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Advanced Glycation End-Products and Their 
Receptor-Mediated Roles: Inflammation and 
Oxidative Stress 
 

 
Abstract 
Glycation is a protein modification, which results in a change in 
a protein structure. Glycation is believed to be the etiology of 
various age-related diseases such as diabetes mellitus and Alz-
heimer’s disease (AD). Activation of microglia and resident 
macrophages in the brain by glycated proteins with subsequent 
oxidative stress and cytokine release may be an important factor 
in the progression of AD. It is also suggested that interaction 
between an advanced glycation end product (AGE) and its re-
ceptor (RAGE) results in glial activation as well as cytokine 
release and reactive oxygen species release. The use of antioxi-
dants, receptor mediated compounds and reactive oxygen spe-
cies scavenging enzyme produce an opportunity to intervene 
with AGE-RAGE signaling pathway, and thereby to slow down 
the progression of aging-related diseases. 
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Introduction

The amino groups of proteins, particularly the side chain of 
lysine, arginine, and histidine react non-enzymatically with re-
ducing sugars. This post-translational modification called “gly-
cation” or “maillard reaction”, leads via reversible Schiff-base 
adducts to protein bound amadori products.1-3 By subsequent 
oxidation and dehydration, a broad range of brown heteroge-
neous products, mostly fluorescent with nitrogen- and oxygen- 
containing heterocyclic compounds, called advanced glycation 
end products (AGEs) are formed. The formation of AEGs is 
irreversible, and causes a resistant protein deposition to prote-
ase.4,5 The Maillard reaction was first described by L.C. Mail-
lard a chemist, who reported the formation of brown products 
upon heating a solution of amino acid (AA) and sugar.6 Sche-
matic representation of the Maillard reaction (A) and structures 
of AGEs (B, C and D),7 are shown in figure 1. 
 
Pathological Consequences of AGEs 
 
In vivo Glycation modifies the structural properties of proteins 
such as albumin and haemoglobin leading to inflammation and 
oxidative stress. The pathological role of AGEs in diseases 
such as diabetes mellitus (DM) is not fully understood. In addi-
tion to change of the protein structure, the receptor mediated 
mechanism of AGEs is of special interest.8 
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The pathological features of AGEs, which 
are not receptor mediated, can be observed in 
the progression of cataracts. Evidence sug-
gests that the glycation of lens protein is one of 
the causes of cataract,9 and is observed in 
long-lived proteins such as collagen and eye 
crystalline.10 However, the pivotal role of AGEs 
and the interaction with the receptor is not fully 
understood. 
 
Advanced Glycation End Products and 
Ageing 
 
Ageing can be characterized as progressive 
impairment of organs, tissue and cells. It is a 
progressive process, and not categorized as a 
disease, unless it interferes with the normal 
function of the organs. Diabetes mellitus and 
Alzheimer’s disease (AD) are the most preva-
lent ageing diseases, and are examples of the 
tissue impairment by ageing.11 One of the cha-
racteristics of ageing is the acceleration of pro-
duction of glycated proteins and accumulation 
of them in different tissues. Glycated proteins 

form aggregations, which are insoluble and 
resistant to degradation in comparison to non-
glycated proteins.2,12 
 
Advanced Glycation End Products and  
Alzheimer’s Disease 
 
Alzheimer’s disease is the most common type 
of dementia in elderly people.13 Approximately 
four million people in the United States have 
AD, and this number is expected to increase 
by 2050. The prevalence of AD amongst peo-
ple aged 85 years or older is estimated to in-
crease seven-fold from 1980 to 2050, however, 
this rise is slower in people from the age of 65-
74 years during the period of 1980 to 2050.14 

Alzheimer’s disease is characterized by ini-
tial mild memory impairment, and progresses to 
the loss of mental and physical activities. The 
cognitive decline is associated with widespread 
loss of synapses, neuronal cell death and the 
formation of amyloid plaques and neurofibrillary 
tangles, markers of AD. Advanced Glycation 
End Products modification and resulting cross-
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Figure 1: Schematic representation of the Maillard reaction (A) and structure of advanced glycation end products AGEs (B, C 
and D). 
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linking of protein deposits were observed to oc-
cur in both plaques and tangles.15 
 
Advanced Glycation End Products Receptor  
 
For the first time in 1992, macrophages were 
described to uptake AGEs via a specific recep-
tor called Advanced Glycation End Products 
Receptor (RAGE).16 The receptor has been 
identified in monocytes, macrophages, micro-
glia, astrocytes, neurons as well as smooth 
muscle and endothelial cells.17 

Different AGE modified proteins such as 
AGEs and ��-sheet fibrils like amyloid proteins 
and other ligand families such as high-mobility-
group B (HMGB or amphoterin) and 
S100/calgranulin were identified as ligands of 
RAGE.16 Ability to bind to different families of 
ligands is a unique characteristic of RAGE.18 It 
is referred to as pattern recognition receptor 
(PRR). The interaction between RAGE and 
AGEs is a complicated process, which has 
been shown to be a cause of problems in dif-
ferent ageing related diseases. It is also known 
as scavenger receptor in microglia cells.17 In-
creased expression levels of RAGE were 
found in the optic nerve of AD patients in prox-
imity to astrocytes.19 While there are many stud-
ies regarding AGEs, there is not much informa-
tion about the receptors. The current data show 
that glycated modified protein binding to RAGE 
triggers some components of different signalling 
pathways. However, the complete network of 
signalling pathways is still unclear.20 
 
The RAGE and Mitogen-Activated Protein 
Kinases 
 
The RAGE is a 35 kDa AGE-binding protein 
belong to the immunoglobulin (Ig) super-
family.18 The mitogen activated protein kinases 
(MAPKs) such as extracellular signal-regulated 
kinase (ERK) and c-Jun N-terminal kinase 
(JNK) were implicated to be components of the 
RAGE signalling pathways.21 These MAPKs 
are induced by cytokines and stressors. Fur-
ther down in the signal transduction cascade, 
transcription factors like nuclear factor-kappaB 
(NF-kB) are also activated. Therefore, ligand-
RAGE interaction activates NF-��B through 
these MAPKs signalling pathway. The cascade 
of signal transduction depends on the binding 
of AGEs to RAGE, as blocking RAGE with ei-
ther an excess of sRAGE or anti-RAGE anti-
body prevents cellular activation.22 

The RAGE is composed of 404 AA.23 It con-
tains an extracellular part with 320 AA, a single 
transmembrane domain with 21 AA and a short 

cytoplasmic domain with 40 AA.24 The ex-
tracellular part is composed of a variable (V) 
domain and two constant (C) domains.25 It has 
94 AA in Ig-like V-type domain, 98 AA in Ig-like 
C2-type 1 domain and 91 AA in Ig-like C2-type 
2 domain. Alternative splicing plays a major 
role in the production of different RAGE iso-
forms.23 During alternative RNA splicing, exons 
or introns could be retained or removed in dif-
ferent combinations. This process produces 
different proteins with unique characteristics.26 
Over 20 different splice variants of human 
RAGE have been identified to date.27 Gener-
ally there are four main RAGE isoforms: full 
length (FL)-RAGE, N-terminal truncated (Nt)-
RAGE,endogenous secretary (Es)-RAGE, and 
soluble (s)-RAGE (figure 2). These isoforms 
are the product of alternative splicing. Different 
splice variants of RAGE in human brain 28 are 
shown in figure 2. Soluble-RAGE and Es-
RAGE have similar patterns; however, s-RAGE 
may have some differences compared with Es-
RAGE in some AA. Soluble-RAGE is also a 
product of recombinant technology as well as 
the cleavage of cell surface RAGE by extracel-
lular metalloproteinases.29 Soluble-RAGE and 
Es-RAGE do not have the cytoplasmic and 
transmembrane domains of FL-RAGE.30,31 This 
intron includes a stop codon in the sequence. 
Because of this stop codon, s-RAGE lacks ex-
on 10 and 11. This sequence encodes the 
transmembrane domain of FL-RAGE; there-
fore, s-RAGE lacks the transmembrane and 
cytoplasmic domain. Soluble-RAGE contains 
V, C1 and C2 domains.32 The Nt-RAGE mRNA 
contains intron 1. Intron 1 contains a stop co-
don. This stop codon results in the loss of exon 
1 and 2. Hence, it lacks the V-type domain of 
FL-RAGE. It cannot act as a FL-RAGE and 
different ligands cannot bind to Nt-RAGE.28 
The ligands of RAGE such as amphoterin, 
S100B and A�� oligomer bind to V domain, 
however, some ligands such as A�� also bind to 
C domain.33 Moreover, there are two N-
glycosylation sites in and close to the AGE 
binding domain. Osawa et al,34 showed that a 
G82S mutation in the second N-glycosylation 
motif increased the AGEs affinity in COS-7 cells. 
As the blood levels of sugar is high in diabetic 
patients, translational modification of RAGE by 
de N-glycosylation and N-glycosylation sites 
could be a potential reason for RAGE activation 
and deactivation.34 In addition, s-RAGE can sup-
press the RAGE signalling, and the administra-
tion of s-RAGE was shown to suppresses tumor 
growth and autoimmune response in animal 
models for cancer and multiple sclerosis sup-
presses.35 The s-RAGE plasma level is lower in 
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patients with cognitive impairment, non-
alcoholic fatty liver disease or type 2 diabetic in 
comparison with the control.30,31 
 
Soluble-RAGE: a Marker and a Treatment 
 
Soluble-RAGE is the extracellular ligand bind-
ing domain of RAGE. It flows in the human 
plasma and has the potential to function as a 
decoy for RAGE signalling pathway by binding 
to circularising plasma AGEs. It has been sug-
gested that s-RAGE can be a biomarker for 
RAGE-mediated disease development, espe-
cially vascular diseases.36 

There are controversial studies regarding 
the s-RAGE plasma level and its relationship to 
the development of diseases. Some studies 
showed low s-RAGE plasma level and high N-
carboxymethyllysine (CML) levels, and abun-
dant natural AGEs in diabetic patients with se-
vere complications.37 On the other hand, the s-
RAGE plasma levels are lower in patients with 
arthritis and hypertension in comparison with 
healthy patients.38 Yamagishi et al,39 reported 
a positive relationship between plasma level of 
AGEs and s-RAGE in non-diabetic population. 
Interestingly, one study reported the elevated 
plasma levels of s-RAGE in septic patients. 
The study was the only to report high s-RAGE 
plasma levels in acute and non-chronic dis-
eases.40 It was proposed that the s-RAGE 
plasma level was negatively correlated with 
body mass index (BMI), as overweight people 
with higher BMI had a lower s-RAGE plasma 

level.41 Remarkably, higher s-RAGE positively 
correlates with an increase in inflammatory 
markers such as tumor necrosis factor (TNF)-�. 
and monocyte chemo attractant protein-1 
(MCP-1) in patients with type-2 diabetes.42 

The decoy characteristic of s-RAGE is not 
completely known to function as a negative 
feedback, as a biomarker, or as a protective 
factor, which acts by increasing the AGEs level 
in plasma in different diseases. Recombinant 
s-RAGE administration was tested in the ani-
mal model of DM with atherosclerotic lesions, 
and was shown to suppress the development 
of these lesions in the apo E null mice diabetic 
model.43 In another study, the administration of 
s-RAGE to diabetic C57/BJ6 and RAGE-
transgenic mice with diabetic symptoms inhib-
ited blood-retinal barrier breakdown and leu-
kostasis, which are the signs of retinopathy in 
diabetic patients.44 These studies suggested 
an anti-ageing characteristic for s-RAGE in 
ageing-related diseases. 
 
The RAGE: a Transporter of Amyloid Beta 
in Alzheimer Disease 
 
Deposition of amyloid beta (A��) as a senile 
plaque in the brain and the soluble oligomer 
form of A�� have been identified as one of the 
major causes of AD.45 Salminen et al,46 men-
tioned that “full-length RAGE was expressed in 
astrocytes, microglia and neurons. Also endo-
thelial cells can show a high level of RAGE 
expression in brain”. It is known that the blood 

 
 

Figure 2: Different splice variants of Advanced Glycation End Products Receptor (RAGE) in human brain:  FL (full length Rage)-
RAGE, Nt (N-terminal truncated)-RAGE, Es (Endogenous Secretary)-RAGE and s (soluble)-RAGE. The arrows show the deleted parts 
of sRAGE and NtRAGE compared to RAGE. 
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brain barrier (BBB) is important for A�� brain 
balance, and that it regulates the transport of 
A�� through two receptors: the low density lipo-
protein receptor related protein 1 (LRP1) and 
RAGE. The RAGE protein mediates the influx 
of amyloid protein from plasma to the brain, 
whereas, LRP protein mediates the efflux of 
amyloid protein through the BBB.46 Deane et 
al,47 suggests that brain CSF is separated from 
blood by tight junction between endothelial 
cells. Therefore, A�� peptide movement through 
BBB needs a receptor such as RAGE to trans-
fer A�� from plasma to CSF through endocyto-
sis.47 Generally, efflux which is mediated by 
LRP1 is greater than influx by RAGE. In AD, 
changes in RAGE expression might create an 
imbalance between the rates of influx and efflux 
of A�� peptide through the BBB.48 
 
The RAGE Activation and Biological Con-
sequences: Inflammation, Oxidative Stress, 
Cell Survival and Proliferation 
 
The RAGE is found on the surface of different 
kinds of cells such as lymphocytes, leukocytes, 
macrophages/microglia/monocytes, astrocytes, 
neurons, smooth muscle cells and endothelial 
cells.49 

The RAGE was shown to influence cell sur-
vival, cell proliferation, oxidative stress and 
inflammatory responses. Likewise, AGEs ef-
fects on proliferation and cell death were re-
ported in some studies.50,51 These effects were 
suppressed by the blockade of RAGE in T 
lymphocytes. Such a blockade shows that 
AGEs have effect on cell proliferation and cell 
survival through RAGE. Moreover, several stu-
dies demonstrated a role for AGEs in the over-
production of intracellular reactive oxygen spe-
cies (ROS), impairments in proteasomal activi-
ties, inflammatory responses, and cell insensi-
tivity to insulin in DM. On the other hand, AGEs 
can induce nitric oxide (NO) production in reti-
nal neurons and N-11 (microglia-like) cell 
line.52,53 Besides, RAGE activation resulted in 
the activation of nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase.54 The 
product of this enzyme activation is superoxide 
ion (O2

�í), another ROS. On the other hand, 
interaction of ligands with RAGE induces the 
production of cytokines followed by upregula-
tion of multiple signalling pathways. Ligand-
induced RAGE activation is shown to drive NF-
��B expression, followed by upregulation of in-
flammatory markers and adhesion molecules, 
and consequently inflammatory cell recruitment 
to the site of inflammation.49 In addition, migra-
tion of monocytes was reported in AD patients 

and A��-transgenic mice. This migration may 
play an important role in the RAGE-mediated 
inflammatory responses in AD patients in the 
brain.48 

C-reactive protein (CRP) is a key marker of 
inflammation in cardiovascular diseases, and is 
a mediator for developing atherosclerosis. C-
reactive protein increases the expression of 
cell adhesion molecules (CAMs), chemokines, 
RAGE and the production of ROS. Mahajan et 
al,55,56 suggested that CRP upregulates RAGE 
expression. They also demonstrated that this 
upregulation could be reduced by MAPKs in-
hibitors; therefore, they suggested that p38, 
ERK and JNK signalling pathways were in-
volved in CRP-induced RAGE expression.55 

Donato et al,57 highlighted, in a review arti-
cle, that S100B, an endogenous RAGE ligand, 
had protective and neurotrophic effects during 
brain development in low concentrations. 
Moreover, in higher concentrations it had a 
toxic effect, which was through the production 
of ROS in neuron in a RAGE-dependent man-
ner. He also suggested that S100B-RAGE in-
teraction could stimulate pro-inflammatory re-
sponses and ROS production in mono-
cytes/microglia/macrophages.58 

Cyclooxygenase (COX) is an enzyme re-
sponsible for the formation of prostanoids, and 
its role in inflammation has been pointed out by 
increasing evidence.59 The interaction of 
S100B and RAGE upregulates COX-2 expres-
sion in BV-2 microglia.57 The upregulation of 
the COX-2 expression was observed in AGE-
BSA induced–human osteoarthritis (OA) chon-
drocytes.60 This upregulation was also reported 
in cultured THP-1 monocytes and human pe-
ripheral blood monocytes stimulated by AGEs 
and S100B.61 This data proves the overlap part 
between COX-2 and RAGE signalling pathway. 
It was shown that RAGE-/- mice in comparison 
with wild type (Wt),62 have a lower level of 
TNF-�. and IL-6 plasma concentrations in re-
sponse to HMGB1 stimulation.63 On the other 
hand, a high level of circulating TNF-�. was 
reported as a crucial mediator in RAGE/AGE 
and NF-�DB signalling pathway.64 

Prostaglandin (PG) F2�. comprises a class of 
biologically active products of the arachidonic 
acid pathway, and is considered a marker of 
oxidative stress.65 Relevance of urinary 8-iso-
PGF2�. with s-RAGE in diabetic patients has 
been considered.66 It was reported that PGF2�. 
was high and had inverse correlation with s-
RAGE plasma level.30,65 Furthermore, the over-
production of intracellular ROS was observed in 
THP1 monocytes after treatment with glycoxi-
dized albumin.67 Moreover, human umbilical vein 
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AGE 

endothelial cells (HUVECs) induced by TNF-�. 
have demonstrated a high level of RAGE ex-
pression. This expression was reduced by N-
acetyl-L-cysteine (NAC), a ROS scavenger.68 
E-selectin is a cell adhesion molecule, which is 
expressed in activated endothelial cells in in-
flammatory conditions and by AGEs.69,70 It has 
been reported that E-selectin was unregulated 
in human saphenous vein endothelial cells in 
response to heterogeneous AGEs.69 It was ob-
served that E-selectin expression induced by 
Glc-human serum albumin (GHSA) was reduced 
by NADPH oxidase inhibitors and scavengers of 
ROS, NAC in human saphenous vein endothelial 
cells. However, it was reported that such E-
selectin expression could not be abolished by 
anti-RAGE antibody.54 This information suggests 
that RAGE/AGE interaction stimulates pro-
inflammatory responses through NF-�DB signal-
ling pathway in an oxidative stress- dependent 
manner. 
 
The RAGE and Signaling Pathways 
 
Nuclear factor kappa B (NF-��B) and MAPKs 
such as ERK1/2, JNK, Akt and p38 were impli-
cated to be involved in the RAGE signalling 
pathway (figure 3).71-74 

It was shown that S100A8 and S100A9-

induced human prostate cancer cells could 
activate NF-��B transcription in vivo.75 Sun et 
al,73 showed that phosphorylated p38 was not 
associated with A�� plaques and neurofibrillary 
tangles (NFTs) in subregions of hippocampus 
of patients with AD. This suggests that 
p38/MAPKs signalling pathway is not crucial 
for the neurotixicity of A��, which is a RAGE 
ligand.73 Moreover, p38 MAPK phosphorylation 
increased in cultured neurons treated with a 
nontoxic concentration of A��42, soluble amy-
loid beta peptide. This effect was reduced by 
anti-RAGE antibody.72 This contradicted the 
findings with regards to RAGE and pp38. Fur-
ther studies are in need to examine the role of 
pp38 in the RAGE signalling pathway. 

Cyclooxygenase-2 enzyme has been impli-
cated in the pathogenesis of several inflamma-
tory diseases. Increase in the expression level 
of COX-2, which was induced by S100B, an-
other RAGE ligand, was reported in human 
peripheral blood monocytes from healthy do-
nors.61 Moreover, the involvement of NF-�DB in 
the expression of COX-2 induced by IL-1�� in 
mesenchymal cells of human amnion was 
shown.76 These studies implied that the role of 
COX-2 in the inflammatory response was RAGE-
ligand dependent through NF-�DB signaling path-
way. These studies are controversial, and more 

 
 
Figure 3: The proposed schematic AGE-RAGE signalling pathways. The thickness of arrows shows the available supportive 
data. 
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investigations are in need to examine the role of 
COX-2 in the RAGE signalling pathway. 

The proliferation of the mouse microglial 
cell line Ra2 was stimulated through increasing 
the expression of macrophage colony-
stimulating factor (M-CSF) in A�� treated cell 
line. This stimulation was blocked by an Akt 
inhibitor.77,78 Furthermore, an electromobility 
shift assay (EMSA) showed that the M-CSF 
promoter region with a putative NF-��B binding 
site was associated with A��-induced M-CSF 
expression in the Ra2 cells treated with A��.74 
This gives an indication that A��, a RAGE 
ligand, might act through the RAGE and 
Akt/NF-�DB signaling pathway. The proposed 
schematic AGE-RAGE signalling path-
ways,21,58,79 are shown in figure 3.  
 
Potential Therapeutic Approaches According 
to the AGEs Hypothesis 
 
A number of therapeutic approaches were pro-
posed for ageing-related diseases with rele-
vance to glycated proteins. These approaches 
include the use of AGE inhibitors, AGE break-
ers, AGE signalling blocking, anti-RAGE anti-
body and RAGE antagonists, and antioxidants 
such as ascorbic acid (vitamin C) and �.-
tocopherol (vitamin E).80,81 Anti-RAGE antibody 
treatment in uremic apoE�í/�í mice showed a 
decrease in the development of atherosclerotic 
lesions.82 Moreover, vitamin C treatment of 
patients with renal failure (diabetic nephropa-
thy and other types of renal failure) showed a 
decrease in AGEs plasma level.83 Oxidative 
stress and ROS production, based on the 
AGEs hypothesis, may potentially benefit from 
antioxidant treatment, especially in AD. 
 
Inflammation Induced By Glycated Proteins, 
Interferon Gamma and Lipopolysaccharide 
 
It has been reported that glycated proteins 
trigger the inflammation. The pathophysiology 
of inflammation includes the recruitment of 
white blood cells and production of cytokines 
which are the messenger among the cells.84 In 
addition, lipopolysaccharide (LPS), which is the 
outer membrane of gram negative bacteria, 
elicits the production of a number of cyto-
kines.85 Cytokines can bind to specific recep-
tors and trigger the complex cytokine network 
signalling. An excessively elevated level of 
cytokines was observed in AD patients. Among 
those, INF-��, which was originally called ma-
crophage-activating factor, is of potential inter-
est.86 Macrophages are sensitive to INF-��. In 
addition, the non lethal dose of LPS was 

shown to be toxic in combination with INF-�� in 
mice. The involvement of cytokines with LPS in 
Shwartzman-like lethal inflammatory response 
was observed in rabbits and mice.87,88 There is 
evidence that this protein modification results 
in the elevated level of cytokines.89 
 
Inhibition of Glycated Protein Induced-
Inflammation by Different Antioxidants  
 
Inflammation is known as a potential cause of 
neurodegenerative diseases such as AD and 
Parkinson’s. Several studies have shown that 
neuronal cell death is regulated by inflamma-
tion. Microglia, the resident macrophages in 
the brain, can produce inflammation markers 
such as NO and TNF-�.. The inflammation, 
which results in neurodegenerative diseases, 
has a deleterious effect on neurons.90 Reduc-
tion of inflammation might help to decrease the 
level of induced damages. Polyphenols are a 
group of compounds with defined structures 
and are abundant in fruit and vegetables. They 
are well known as antioxidants and antiinflam-
matory compounds.91 So far, the use of poly-
phenols as antiinflammatories has been stud-
ied extensively.92 The flavone structure is 
known as the antiinflammatory structure in a 
wide range of plant extracts. Resveratrol; how-
ever, belongs to a different structural family of 
plant extracts, and has stilbene structure  
(figure 4).93 The chemical structures of apigenin 
and resveratrol, their core structures, and related 
chemical groups are shown in figure 4.94 
 
Inhibition of AGE-Induced Inflammation by 
Compounds Acting on the Receptors 
 
Protein glycation is a protein modification, and is 
observed in ageing. Glycated proteins can be up 
taken via the RAGE receptor.49 There are various 
ways to intervene at the receptor level in AGE-
RAGE signalling pathway such as the blockade 
of the receptor by antagonist and antibody.95 

The RAGE was implicated to be involved in 
AD and diabetic vascular diseases.96 Blockade 
of RAGE-ligand interaction by soluble RAGE, 
RAGE antibody and RAGE antagonist were 
considered in the reduction of plaque forma-
tion.97 The RAGE-ligand interaction triggers the 
AGE-RAGE signalling pathway. It leads to fur-
ther inflammation and oxidative stress.30 Any 
intervention along this signalling pathway could 
reduce the inflammation and consequently, 
induce damages. 

Several RAGE blockers such as TTP488 and 
PF-04494700 have been tested. In addition, 
naturally occurring biopolymers such as hyaluronic 
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Figure 4: The chemical structures of apigenin and res-
veratrol (A and C), the core structures and related chemi-
cal groups (B and D). 
 
acid (HA) is shown to have antagonizing activity.98 
Hyaluronic acid injection has also been introduced 
as a treatment for osteoarthritis.81 In addition to 
chemicals and polymers as antagonists for RAGE, 
antibodies against the receptor can be an alterna-
tive way of antagonizing the receptor.  
 
Inhibition of AGE-Induced Inflammation by 
Catalase, NADPH Oxidase Inhibitors 
 
The physiological role of NO signalling as an 
extracellular signalling molecule is now widely 
appreciated.99 Hydrogen peroxide (H2O2) is an-
other messenger with similar biochemical char-
acteristics similar to NO, and is predominantly 
involved in pro-inflammatory signalling.100,101 

Hydrogen peroxide can act as a messenger and 
transmit pro-inflammatory signals between adja-
cent cells.102 It can act both as a mediator mole-
cule and a toxic substance. In higher concentra-
tions it is toxic, and in lower concentrations it is a 
messenger.103 The special role of H2O2 in in-
flammation by some types of cells such as T-
cells has been extensively investigated.104 Hy-
drogen peroxide belongs to ROS, and it has 
been hypothesised that H2O2 acts as a messen-
ger in gene regulation and signal transduction 
pathways.105 It has also been reported that the 
concentration of H2O2 in leukocytes increases 
from 1 to 100 mM during phagocytosis.106 Vari-
ous activities within the cells are related to H2O2 
production. Schematic presentation of the 
chemical reactions involved in antioxidant de-
fense mechanisms,107 are shown in figure 5. 
 
Conclusion 
 
While there are several studies about glycated 
proteins, the number of reports regarding the 
signalling network triggered by glycated pro-
teins is limited. The publications reviewed 
herein might indicate that AGE-RAGE signal-
ling pathway was a possible signalling path-
way. In addition to inflammatory response, oxi-
dative stress is another mechanism through 
which the destructive effects of glycated pro-
tein in AD and other age-related diseases are 
prominent. It is still unclear what the second 
messenger of the RAGE, which results in the 
receptor activation, is. It might also be possible 
to conclude that the understanding of the 
pathway can help in finding an inhibitory com-
pound useful in AD. 
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