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Introduction
The pathological accumulation of abdominal fluid (ascites) is 

due to multiple causes often associated either with peritoneal and 
non-peritoneal diseases. In the process of ascites formation there 
is increased vascular permeability, decreased lymphatic resorption 
and gross change in the concentrations of functional proteins and 
metabolites. Liver cirrhosis is a chronic disorder in which ascites 
develop in advanced stages of the disease, where as in ovarian 
cancer, most of the cases develop ascites in the early stages after the 
onset of disease. Among malignant ascites, ovarian cancers are the 
most common primary tumors and sixth most common malignant 
neoplasm in women with highest mortality rate.1 Oxidative stress 
is caused by free radicals leading to oxidative destruction of poly 
unsaturated fatty acids constitutive of cellular membrane and give 
rise to lipid peroxides which are unstable and decompose to form 
reactive carbonyl compounds. Among them malondialdehyde 
(MDA) is the most abundant, and it readily combines with several 
functional groups on proteins and forms DNA-MDA adducts, which 
are highly mutagenic, cytotoxic, co-carcinogenic and acts as a tumor 

promoter.2–5 Oxidative stress induces cancer among the biological 
molecules and plays an important role in the pathogenesis of liver 
disease and other hepatic alterations.6 Intestinal permeability is 
increased in patients with cirrhosis and oxygen free radicals play an 
important role in gut epithelial damage. Hence measurement of MDA 
is widely used as an indicator of oxidative stress. The antioxidant 
enzyme superoxide dismutase (SOD) is widely distributed in the cells 
and present in higher levels in erythrocytes,7 and it plays an important 
role in scavenging and protects cells against superoxide radical by 
dismutation of the highly reactive superoxide anion to oxygen and 
less reactive oxygen species hydrogen peroxide.8 The low levels of 
SOD may be due to increased utilization of scavenger lipid peroxides. 
The imbalance between the free radicals and antioxidants results in 
oxidative stress. Ceruloplasmin is a copper binding protein which is 
increased in several carcinomas. 

Materials and methods
Informed consent 

This study was approved by the Institutional Ethics Committee 
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Abstract

Background: The pathological accumulation of abdominal fluid (ascites) is due to 
multiple causes often associated either with peritoneal diseases or non-peritoneal 
diseases. Oxidative stress is caused by free radicals leading to oxidative destruction 
of polyunsaturated fatty acids constitutive of cellular membrane. The present study 
was conducted to assess the oxidative stress and antioxidant status in ascitic patients 
with liver cirrhosis in comparison to patients with ovarian carcinoma. Serum and 
ascitic fluid concentrations of malondialdehyde (MDA), Superoxide dismutase (SOD/
gm.protein) and Ceruloplasmin (CP) was assessed in 375 ascitic patients, among them 
145 patients were females with ovarian cancer (Age 19-84yrs; mean age 49.85±11.75); 
230 were liver cirrhosis patients (178 males and 52 females age 20-75yrs; mean age 
46.59±10.82) and 150 subjects were healthy controls (91 males and 59 females age 
24-65yrs; mean age 43.31±8.51). MDA and SOD was estimated by manual methods; 
Ceruloplasmin(CP) was measured by immunoturbidometric assay using commercial 
kit. Significant increased levels of serum and ascitic fluid MDA and CP and decreased 
levels of SOD was observed in ovarian cancer patients when compared to that of liver 
cirrhosis and control group (p<0.001). Significant increased levels of serum MDA 
and decreased levels of CP and SOD was observed in liver cirrhosis patients when 
compared to that of control (p<0.001). 

Conclusion: It could be inferred from the experiments conducted that MDA and 
CP increased in ovarian cancer patients while there was a reduction in SOD. MDA 
showed the same trends in liver cirhossis patients however CP and SOD showed 
decreased levels in liver cirrhosis patients. Thus it is possible that CP could seem as a 
biomarker for screening of ovarian carcinoma. The financial implication for screening 
also would be affordable to the common man. Thus the most salient feature of this 
communication is identification of a suitable biomarker for screening ovarian cancer 
which is affordable. CP levels thus could prove a valuable assay for the screening, 
diagnosis and monitoring of ovarian cancer.

Keywords: ascites, liver cirrhosis, ovarian cancer, oxidative stress, Ceruloplasmin, 
biomarker, antioxidants
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of the hospital. Informed oral consent was obtained from each 
participant, after explaining the purpose of this study in their own 
language, before obtaining the blood sample.

Study Group

A total number of 375 ascitic patient’s venous blood and ascitic 
fluid samples were collected from confirmed cases of liver cirrhosis 
and ovarian cancer patients who were devoid of renal, Pancreatic and 
tuberculosis from Liver care unit of Osmania General Hospital, MNJ 
Institute of Oncology and Regional Cancer Centre and Basavatarakam 
Indo-American Cancer Hospital & Research Institute Hyderabad, 
over a period of two years from May 2014 to June 2016. Among 
them 145 patients were females with ovarian cancer of age 19-84yrs 
(mean age 49.85±11.75); 230 patients with liver cirrhosis(178 males 
and 52 females of age 20-75yrs), (mean age 46.59±10.82) and 150 
blood samples were collected from healthy controls of age 24-65yrs, 
91 males and 59 females (mean age 43.31±8.51). Inclusion criteria: 
Patient diagnosed by history, clinical examination and laboratory 
investigations to have ovarian cancer and liver cirrhosis without any 
complications falling in the age group of 19-84 years was included 
in the study. Apparently healthy people who are age and sex matched 
with the sample group were used as controls for the study.

Exclusion criteria

Patients with, renal failure, pancreatitis and Tuberculosis were 
excluded from the study.

Sample collection

Serum was separated immediately and stored along with the 
corresponding ascitic fluid at -70 °C for analysis of proposed 
parameters. 

Statistical analysis

Data are expressed as Mean±SD. The statistical significance was 
determined by one-way (ANOVA) followed by post hoc test by LSD 
(least significance difference) for significance. A p value <0.05 was 
considered statistically significant. 

The patient’s history was recorded in the specific proforma 
approved by the Ethics Scientific Committee of Osmania Medical 
College and Basavatarakam Indo-American Cancer Hospital & 
Research Institute Hyderabad. 

Biochemical estimations

MDA was measured in serum and ascitic fluid on the same 
day of collection by the manual method of Brid and Draper 
1984, using thiobarbituric acid reaction. SOD/gm. protein was 
measured by inhibition of auto-oxidation of adrenaline of Hara 
Misra and Irwin Fridovich 1972. Ceruloplasmin was estimated by 
immunoturbidometric assay by using commercial kit from Agappe 
diagnostics Ltd. 

Results
The results in the serum samples of two groups were analyzed 

separately and compared with healthy controls, whereas in the ascitic 
fluid results were compared among the groups. The mean serum 
concentration of MDA and CP was significantly increased in ovarian 
cancer patients when compared to that of liver cirrhosis and control 
groups (p<0.001) (1055.52±97.37 vs 556.15±90.59; 392.0±36.63); 
(67.04±13.10 vs 28.68±6.82; 35.97±7.15) respectively. Significant 
increased levels of serum MDA and decreased levels of serum CP 

were found in liver cirrhosis patients when compared to that of 
controls (p<0.001) (556.15±90.59 vs 392.0±36.63); (28.68±6.82 vs 
35.97±7.15) respectively. The mean serum concentration of SOD was 
grossly decreased in both the groups when compared to that of controls 
(p<0.001) (40.70±10.53; 44.03±11.76 vs 64.93±9.46) respectively. 
The mean ascitic fluid concentration of MDA and CP was increased 
significantly in ovarian cancer when compared to that of liver cirrhosis 
(p<0.001) (931.40±88.11; 33.90±7.88 vs 449.57±90.35; 12.20±5.28) 
respectively. The mean concentration of SOD in ascetic fluid was 
grossly decreased in ovarian cancer patients when compared with that 
of liver cirrhosis patients (p<0.001) (38.92±9.83 vs 183.17±72.44). 
The results are depicted in Tables 1 & 2. Significance of p value 
comparison among groups is shown in Figures 1 & 2.

Table 1 Serum concentrations Malondialdehyde (MDA) Ceruloplasmin (CP) 
Superoxide dismutase (SOD/gm.protein) in ovarian cancer, liver cirrhosis, and 
control group (mean±SD)

Parameters N Mean±SD

MDA (nmol/dl)

Ovarian cancer 145 1055.52±97.37

Liver cirrhosis 230 556.15±90.59

Control 150 392.0±36.63

SOD/gm Protein

Ovarian cancer 145 40.70±10.53

Liver cirrhosis 230 44.03±11.76

Control 150 64.93±9.46

Ceruloplasmin (mg/dl)

Ovarian cancer 145 67.04±13.10

Liver cirrhosis 230 28.68±6.82

Control 150 35.97±7.15

Table 2 Ascitic fluid concentrations Malondialdehyde (MDA), Superoxide 
dismutase (SOD), Ceruloplasmin (CP) in Liver cirrhosis and Ovarian cancer 
and control group, (mean±SD); OC & LC Vs C indicates ovarian cancer and 
liver cirrhosis vs control

Parameters N Mean±SD

MDA (nmol/dl)
Ovarian cancer 145 931.40±88.11

Liver cirrhosis 230 449.57±90.35

SOD/gm Protein
Ovarian cancer 145 38.92±9.83

Liver cirrhosis 230 183.17±72.44

Ceruloplasmin (mg/dl)
Ovarian cancer 145 33.90±7.88

Liver cirrhosis 230 12.20±5.28

Figure 1 Significance of serum and ascitic fluid concentrations of 
Malondialdehyde (MDA) in ovarian cancer, liver cirrhosis and control group. 
a* indicates p<0.001 ovarian cancer vs liver cirrhosis & control; b* p<0.001 
liver cirrhosis vs control; *p<0.001 indicates ascitic fluid from ovarian cancer 
vs liver cirrhosis.
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Figure 2 Significance of serum and ascitic fluid concentrations Superoxide 
dismutase (SOD) and Ceruloplasmin (CP) in ovarian cancer, liver cirrhosis 
and control group, (mean±SD); a* indicates p<0.001 ovarian cancer vs liver 
cirrhosis & control; b* p<0.001 liver cirrhosis vs control; * p<0.001 indicates 
ascitic fluid ovarian cancer vs liver cirrhosis.

Discussion
In the present study we have observed significant increased levels 

of serum MDA, CP and decreased levels of SOD in ovarian cancer 
patients when compared to that of liver cirrhosis and controls. These 
finding has been replicated in many studies. 

Sanjyothi et al.,9 found elevated levels of serum MDA and 
decreased levels of erythrocyte superoxide dismutase (SOD) in 
ovarian cancer patients when compared to that of controls. They 
suggested increased levels of MDA may be due to excessive oxidative 
stress caused by incessant ovulation or epithelial inflammation 
initiators such as talc and asbestos. The decreased levels of SOD may 
be due to increased utilization to scavenge lipid peroxides as well as 
their sequestration by tumor cells. Similar findings were also found 
in the study of Hathama et al.4 In another study by Talat et al.,10 they 
found significantly increased levels of MDA in the serum samples of 
ovarian cancer patients when compared to that of controls. Similar 
findings were also found in serum samples of other cancers patients.11 
Hietanen et al.,12 concluded that oxidative stress may be associated 
with malignant disease. 

There are many studies showing that patients with malignancies 
have higher incidence of reactive oxygen species (ROS) and lower 
concentration of antioxidants as the spread of malignancy increases.13 
It is suggested that increased ROS leads to an increase in DNA 
mutation as well as increased immuno-suppression.14,15

According to the study of Alessandra Buico et al.,16 increased levels 
of serum ceruloplasmin in the ovarian cancer patients often accompany 
neoplastic processes and may be caused by interleukin-1 and tumor 
necrosis factor released by macrophages. Increased concentrations 
of ceruloplasmin were also reported in several carcinomas.17,18 The 
results of this study are in concordance with the present study.

The present study also showed statistically significant increased 
levels of serum MDA, decreased levels of SOD and CP in patients 
with liver cirrhosis. Many studies have shown increased levels of 
serum MDA and decreased levels of antioxidants in patients with liver 
cirrhosis. 

In the study of Hulya Aksoy et al.,19 they found increased levels of 
serum MDA and decreased levels of ceruloplasmin in liver cirrhosis 
patients. They suggested increased level of MDA is due to increased 
lipid peroxidation and antioxidant levels were typically depleted 
in liver cirrhosis patients which has been reported in various liver 
diseases.20,21 Our data confirms the presence of an increased oxidative 

stress in liver cirrhosis patients and suggested more oxidative stress 
results from liver failure or inflammation as liver disease progresses. 

Suresh Chary & Madhur Gupta22 also found similar findings of 
increased levels of MDA and decreased levels of SOD in alcoholic 
liver cirrhosis patients when compared to controls. They suggested 
increased levels of MDA may be due to ethanol toxicity on the liver 
as ethanol impairs the hepatic antioxidant potential.22 It is suggested 
that free radical intermediate and disturbances of iron metabolism 
reported earlier in human alcoholics might be responsible for causing 
oxidative damage.23,24 

Seren Ozenirler et al.,25 found increased levels of serum SOD and 
MDA levels in patients with liver cirrhosis when compared to that of 
controls. Our study showed decreased levels of SOD in serum and 
increased levels of SOD in ascitic fluid in patients with liver cirrhosis, 
which is positively correlated with the previous studies of Makarenko 
et al.;26 Zhurkin et al.27 They suggested cirrhotic patients showed an 
adaptive reaction directed to the prevention of lipid peroxidation and 
its injurious effect on the cellular structures. Shaden M Hanafy et al.,28 
found decreased levels of serum SOD in cirrhosis of liver patients 
when compared to that of controls, while it significantly increased 
after the treatment.

Prakash & Joshi found increased levels of serum MDA in liver 
cirrhosis patients when compared to that of healthy controls, where as 
vitamin E and C levels were significantly decreased which indicates 
that the breakdown of antioxidant defense could be the cause for 
the development and progression of liver cirrhosis. Increased levels 
of ascitic fluid SOD in liver cirrhosis patients may indicate the 
compensatory mechanisms to overcome the oxidative stress in the 
liver cirrhosis patients.29,30 
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