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ABSTRACT 

Cystic echinococcosis is a prevalent helminth-zoonosis that poses a significant threat to human and animal health 
worldwide. Although it typically shows an asymptomatic clinical course, it has been reported to cause many damages 
and biochemical changes in tissues and organism. The aim of this study was to investigate the concentrations of 
nitric oxide (NO), reduced glutathione (GSH), malondialdehyde (MDA), ceruloplasmin (Cp), and total sialic acid 
(TSA) in sheep liver tissue affected by cystic echinococcosis. The study was carried out on sheep between 4-5 years 
of age brought to the slaughterhouse in the Igdir territory. The livers were examined post-mortem for cystic 
echinococcosis and cystic structures. Sheep liver tissues that tested positive for protoscolex were designated as the 
‘infected group’, while healthy sheep liver tissues without lesions were assigned to the ‘control group’. The results 
showed significantly higher levels of NO, MDA, Cp and TSA in the infected group compared to the control group 
(p<0.05), while GSH levels were significantly lower (p<0.05). These findings indicate that cystic echinococcosis in 
sheep is closely associated with mechanisms of inflammation, oxidative stress, and tissue damage. Moreover, our 
study provides insights into the oxidative response of cystic echinococcosis in liver tissue and enhances our 
understanding of the disease’s pathogenesis. 
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*** 

Hidatik Kistli Koyun Karaciğer Dokusunda Malondialdehit, Nitrik Oksit, İndirgenmiş Glutatyon, Sialik 
Asit ve Seruloplazmin Düzeylerinin Belirlenmesi 

 
ÖZ 

Kistik ekinokokkoz, dünya çapında insan ve hayvan sağlığına ciddi bir tehdit oluşturan yaygın bir helmint-
zoonozdur. Genellikle semptomsuz bir klinik seyir göstermesine rağmen, birçok doku ve organizmada hasara ve 
biyokimyasal değişikliklere neden olduğu bildirilmiştir. Bu çalışmanın amacı, kistik ekinokokkoz etkisi altındaki 
koyun karaciğer dokusunda nitrik oksit (NO), indirgenmiş glutatyon (GSH), malondialdehit (MDA), seruloplazmin 
(Cp) ve toplam sialik asit (TSA) konsantrasyonlarını araştırmaktı. Çalışma, Iğdır bölgesinde kesimhaneye getirilen 
4-5 yaş arası koyunlar üzerinde gerçekleştirildi. Karaciğerler, ölümden sonra kistik ekinokokkoz ve kistik yapılar için 
incelendi. Protoskol eksisi pozitif çıkan koyun karaciğer dokuları "enfekte grubu" olarak adlandırıldı, lezyon 
olmayan sağlıklı koyun karaciğer dokuları ise "kontrol grubu" olarak atanmıştır. Sonuçlar, enfekte grubun NO, 
MDA, Cp ve TSA seviyelerinin kontrol grubuna göre önemli ölçüde yüksek olduğunu gösterdi (p<0.05), buna 
karşın GSH seviyelerinin önemli ölçüde düşük olduğunu ortaya koydu (p<0.05). Bu bulgular, kistik ekinokokkozun 
koyunlarda iltihaplanma, oksidatif stres ve doku hasarı mekanizmalarıyla yakından ilişkili olduğunu göstermektedir. 
Ayrıca, çalışmamız kistik ekinokokkozun karaciğer dokusundaki oksidatif yanıtını anlamamıza ve hastalığın 
patogenezi hakkındaki anlayışımızı artırmamıza yardımcı olmaktadır. 
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INTRODUCTION 
 

Echinococcus granulosus (E. granulosus) is a cestode 
parasite that primarily resides in the intestines of 
wolves, jackals, foxes, dogs, and cats. The parasite’s 
eggs are excreted into the environment through the 
feces of infected carnivores (Craig et al. 2007). The 
main mode of transmission is the consumption of food 
contaminated with feces containing parasite eggs. 
Additionally, uncontrolled contact with contaminated 
items or intermediate hosts can also contribute to 
transmission. Upon oral ingestion, the eggs form 
oncospheres due to the action of stomach acid. These 
oncospheres then travel from the small intestine to the 
liver through the portal vein, where they invade and 
develop. Oncospheres that enter the circulation can 
also settle in various organs such as the brain, eyes, 
lungs, heart, kidneys, spleen, pleura, and bones. The 
clinical manifestation that occurs in the intermediate 
host organism, resulting from the growth of larvae 
derived from settled oncospheres in the intermediate 
host organs, is known as cystic echinococcosis (Mc. 
Manus et al. 2003; Oku et al. 2004; Craig et al. 2007; 
Ersayit et al. 2009). 
Diagnosis of cystic echinococcosis typically involves 
the use of radiology, ultrasonography (USG), and 
serological methods. However, it can often be 
misdiagnosed as a tumor, abscess, or other types of 
cysts (Nart 2004; Şener et al. 2004; Özcel et al. 2007). 
In animals, the definitive diagnosis of cystic 
echinococcosis is often not cost-effective or practical. 
Generally, cystic echinococcosis is an asymptomatic 
disease in animals and is frequently detected during 
postmortem examinations in slaughterhouses. Despite 
being asymptomatic, cystic echinococcosis poses 
significant economic losses and health risks, making it 
a highly important parasitic disease ( Gıcık et al. 2004; 
Latif et al. 2010; Demir and Mor 2011; Saadi et al. 
2020). 
Cystic echinococcosis is a prevalent helminth-zoonosis 
that poses a significant threat to human and animal 
health worldwide. In Turkey, factors such as extensive 
sheep farming, inadequate wildlife control, and 
insufficient implementation of control measures (such 
as parasitic spraying and breeder education) contribute 
to the high prevalence of cystic echinococcosis ( Yıldız 
and Gürcan 2003; Gıcık et al. 2004 ).  
In parasitic infestations, the disruption of the 
antioxidant defense balance leads to an increased 
production of reactive oxygen species, which can cause 
damage to host cells. Various studies investigating 
different parasitic agents have reported changes in 
antioxidant levels and the occurrence of oxidative 
stress during infestations. Lipid peroxidation (MDA) 
and other oxidative stress mechanisms (Cp, NO, TSA, 
and GSH) have been implicated in the pathogenesis of 
several parasitic diseases affecting animals ( Sanchez-
Campos et al. 1999; Kilic et al. 2003; Derda et al. 2004; 

Kolodziejczyk et al. 2006; Şimşek et al. 2006; Kaya et 
al. 2007;  Gabrashanska et al. 2008; Saleh 2008; Saleh 
et al. 2009; Dimri et al. 2010; Heidarpour et al. 2012). 
Numerous studies have documented the occurrence of 
oxidative stress in parasitic diseases (Boczon et al. 
1996; Shousha et al. 1999; Sanchez-Campos et al. 1999; 
Derda et al. 2004; Şimşek et al. 2006; Saleh, 2008; Saleh 
et al. 2009; Dimri et al. 2010). Moreover, oxidative 
stress plays a significant role in the general 
pathogenesis of various liver diseases. Assessing 
oxidative damage in live animal liver tissue is 
challenging, which is why oxidative stress markers are 
often measured in blood and blood products in such 
diseases. 
Several studies have been conducted to determine the 
antioxidant and oxidative stress markers in the blood 
of humans, cattle, sheep, and camels with cystic 
echinococcosis (Kilic et al. 2010; Heidarpour et al. 
2012, Heidarpour et al. 2013 a, b; Mahmood et al. 
2020). In contrast, some studies suggest that direct 
detection methods are more reliable for evaluating 
antioxidant status and oxidative stress (Fang et al. 
2002; Değer et al. 2008; Aslam et al. 2023). However, 
there is a lack of reports on direct tissue analysis of 
oxidative stress and antioxidant defense systems 
specifically related to cystic echinococcosis in sheep. 
In recent years, the veterinary field has seen increased 
investigation into oxidative stress parameters such as 
MDA, NO, and GSH, as well as acute phase proteins 
like TSA and Cp. However, there is still limited 
research on how these parameters change in parasitic 
conditions such as cystic echinococcosis, which 
continues to pose a risk in industrial livestock farming 
and has zoonotic implications. Therefore, the current 
study aims to investigate the levels of liver MDA, Cp, 
NO, TSA, and GSH in infected sheep, with the goal of 
assessing the oxidative response and providing insights 
into the pathogenesis of the disease. 
 

MATERIALS AND METHODS 
 

The study utilized liver samples obtained from 
between sheep 4-5 years of age brought to the 
slaughterhouse from sheep farms in the Iğdır territory. 
Prior to inclusion in the study, a comprehensive health 
examination was conducted on all sheep brought for 
slaughter. After slaughtering the animals, all organs 
were examined to identify hydatid cysts, and only 
sheep with liver cysts were included in the study. 
During sample collection, particular attention was 
given to ensuring that each liver had at least three cyst 
foci. The cyst contents of these samples were 
examined under a microscope for parasitological 
analysis, and a total of 40 sheep livers with positive 
protoscoleces (fertile cysts) were assigned to the 
experimental group. The control group consisted of 10 
sheep livers that did not show any pathological lesions 
during general organ examinations and appeared 
healthy in the physical examination. 
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Tissue samples from the study group were taken from 
the cyst site and cyst membrane, measuring 
approximately 1 cm³ in size. Tissue samples from the 
control group were obtained from the middle lobe of 
the liver, also measuring approximately 1 cm³. All 
samples from both groups were stored at -20 °C for 
further analysis. 
 
Homogenization of Liver Tissue 
Tissue sample taken from liver were immediately fixed 
with PBS (7.4 pH) at +4 °C and homogenized at 290 
g for 3 minutes with the help of a cooling homogenizer 
(Wiggen-Hauser D-500, Germany). During 
homogenization, the samples were kept in ice for 15-
20 seconds once a minute to prevent heating. The 
homogenates were centrifuged for 15 minutes at 4 °C 
at 2400 rpm (Hermle Z 326 K, Germany), and the 
supernatants obtained were stored at -80 °C until 
analyzed. 
 
Biochemical Analyses 
The concentrations of nitric oxide (NO), reduced 
glutathione (GSH), malondialdehyde (MDA), 
ceruloplasmin (Cp) and total sialic acid (TSA), 

respectively, Miranda et al. (2001), Beutler et al. (1963), 
Yoshioka et al. (1979), Colombo and Richterich (1964) 
and Sydow et al. (1988) spectrophotometrically 
measured (Epoch®, Biotek, USA) according to the 
method reported. 
 
Statistical Analysis 
The data of the study were statistically evaluated using 
the SPSS 20.0 (SPSS Inch. Chicago, IL, USA) package 
program. Kolmogorov-Smirnov test was performed 
and it was determined that the groups showed normal 
distribution. Student’s t test was used to compare 
groups.  
 

RESULTS 

Table 1 displays the levels of MDA, NO, GSH, Cp, 
and TSA obtained from sheep livers with hydatid cysts 
(Figure 1) and healthy sheep livers. In comparison to 
the control group, the infected group exhibited 
significantly higher levels of MDA, TSA, Cp, and NO, 
along with lower levels of GSH (p<0.05). The disparity 
between the measurements was particularly significant 
in the MDA and TSA parameters (p<0.001).

 
Table 1. Malondialdehyde (MDA), reduced glutathione (GSH), nitric oxide (NO), ceruloplasmin (Cp) and total sialic 
acid (TSA) levels in liver tissue.  

Parameters Control group Infected group P value 

MDA (μmol.g-1 wet tissue) 0.61±0.14 x 2.28±0.24y p<0.001 

TSA (mg.g--1 wet tissue) 0.83±0.12 x 1.34±0.08 y p<0.001 

Cp (mg.g-1 wet tissue) 0.27±0.11 a 0.73±0.09 b p<0.05 

NO (μmol.g--1  wet tissue) 0.83±0.05 a 1.29±0.09 b p<0.05 

Reduced GSH (μmol.g-1 wet tissue) 5.84±0.36 a 4.66±0.19 b p<0.05 

* The difference between groups with different (a, b) signs in the same lines is significant (p<0.05). 
**The difference between groups with different (x, y) signs in the same lines is significant (p<0.001). 

 

 

 

Figure 1: Sheep liver samples with hydatid cyst after slaughter at the abattoir. 
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DISCUSSION 
 

Cystic echinococcosis is a parasitic and zoonotic 
disease that exhibits a higher incidence in regions 
where traditional sheep breeding is common and rural 
populations are concentrated. Typically, cystic 
echinococcosis has an asymptomatic clinical course. 
Various studies have demonstrated that parasites can 
induce biochemical changes by damaging the tissues 
and organs they inhabit (Mert et al. 2003; Ayaz et al. 
2006; Şahin and Akgül 2006). 
One of the reactions observed in cellular damage 
caused by free radicals is lipid peroxidation in cell 
membranes. Elevated levels of MDA, an end product 
of lipid peroxidation, are considered an indicator of 
oxidative damage in multiple tissues and organs. Aslam 
et al. (2023) found significantly higher concentrations 
of MDA (p<0.05) in cystic echinococcosis cysts and 
infected buffalo liver tissues compared to uninfected 
liver tissues in their study. Similarly, in the present 
study, it is hypothesized that cystic echinococcosis 
cysts cause significant cellular damage in liver tissue 
due to their space-occupying effect and mechanical 
pressure. This damage is believed to be the underlying 
cause of the elevated MDA levels, which serve as a 
strong indicator of oxidative stress due to increased 
lipid peroxidation. In our study, infected sheep 
exhibited higher MDA levels compared to the control 
group. Moreover, it is worth noting that several studies 
conducted with humans, camels, cattle, and sheep 
infected with Echinococcus granulosus have also 
reported significantly higher MDA levels compared to 
healthy individuals, which supports the findings of our 
study (Heidarpour et al. 2012, 2013a; Merhan et al. 
2017; Aslam et al. 2023). 
Acute-phase proteins serve as clinically useful and 
convenient biochemical markers for disease diagnosis, 
treatment, and prognosis monitoring (Nakajima 1993; 
Mc Pearson 1996; Gruys et al. 1994; Floris et al. 2000; 
Bozukluhan et al. 2020). Additionally, sialic acid 
undergoes significant changes in diseases associated 
with tissue damage or inflammation, where the acute-
phase response is stimulated. The level of sialic acid is 
considered an indicator of the acute-phase reaction 
due to its structural characteristics (Erdogan et al. 
2008; Yarım et al. 2010). Studies have shown that 
serum TSA levels increase in buffalo and cattle 
naturally infected with cystic echinococcosis (Yarım et 
al. 2010; Mohammadpour et al. 2021). In our current 
study, we observed statistically significant elevation 
(p<0.001) in TSA concentrations in the cystic 
echinococcosis-infected group compared to the 
control group. We attribute this increase to the 
induced acute-phase reaction triggered by parasitic 
infection. 
Peptide-structured glutathione (GSH), which can be 
synthesized in the liver, plays a crucial role in the 

antioxidant defense system that combats oxidative 
damage caused by free radicals and peroxidases 
(Karaman et al. 2008; Koltas et al. 2008). During 
parasitic infections, the glutathione system 
demonstrates its protective effect against the 
detrimental effects of lipid peroxidation by interacting 
with free radicals and peroxides (Dede et al. 2000; 
Değer et al. 2008). Previous studies conducted on 
cattle infested with Dictyocaulus viviparus (Değer et al. 
2008), goats naturally infected with Haemonchus 
contortus (Rashid and Irshadullah 2019), and buffaloes 
infested with Fasciola gigantica (Rehman et al. 2021), 
as well as cystic echinococcosis-infected buffaloes 
(Kolodziejczyk et al. 2006), have reported a decrease in 
GSH concentration in serum or liver tissue 
examinations, highlighting the history of liver tissue 
damage in the pathogenesis. In our study, we also 
found lower liver tissue GSH concentrations (p<0.05) 
in the infected group compared to the control group, 
aligning with the findings of the aforementioned 
research. We believe that this observation is a result of 
the reaction occurring with the protective effect of 
GSH as an antioxidant in response to the oxidative 
stress induced by the damage to cells, tissues, and 
organs infested with cystic echinococcosis. 
Ceruloplasmin (Cp) is another important acute-phase 
protein for sheep (Bozukluhan et al. 2018; Ulutaş et al. 
2008). In certain infections, it has been reported to 
increase up to half of the normal value (Nispet et al. 
2008). In addition to its acute-phase protein properties, 
Cp is involved in the transport of antioxidants and 
copper in the bloodstream (Ulutaş et al. 2008; Gökce 
and Bozukluhan 2009; Tuna and Ulutaş 2015). This 
characteristic makes it a potential diagnostic marker for 
diseases (Erkılıç et al. 2019; Kırmızıgül et al. 2020). In 
a study conducted by Nisbet et al. (2008) in cattle with 
cystic echinococcosis, they found that serum Cp levels 
were higher in the patient group compared to the 
group of healthy animals. Similarly, in a study by Eser 
et al. (2013) in individuals with pulmonary 
echinococcus (PE), they reported higher Cp values in 
the PE group compared to the healthy group. They 
also observed a significant decrease in Cp values in the 
PE group after surgical removal of the cysts, compared 
to the initial values obtained from the patients. In our 
study, the concentration of Cp in the cystic 
echinococcosis-infected group was found to be higher 
than in the control group (p<0.05). This elevation is 
likely attributed to the inflammatory changes 
associated with cystic echinococcosis. 

 
 

CONCLUSION 
 

In conclusion, the significant differences observed in 
MDA, NO, GSH, TSA and Cp levels in cystic 
echinococcosis-infected sheep liver tissues compared 
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to healthy sheep indicate the presence of significant 
oxidative stress in the livers of infected sheep. In 
addition, it is thought that direct measurement of these 
parameters from liver tissue may be a more reliable 
diagnostic method. 
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