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Abbreviations: AGEs, advanced glycation end-products; 
ROS, reactive oxygen species; DM, diabetes mellitus; RAGE, recep-
tors of AGEs; HLA, human leucocyte antigen; GDM, gestational dia-
betes mellitus; MODY, maturity onset diabetes of the young; SMBG, 
self monitoring blood glucose; HAS, human serum albumin; HMA, 
human mercaptalbumin; PCO, protein carbonyl; NADPH, nicotina-
mide adenine dinucleotide phosphate oxidase

Introduction
Diabetes is an important metabolic disorder which is characterized 

by hyperglycemia with variable degree of insulin resistance, impaired 
insulin secretion & increased glucose levels for Type-I (insulin-
dependent) and Type-II (non-insulin-dependent) diabetes mellitus.1,2 
Type 1 diabetes mellitus is characterized by chronic insulin deficiency 
and hyperglycemia due to extensive destruction of insulin-producing 
beta cells. The autoimmune nature of this process is supported by the 
presence of a pool of auto antibodies against beta cell antigens.3 Non-
enzymatic glycation is one of the underlying modification factors 
that contribute to various alterations of intrinsic protein functions. 
It is the result of covalent binding of glucose to amino groups of 
circulating proteins, such as hemoglobin (HbA1c) and albumin, or 
proteins present in the extracellular matrix (such as collagen and 
laminin).4 Because of its long half-life (about 21 days) compared 
with other proteins and its high concentrations in the circulatory 
system, serum albumin is a plasmatic protein that is highly sensitive 
to glycation. Elevated levels of glycated albumin (two- to threefold 
increase) in cases of diabetes mellitus can lead to irreversible damage 
associated with metabolic disorders such as retinopathy, nephropathy, 
neuropathy and coronary artery disease.5 The development of these 
diabetic complications is attributed to the formation of deleterious 
and irreversible conjugates called “advanced glycation end-products” 
(AGEs) during the glycation process.6 

Elevated blood glucose induces oxidative stress and changes in 
the cellular redox state. NADPH oxidase has been responsible for the 

formation of high levels of reactive oxygen species (ROS) in response 
to high glucose.7,8 Elevated levels of oxidized albumin in patients 
with diabetes mellitus (DM) aging patients with chronic hepatitis-C 
has been reported.7 Hyperglycemia increases the production of free 
radical and decreases their scavenging by numbers of mechanisms. 
Diabetes is a major health problem that is usually associated with 
obesity, together with hyperglycemia and increased advanced 
glycation end products (AGEs) formation. Elevated AGEs elicit severe 
downstream consequences via their binding to receptors of AGEs 
(RAGE). This includes oxidative stress and oxidative modifications 
of biological compounds together with heightened inflammation. For 
example, albumin (major circulating protein) undergoes increased 
glycoxidation with diabetes and may represent an important biomarker 
for monitoring diabetic pathophysiology.6 The main toxic effect of 
both ROS and AGEs is the induction of abnormal posttranslational 
modifications of self-antigens and the generation of neo-antigens, thus 
bypassing immune tolerance and contributing to the development of 
autoimmune responses.8,9 This review overviews the role of albumin 
and oxidative stress in diabetes.

Diabetes 

Diabetes mellitus (DM) comprises a group of common metabolic 
disorders that share the phenotype of hyperglycemia. Several distinct 
types of DM exist and are caused by a complex interaction of genetics, 
environmental factors and life-style choices. Depending on the 
etiology of the DM, factor contributing to hyperglycemia may include 
reduced insulin secretion, decreased glucose utilization and increased 
glucose production.10 DM is a state of chronic hyperglycemia 
associated with a high risk of atherosclerosis, renal, nervous system, 
ocular damage that leads to increase myocardial infarction, stroke 
and limb amputation.11,12 A wide spectrum of pathogenic processes 
is involved in the development of DM which may range from 
autoimmune destruction of beta cells to the development of insulin 
resistance. The major risk factors of DM are age, obesity, lack of 
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Abstract

Changes in human behaviour and lifestyle over the last century have resulted in a 
dramatic increase in the incidence of diabetes worldwide. Albumin, a major protein 
in the blood circulation, can undergo increased glycation in diabetes. From recent 
studies, it has become evident that glycation has important implications for albumin 
actions and impact on cell functioning. Human serum albumin (HSA) is the most 
abundant serum protein whose redox modifications modulate its physiological 
function, as well as serves as bio-marker for oxidative stress. Previous experimental 
and clinical studies report that oxidative stress plays a major role in the pathogenesis 
and development of complications of both types of DM. Hypoalbuminemia is the 
strongest clinical indicator of progression of many human diseases including cancer, 
diabetes, rheumatic diseases, liver and other diseases. Also, there is currently great 
interest in the potential contribution of increased oxidative stress to the development 
of complications in diabetes mellitus. This mini review highlights the association of 
human serum albumin and oxidative stress in diabetes. 
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exercise, along with a strong genetic predisposition. A strong Human 
Leucocyte Antigen (HLA) association with some forms of the disease 
along with some specific antibodies has also been identified. The 
pathogenic link between hyperglycemia and the complications of 
diabetes is unknown.11

DM is classified on the basis of the pathogenic process that leads 
to hyperglycemia, as opposed to earlier criteria such as age of onset or 
type of therapy. The two broad categories of DM are designated type 
1 and type 2. Type 1 has been further subdivided into 1A and 1B. Type 
1A DM results from autoimmune beta cell destruction, which leads to 
insulin deficiency. Individuals with type 1B DM lack immunologic 
markers indicative of an autoimmune destructive process of the 
beta cells. However, they develop insulin deficiency by unknown 
mechanisms. Type 2 DM is a heterogeneous group of disorders 
characterized by variable degree of insulin resistance, impaired 
insulin secretion and increased glucose production. Distinct genetic 
and metabolic defects in insulin action and/or secretion give rise to the 
common phenotype of hyperglycemia in type 2 DM.10 It is frequently 
associated with permanent and irreversible functional and structural 
changes in the cells of the body particularly in vascular systems which 
affect eyes, kidneys, nerves, heart and blood vessels.2,13,14

However, the American Diabetes Association, gave other etiologies 
for DM include specific genetic defects in insulin secretion or action, 
metabolic abnormalities that impair insulin secretion, mitochondrial 
abnormalities and a host of conditions that impair glucose tolerance. 
Maturity onset diabetes of the young (MODY) is a subtype of DM 
characterized by autosomal dominant inheritance, early onset of 
hyperglycemia and impairment in insulin secretion. Mutations in 
the insulin receptor cause a group or rare disorders characterized by 
severe insulin resistance.13 DM can result from pancreatic exocrine 
disease when the majority of pancreatic islet (>80%) are destroyed. 
Hormones that antagonize the action of insulin can lead to DM. Thus, 
DM is often a feature of endocrinopathies, such as acromegaly and 
Cushing’s disease. Viral infections have been implicated in pancreatic 
islet destruction, but are an extremely rare cause of DM. Congenital 
rubella greatly increases the risk for DM, however, most of these 
individuals also have immunologic markers indicative of autoimmune 
beta cell destruction. Another form of DM is gestational diabetes 
mellitus (GDM), GDM occurs as insulin resistance related to the 
metabolic changes of late pregnancy increases insulin requirements 
and may lead to impaired glucose tolerance. GDM occurs in 
approximately 4% of pregnancies in the United States; most women 
revert to normal glucose tolerance post-partum but have a substantial 
risk (30-60%) of developing DM later in life.13 According to ADA, 
diabetic nephropathy occurs in 20-30% of Type-I and Type-II diabetic 
patients.1,13 

The two main clinical parameters used for chronic glycaemic 
control are glycated HbA1c levels and Self Monitoring Blood 
Glucose (SMBG).15 Measurement of glucose in blood, a short-term 
indicator, reflects the diabetic status over a 24-hour period, while the 
HbA1c value represents a long-term glycaemic indicator. However, 
the HbA1c is not always a relevant indicator of glycaemic control in 
patients with diabetes-associated pathologies that affect erythrocyte 
lifespan, such as hemolytic or renal anaemia and liver cirrhosis.16,17 In 
such cases, glycated albumin appears to be an alternative marker for 
glycaemic control: the glycated albumin level is thought to indicate 
blood glucose status over a short period (2 to 4 weeks), while HbA1c 
reflects the glycaemic state over a longer period (2 months). Indeed, 

numerous studies support the use of glycated albumin levels in the 
detection of short-term changes in glycaemic control.18–20

Human serum albumin

Human serum albumin (HSA) is the most abundant plasma protein 
synthesized exclusively in the liver. HSA constitutes over half of 
the total plasma protein, a concentration of 35-50g/L, in a healthy 
individual.21 It is a globular protein consisting of a single peptide 
chain of 585 amino acids, this globular protein of 66.5KDa contains 
18 tyrosine, 6 methionines, 1 tryptophan, 17 disulfide bridges and 
1 free cysteine. It does not contain any carbohydrate or any other 
non-protein moiety.22 It consists of three homologous domains. Each 
domain can be divided into two subdomains A and B, which are formed 
from six and four α-helical, respectively. HSA is characterized by 
high α-helical content and a large number of disulfide bonds. Despite 
very high stability, HSA is a flexible protein with the 3D structure 
susceptible to environmental factors such as temperature, pH etc..21

HSA as the major soluble proteins constituent of the circulatory 
system, it has many physiological and pharmacological functions. One 
of its main functions is to regulate plasma osmotic pressure between 
the blood and tissues and it is chiefly responsible for maintenance of 
blood pH. Another very important role of HSA is that it also functions 
as a transport molecule. This role is based on albumin, unequal ability 
to bind a variety of exogenous and endogenous compounds, such as 
metal cations, fatty acids, amino acids and diverse drug molecules.23 
HSA is also proposed to serve an antioxidant function in vascular 
compartment because of its scavenging of reactive oxygen and 
nitrogen species that are generated by basal aerobic metabolism as 
well as produced at increased rates during inflammation.24,25

HSA is composed of human mercaptalbumin (HMA, reduced 
form) and non-mercaptalbumin (HNA, oxidized form), that is, a 
protein redox couple. HMA has one free sulfhydryl group in position 
34(Cys-34) and forms the largest fraction of free sulfhydryl in sera. On 
the other hand, HNA is composed of at least three types of compound 
and the major HNA compound is a complex of disulfide and cysteine 
[HNA (Cys)] or glutathione [HNA (Glut)]. The other is an oxidation 
product with an oxidation number higher than those of mixed disulfides 
which are extremely small in proportion in extracellular fluids [HNA 
(Oxi)].26,27 An important physiological function of serum albumin is 
the maintenance of the redox state of the extracellular milieu via the 
mercapt-nonmercapt conversion. Albumin is known to have a set of 
diverse beneficial functions, including oncotic pressure regulation 
and binding and transport capacities for a wide variety of metabolites, 
including those of therapeutic drugs.28,29 For this reason, albumin can 
play an important role in drug disposition and efficacy.30 However, the 
most prominent property of albumin is its major antioxidant activity 
in a circulatory system that is constantly subjected to powerful 
oxidative stress.31 Previous reports have demonstrated impairment of 
these properties with the glycation process.32,33

Albumin under oxidative stress

Serum albumin is the most abundant serum protein whose redox 
modification modulates its physiological function, as well as serves 
as biomarker of oxidative stress.34 In vitro oxidation of amino acid 
residues leads to protein degradation, aggregation and cross-linking. 
In constant, significant evidence for the presence of ROS-mediated 
protein damage in vivo and its possible clinical significance is not 
currently available. Many studies showed the presence of elevated 
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levels of oxidized albumin, in patients with diabetes mellitus type 1 
and type 2; aging,26 patients with chronic hepatitis C, oxidized albumin 
is a reliable marker of oxidative stress in hemodialysis patients35,36 
and alteration of redox state of HSA is also seen in patients under 
anesthesia and invasive surgery37 and many other diseases.

In diabetes the circulating albumin level is depressed. A 30-40% 
fall in the rate of albumin synthesis in uncontrolled diabetic patients 
as well as in perfused livers of diabetic can be restored by in vivo 
insulin; one basis is a marked decline in transcription of albumin 
mRNA. Albumin degradation and relative extra vascular distribution 
volume are likewise decreased about 35% in diabetics.38 Other features 
of diabetes are the effects of non-enzymatic glycation of circulating 
albumin; two laboratories almost concurrently reported non-
enzymatic glycation of serum albumin.39,40 Antibodies to the in vivo 
form of glycoalbumin have been sought but not detected.41 If albumin 
is glycated in the presence of reducing agent such as borohydride, so 
that the glucose becomes a glucitol-lysine adduct, antibodies to this 
group are claimed to be widely present in both normal and diabetic 
subjects, as both IgG and IgM isotopes.42

Oxygen free radical in diabetes

The balance between the rate of free radical generation and 
elimination is important. Excess cellular radical generation can 
be harmful;43 however, if there is a significant increase in radical 
generation, or a decrease in radical elimination from the cell, 
oxidative cellular stress ensues.44 There is convincing experimental 
and clinical evidence that the generation of reactive oxygen species 
(ROS) increases in both types of diabetes and that the onset of 
diabetes is closely associated with oxidative stress.45 Oxidative 
stress plays a central role in the onset of diabetes mellitus as well 
as in diabetes associated complications.46 Various studies have shown 
that DM is associated with increased formation of free radicals and 
decrease in antioxidant potential. This leads to oxidative damage of 
cell components such as proteins, lipids and nucleic acid. In both type 
1 and type 2 DM there is increased oxidative stress.47

The possible sources of oxidative stress in diabetes might include 
auto-oxidation of glucose, shifts in redox balances, decreased tissue 
concentrations of low molecular weight antioxidants, such as reduced 
glutathione and vitamin E and impaired activities of antioxidant 
defence enzymes such as superoxide dismutase and catalase.48 ROS 
generated by high glucose is causally linked to elevated glucose and 
other metabolic abnormalities important to the development of diabetic 
complications. However, the exact mechanism by which oxidative 
stress may contribute to the development of diabetic complications 
is undetermined.49 Hyperglycemia increases the production of 
reactive oxygen species (ROS) and decreases their scavenging by 
various mechanisms. Such an increase of ROS may disturb or modify 
various cellular functions and alter gene expression due to oxidative 
stress. High glucose induced mitochondrial overproduction of ROS50 
and abnormal activation of NAD (P) H oxidase,49 are thought to be 
the major sources of ROS associated with hyperglycemia, while 
sustained hyperglycemia may also decrease radical scavenging by 
manganese superoxide dismutase51 and the glutathione redox cycle. 
Thus, chronic oxidative stress is thought to be major cause of diabetic 
complications and clinical evolution of the accumulation of oxidative 
stress induced by sustained enhancement of ROS production could 
be useful to assess the risk of diabetes complications. However, the 
current clinical markers of ROS in diabetes, such as urinary 8-OH-
2′-deoxyguanosine,52 urinary 8-iso PGE2α,

53 plasma lipid peroxide54 
and the most important marker oxidized form of HSA [HNA], all 

reflect short-term ROS formation and not cumulative oxidative stress. 
Increased oxidative stress in diabetic patients may lead to protein 
oxidation. The conversion of protein to protein carbonyl (PCO) 
derivatives occurs via direct oxidation by ROS, with the eventual 
formation of oxidized amino acids.55

Oxidative protein damage cannot be repaired, except for the 
oxidation of methionine and cysteine.56 These oxidations cause 
irreversible modifications in protein. The structure and activity 
of oxidized proteins change profoundly in comparison with their 
native forms. Oxidative modification of proteins in vivo may affect 
a variety of cellular functions. The best marker for intracellular 
oxidative stress-dependent cellular damage is the PCO content. The 
unique advantage of the carbonyl measurement as a good marker 
of oxidative stress is the fact that it covers a much wider range of 
oxidative damage than other markers do.57,58 The other markers, such 
as nitro tyrosine, hydroxylation of aromatic and hydrophobic amino 
acids, are at a very low level in comparison with the carbonyl content. 
Oxidative stress and more specifically oxidative damage to proteins, is 
increasingly thought to play a central, mechanistic role in this context 
as it is associated with modifications in the activities of biological 
compounds and cellular processes that may be linked to pathological 
complications. In support, the path physiologic perturbations 
connected with obesity-related diabetes are robustly associated with 
hyperglycemia-induced oxidative stress.59,60

The aetiology of oxidative stress in diabetes arises from a variety 
of mechanisms such as excessive oxygen radical production from 
auto-oxidation of glucose,61 glycated proteins and glycation of anti-
oxidative enzymes, which limit their capacity to detoxify oxygen 
radicals.20 In addition to these mechanisms, two others have been 
suggested as being responsible for the generation of oxygen radicals 
in diabetes. First, high glucose levels could stimulate cytochrome 
P450-like activity by excessive nicotinamide adenine dinucleotide 
phosphate-oxidase (NADPH) produced by glucose metabolism.62 
Second, ketosis, a hallmark of T1DM in particular, could increase 
oxygen radical production in diabetic patients.63

Conclusion
The medical significance of oxidative stress has become 

increasingly recognized and now considered to be a component of 
virtually every disease process. There exists convincing facts that 
oxidative stress and reactive oxygen species (ROS) play an important 
role in the aetiology and/or progression of a number of human diseases. 
There is substantial evidence that induction of oxidative stress is a 
key process in the onset of diabetic complications. It has been well 
documented that HSA is quite vulnerable to reactive oxygen species. 
This review completes with causal relationship of serum albumin and 
reactive oxygen species in diabetes very concisely.
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