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ABSTRACT 

In the work, we offer a brief report by research results demonstrating correlations between energy status of peripheral 
blood lymphocytes and functional state of vital tissues mitochondria. Basing on our preliminary data, showing correla- 
tions between succinate dehydrogenase (SDH) activity in peripheral blood lymphocytes and speed or duration of pyri- 
dine nucleotides reduction in mitochondria of rat brain and liver tissues, we propose an idea of using cytobiochemical 
method of SDH estimation in peripheral blood lymphocytes for evaluation of tissue mitochondria status. The method 
could be successfully used in clinical practice for early revealing of energy metabolism disturbances that allows pre- 
venting disease development and optimizing the diseases therapy. 
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1. Introduction 

Energy exchange is essential for normal functioning of 
organism and it’s dysfunction triggers development of 
pathological processes and aging [1,2]. The major cellu- 
lar energy sources are mitochondria.  

Being involved in catabolism, mitochondria utilize 
carbohydrates, lipids and proteins degradation products 
to produce high-energy substances (ATP, GTP, phos- 
phocreatine, etc.) and water. Energy of ATP is used for 
various vital cellular processes. Mitochondria could par- 
ticipate in anabolic processes. Protein metabolism, lipid 
and carbohydrate exchanges are interrelated in mito- 
chondria via Krebs cycle. Mitochondria are regulators of 
calcium homeostasis, cell acid-alkali balance, ROS and 
nitric oxide production. These organelles also participate 
in apoptosis and xenobiotic biotransformation [3]. Mito- 
chondrial dysfunction leads not only to ATP depletion 
but metabolism disruption.  

Various diseases are associated with mitochondrial 
dysfunction, including chronic liver diseases [4], diabetes, 

cancer [5], cardiovascular [6] and neurodegenerative di- 
seases, etc. [7].  

Evaluation of mitochondrial functional state in tissues 
provides more insight into pathogenic mechanism of va- 
rious diseases, makes disorders diagnostics easier, all- 
ows diseases forecasting and gives information about 
drug effects on mitochondria. Early revelation of energy 
metabolism disturbances enables preventing pathological 
processes and optimizing drug therapy [7].  

2. Issues of Interest. Experimental  
Procedures  

Mitochondrial function is evaluated mainly in experi- 
mental research works. Existing methods of energy me- 
tabolism assessment are not realized in a clinical practice 
and when developing of new drugs due to these methods 
invasiveness, complexity and a need of using expensive 
special equipment [8,9]. Mitochondrial dysfunctions di- 
agnostics often require a biopsy that is not always possi- 
ble in clinics. It would be beneficial to have a less inva- 
sive and more accessible screening tool for monitoring 
tissue energy metabolism. Although several methods and *Corresponding author. 

Copyright © 2013 SciRes.                                                                              OJEMD 



G. A. FRELIKH  ET  AL. 11

devices have been developed for in vivo real-time as- 
sessment of energy metabolism, none of the mentioned 
techniques is used in daily clinical practice in any me- 
dical field [10]. The need for a practical and simple me- 
thod for monitoring of the tissue energy metabolism still 
exists.  

Pathological processes in organism start from intr- 
acellular disruptions. Cells reflect even small metabolic 
changes that subsequently could be detected in tissues. 
Peripheral blood lymphocytes could be simply isolated 
and supposed to be “cytochemical reflection of tissues” 
[11] and “indicators of the overall metabolic status of the 
entire organism” [12]. Nevertheless, there are no obvious 
proofs of the existence of correlations between lympho- 
cyte energy status and the functional state of tissue mi- 
tochondria. The purpose of the study was to explore cor- 
relations between energy metabolism of peripheral blood 
lymphocytes and the functional state of tissue mitochon- 
dria.  

Activity of mitochondrial enzyme succinate dehydr- 
ogenase (SDH) was estimated as a common indicator of 
energy metabolism [12]. SDH has a central role in mito- 
chondrial metabolism as the only enzyme that is a com- 
ponent of both the TCA cycle and the electron transport 
chain. SDH catalyzes the oxidation of succinate to fu- 
marate in the mitochondria matrix and transfers electrons 
to ubiquinone without pumping protons across the mito- 
chondrial inner membrane.  

The experiment was carried out on adult outbred male 
albino rats on a model of carbon tetrachloride-induced 
liver and brain damage. Intact animals (group 1, n = 10) 
were not exposed to any manipulations. Groups 2, 3, 4 
received 50% sunflower oil solution of CCl4 subcutane- 
ously: group 2 (n = 10) and group 3 (n = 10)—at a single 
daily dose of 4 ml/kg for 4 days, group 4 (n = 10)—at a 
single daily dose of 2 ml/kg for 7 days. Groups 2 and 4 
were studied in 1 day after the last CCl4 administration, 
group 3—in 7 days after the last CCl4 administration. 
Carbon tetrachloride introduction causes fat accumula- 
tion in liver, hepatic degeneration and hepatitis. Admini- 
stration of carbon tetrachloride frequently results in mar- 
ked depression of the central nervous system. The me- 
chanism of CCl4 action is produced in the endoplasmic 
reticulum by formation of reactive intermediates through 
isoenzymes of cytochrome P-450. This mechanism also 
involves significant alterations to mitochondrial calcium 
homeostasis and is dose-dependent [13].  

In groups of intact and carbon tetrachloride-intoxi- 
cated rats, we measured the activity of mitochondrial 
SDH within lymphocytes by cytobiochemical method 
[12] and pyridine nucleotides reduction parameters (N- 
ADH fluorescence, speed and duration of reduction) in 
mitochondria of liver and brain tissues by spectral flu- 
orimetry [14]. We evaluated n-nitrotetrazolium violet 

reduction by only endogenous substrates (ES) oxidation, 
by oxidation of 1 mM succinic acid (SUC), 5 mM SUC, 
5 mM SUC in combination with 1.5 mM isocitric acid 
(ISC) and in a presence of 2 mM malonic acid (MAL).  

Pearson correlation coefficients between SDH activity 
in lymphocytes and speed or duration of pyridine nucleo- 
tides reduction in tissue mitochondria, further signed as 
rSDH/V and rSDH/T, were used for analyze correlations be- 
tween the lymphocyte energy status and the functional 
state of tissue mitochondria. 

Microsoft Excel 2010 and Statistica 6.2 were used for 
statistical analysis. The criterion for significance was P < 
0.05 for all comparisons. 

3. Results 

In our experiments we’ve demonstrated the existence of 
correlations between SDH activity in peripheral blood 
lymphocytes and parameters of pyridine nucleotides re- 
duction in tissue mitochondria.  

In group 1 we detected low values of correlation coe- 
fficients for lymphocytes and tissue mitochondria by 
oxidation of ES. Medium values of Pearson correlation 
coefficients were calculated for lymphocytes and brain 
tissue mitochondria only by incubating samples with 5 
mМ SUC + 1.5 mM ISC (rSDH/T brain = 0.72) and 5 mM 
SUC (rSDH/T brain = −0.66).  

In group 2 we observed high average values of Pear-
son correlation coefficients by incubating samples with 1 
mM SUC (rSDH/T liver = −0.74; rSDH/ V liver = 0.72), 5 mM 
SUC (rSDH/T brain = 0.71; rSDH/V brain= −0.76) and 5 mM 
SUC + 1.5 mM ISC (rSDH/T brain = 0.85).  

In group 3 we determined medium values of correl- 
ation by oxidation of ES (rSDH/V brain = –0.67) and in a 
presence of MAL (rSDH/T liver = –0.68). High and very 
high values of coefficients were detected by incubating 
samples with 1 mM SUC (rSDH/T liver = 0.83), 5 mM SUC 
(rSDH/V brain = 0.84; rSDH/T brain = –0.93; rSDH/V liver = –0.87), 
5 mM SUC + 1.5 mM IA (rSDH/T brain = 0.84; rSDH/V brain = 
+0.93; rSDH/T liver = –0.82) and MAL (rSDH/T liver = 0.88) as 
can be seen from Figure 1.  

In group 4 high values of rSDH/V were detected for 
lymphocytes and brain tissue mitochondria by incubating 
samples with 5 mM SUC (rSDH/V liver = –0.73) and 1 mM 
SUC (rSDH/V liver = +0.84).  

We noticed that high and very high correlation be-
tween SDH activity and mitochondrial functional state 
were observed exactly in animal groups with pathology 
when incubating samples with 1 mM SUC, 5 mM SUC 
and 5 mM SUC + 1.5 mM ISC.  

4. Preliminary Conclusions 

Basing on the experimental model of carbon tetrachlo- 
ride-induced liver and brain amage, we’ve demonstrated  d 
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Figure 1. Average values of Pearson correlation coefficients characterizing conjunctions between energy status of peripheral 
blood lymphocytes and the functional state of tissue mitochondria.  
 
that changes of peripheral blood lymphocyte energy sta- 
tus reflect changes of energy metabolism of the other 
cells, such as hepatocytes and cells of brain. In pathology 
we’ve detected strong and very strong correlations be-
tween SDH activity in peripheral blood lymphocytes and 
pyridine nucleotides reduction parameters in tissue mi-
tochondria under systemic toxic effect of carbon tetra-
chloride. The existence of correlation between the energy 
status of peripheral blood lymphocytes and the functional 
state of tissue mitochondria correspond to the principle 
of the correlation of parts formulated earlier by Cuvier in 
the book “Lecons d’Anatomie Comparée”: “Every or-
ganized individual forms an entire system of its own, all 
the parts of which naturally correspond…Hence none of 
these separate parts can change their forms without a 
corresponding change in the other parts of the same ani-
mal”.  

Cytobiochemical method of SDH activities analysis in 
peripheral blood lymphocytes is a simple and informative 
mean to estimate energy metabolism, which allows me- 
asuring several parameters of SDH activity at physio- 
logical conditions in glass adherent peripheral blood lym- 
phocytes. Demonstrated correlations between the en- 
ergy status of lymphocytes and the functional state of 
tissue mitochondria show that cytobiochemical method 
could be successfully used in daily clinical practice for 
monitoring of energy metabolism in tissues. 
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