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Background. Studies have shown that oxidative stress increases with increasing human age. Protein carbonyl accu-
mulation is an indicator of oxidative damage to proteins during aging in cells and tissues. The present study is focused 
on the relationship between human age and protein oxidation in erythrocyte membranes in a healthy Indian population. 

Materials and Methods. The sample included healthy human subjects (n = 49) between the ages of 17 to 80 years. 
Their blood was collected and assayed spectrophotometrically for oxidative protein damage in terms of protein car-
bonyls and plasma antioxidant capacity in terms of FRAP. 

Results. Protein carbonyl content was found to increase in an age-related pattern indicating an increase in oxidative 
protein damage in older subjects (p <0.0001, r = 0.8269). There was also a significant negative correlation between 
protein oxidation and plasma antioxidant capacity measured in terms of ferric reducing antioxidant potential (FRAP) 
values (p<0.0001; r = –0.8695). 

Conclusion. Our results substantiate the occurrence of oxidative stress during human aging. Elevated erythrocyte 
membrane carbonyl levels found with increasing age in this study may be viewed as a biomarker for aging.

INTRODUCTION

Oxidative stress caused by the presence of free radicals 
or radical-generating agents in concentrations that over-
whelm natural radical-blocking or scavenging antioxidant 
mechanisms, is the core of the free radical theory of ag-
ing1,2. This theory provides the best explanation of the 
aging process. Studies in humans and other organisms 
have shown that indices of oxidative stress increase with 
advancing age3,4. 

Normal cell functioning depends upon oxygen as 
the final acceptor of electrons in mitochondrial electron 
transport, but the process also generates toxic metabo-
lites. Reactive oxygen species (ROS) leak from mitochon-
dria into the cytoplasm where they cause cellular damage 
by oxidizing a variety of biologically important molecules, 
including DNA, proteins and lipids. Proteins are key mol-
ecules that play the ultimate role in various structural 
and functional aspects of living organisms. Free radicals 
and reactive oxygen and nitrogen species may react with 
proteins leading to oxidative modifications of proteins 
such as protein hydro-peroxides formation, hydroxylation 
of aromatic groups and aliphatic amino acid side chains, 
nitration of aromatic amino acid residues, oxidation of 
sulfhydryl groups, conversion of amino acid residues into 
carbonyl groups, cleavage of the polypeptide chain and 
formation of cross-linking bonds5. 

One of the unique features of protein oxidation by 
a wide variety of routes is the generation of carbonyl 
groups6. Protein carbonyl accumulation is an indicator of 
oxidative damage during aging in cells and tissues7,8. The 
aim of the present study was to determine the relationship 

between human age and protein oxidation in erythrocyte 
membranes measured in terms of the protein carbonyl 
group in a healthy Indian population; and to study the 
relationship between total plasma antioxidant potential 
and protein oxidation.

MATERIALS AND METHODS

Selection of subjects
The study was carried out on 49 normal healthy sub-

jects of both sexes between the ages of 17 and 80 years. 
The criterion for selecting subjects was the same as that 
described earlier9. Briefly, the subjects were screened for 
diabetes mellitus, asthma, tuberculosis, and other major 
illness. None of the subjects were smokers or were taking 
any medication. All persons gave their informed consent 
for the use of their blood samples for the study. The pro-
tocol of study was in conformity with the guidelines of 
the Allahabad University Institutional Ethical Committee.

Collection of blood, isolation of plasma and membrane 
preparation

Human venous blood from each volunteer was ob-
tained by venipuncture in heparin. The blood was centri-
fuged at 1800 g for 10 min at 4 ◦C. After the removal of 
plasma, buffy coat, and approximately upper 15% of the 
packed red blood cells (RBCs), the RBCs were washed 
twice with cold PBS (0.9% NaCl, 10mM Na2HPO4, 
pH 7.4). Erythrocyte ghosts from leucocyte-free RBC’s 
were prepared by osmotic shock procedure10.
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Determination of membrane protein carbonyls
Erythrocyte membrane protein carbonyls were meas-

ured according to the procedure of Levine et al.11. 0.2 ml 
erythrocyte membrane samples in PBS were taken in two 
tubes as test and control. 4.0 ml of 10 mM 2,4-dinitroph-
enylhydrazine (DNPH) prepared in 2 M HCl was added 
to the test sample and 4.0 ml of 2 M HCl, alone was add-
ed to the control sample. The contents were mixed thor-
oughly and incubated for 1 hour in the dark at 37 °C. The 
tubes were shaken intermittently every 10 min to facilitate 
the reactions with proteins. After that, 20% TCA (w/v) 
was added to both tubes and the mixture left in ice for 
10 min. The tubes were then centrifuged at 3,500 rpm for 
20 min to obtain the protein pellets. The supernatant was 
carefully aspirated and discarded. The protein pellets were 
washed three times with ethanol: ethyl acetate (1:1, v/v) 
solution to remove unreacted DNPH and lipid remnants. 
Finally protein pellets were dissolved in 6 M guanidine 
hydrochloride and incubated for 10 min at 37 °C. The 
insoluble materials were removed by centrifugation. The 
carbonyl content was determined by taking the spectra of 
the supernatant at 370 nm. Each sample was read against 
the control. The carbonyl content was calculated by using 
an absorption coefficient (e) of 22,000 M-1 cm-1 and the 
data were expressed in nmol/mg protein. The erythrocyte 
membrane protein content was determined by the method 
of Lowry et al.12, using BSA as standard 

Determination of total antioxidant capacity
The total antioxidant capacity measured in terms of 

Ferric Reducing Ability of Plasma (FRAP) values were 
determined following the method of Benzie and Strain13. 
Working FRAP reagent was prepared by mixing acetate 
buffer (300 mM, pH 3.6), 2, 4, 6- tri [2-pyridyl]-s-tri-
azine (10 mM in 40 mM HCl) solution and FeCl3.6H2O 
(20 mmol/l) solution in 10:1:1 ratio respectively. 3 ml 
of FRAP reagent was mixed with 100 μl of plasma; the 
content was stirred vigorously to mix the contents thor-
oughly. The absorbance was read at 593 nm at the inter-
val of 30 seconds for 4 min. Aqueous solution of known 
Fe2+ concentration in the range of 100–1000 μmol/ liter 
was used for calibration. Using regression equations, the 
FRAP values (μmol Fe (II) per liter) of the plasma was 
calculated.

Statistical analysis
Statistical analyses were performed using the software 

PRISM 4 (Graph pad Software Inc., San Diego, CA). The 
relationships among the various parameters were assessed 
using the Pearson correlation coefficient (r).

RESULTS 

Like most biological membranes, the plasma mem-
brane of erythrocytes is extremely rich in proteins. 
Owing to this unique feature, membrane proteins of ag-
ing erythrocytes are primary targets for ROS and RNS14,15. 
Erythrocyte membrane protein carbonyl content was 
found to increase in an age-related pattern indicating an 

increase in oxidative protein damage in elderly subjects 
(Fig. 1). In view of the significant age-dependent decline 
in plasma antioxidant capacity measured in terms of 
FRAP reported by us earlier4, the comparison of protein 
carbonyls and total antioxidant capacity of plasma reveal 
a significant relationship (Fig. 2). We found a significant 
negative correlation between protein carbonyl levels and 
plasma FRAP values in the current study.

DISCUSSION

For many years, lipid peroxidation has been the focus 
of investigation, but due to their relatively high abundance 
it is now recognized that proteins are the main targets for 
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Fig. 1. Erythrocyte membrane protein carbonyls (protein oxidation in-
dex) plotted as a function of human age. * Protein carbonyl groups 
expressed as nmoles/mg protein. p <0.0001; r = 0.8284.

Fig. 2. Correlation plot between protein carbonyls (protein oxidation 
index) and total antioxidant capacity of plasma (measured as 
FRAP). Number of protein carbonyl groups expressed as nmoles/
mg protein. FRAP values expressed as μmol Fe (II) per liter of 
plasma. P<0.0001; r = –0.8179.
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cellular oxidants. Considerable evidence indicates that 
the maintenance of protein redox status is of fundamen-
tal importance for cellular function, therefore changes in 
redox homeostasis of proteins are considered to be among 
the molecular mechanisms leading to endothelial dysfunc-
tion14,15. Most reactive oxygen species in living organisms 
are produced as by-products of many metabolic processes. 
Since ROS are extremely reactive, they interact with virtu-
ally all cellular components principally modifying their 
properties16 and thus are believed to play a key role in the 
aging process17. Studies have suggested an important role 
of reactive oxygen species and reactive nitrogen species 
(RNS) in the formation of oxidatively modified proteins 
found in aged tissues18,19 and plasma14,15. 

Evidence also shows the importance of by-products 
of lipid peroxidation process such as reactive aldehydes 
in the occurrence of many oxidatively modified proteins. 
Membrane lipid peroxidation, which increases with 
increasing human age as reported by us earlier4, is an 
autocatalytic chain reaction and many of its products, 
including hydroxynonenal and hydroxyhexanal, are 
themselves very potent damagers of proteins20. Protein 
carbonyl groups may be introduced in membrane proteins 
by secondary reaction of the nucleophilic side chains of 
cysteine, histidine, and lysine residues, and reactive al-
dehydes produced during the peroxidation of membrane 
lipids21. On the other hand, current knowledge indicates 
that the measurement of protein carbonyl groups may 
have some advantages over lipid peroxidation products 
because of the relatively early formation and stability21. 
Our observation of a significant negative correlation be-
tween protein carbonyl levels and plasma FRAP values in 
the current study may be explained by the possible redox 
homeostasis between plasma and erythrocyte membrane 
proteins. There are no established data or explanations in 
the current literature as to why the redox status cannot be 
efficiently balanced in plasma and erythrocyte membrane 
proteins in aging.

Age-related increase in the carbonyl content of pro-
teins from other tissues has also been identified and it has 
been estimated that approximately 20–50% of the total 
protein is oxidized in aged humans22. The accumulation 
of protein carbonyls following oxidative stress and during 
aging suggests an age-related imbalance with respect to 
the generation of a range of different ROS, antioxidant 
defense mechanisms and the normal protein turnover 
mechanisms of the cell. 

Normal human red blood cells (RBC) survive in the 
circulation for approximately 115 days after they are re-
leased from the bone marrow. This suggests the existence 
of a molecular “alarm clock” to measure cell age, and the 
eventual generation of a signal for removal of senescent 
cells by the reticuloendothelial system23. RBCs have an 
extensive antioxidant system designed to eliminate the 
formation of ROS. Hydrogen peroxide (H2O2) produced 
by autoxidation of hemoglobin is a predominant ROS 
in RBCs. The role of the membrane in the formation of 
H2O2 and the resultant heme degradation products can 
be explained by the known binding of hemoglobin to 
the cytoplasmic end of band 3 on the RBC membrane24. 

Hydroxyl radical-generating reactions may result from the 
H2O2-catalyzed oxidation of ferrous iron, which normally 
is bound to protein in the ferric state25. If the formation 
of H2O2 on the membrane surface is not scavenged im-
mediately by antioxidant defense enzymes, the extensive 
formation of hydroxyl radicals may cause oxidation of 
membrane proteins to protein carbonyls. Increased mem-
brane-bound protein carbonyl load may set an internal 
alarm clock for earlier time. 

Oxidative modification of erythrocyte membrane 
protein is considered very significant in view of their 
important role in transport, enzyme activity and mem-
brane fluidity. Reports show that protein carbonylation 
increases with the age of cells, organelles, and tissues of 
varied species and the introduction of carbonyl groups 
into amino acid residues of protein is a characteristic of 
oxidative modification. Protein carbonylation has also 
been linked to age-dependent wear and tear of specific 
enzymes, such as aconitase and the adenine nucleotide 
translocase26,27. In elderly persons the erythrocyte mem-
brane proteins are the most damaged by carbonylation28 
and the age dependent increase in the carbonylation of 
RBCs proteins may further initiate the formation of ad-
vanced glycated end products (AGEs). In diabetes, an age 
associated disease, AGE-proteins of the RBCs membrane 
interact with specific receptors and contributes towards 
the augmented adhesion of erythrocytes29,30. Some major 
age related diseases linked with increased carbonylation 
include Parkinson’s disease, Alzheimer’s disease, cancer, 
cataractogenesis, diabetes and sepsis31–33. The correlation 
between antioxidant capacity and oxidative damage dur-
ing aging has been reported in several tissues in different 
species34,35. The antioxidant status is considered to play 
an important role in counteracting the detrimental effects 
of age-associated free radical hyper production and oxida-
tive stress36.

CONCLUSION 

The found increased erythrocyte membrane protein 
oxidation in terms of protein carbonyls during aging in 
humans; together with a positive correlation between 
erythrocyte protein carbonyls and plasma FRAP values 
strongly support the presence of increased oxidative 
stress during aging. The elevated erythrocyte membrane 
 carbonyl levels observed with increasing age in this study 
may be viewed as a biomarker for aging. Therefore, the 
reduction in plasma FRAP activity as well as in its protec-
tive activity on redox homeostasis of erythrocyte mem-
brane proteins could negatively affect the health status 
of the elderly.
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