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Abstract 

Оbject of the study was to evaluate activities of succinate dehydrogenase and ATP-ase 

in mitochondria of kidney under conditions of toxic influence of 2,4-dinitrophenol. The 

experiment was conducted on 60 male albino rats. Toxic damage was caused by 0.1% 

solution of 2,4-dinitrophenol intraperitoneally in the dose of 3 mg / kg. The histochemical, 

biochemical and statistical methods of research were used. Mitochondria isolation was 

performed using the method of differential centrifugation. Determination of mitochondrial 

succinate dehydrogenase activity consists in the restoration of potassium ferricyanide (K3[Fe 

http://dx.doi.org/10.5281/zenodo.1185391
http://ojs.ukw.edu.pl/index.php/johs/article/view/5314
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(CN)6]), whose solution has a yellow color, to the colorless ferricyanide of potassium (K4[F 

(CN)6]) succinate by the action of succinate dehydrogenase. The activity of ATP-ase was 

determined by the accumulation of inorganic phosphate. 

The level of activity of succinate dehidrogenase was 39% lower than that of the 

control values. Whereas the level of activity of ATP-ase decreased by 48% in accordance with 

the control. Similar histochemical changes of the enzyme of the II complex of the 

mitochondrial respiratory chain were revealed. 

The findings revealed that 2,4-dinitrophenol produced significant biochemical and 

histochemical changes in the kidney of the rats. This led to a decrease enzyme activities and 

as a result to a discrepancy between the energy needs of the cell and energy production in the 

system of mitochondrial oxidative phosphorylation. 

Key words: mitochondria, kidney, 2,4-dinitrophenol, succinate dehydrogenase, 

ATP-ase activity. 

 

Introduction. Mitochondria regulate key cellular processes, from energy production 

to apoptosis, and measuring their function is important for understanding different aspects of 

cellular metabolism. The inner membrane of the mitochondria comprises of the highest 

number of proteins per phospholipid moiety in a cell. These proteins are integral to the 

electron transport chain, ATP synthesis and transport. The inner membrane is also less 

permeable to ions and molecules and helps in compartmentalization through separation of the 

mitochondrial matrix from the cytosolic environment, there by acting as an electrical insulator 

and chemical barrier. This helps in leaving of the electron gradient across the membrane, 

which enables generation of universal value of energy – ATP [1]. 

In fact, the variety of reactive molecules is formed at all levels during the execution of 

physiological functions of the cell. Mitochondria are the source of most reactive oxygen 

species in cells, and the electron transport chain is responsible for most of the superoxide that 

is generated through partial reduction of oxygen. As the main sites of reactive oxygen species 

production are regarde mitochondrial complex I and III. But the mitochondrial complex II has 

been the subject of renewed interest over the past years. Newly some studies have 

demonstrated that succinate dehydrogenase (SDH) also contributes to mitochondrial reactive 

oxygen species production at the FAD-binding site through the monovalent electron reduction 

of O2 [11, 13]. In addition, SDH has been recognized as an indirect modulator of superoxide 

production by complexes I and III. Recent research has provided irrefutable evidence that 

reactive oxygen is important mediator of cellular response to stress and they function through 
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several mechanisms including, modulation of autophagy, mitochondrial network, signaling 

and apoptosis [5].  

Succinate dehydrogenase (SDH; succinate: ubiquinone oxidoreductase; mitochondrial 

complex II) plays a central role in mitochondrial metabolism, catalyzing the oxidation of 

succinate to fumarate and the reduction of ubiquinone to ubiquinol, thereby linking the 

tricarboxylic acid cycle andthe electron transport system.  

Classically, SDH is composed of four subunits. SDH is the oxidative phosphorylation 

complex to lack subunits encoded by the mitochondrial genome and the only respiratory 

complex to not pump protons across the inner membrane during its catalytic cycle. The 

structure of the complex of SDH consists of a hydrophilic head that protrudes into the matrix 

compartment and a hydrophobic tail that is embedded within the inner membrane with a short 

segment projecting into the soluble intermembrane space [8]. 

The catalytic activity of SDH is modulated by post-translational phosphorylation and 

acetylation as well as active site inhibition.  

SDH catalytic activity is also modulated by Krebs cycle intermediates including 

oxaloacetate, which is a potent inhibitor. Succinate promotes the dissociation of oxaloacetate 

from SDH there by activating the enzyme. The oxaloacetate inhibition may contribute to the 

known modulation of SDH activity by the metabolic status of mitochondria. Other specific 

inhibitors of the enzyme are malonate, mercurial compounds, maleic acid N-alkylamides, 

phenylglyoxal, 2,3-butanedione, and some carboxylic acid esters [5, 6]. 

We propose that the wide clinical spectrum of specific roles of the SDH in the 

respiratory chain in the mitochondria and in the Krebs cycle could confer to the SDH a 

specific function in kidneys under condition of intoxication processes. 

Therefore, the study of the biochemical and histochemical enzyme activity of 

succinate dehydrogenase in the kidneys under conditions of toxic influence of 2,4-dinitro-

phenol has an important diagnostic value as a marker of energy metabolism and oxidative 

phosphorylation under various pathological conditions. 

To investigate the link between 2,4-denitrophenol and mitochondrial energy 

production, appropriate methods are needed to quantify changes both in mitochondrial form 

and function.  

Objective. To determinate activities of mitochondrial enzymes by biochemical and 

histochemical methods. 

Materials and methods. The experiment was conducted on 60 male albino rats with 

the body weight 0.16 – 0.2 kg.  
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The rats were divided into groups: 1) control rats (C); 2) experimental rats (E).Toxic 

damage was caused by 0.1% solution of 2,4-dinitrophenol intraperitoneally in the dose of 3 

mg / kg [10]. All manipulations with animals were carried out according to European 

Convention for the Protection of Vertebrate Animals used for Experimental and Other 

Scientific Purposes and law of Ukraine “On protection of animals from cruelty”. Rats were 

kept under the standard vivarium conditions at constant temperature and basic allowance. 

Animals were narcotized with chloroform and then sacrificed using cervical dislocation. All 

procedures were executed separately from other rats. 

Mitochondria isolation was performed using the method of differential centrifugation 

in the buffer (250 mM sucrose, 1 mM EDTA, 10 mMTris-HCI, рН 7,4). The kidneys was 

washed with a cooled 0.9% solution of KCl (2-4 ° C), chopped and homogenized in 10 times 

the volume of buffer (mmol/l): sucrose - 250, EDTA - 1, tris-HCI - 25, pH 7.4. The 

homogenate was centrifuged at 700 g 10 min (4° C), and the supernatant - at 11000 g 20 min 

(4° C). The precipitate was resuspended in 5 ml of the same buffer (without EDTA) and 

centrifuged again under the same conditions. The resulting precipitate (mitochondrial 

fraction) was resuspended in buffer (mmol/l): sucrose – 250, EDTA – 1, tris-HCl – 25, pH 

7.4, and used immediately in experiments [12]. Determination of mitochondrial succinate 

dehydrogenase activity consists in the restoration of potassium ferricyanide (K3[Fе(CN)6]), 

whose solution has a yellow color, to the colorless ferricyanide of potassium (K4[Fе(CN)6]) 

succinate by the action of succinate dehydrogenase. To incubation solution (10 mM 

phosphate buffer (pH = 7.8), 5 mM succinic acid, 1.25 mM EDTA, 7.5 mM sodium azide) 

was added to the suspension of mitochondria (0.2 ml). Samples were incubated at room 

temperature for 5 minutes. The reaction was initiated by the addition of 1.25 mM potassium 

ferricyanide solution to the samples. Samples were incubated for 10 minutes at + 30°C. After 

incubation, the reaction was stopped by lowering the sample temperature to 0°C. In control 

samples containing all components of the incubation mixture, CCl3СООН was added before 

the introduction of the mitochondrial suspension. After stopping the reaction the sample was 

photometrised by ƛ=420 nm. The activity of the enzyme is proportional to the amount of 

ferricyanide [2]. The activity of ATP-ase was determined by the accumulation of inorganic 

phosphate. The activity was determined in an incubation solution containined 400 μmol of 

tris-HCI (pH 7.4), 5 μmol of ATP disodium salt, 7.5 μmol of MgSO4, 5 · 10-2 μmol of 2,4-

dinitrophenol, 7 , 5 μmol of CaCl2, 120 μmol of NaCl, 20 μmol of KCl. The reaction was 

initiated by the addition of 50 μl of a mitochondria suspension containing 1 mg of protein, 
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incubated for 15 minutes at 37°C. The reaction was stopped by the addition of 1 ml of 10% 

CCl3СООН. The contents of Pi were determined colorimetrically [4]. 

 Some kidney biopsies were rapidly extracted, frozen at -15°C in cryostat and 10 um 

thick sectioned then incubated in equal volumes of 0.2 M phosphate buffer with 0.2 M 

sodium succinate to be mixed with equal volume of nitroblue tetrazolium in distilled water 

solution (1 mg/1 ml) for 10-20 minutes at 37°C for histochemical configuration of succinic 

dehydrogenase. Other kidney biopsies were fixed in 10% buffered formal saline, dehydrated 

in ascending grades of ethanol, cleared in xylene, infiltrated-impregnated in soft paraffin at 

50°C and embedded in paraplast paraffin wax. Solid paraffin blocks were cut into 5 um thick 

sections by rotator microtome and then mounted on glass slides covered by albumin glycerin. 

Multiple histological and histochemical stains were utilized to ensure reliability of these 

techniques in explaining the parallel results whether confirmatory or contradictory.  

Histochemical determination of enzyme activity of succinate dehydrogenase. In a 

cryostat, sections of 10 μm thick tissue are prepared and applied on a slide glass. The 

incisions are then incubated at a temperature of 20-25˚С. Mix the levels of 0,2 M phosphate 

buffer (pH 7,6) and 0,2 M solution of sodium succinate. To 10 ml of solution add 10 mg of 

nitrosine tetrazolium and incubate until intense violet color. 

Statistical processing of the obtained data was performed with the establishment of 

mean values, standard errors, confidence intervals. To estimate  the probability of differences 

in comparison of studied groups, Wilcoxon’s coefficient was used. The difference between 

groups was considered to be significantat the level of Р<0,001. 

Results and discussion. The use of 2,4-dinitrophenol in the experimental group of 

animals results in damage to the mitochondria of the nephrocytes and electron transport by the 

respiratory chain, decrease in the activity of succinate dehydrogenase and, consequently, 

reduction of the compensatory potential of the energy supply system (Fig. 1). The violation of 

energy metabolism is indicated by a decrease in the activity of succinate dehydrogenase by 

30% compared to the control group of animals. 

This was also clear with histoenzymological survey through histochemical SDH test 

which showed marked decrease of  enzyme activity among test animals 

group especially in the proximal tubules areas (Fig. 2) and activation of the enzyme in the 

distal nephron in comparison with the control (Fig. 3). This could be explained by the use of 

the present study an modelof intoxication that made a rapid affection of enzymatic activity 

and metabolism. 
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Fig. 1 The activity of succinate dehydrogenase in mitochondria of the kidneys under 

conditions of introduction of 2,4-dinitrophenol. 1 – control, 2 – experiment; a – significant 

changes compared to the control; p – the reliability of the difference compared with the 

control. 

 

 

Fig. 2. Photomicrograph of SDH reacted kidney sections showed decrease of activity 

of succinate dehydrogenase in proximal tubules and its activation at the level of distal parts of 

nephoron in kidney cortical substance under conditions of introduction of 2,4-dinitrophenol 

(х56, SDH). 
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Fig. 3. Photomicrograph of SDH reacted kidney sections showed activity of succinate 

dehydrogenase in proximal and distal tubules in kidney cortical substance of control animals 

group (х56, SDH). 

 

The reducing of the activity of succinate dehydrogenase activity causes inhibition of 

activity of ATP-ase in the kidney (Fig. 4). And under conditions of decrease of ATP the 

effective implementation of the kidneys is impossible as the functioning of the energy supply 

system of the mitochondria of the nephrocytes is impaired [3, 7, 9]. 
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Fig. 4 The activity of ATP-ase in mitochondria of the kidneys under conditions of 

introduction of 2,4-dinitrophenol. 1 – control, 2 – experiment; a – significant changes 

compared to the control; p – the reliability of the difference compared with the control. 

 

Сonsequently, the introduction of 2,4-dinitrophenol leads to a decrease in the activity 

of enzymes in the respiratory chain of the mitochondria of the nephrocytes and proximal 

tubules of the nephron, due to the splitting of oxidation and phosphorylation, and 



 270 

hyperproduction of the reactive oxygen species caused the activation of peroxide oxidation of 

lipids and proteins. 

Conclusions. Diseases of the kidneys are characterized by pathological changes in 

transport processes in the tubular sections of the nephron. Вy dissociation of the processes of 

oxidation and phosphorylation 2,4-dinitrophenol causes the development of acute tissue 

hypoxia. This led to a violation of the intra-mitochondrial transport of protons and electrons 

by the respiratory chain by reducing the succinate-dehydrogenase activity and a violation of 

the synthesis of ATP. There was a discrepancy between the energy needs of the cell and 

energy production in the system of mitochondrial oxidative phosphorylation. 
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