, which generally are considered 

-
-

scarce (Dautremepuits et al., 2002). 

Black Sea whiting Merlangus merlangus euxinus 
(Nordmann) (Gadidae) is an important com-
mercial species in the Black Sea and it is the host 

Hysterothylacium aduncum (Ru-
dolphi, 1802). Whiting plays an important role 

species but catches are limited and estimated to 

greater (Ivanov and Beverton, 1985).
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Hysterothylacium aduncum is a widely distribut-

Adult anisakids are localised in the stomachs 

.

In general, various biochemical parameters 
-
-

(Martinez-Alvarez et al., 2005). Among these 
parameters, blood and hepatic biochemical 
characteristics have been used as early warning 

-

 
et al., 2011). To protect against oxidative stress 
caused by many biotic and abiotic parameters, 

dismutase (SOD), catalase (CAT), peroxidase 
(PER) and glutathione (GSH) related enzymes 
(glutathione reductase (GR), glutathione peroxi-

(Livingstone, 2001; Adeyemi, 2014). Parasite 
-

2006), immune response (  et al., 2011) 
and antioxidant activities (Dautremepuits et 
al., 2003; Rudneva et al., 2004). However, the 

-

their interactions are needed. 

Black Sea whiting Merlangus merlangus euxinus 
Hysterothylacium 

aduncum. For this purpose we compared physi-
-

in red blood cells and in the liver as biomarkers 

Materials and methods
Black Sea whiting was caught using deep trap 
during the winter period in the coastal waters 
in the Sevastopol region (Black Sea, Crimea). 
Fish were immediately placed in the aerated 
tanks containing original marine water and 
transported to the laboratory. 

-
rial puncture and serum was separated, where-

and standard length, the total weight and the 
somatic weight (weight without organs), and 

-
ic indices (HSI), spleen somatic indices (SSI) 

somatic weight) were calculated according to 

macrocospically according the standard par-

(Byhovskaya-Pavlovskaya, 1985). 

The red blood cells (RBC) were processed as 
we described previously (Rudneva, 1997). Liver 
was washed in cold 0.85% NaCl solution several 
times, then homogenised in a physiological 
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solution (1:5 w/v) using glass homogeniser. 

Antioxidant activities (SOD, CAT, PER, GR, 
GST) in the liver extracts and RBC were deter-
mined according to methods described previ-
ously (Rudneva, 1997; Rudneva et al., 2012). 
A spectrophotometer (Specol-211, Carl Zeiss, 

-

ANOVA to determine means +/-SEM (standard 

Results 

animals are present in Table 1. The HSI value 

healthy, while SSI demonstrated the opposite 

. GR activity tended to grow in parasitised 

PER activity was observed in RBC between 
 

tended to increase, but SOD activity tended to 

Discussion 

and the spleen play an important role. HSI and SSI 
-

aptation to stressors including parasites. The main 
 a well-developed spleen, 

in which immune cells develop and are stored 

spleen is a secondary lymphatic and erythrocyte 
reservoir and scavenging organ, haematopoiesis, 
antigen degradation and antibody production are 

used as a simple measurable immune param-
eter with a potential role in immune response 

2002; Kortet and Taskinen, 2004). In carp Cyprinus 
carpio

Diplostomum 
species and relative spleen size. A weak cor-
relation was shown between spleen size and 

connected with the toxic impact on the organ by 
parasite metabolites. Contradictory, enlargement 

 Salvelinus 
alpinus (L.) was postulated by Seppänen et al. 
(2009). Researchers proposed that it could most 
probably be explained by increased leucocyte 
synthesis. 

Liver plays an important role in the process 

-
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impact on this organ. It is in agreement with the 

pathogens. Enlargement in liver size in the 
Diplostomum 

by Seppänen et al. (2009). Chronic parasite 

metabolic rate. The authors proposed that the 
S. alpinus may 

-

biochemical regulation by the liver, especially 
with a possible reduction in insulin sensitivity 

metabolic activity in the liver caused the in-

HSI correspondingly. 

adapted to parasite invasions and the changes 

H. aduncum 

 Seppänen et al. (2009).

Table 2.
whiting (Mean ± SEM).

Parameter

RBC Liver

Non-infected  
n=7

Infected  
n=14

Non-infected  
n= 9

Infected  
n=20

SOD, arbitrary units/per min 159.34 ± 25.4 264.29 ± 30.45* 116.4 ± 29.47 99.77 ± 13.34

2 2/per min 0.23 ± 0.01 0.37 ± 0.06* 0.04 ± 0.02 0.12 ± 0.02*
PER, optical units/per min 3.06 ± 0.31 3.46 ± 0.32 0.047 ± 0.018 0.1 ± 0.02
GR, nmol NADPH/per min 6.78 ± 2.2 12.39 ± 2.6 4.1 ± 1.0 5.6 3± 1.1
GST, nmol conjugate/per min 6.68 ± 2.14 31.36 ± 4.47* 27.87 ± 4.37 13.21 ± 2.31*

Enzyme activities were calculated per mg protein in liver, per mg hemoglobin in RBC;

Table 1.
(Mean ± SEM).

Parameter Non-infected, n=15 Infected, n=48
15.41 ± 0.47 15.01 ± 0.78

HSI, % 4.12 ± 0.25 5.05 ± 0.32*
SSI, % 0.11 ± 0.005 0.09 ± .004*
CF, % 0.76 ± 0.02 0.77 ± 0.02

HSI –
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-
lenza et al., 2008; Bello et al., 2000; de Faria et 
al., 2014). The response in host is characterised 

leykocytes (“respirative burst”). Superoxide 
-

tion reactions and simultaneously are the source 

2O2, OH- and HOCl radicals involved in 

Black Sea turbot 
cestode Botriochephalus gregarious (Rudneva 
et al., 2004). 

CAT, PER and GR were shown in the liver and 

al. (2002; 2003), who documented the eleva-

Cyprinus carpio L. parasitised 
with cestode Ptychobothrium sp., compared 

Abramis brama
Ligula intenstinalis L. (Cestoda) (Mikraykov and 
Silkina, 2006) and in Black Sea sprat 

H. 
aduncum (Skuratovskaya and Zav’yalov, 2006). 

enzyme activities CAT and SOD were observed 
 Rhamdia 

quelen Clinostomum detruncatum 
(Bello et al., 2000). 

GST plays a protective role against oxidative 

secondary ROS intermediates. High GST activ-

with the nematode. 

-
tode H. aduncum
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