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Abstract 

Acute kidney injury (AKI) remains a relevant medical problem. The promising 

direction of the AKI treatment is the use of the antioxidants that inhibit free radical processes 

and prevent the destruction of cell membranes within pathological processes. Ceruloplasmin 

(CP) is the main antioxidant of blood plasma, that demonstrates membrane protecting effects 

and antitoxic activity.  

The aim of the study was to establish the influence of a single-dose administration of 

ceruloplasmin on the processes of the peroxidation in the kidney tissue and blood under the 

conditions of acute kidney injury. 

Materials and methods. The influence of ceruloplasmin on the prooxidant-

antioxidant equilibrium in the kidney tissue and blood was studied in an experiment on white 

non-line rats under the conditions of rhabdomyolysis-induced acute kidney injury. The acute 

kidney injury was modeled by intramuscular administration of 50% glycerol solution at a 

dose of 8 mg/kg. Ceruloplasmin was administered intraperitoneally at a dose of 7 mg/kg/day. 
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The level of main indicators of prooxidant-antioxidant balance in blood and kidney tissue was 

determined in 24 h after glycerol administration for induction of acute kidney injury. 

Research results and their discussion. There was a deep disruption of the 

prooxidant-antioxidant equilibrium as a result of the acute kidney injury. AKI causes an 

activation of the prooxidant processes by increasing the level of the malonic dialdehyde and 

the oxidized proteins in the kidney tissue and blood. AKI also reduces the antioxidant 

protection by decreasing the activity of the antioxidant enzymes in the kidneys and blood 

plasma.  

A single-dose administration of ceruloplasmin improved antioxidant protection and 

reduced peroxidation of lipids and proteins. There was a decrease in levels of 

malondialdehyde and oxidative modification of proteins. At the same time, the antioxidant 

protection intensified due to an increase in the activity of glutathione peroxidase and catalase 

in the kidneys and blood plasma.  

Conclusions. A single administration of ceruloplasmin influences prooxidant-

antioxidant balance, reducing the content of lipid and protein peroxidation products and 

increasing the activity of antioxidant enzymes.  

Key words: acute kidney injury; oxidative stress; prooxidant-antioxidant 

balance; antioxidants; ceruloplasmin. 

 

Introduction. The treatment and prevention of AKI remains a relevant problem, 

despite advances in modern medicine. The mortality of this pathology is 40-50%, and if renal 

dysfunction reaches a degree of severity when renal substitution therapy is needed, the 

mortality rate increases to 60 per cent [7]. Thus, further study of nephroprotective agents is 

crucial. 

One of the promising areas of AKI treatment are the antioxidants that inhibit free 

radical processes and prevent the destruction of cell membranes within the pathological 

processes. The pathogenesis of AKI is related with the peroxidation of lipids [8, 11, 12, 14], 

leading to imbalance among prooxidants and antioxidants, hence to the development of 

oxidative stress. 

The formation of reactive oxygen species (ROS) in the organism can change the 

structure of DNA, leading to modification of proteins and lipids, activation of stress-induced 

transcription factors and production of pro-inflammatory and anti-inflammatory cytokines [8, 

11]. The antioxidant defense mechanism of the organism encompasses enzymatic and non-

enzymatic antioxidant, that can deactivate the free radicals [1-4]. 
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Thereby, our attention was drawn to the antioxidant of blood plasma ceruloplasmin, 

that provides antioxidant protection. Its main physiological role is to participate in redox 

reactions, acting as a ferroxidase that oxidizes Fe2 + in Fe3+, that makes possible to include 

iron in transferrin without the formation of toxic products [6, 9, 13]. Ceruloplasmin manifests 

several kinds of the oxidase activity [5, 10], in particular, catalyzes oxidation of copper, 

promotes the oxidation of biogenic amines (norepinephrine, serotonin), actives NO-oxidase 

and superoxide dismutase, inhibits the prooxidant properties of myeloperoxidase. 

Ceruloplasmin demonstrates membranoprotective effects by normalizing the prooxidant-

antioxidant balance as a result of direct interaction with phospholipids of biological 

membranes [10]. 

Accordingly, these properties of ceruloplasmin evidence that it can prevent protein, 

DNA, and lipid damage. It also reduces endogenous intoxication and exhibits a radio-

protective effect, stimulates hematopoiesis, immune processes and improves rheological 

properties of blood [6, 10, 13]. However, the data of an action of ceruloplasmin under the 

conditions of kidney damage is not enough. 

The aim of the study. To detect the effects of the single-dose introduction of 

ceruloplasmin on the processes of peroxidation of lipids and proteins in kidney tissue and 

blood under the conditions of acute kidney injury. 

Material and methods. The experimental studies were conducted on the white non-

line laboratory rats weighing 160-250 g, which were kept in the standard vivarium conditions. 

The animals were divided into three groups. The first group consisted of the intact animals, 

the second one: the animals with AKI, that was caused on the background of intramuscular 

administration of 50% glycerol solution at a dose of 8mg/kg [14]. The third group included 

the animals, which in 30 minutes after modeling of AKI was injected ceruloplasmin 

(Biopharma, Ukraine) at a dose of 7 mg/kg intraperitoneally. The euthanasia was performed 

in 24 h after administration of glycerol by decapitation under the light ether anesthesia, in 

accordance with the provisions of the European Convention for the protection of vertebrate 

animals used in experimental and other scientific purposes. 

The state of prooxidant-antioxidant balance was estimated by the content of the 

malonic dialdehyde (MDA) and oxidatively modified proteins (OMP) in blood and kidney 

tissue, activity of the catalase and glutathione peroxidase in blood plasma and kidney tissue 

using standard biochemical methods [14]. 

Statistical processing of the obtained data was performed using the SPSS Statistics 

17.0 software. All data are represented as a mean ± standard error of the mean (M±m). 
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Estimation of the differences between the samples was conducted using a parametric 

Student’s t-test and a nonparametric Mann-Whitney U test. P<0,05 was accepted as 

statistitically significant. 

Research results and discussion 

As a result of the AKI modeling, a deep disruption of the prooxidant-antioxidant 

balance, that occurs in the animals’ organism, has been detected, which corresponds to the 

literature [1, 8, 14]. 

The elevation of the peroxidation of lipids and proteins, characterized by a 1,6-fold 

increase of MDA in kidneys, as well as the OMP products, respectively, was revealed (Fig. 1, 

Fig. 2). There was also an increase of MDA by 1,8 and OMP by 1,6-fold in blood. Inhibition 

of the antioxidant defense is observed, as evidenced by a 1.6-fold decrease in the activity of 

glutathione peroxidase (GP) in the kidneys and by a 1.8-fold in blood, as compared to intact 

animals. The activity of catalase (CAT) decreased by a 1,3-fold in blood and by a 1,4-fold in 

the kidneys (Fig. 3, Fig. 4). 

 

Fig 1. The level of malonic dialdehyde under the conditions of acute kidney injury 

Note. Statistically significant differences: compared with the data of the group of 

intact control - * (p <0,01); compared with the data of the group of pathology (AKI) - ** (p 

<0,01). MDA - malonic dialdehyde, CP - ceruloplasmin, AKI – acute kidney injury 

 

A single administration of ceruloplasmin under the conditions of AKI was represented 

by improved antioxidant protection and reduced lipid and protein peroxidation products. 
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Thus, a 1,4-fold and a 1,4-fold decrease of the MDA and OMB amount in the kidneys, 

respectively, was observed.  

 

Fig 2. The level of oxidatively modified proteins under the conditions of acute kidney 

injury 

Note. Statistically significant differences: compared with the data of the group of 

intact control - * (p <0,01); compared with the data of the group of pathology (AKI) - ** (p 

<0,01). OMP - oxidatively modified proteins, CP - ceruloplasmin, AKI – acute kidney injury 

 

 

Fig 3. The activity of catalase under the conditions of acute kidney injury 

Note. Statistically significant differences: compared with the data of the group of 

intact control - * (p <0,01); compared with the data of the group of pathology (AKI) - ** (p 

<0,01). CAT - catalase, CP - ceruloplasmin, AKI – acute kidney injury 
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Fig 4. The activity of glutathione peroxidase under the conditions of acute kidney 

injury 

Note. Statistically significant differences: compared with the data of the group of 

intact control - * (p <0,01); compared with the data of the group of pathology (AKI) - ** (p 

<0,01). GP - glutathione peroxidase, CP - ceruloplasmin, AKI – acute kidney injury 

 

At the same, the level of MDA decrease by a 1,3-fold in blood, also the level of OMP 

decrease by a 1,4-fold. Simultaneously, antioxidant defense was enhanced by a 1,2-fold and a 

1,3-fold increase of GP and catalase activity in the kidneys, respectively, and a 1,2-fold 

increase of CAT level in blood plasma, as compared with the group of pathology. The activity 

of glutathione peroxidase on the background of ceruloplasmin administration increase by a 

1,4-fold. 

Consequently, based on the findings of the study, it can be noted that the use of a 

natural antioxidant of blood plasma, ceruloplasmin, under the conditions of experimental AKI 

diminished the violation of the prooxidant-antioxidant equilibrium in animals. 

Conclusions 

The activation of prooxidant processes under the conditions of acute kidney injury, 

occurs due to increase of the content of malonic dialdehyde and oxidatively modified proteins 

in kidney tissue and blood, as well as the inhibition of activity of antioxidant enzymes. 

A single administration of ceruloplasmin in a dose of 7 mg/kg under the conditions of 

acute kidney injury leads to the restoration of prooxidant-antioxidant equilibrium, reducing 

the content of lipid and protein peroxidation products and rising the activity of antioxidant 

enzymes. 
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