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INTRODUCTION 
Problem of aging and prolonging of life has attracted the 

attention of many researchers in the world, as more than 

three hundred points of view that have accumulated on 

this problem can be said.
[1]

 Among them, the 

accumulation of genomic errors, the accumulation of 

cholesterol in tissues and vessels, damage to cellular 

structures, hormonal dysregulation in the hypothalamus 

or pituitary gland, and also an increase in free radicals 

are considered as causes. For the further development of 

this promising direction, it is necessary to find out if 

there are metabolic systems that are responsible and 

ensure the maintenance of the life span of the organism 

that are the features of the functioning of these systems 

and what factors influence them. In recent times, the 

genetic foundations of aging have been given great 

importance again
[1-3]

, considering the genetic causes of 

aging as primary that adjusts the body’s lifespan to a 

certain level of ROS products. Other researchers are of 

the opinion that the main harmful factor in the body is 

also ROS.
[4-11]

 The aging theory considers as important 

the level of ROS, rather than respiration intensity.
[7-9]

 

However, to date, no convincing data have been received 

in favor of one of these views and they continue to be in 

a refinement state. 

One of the attractive directions in the field of biological 

aging of a person is social research, in which social 

factors are attached to prolonging life.
[12-14]

 According to 

sociologists and physicians, care for the elderly, 

prevention of their health and the creation of favorable 

conditions for them corresponding to their age are of 

great importance. 

 

For a productive research in this field, adequate models 

of the process of natural aging or delayed aging of the 

organism and its systems should be used with prolonged 

vital activity of the organism.
[15]

 In this regard, one can 

recall the model using a calorie-restricted diet (CRD) on 

animals.
[16-18]

 This model effectively affects many vital 

processes of the organism, leading to a life extension of 

up to 40-50%.
[15]

 This model not only prolongs life, but 

allows you to simultaneously explore the mechanisms of 

prolonging life and slowing down life processes. The 

results of the study in this direction in the end turned out 

to be contradictory due to the complexity of this 

problem, methodological approaches, as well as the 

uneven nature of aging in different animals.
[7-9]

 While 

many physiological and biochemical mechanisms remain 

controversial and remain not fully understood. 
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A number of researchers believe that aging can be more 

closely associated with the function of mitochondria.
[15-

18]
 that can even play a key role in this process as a 

producer of ROS. In particular, in animals capable of 

long life, a lower level of ROS was found in the 

mitochondrial respiratory chain.
[19]

 However, the 

available results on the study of ROS or non-enzymatic 

lipid peroxidation are not always consistent with the rate 

of aging of the animal and the life expectancy of animals, 

which causes some debate among researchers regarding 

the causes of the aging process.
[18]

 

 

From the abovementioned facts, it follows that the 

problem of prolonging life has a number of conflicting 

points and it is necessary to conduct further research in 

this direction, taking into account the existing 

contradictions. The idea of extending life is one of the 

most important values for human life, the solution of 

which is aimed at the efforts of many modern 

researchers. 

 

An analysis of the existing literature on this issue shows 

that certain interest is a positive effect on the lifespan of 

a low-calorie diet. The influence of this factor has been 

studied on the energy processes of mitochondria, on 

microsomal oxidation and lipid peroxidation, although 

the results obtained by different authors have a certain 

contradiction between themselves
[2, 18]

, since the 

experiments did not always consistent with the principle 

of using the same experimental conditions. 

 

Rats in the vivarium condition live on average 3 - 3.5 

years. After birth, the pups open their eyes for 7-8 days, 

after 6-9 days their teeth begin to grow. Within 21 days, 

the cubs are capable of independent movement, and after 

a month they are capable of independent life. They reach 

a mature state within 11-12 months of age. 

 

Scientific research in this direction is considered relevant 

and has important scientific and practical significance in 

relation to human. 

 

In this aspect, we conducted studies with growing 

laboratory rats that were kept on a low-calorie diet for up 

to three or more years. 

 

In the research we studied the energy of the whole 

organism in comparison with the energy of isolated 

mitochondria as the new parameters of aging. At the 

same time, the intensity of coupled with the synthesis of 

ATP and uncoupled respiration was analyzed at the 

mitochondria using the previously described method.
[19]

 

 

MATERIAL AND METHODS 
The animals were kept in the vivarium conditions. For 

experiments, laboratory (white) rats were used in 

ontogenesis from 2 months of age, when the rats from 

the milky period completely switched to indifferent 

nutrition. Starting from two months of age, the 

experimental groups of rats were transferred to a calorie-

restricted diet (CRD). The composition of this diet does 

not differ from the food of the control group of animals, 

which is a standard compound feed for rats. However, 

the experimental group was given this food every other 

day and is therefore called CRD.
[16-18]

 Therefore, the diet 

was selected so that the animals received a complete 

composition of food, but limited in quantitative and 

caloric terms. 

 

Mitochondria from rat liver were isolated by differential 

centrifugation
[20]

 with improvement of individual 

conditions according to K.T. Almatov et al.
[21]

 To carry 

out studies at the mitochondrial level, it was used the 

polarography method with a platinum electrode.
[22]

 The 

mitochondrial respiration was studied by the 

polarographic method; the oxidative phosphorylation 

parameters were calculated according to Chance-

Williams.
[22]

 

 

The study of indices of uncoupled respiration of 

mitochondria was performed using exogenous NADH 

with the addition of cytochrome C.
[19, 25, 26]

 

 

The determination of mitochondrial protein was 

performed according to the method of Lowry et al.
[23]

 

 

Lipid peroxidation in tissue mitochondria was evaluated 

by the rate of spontaneous and non-enzymatic ascorbate-

dependent lipid peroxidation, the content in the tissues of 

the final lipid peroxidation product - malondialdehyde 

(MDA). 

 

To determine the proteins peroxidation, we used the 

technique of Dubinina E.E., Burmistrov S.O., Leonova 

N.V.
[24]

 

 

RESULTS AND DISCUSSION 
Keeping of rats on a low-calorie diet primarily leads to a 

significant decrease in animal body weight under these 

conditions (within four times) and liver weight (within 

two times) over a 3-year period, the continuation of 

experiments (Diagram 1). Therefore, the diet used is 

especially strongly reflected in the accumulation of mass 

of organs and body. However, such a pronounced 

decrease in body weight does not affect the condition of 

the animals and does not lead to pathological changes in 

the organism. On the contrary, animals actively ate the 

food they supplied every other day. Moreover, this diet 

leads to an increase in the life expectancy of the 

experimental group of animals by about 4,6 years. From 

the last fact it can be seen about the positive effect of 

COD on the metabolic processes. 

 



Akhmerov et al.                                                             European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com 

 

342 

  
Fig.1. Change in body weight and liver mass in rats in ontogenesis with long-term maintenance on a low-calorie 

diet. 

 

We also determined the intensity of gas metabolism in 

animals. The data obtained showed that there is a 

decrease in gas-oxygen metabolism within 40%. 

(diagram. 2), i.e. in animals, the main metabolism is 

suppressed. This means that under the conditions of the 

CRD, animals’ transition to a low-energy state, allowing 

animals to use the internal and incoming energy reserves 

economically without pathological disturbances. 

 

  
Fig 2: The change in the intensity of gas-oxygen metabolism in rats in ontogenesis with prolonged maintenance 

on a low-calorie diet. 

 

One of the main metabolic factors in reducing energy 

production in the organism is undoubtedly – 

mitochondria. To clarify the role of mitochondria, we 

studied the parameters of phosphorylating ATP 

synthesizing and uncoupled ATP non-synthesizing 

respiration in mitochondria of rat liver of experimental 

and control animals. Uncoupled respiration is considered 

one of the main consumers of energy resources and is 

involved in heat production in the organism to ensure its 

warm-blooded state or endothermicity.
[25, 26]

 Regarding 

the phosphorylated respiration of mitochondria, 

according to other authors, there is an improvement in 

the parameters of ATP synthesis under conditions of 

animal starvation.
[27, 28]

 In our experiments on rat liver 

mitochondria, alterations were also noted that led to an 

improvement in energy production in the tissue. 

 

Use of CRD nutrition is not hunger, but there are certain 

similarities, so the nutrition in animals is limited. An 

alteration in the phosphorylating respiration of 

mitochondria is within normal limits. More pronounced 

alteration in respiration parameters are associated with 

the natural aging of the organism
[29, 37]

, long-lived 

species of animals have a lower level of mitochondrial 

respiratory activity and, possibly, less active uncoupled 

respiration. 

 

A research of the energetics of liver mitochondria 

showed that under experimental conditions, the oxidation 

parameters depend on the type of substrate. A slight 

change in the coupled respiration and phosphorylation on 

the succinate substrate was revealed (Diagram 3), since 

the value of RC (V3/V4) does not change noticeably. The 

absence of a noticeable alteration in RC shows that under 

the conditions of the application of CRD, the membrane 

does not violate mitochondrial permeability. 
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Fig. 3: Oxidation of succinate in the liver mitochondria of rats in the ontogenesis of rats consuming normal food 

and CRD. 

 

Note: a mild change in V3/V4, phosphating activity of 

respiration is not violated by CRD conditions. 

Respiratory rates are presented in mµ atom O/min mg 

protein of mitochondria. 

 

However, CRD causes a certain up to 40% suppression 

of V4 respiration during succinate oxidation, which may 

indicate suppression of uncoupled respiration in 

mitochondria.
[19]

 We conducted a study of uncoupled 

oxidation and to more clearly determine the level of 

uncoupled respiration, we used NADH as an oxidation 

substrate. 

 

   
Fig 4: Uncoupled oxidation of NADH (in mµ atom O/min mg protein) in rat liver mitochondria in rat 

ontogenesis in the control and experimental groups 

Note: oxidation rates of NADH and NADH + cytochrome C is represented in mµ atom O / min.mg protein of 

mitochondria. 

 

According to the results presented in diagram. 4, 

suppression of uncoupled respiration in liver 

mitochondria occurs with prolonged use of CRD in 

animals. It has repeatedly emphasized the relationship of 

intensity with proton leakage and uncoupled 

respiration.
[25, 26]

 

 

The obtained results on uncoupled respiration allow to 

understand the causes of metabolic alterations in the 

organism under the influence of CRD. A decrease in 

uncoupled respiration indicates the economical use of 

nutrient resources in conditions of limited nutrition. This 

is a very important mechanism that increases the 

organism’s resistance to a low-energy shift. The decrease 

in uncoupled respiration in mitochondria allows to 

greatly compensate for the deficit in energy consumption 

and does not allow to bring it to a level that is 

incompatible with the life of the organism. 

 

We performed one series of experiments on the study of 

the intensity of the non-enzymatic NADPH and 

ascorbate-dependent lipid peroxidation in rat liver 

mitochondria. Peroxidation destroys the membrane 

structures of mitochondria by hydrolysis of membrane 

phospholipids. Taking into account this circumstance, we 

conducted a determination of the activity of this system. 

From the diagram 5 it was shown that when using the 

CRD, NADPH and the ascorbate-dependent is activated 

reactions for the accumulation of LPO are in the range of 

10–25% above normal. 
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Fig. 5: Comparison of the activity of NADPH-dependent lipid peroxidation of mitochondria in growing rats fed 

a low-calorie diet. 

 

Note: In this diagram: lipid peroxidation in 

mitochondria was determined by adding ascorbate and 

NADPH to the medium. The accumulation of 

malondialdehyde was measured 

spectrophotometrically at 532 nm. Measurement 

medium: sucrose - 250 mM, NaH2PO4 - 1 mM, Tris-

HC1-5 mM (pH 7.4). 

 

An increase in the level of lipid peroxidation is 

undesirable for the stability of membrane structures.  

However, in our experiments under the conditions of 

CRD, data were obtained on maintaining an increased 

level of peroxidation products in the tissue (Diagram 5). 

In the literature, there are conflicting indications for 

determining LPO.
[17, 18]

 Therefore, it was suggested that 

the rate of lipid peroxidation may not be the main factor 

for membrane damage.
[15, 18]

 

 

CONCLUSION 
There is an opinion that ROS cannot always have a 

negative value, since there is a certain compromise 

between ROS and cells antioxidants
[39]

 and mitigating 

the negative effect of ROS on life expectancy. 

 

Kirkwood, Shanley
[31, 32]

 believe that limiting food intake 

or feeding a low-calorie diet (LCD), prolonging the life 

of animals, may have genetic adaptation mechanisms. 

Mattson and Wan
[32]

 are inclined to believe that food 

restriction acts as hunger or as physical exercise, in this 

way CRD reduces the effect of oxidative stress factor 

and increases the overall stability of the organism. 

 

Consequently, our studies have established that during 

the period of long-term CRD consumption in growing 

animals, their transition to low-energy, economical use 

of energy resources is observed. This condition can be 

created by suppressing uncoupled respiration in 

mitochondria. It is possible that a decrease in uncoupled 

respiration is directly related to the prolongation of 

animal life, since longer-lived organisms in their 

mitochondria have lower uncoupled (proton leakage) 

than short-lived species of organisms. 
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