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ABSTRACT  

Malondialdehyde (MDA) found in the body comes from two sources: food consumed and lipid peroxidation occurring 

in the tissues. The formation of MDA and the scale and rate of lipid oxidation in the tissues of living organisms is 

influenced by a number of endo- and exogeneous factors. The products of lipid peroxidation, in particular MDA, ex-

hibit cytotoxic, mutagenic and carcinogenic properties. They can also inhibit enzymes associated with defending cells 

against oxidative stress. Not only do the occurring processes contribute to the development of many diseases, but they 

are also a part of the aging process. The body defends itself to some extent against the effects of free radicals by trap-

ping and neutralising them. The main source of antioxidants is food products of plant origin. Lifestyle, the components 

of which are diet and physical activity, is an important element in preserving health understood as physical and psy-

chological well-being. Dietary habits and a diet rich in antioxidants are modifiable factors which not only prevent age-

associated diseases, but also delay aging processes. 
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STRESZCZENIE  

Dialdehyd malonowy (MDA) w organizmie człowieka pochodzi z dwóch źródeł: spożywanego pokarmu i peroksyda-

cji lipidów występujących w tkankach. Powstawanie MDA, a także wielkość i szybkość utleniania lipidów w tkankach 

organizmów  żywych, zależy  od  wielu  czynników  endo- i egzogennych. Produkty peroksydacji lipidów, szczególnie 
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MDA, wykazują właściwości cytotoksyczne, mutagenne i rakotwórcze. Mogą one również hamować enzymy związa-

ne z obroną komórki przed stresem oksydacyjnym. Mogą nie tylko przyczyniać się do rozwoju wielu chorób, ale sta-

nowią również część procesu starzenia się. Organizm broni się w pewnym stopniu przed działaniem wolnych rodni-

ków, neutralizując je. Głównym źródłem przeciwutleniaczy jest żywność – produkty pochodzenia roślinnego. Styl 

życia, na który składają się dieta i aktywność fizyczna, jest ważnym elementem w zachowaniu zdrowia rozumianego 

jako dobre samopoczucie fizyczne i psychiczne. Nawyki żywieniowe i dieta bogata w przeciwutleniacze są modyfi-

kowalnymi czynnikami, które nie tylko zapobiegają chorobom związanym z wiekiem, ale także opóźniają procesy 

starzenia. 

SŁO WA KLU C ZO WE  

styl życia, wolne rodniki tlenowe, starzenie  

INTRODUCTION  

Ageing is a physiological process, meaning the gradu-

al decrease of the reserves of functional capability of 

individual systems and of the whole organism.  

At present, more than 13% of people in the world are 

at the age of 65 and over. An increase in the number 

of persons in this age is forecasted. It is assumed that 

23% of the population will be of this age by 2035 [1]. 

'The 2015 Ageing Report' [2] indicates that Polish 

society is one of the fastest aging populations of the 

European Union. The percentage of people 65 + in 

2013 was 14.5%, while in 2060 seniors will constitute 

33% of the population. The percentage of people over 

80 years old will also increase. Public expenditure in 

Poland related to the ageing population will rise from 

20.9% of GDP in 2013 to 22.2% of GDP in 2060. The 

biggest increase in expenditures will cover the area of 

health and long term care. It is necessary to promote 

healthy ageing, early detection and prevention of 

health problems as well as to ameliorate and treat 

already existing disorders.  

Demographics data require an attentive look at the 

ageing process in humans. It is particularly important 

is to understand the complex mechanisms of ageing 

and death of cells. One of the known mechanisms 

responsible for this process is the free-radical theory. 

In this paper, we have synthesized current knowledge 

on the role of free radicals, particularly analysing the 

importance of malondialdehyde in aging. 

Free-radical theory of aging 

The ageing process is caused, among others, by the 

activity of free radicals in the body. The free-radical 

theory of ageing was first proposed by Harman [3]. 

According to this theory, the process starts around age 

40, when defence mechanisms become less effective, 

leading to oxidative damage caused by free radicals. 

Free radicals are molecules containing unpaired elec-

trons which are highly reactive. However, a wider 

group of chemical compounds is responsible for oxi-

dative stress, known as 'reactive oxygen species' 

(ROS), some of which are not free radicals sensu 

stricto. Harman defined ageing as two simultaneous 

processes: a progressive decline in biological func-

tions and decreased resistance to multiple forms of 

stress [3]. 

The influence of reactive oxygen species causes dam-

age to mitochondrial and nuclear DNA, lipids, and 

proteins. These defects accumulate with age, and in 

addition to this, the defence system grows weaker. 

Numerous authors postulate that this process signifi-

cantly affects the lifespan of the cell [4,5,6].  

ROS are generated under the influence of various 

internal (unmodifiable) factors, such as cellular respi-

ration, enzymatic processes catalysed by certain en-

zymes, and the autoxidation of biologically active 

compounds as a result of phagocytosis and hydroxyla-

tion of drugs in the liver. 

The formation of free radicals is also sped up by ex-

ternal factors such as reactions of oxygen with engine 

fuel, smog, or the incineration of organic substances 

(environmental pollution). One may therefore indicate 

modifiable environmental factors responsible for the 

process of free radical formation. Behaviour, habits 

and dietary preferences also are important. These 

factors may be classified as modifiable since they are 

elements of lifestyle which we can control. Free radi-

cal formation occurs in food, which upon consumption 

becomes a source of these molecules in the body. The 

peroxidation of polyunsaturated fatty acids, compo-

nents of vegetable oil, may be an example. Polyun-

saturated fatty acids are also essential components of 

cellular membranes (as constituents of phospholipids). 

Peroxidation also occurs in physiological conditions 

and causes oxidation of these fatty acid chains [5]. 

Malondialdehyde (MDA) (Fig. 1) is one of the end 

products of this process [6,7]. 
  

Fig. 1. Structure of malodialdehyde (MDA). 
Ryc. 1. Wzór strukturalny dialdehydu malonowego.  
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MDA found in the body comes from two sources: 

food consumed and lipid peroxidation occurring in the 

tissues. The formation of MDA, and the scale and rate 

of lipid oxidation in the tissues of living organisms, is 

influenced by a number of endo- and exogeneous 

factors. 

The products of lipid peroxidation, in particular MDA, 

exhibit cytotoxic, mutagenic and carcinogenic proper-

ties. Many of the biological consequences of their 

actions are, for example: loss of proliferation potential 

of cells, changed gene expression, mutations, molecu-

lar heterogeneity, impairment of intercellular commu-

nication, and organ dysfunction [8,9,10]. They can 

also inhibit enzymes associated with defending cells 

against oxidative stress. This leads to greater oxidative 

damage in these cells. Accumulation of this damage 

may change the metabolism of the cell, leading to the 

loss of its integrity. The hydrophobicity of the lipid 

interior is affected, and the two-layer structure of the 

membranes is disturbed. Not only do the occurring 

processes contribute to the development of many 

diseases, but they are also a part of the process of 

ageing [11,12,13,14]. MDA, generated in the process 

of peroxidation of polyunsaturated fatty acids present 

in the membrane phospholipids, exhibits high reactivi-

ty to proteins and nucleic acids. From the sites of its 

formation, it permeates easily into remote tissues and 

due to the ability to form covalent bonds to these 

compounds, it may modify their structure and proper-

ties. The resulting change in the properties of cell 

membranes cause loss of integrity. This in turn leads 

to perturbation of their proper functioning and results 

in the dysfunction of individual organs [15,16,17]. 

The concentration of MDA in serum is considered to 

be a measure of lipid peroxidation. 

MDA and diseases 

MDA is a well-established marker used to investigate 

the oxidative damage of lipids in the course of many 

human diseases [18]. In Gil et al. [19] involving 194 

healthy men and women between 18 to 84 years old, it 

was found that plasma MDA levels increased with 

age, indicating accelerated oxidation during ageing. 

The latest observations by Indian researchers [20] who 

studied 100 healthy men (without chronic diseases, 

non-smokers, and non-alcoholic) and measured their 

MDA/total antioxidant capacity (TAC) ratio, are also 

very interesting. In this study it was presented that the 

MDA/TAC ratio increased with age, and the oxidative 

stress indicators correlated with body weight. This is 

another study showing the close relationship between 

an improper body mass index and the rate of ageing. 

Moreover, Jho and Rizvi proved that age is the strong-

est risk factor for the accumulation of RCO [21]. Age-

ing, beyond the gradual physiological impaired func-

tioning of many organs, is often associated with the 

occurrence of many diseases. The most common 

health problems of postmenopausal age are cancer, 

heart failure and neurodegenerative disorders [22, 

23,24]. The causes of these disorders are not fully 

understood, but in many cases it is believed that oxi-

dative stress plays a significant role. In particular, the 

antioxidant potential of the body decreases with age. 

With age, we observe a decrease in the activity of 

antioxidant enzymes such as superoxide dismutase 

(SOD), catalase (CAT) and glutathione peroxidase 

(GSH-Px), and the accumulation of reactive oxygen 

species [25]. 

It is believed that the products of body fluid peroxida-

tion constitute a group of potentially mutagenic and 

carcinogenic compounds that may damage DNA. As 

an endogenous genotoxic factor forming as a result of 

lipid peroxidation and biosynthesis of prostaglandins, 

these compounds may contribute to the growth of 

tumours [26]. This is a complex process resulting e.g. 

from the reaction of MDA with bases in the DNA 

structure, which leads to the formation of compounds 

known as adducts. It is supposed that their presence in 

DNA is likely to contribute to the initiation of muta-

genesis and carcinogenesis processes [27]. The patho-

genic role of peroxidation of fatty acids in the devel-

opment of colorectal cancer, for example, has been 

confirmed [28]. Similar observations apply to breast 

and lung cancer. In another study, high serum levels 

of MDA were observed in patients with breast and 

lung cancer compared to the control group [29]. This 

confirms the hypothesis about the role of oxidative 

stress in carcinogenesis. 

Cardiovascular disorders belong to the most frequent 

diseases occurring in old age. Many authors [30, 

31,32,33] have demonstrated elevated plasmatic con-

centrations of MDA in the case of persons with recent 

myocardial infarction during the first days of the ill-

ness, and then an MDA level increase in the following 

days. These changes correlated with the levels of MB 

fraction of creatine phosphokinase. It is assumed that 

the generated MDA may be transported with LDL 

lipoproteins. Malondialdehyde, closely connected to 

lipoproteins, would facilitate the bonding of choles-

terol esters with the blood vessel wall and the for-

mation of an atherosclerotic plaque. 

According to Li et al. [34], oxidative stress, indicated 

by plasma MDA, is also a major factor linked to renal 

function decline with age. Li et al. in their study 

showed that plasma MDA had a significant relation to 

the prevalence not only of chronic kidney disease, but 

also mild kidney function insufficiency . On the other 

hand, Ostałowska, Kasperczyk et al. [35] concluded 

that in rheumatoid arthritis (RA) patients, increased 

lipid peroxidation was associated with a tendency for 

alterations in the antioxidant system including in-

creased activities of all of the antioxidant enzymes. 

This thereby suggests potential adaptation to the in-
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creased ROS in the blood and synovial fluid of RA 

patients. 

Another common problem in the elderly population is 

age-related macular degeneration (AMD), which is 

associated with progressively increasing amblyopia, 

and the loss of central vision. The pathogenesis of 

AMD is unknown, but in a cross-sectional study in 

Turkey, it was shown that the plasma MDA level was 

significantly higher in patients with AMD (compared 

to the control group) [36,37,38]. This confirms the 

previous assumptions about the role of oxidative stress 

in the retina in the pathogenesis of AMD. The retina is 

very susceptible to damage by reactive oxygen spe-

cies, because it is rich in polyunsaturated fatty acids 

which can be oxidized. The human brain contains 

a large amount of polyunsaturated fatty acids as well. 

Since the brain consumes up to 20% more oxygen 

than the rest of the body and displays low antioxidant 

activity, it seems to be vulnerable to oxidative stress. 

Consequently, there are numerous reports on the role 

of oxidative stress in the pathogenesis of neurodegen-

erative diseases characteristics for the elderly, includ-

ing Parkinson’s disease, Alzheimer’s disease, and 

amyotrophic lateral sclerosis (ALS). Autopsy studies 

of patients with dementia have found among others 

lipid peroxidation markers, like MDA and 4-hydo-

ksynonenal (4-HNE) in the cortex and hippocampus 

(in patients with Alzheimer’s disease), in the substan-

tia nigra (patients with Parkinson’s disease) and in 

spinal fluid of patients with ALS [39,40,41]. 

In neurology dysfunctions, oxidative stress plays an 

important role not only in degeneration disorders. 

Bulut et al. in their study showed that MDA serum 

levels were significantly higher in patients with atten-

tion-deficit hyperactivity disorder (ADHD) [42].  

The above reports show that the accumulation of free 

radicals is the pathogenetic link to many diseases. 

CONCLUSION  

Living organisms have developed a number of defence 

mechanisms against the harmful activity of free radi-

cals. The body defends itself to some extent against 

the effects of free radicals by trapping and neutralising 

them. Antioxidants can be divided into two groups: 

enzymatic, such as superoxide dismutase, catalase and 

glutathione peroxidase; and non-enzymatic. Due to the 

decreased activity of endogenous antioxidants in el-

derly patients, correct supplementation of exogenous 

antioxidants in this age group is important.  

The main source of antioxidants is food products of 

plant origin. The major exogenous antioxidants are 

vitamin E, C, A and β-carotene. These components 

can be provided with a properly balanced diet, rich in 

vegetable oils, especially sunflower oil, fresh vegeta-

bles and fish [5,43]. Reports on the advantages of 

caloric restriction are also very interesting. Pamplona 

and Barja proved that caloric restriction decreases the 

ageing rate and the mitochondrial production of ROS 

[44]. Lifestyle, the components of which are diet and 

physical activity, is an important element in preserv-

ing health understood as physical and psychological 

well-being. Lifestyle components are modifiable fac-

tors that may be shaped by an individual. Dietary 

habits and a diet rich in antioxidants are modifiable 

factors which not only prevent age-associated diseas-

es, but also delay ageing processes.  
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