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Abstract

In diabetes mellitus, glucose forms adducts with the proteins through a non-
enzymatic reaction termed as glycation. Glycoprotein conflicts with their normal
functions via altering of molecular conformation and enzymatic activity.
Subsequently, the glycated proteins are chemically modified to advanced
glycation end products (AGEs). AGEs discovered in body fluids and all tissues
and could interact with intracellular and extracellular proteins conflicts with their
normal functions. AGEs can cross-link with specific cell surface receptors
(RAGs) and consequently modify cell intracellular signaling, gene expression, the
formation of reactive oxygen species and the energizing of many of the
inflammatory pathways. AGEs have a central role in the devolopment of diabetic
complications, including macrovascular and microvascular complications. Anti-
glycation treatments could block the progress of diabetic complications.
Understand the AGEs effects and how can be inhibited is a remarkable approach
for controlling the diabetic complications. The present review summarizes the
possible mechanisms of AGEs on Pathogenic effects including microvascular
complications. Furthermore, the biochemical mechanisms of anti glycation
reactions are also summarized.

Keywords: diabetes mellitus, advanced glycation end products, microvascular
complications.

Introduction

Glycation scientifically outlined as a reaction between reducing sugars and an
amine group of proteins, amino acids, and nucleotides. Because of the main role
of glycation within the pathogenesis of multiple chronic diseases like diabetes,
the literature search concern and yield many articles about glycation (Steiner et
al., 2018). According to WHO (2018), the number of diabetes cases has nearly
doubled since 1980. Cho et al. (2018) estimated about 415 million people
worldwide had diabetes in 2017 and one case dies from diabetes each six cases
everywhere the globe. With current trends continue, Cho et al. (2018) predicted
that 693 million people worldwide will have diabetes by 2045. Glycation and
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advanced glycation end products (AGEs) formation is a central pathogenic part in
cellular malfunction and diabetic complications. Diabetic complications can be
classified into Microvascular complications and Macrovascular diseases
Microvascular  complications are more common than macrovascular
complications (Cheema et al., 2018). So, the aim of this review is to summarize
the role of glycation and AGEs in the pathogenesis of microvascular
complications and possisible machansims to inhipit AGEs formation.

Diabetes mellitus

Diabetes mellitus (DM) is cluster of metabolic disorders resulting from
defects in pancreatic insulin secretion, insulin action or both (Dewanjee et al.,
2018). Type 1 and type 2 are the main types of DM. The plurality of type 1 is due
to insulitis which results from the loss of insulin secreting cells (pancreatic beta
cells) when attacking by T cell mediated autoimmune (Rother, 2007). Type 1 DM
affected by genetic component, environmental and immunologic factors that
destroy the pancreatic beta cells (Prasad et al., 2012). Type 2 known as
additionally adult onset diabetes, non insulin-dependent diabetes starts with
insulin opposition, a case during which cells fail to respond to insulin completely.
In DM, a glucose form adducts with the plasma proteins and DNA by
nonenzymatic glycosylation termed as glycation, subsequently, the glycated
proteins are chemically modified to AGEs. AGEs discovered in body fluids and
all tissues (Fishman et al., 2018). AGEs may decrease the elasticity, flexibility,
and functionality of the proteins followed with initiate harmful inflammatory and
autoimmune responses.

Glycation and AGEs formation

Glycation (Maillard reaction, amino-carbonyl reaction, non-enzymatic
glycosylation, or browning reaction) defined as reaction between reactive
carbonyl compounds, such as reducing sugars and g-amino cluster of protein's
amino groups, nucleic acids, and phospholipids, in addiontion to sulfhydryl
groups (Freund et al., 2018). Glycation included a 3 sequence series of complex
nonenzymatic reactions: early, intermediate, and late (Singh et al., 2014). In the
first stage (the Shiff base), electrophilic carbonyl groups of the reducing sugars
link with free amino groups of amino acids and form unstable aldimine
compound called the Shiff. Schiff base rapidly rearrangement to form a more
constant early glycation ketoamine (fructosyl-lysine (FL)), and other fructosamine
derivatives termed as the Amadori products (Monnier et al., 1996). Within the
second stage, the Amadori product degrades to a set of reactive dicarbonyl
compounds like glyoxal, methylglyoxal, and deoxyglucosones. pervious products
are more reactive than the starter compounds, doing as propagators of the
reaction, once more linking with free amino . The last step occurred within the
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presence of reactive oxygen species, or redox active transition metals and AGEs
(Ahmed, 2005). AGEs are irreversible products formed during early, intermediate
and the late stage of glycation, in particular, under conditions enhanced oxidative
stress of and/or hyperglycaema (Van Zoelen et al., 2011). The AGEs are insoluble
substances characterize as yellow-brown, often fluorescent and cumulate on long-
lived proteins. AGEs can be divied into 3 main groups: fluorescent and cross-
linking structures (crosslines and pentosidine), non-fluorescent and crosslinking
structures (imidazolium dilysine cross-links, alkyl formyl glycosyl pyrrole
(AFGP) cross-links and arginine —lysine imidazole (ALI) cross-links) and Non-
cross-linking AGEs like pyrraline and N-carboxymethyllysine (CML) (Ahmed,
2005). Simm (2013) classified AGEs depending on their toxicity to non-toxic
compounds ( CML and pyrraline) and toxic compounds which derived from
glycolaldehyde or glyceraldehydes.

Pathophysiological of protein glycation

AGEs are a part of normal metabolism, but it can become glycotoxins when
accumulate for a long time in the body and take a part in the diabetic
complications due to a high blood sugar level which assist AGE formation (Ulrich
et al., 2001). According to Brownlee, (2005) and Fishman et al. (2018), there are
3 possible mechanisms of cells damage, the first is the intracellular proteins
change involved, most important proteins included in the gene transcription
regulation. Secondly, the cellular dysfunction as a result to AGE precursors
diffusion out of the cell and alter molecules of extracellular matrix, which
modifies signaling between the matrix and the cell. The last mechanism is that
AGE precursors circulate out of the cell and change plasma protein. Glycated
blood proteins can then link to AGE receptors (RAGEs) and stimulate them,
resulting in inflammatory cytokines and growth factors secretion, which cause
vascular pathology. Intracellular aggregation of AGEs within the endoplasmic
reticulum ends up in stress, which might reduce normal folding of protein
processes then leading to cell apoptosis (Adamopoulos et al., 2014). Extracellular
proteins are particularly long-lived, and that they are extremely vulnerable to
modification by AGEs (Duran et al., 2009). The function of protein, mainly
depends on structural stability and any disorder cause amendment in its
purposeful properties resulting in pathologic process of assorted diseases and
complications (Siddiqui et al., 2019). Glycation and AGEs modify the plasma
proteins, including albumin, fibrinogen and globulins contribute to the
pathological effects inclusive change activation of platelet, production of free
radicals, failure in the immune system, leading to bone remodeling and skeletal
fragility (Singh et al.,2014). Malliard reacting target albumin and collagen due to
its concentration and long half-life, contributes to microvascular complications in
diabetes (Sternberg et al., 2016). Glycated albumin takes a part in diabetic
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retinopathy (Fishman et al., 2018), enhances neo-epitopes generation so demonists
immunological complications in diabetes (Raghav et al., 2017).

Receptors of advanced glycation end products (RAGE)

AGEs may induce their harmful actions via the biological properties and their
engagement with specific receptors called as RGAE (Tobon- Velasco et al.,
2014). The binding of AGEs with RAGE of plasma membrane lead to change
intracellular signaling, gene expression, free radicals generation, develop
oxidative stress and inflammation and AGEs pathologic effects (Singh et al.,
2014). RAGE is a member of the immunoglobulin (Ig) super family,
that ordinarily found at dim levels within inflammatory cells, podocytes of the
kidney, many types of epithelial cell, Miiller cells of the retina, neurons and
microglial cells, and malignantly transformed cells (Goh and Cooper, 2008).
Binding of AGEs with RAGE on endothelial cells lead to diabetic vascular stress
via up regulates main adhesion molecules which effect on the adherence of
activated inflammatory cells (Schmidt et al., 1992).

AGEs and complications of diabetes

It is estimated that prolonged exposure to high levels of glucose certainly
contributes to diabetic complications, including conditions that affect the
cardiovascular and nervous system, eyes or kidneys. It is noticeable that AGEs
play an important pathogenic role in cellular dysfunction and diabetic
complications and many age-related disorders. (Freund, et al. 2018 and Koska et
al., 2018). Progressive diabetic exposure is a key factor in diabetes-associated
complications due to metabolic memory. Rhee and Kim (2018) reported that
AGEs are produced and accumulated permanently in the body, so that AGE can
be a major cause in the development of metabolic memory in diabetic
complications (Koska et al., 2018).

AGE:s and diabetic cataract

AGEs can play a significant role in the formation of diabetic glaucoma,
retinopaty, and cataracts. Stitt and Curtis (2001) concluded that diabetes greatly
affects on a lot of tissues and cells of the ocular, AGE accumulation at known eye
disease sites and is the major cause of visual dysfunction. Over worldwide, AGEs
are responsible to alter in the opacity, color of the eye lens (Franke et al, 2003)
and are the most a significant reason for cataract development (Hashim et al.,
2012) which the main cause of blindness (Pollreisz and Erfurth, 2010). AGEs
significant change in structure of lens proteins and lens fibre membrane this leads
to accumulation and covalent cross linking of lens crystallins which scatter light,
disturb vision and form cataract (Nagaraj et al., 2012). Cataract formation
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mechanisms are primarily increased nonenzymatic glycation / glycooxidation,
protein kinase activation C, oxidative nitrosative stress, and polymerase activation
(PARP) (Mandal et al., 2013).

AGEs and diabetic retinopathy

Diabetic retinopathy (DR) is described as microvascular system damage,
including blood vessel proliferation, vascular stenosis, angiogenesis,
microaneurysms, haemorrhages, ischemia and retinal infarction due to elongated
hyperglycaemia that may result in blindness (Rohilla et al., 2012). Nearly all
patients with Type 1 and over sixtieth of patients with type 2 can have some
extent of retinopathy once twenty years of diabetes (Elosta et al., 2012). AGEs
and RAGEs are found within the vasculature of retinal (Stitt et al., 1999). AGEs
accumulation act as a growth inhibitors on pericytes this cause to the loss of
pericyte and thus in turn, increase basement membrane thickening which
significantly take a part in the collapse of the inner blood-retinal barrier (Elosta et
al.,2012). AGE aggregation develops the expression of diabetic retina for glial
fibrillary acid protein, stop synthesis of glutamate (Chilelli et al., 2013).

AGEs and diabetic neuropathy

Diabetic neuropathy characteristics as a type of nerve damage and its
symptoms depending on the affected nerves and vary from pain within the legs
and feet to issues with the blood vessels, heart, urinary tract and gastrointestinal
system. Peripheral symmetric neuropathy impacts on the feet and hands, It is the
main reason for diabetic neuropathy (Prelipcean, 2019). It's estimated that, There
are approximately 20-30 million people suffer from diabetic neuropathy, which is
expected to double by 2030 (Bayram et al., 2016). Approximately 66% of patients
of type 1 and 59% of patients of type 2 are likely to develop neuropathy (Tracy
and Dyck, 2008). Jack and Wright (2012) concluded that, diabetic neuropathy
could be developed by generation and aggregation of AGEs within the peripheral
nerve. Changes in glycated collagen and laminin affect a vasodilation mediator,
thereby reducing nerve blood flow and inducing peripheral nerve hypoxia (Singh
et al., 2014). Toxic products in neural tissues (3-deoxyglucosone (3-DG) and
methylglyoxal (MG) generated during early and intermediate stages of glycation
lead to devolp progress of neuropathy within diabetes (Nawroth et al., 2018). In
addition to, AGE-RAGE axis has an important role in the diabetic foot-associated
with diabetic neuropathy (El-Mesallamy et al., 2011). AGE -RAGE links
activated NADPH oxidase and NF-xB to exert proinflammatory reaction
(Haslbeck et al., 2005). Physiologically, A precursor of AGEs (glycolaldehyde)
stimulates diabetic neuropathy by reduction of the Schwann cells viability (Satoh
et al,.2013)
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AGEs and diabetic nephropathy

Diabetic nephropathy is that the most typical cause for hypertensive
nephropathy and foremost necessary causes of end-stage renal disease (ESRD)
(Ghaderian et al., 2015). The loss of kidney occupation in diabetic patients,
related to increasing AGEs levels (Genuth et al., 2005). AGEs modifying in
proteins of extracellular matrix and resultig in basement membrane thickening
(Thomas et al 2005) and target mesangium in which changes caused by AGEs
(devolved apoptosis of the pericyte and expression of the vascular endothelial
growth factor) lead to glomerular hyperfiltration, an early dysfunction in diabetes
(Wendt et al., 2003).

Anti glycation Inhibitors and diabetes complications

Suppression of AGE formation may block the development of diabetic
complications. Generally, the anti glycation mechanisms involve any mechanism
that may retard or block the glycation reaction and according to Wu et al. (2011),
These may be one of the following: 1- Anti-glycation action within early stage is
scavenging superoxide radicals and hydroxyl radicals to reduce both of oxidative
stress and the production dicarbonyl groups. 2- The production of AGE depend on
the existence of transition metal ions. So, chelation of metal ion may be blocked
AGE productioon .3-Blocking the production of late stage Amadori products. 4-
Breaking the crosslinking structures in the formed AGEs. 5- Blocking RAGEs can
repress the oxidative stress and inflammation. Both therapeutic products and
natural agents have been studied as antiglycation agents, but a lot of therapeutic
inhibitors of AGEs formation were withdrawn from clinical studies due to low
pharmacokinetics, poor efficacies, and unsafely. So, natural agents with high
efficacy and safety in humans consider alternative therapeutic antiglycating.
Several trials concluded that, many natural agents; such as plant extract products,
food bioactive compounds, vitamins, Probiotic, prebiotic, Zn oxides and acids act
as antiglycation agents and therefore development of diabetic complications (Wu
et al., 2011; Guilbaud et al., 2016; Ma et al., 2018 and Zhu, et al.,2019).

Conclusions

Prolonged exposure to high glucose level is estimated to be a main causal
contributing to diabetic complications and increase mortality rate associated with
diabetes. Diabetes complications are groubed into microvascular (small blood
vessels damage ) and macrovascular (larger blood vessels damage). The function
of protein, mainly depends on structural stability and any disorder resulting in
pathogenesis of many diseases and complications. It is obvious that through many
mechanisms, AGEs and RAGE can play a significant pathogenic role in diabetic
complications. So understanding these mechanisms help to find approaches to
inhibit the AGEs formation in hence depress the progress of diabetes
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complications. Depending on Clinical studies, many of therapeutic inhibitors of
AGE were withdrew due to low pharmacokinetics, poor effectiveness and unsafe.
Thus, natural agents with high human effectiveness and safety consider alternative
antiglycating therapy. Many studies are required in order to surmount the
mortality caused diabetes complications using nature anti glycation products.

REFERENCES

[1] Adamopoulos C, Farmaki E, Spilioti E, Kiaris H, Piperi C, Papavassiliou AG,
Advanced glycation end-products induce endoplasmic reticulum stress in human
aortic endothelial cells, Clinical chemistry and laboratory medicine. 2014,
1;52(1):151-60.

[2] Ahmed N, Advanced glycation endproducts—role in pathology of diabetic
complications. Diabetes research and clinical practice. 2005 Jan 1;67(1):3-21.

[3] Al-Mesallamy HO, Hammad LN, El-Mamoun TA, Khalil BM. Role of
advanced glycation end product receptors in the pathogenesis of diabetic
retinopathy. Journal of Diabetes and its Complications. 2011 May 1;25(3):168-74.

[4] Bayram EH, Sezer AD, El¢ioglu HK. Diabetic Neuropathy and Treatment
Strategy—New Challenges and Applications. InSmart Drug Delivery System 2016
Feb 10. IntechOpen.

[5] Brownlee M, Cerami A, Vlassara H. Advanced glycosylation end products in
tissue and the biochemical basis of diabetic complications. New England Journal
of Medicine. 1988 May 19;318(20):1315-21.

[6] Cheema S, Maisonneuve P, Zirie M, Jayyousi A, Alrouh H, Abraham A, Al-
Samraye S, Mahfoud Z, Al-Janahi IM, Ibrahim B, Lowenfels AB. Risk Factors
for Microvascular Complications of Diabetes in a High-Risk Middle East
Population. Journal of diabetes research. 2018;2018.

[7] Chilelli NC, Burlina S, Lapolla A. AGEs, rather than hyperglycemia, are
responsible for microvascular complications in diabetes: a “glycoxidation-centric”
point of view. Nutrition, Metabolism and Cardiovascular Diseases. 2013 Oct
1;23(10):913-9.

[8] Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge
AW, Malanda B. IDF Diabetes Atlas: Global estimates of diabetes prevalence for
2017 and projections for 2045. Diabetes research and clinical practice. 2018 Apr
1;138:271-81.

[9] C Tobon-Velasco, J., Cuevas, E. and A Torres-Ramos, M., 2014. Receptor
for AGEs (RAGE) as mediator of NF-kB pathway activation in

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 8, No.1, (2019) 23



Mostafa SELIM

neuroinflammation and oxidative stress. CNS & Neurological Disorders-Drug
Targets (Formerly Current Drug Targets-CNS & Neurological Disorders), 13(9),
pp-1615-1626.

[10]Dewanjee S, Das S, Das AK, Bhattacharjee N, Dihingia A, Dua TK, Kalita J,
Manna P. Molecular mechanism of diabetic neuropathy and its
pharmacotherapeutic targets. European journal of pharmacology. 2018 Jun 30.

[11]Duran-Jimenez B, Dobler D, Moffatt S, Rabbani N, Streuli CH, Thornalley
PJ, Tomlinson DR, Gardiner NJ. Advanced glycation end products in extracellular

matrix proteins contribute to the failure of sensory nerve regeneration in diabetes.
Diabetes. 2009 Dec 1;58(12):2893-903.

[12]El-Mesallamy HO, Hamdy NM, Ezzat OA, Reda AM. Levels of soluble
advanced glycation end product-receptors and other soluble serum markers as

indicators of diabetic neuropathy in the foot. Journal of Investigative Medicine.
2011 Dec 1;59(8):1233-8.

[13]Elosta A, Ghous T, Ahmed N. Natural products as anti-glycation agents:
possible therapeutic potential for diabetic complications. Current diabetes
reviews. 2012 Mar 1;8(2):92-108.

[14]Fishman SL, Sonmez H, Basman C, Singh V, Poretsky L. The role of
advanced glycation end-products in the development of coronary artery disease in

patients with and without diabetes mellitus: A review. Molecular Medicine. 2018
Dec;24(1):59.

[15]Franke S, Dawczynski J, Strobel J, Niwa T, Stahl P, Stein G. Increased levels
of advanced glycation end products in human cataractous lenses. Journal of
Cataract & Refractive Surgery. 2003 May 1;29(5):998-1004.

[16] Freund MA, Chen B, Decker EA. The Inhibition of Advanced Glycation End
Products by Carnosine and Other Natural Dipeptides to Reduce Diabetic and

Agel |Related Complications. Comprehensive Reviews in Food Science and Food
Safety. 2018 Sep;17(5):1367-78.

[17]1Genuth S, Sun W, Cleary P, Sell DR, Dahms W, Malone J, Sivitz W,
Monnier VM. Glycation and carboxymethyllysine levels in skin collagen predict
the risk of future 10-year progression of diabetic retinopathy and nephropathy in
the diabetes control and complications trial and epidemiology of diabetes

interventions and complications participants with type 1 diabetes. Diabetes. 2005
Nov 1;54(11):3103-11.

[18] Ghaderian SB, Hayati F, Shayanpour S, Mousavi SS. Diabetes and end-stage
renal disease; a review article on new concepts. Journal of renal injury prevention.
2015;4(2):28.

24 Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 8, No.1, (2019)



The Role of Glycation in Pathology of Diabetic Microvascular Complications

[19]Goh SY, Cooper ME. The role of advanced glycation end products in
progression and complications of diabetes. The Journal of Clinical Endocrinology
& Metabolism. 2008 Apr 1;93(4):1143-52.

[20]Hashim Z, Zarina S. Osmotic stress induced oxidative damage: possible
mechanism of cataract formation in diabetes. Journal of diabetes and its
complications. 2012 Jul 1;26(4):275-9.

[21]Haslbeck KM, Schleicher E, Bierhaus A, Nawroth P, Haslbeck M,
Neundorfer B, Heuss D. The AGE/RAGE/NF-kB pathway may contribute to the
pathogenesis of polyneuropathy in impaired glucose tolerance (IGT).
Experimental and clinical endocrinology & diabetes. 2005 May;113(05):288-91.

[22]Jack M, Wright D. Role of advanced glycation endproducts and glyoxalase I
in diabetic peripheral sensory neuropathy. Translational Research. 2012 May
1;159(5):355-65.

[23]Koska J, Saremi A, Howell S, Bahn G, De Courten B, Ginsberg H,
Beisswenger PJ, Reaven PD. Advanced glycation end products, oxidation
products, and incident cardiovascular events in patients with type 2 diabetes.
Diabetes care. 2018 Mar 1;41(3):570-6.

[24]Ma H, Johnson S, Liu W, DaSilva N, Meschwitz S, Dain J, Seeram N.
Evaluation of polyphenol anthocyanin-enriched extracts of blackberry, black
raspberry, blueberry, cranberry, red raspberry, and strawberry for free radical
scavenging, reactive carbonyl species trapping, anti-glycation, anti-B-amyloid
aggregation, and microglial neuroprotective effects. International journal of
molecular sciences. 2018 Feb 3;19(2):461.

[25]Mandal A. DIABETIC CATARACT: PATHOGENESIS AND
MANAGEMENT WITH FOCUS ON POTENTIAL
PHARMACOTHERAPEUTICS. Management. 2013;1(1):1-3.

[26]Monnier VM, Nagaraj RH, Portero-Otin M, Glomb M, Elgawish AH, Sell
DR, Friedlander MA. Structure of advanced Maillard reaction products and their

pathological role. Nephrology Dialysis Transplantation. 1996 Jan 1;11(supp5):20-
6.

[27]Nagaraj RH, Linetsky M, Stitt AW. The pathogenic role of Maillard reaction
in the aging eye. Amino acids. 2012 Apr 1;42(4):1205-20.

[28] Nawroth PP, Bendszus M, Pham M, Jende J, Heiland S, Ries S, Schumann C,
Schmelz M, Schuh-Hofer S, Treede RD, Kuner R. The quest for more research on
painful diabetic neuropathy. Neuroscience. 2018 Sep 1;387:28-37.

[29]Pollreisz A, Schmidt-Erfurth U. Diabetic cataract—pathogenesis,
epidemiology and treatment. Journal of ophthalmology. 2010 Jun 17;2010.

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 8, No.1, (2019) 25



Mostafa SELIM

[30]Prasad A., Bekker P., Tsimikas S. Advanced glycation end products and
diabetic cardiovascular disease. Cardiol Rev, 2012; 20(4):177-83.

[31]Prasad YD, Sonia S, Balvinder S, Charan CR. IgG glycation and diabetes: a
review. Sch Acad J. Blood Sci. 2003;1(2):59-66.

[32]Raghav A, Ahmad J, Alam K. Nonenzymatic glycosylation of human serum
albumin and its effect on antibodies profile in patients with diabetes mellitus. PloS
one. 2017 May 17;12(5):e0176970.

[33]Rhee SY, Kim YS. The role of advanced glycation end products in diabetic
vascular complications. Diabetes & metabolism journal. 2018 Jun 1;42(3):188-95.

[34]Rohilla A, Kumar R, Rohilla S, Kushnoor A. Diabetic retinopathy: Origin
and complications. Eur J Exp Biol. 2012;2(1):88-94.

[35]Rother KI. Diabetes treatment—bridging the divide. The New England
journal of medicine. 2007 Apr 12;356(15):1499.

[36]Satoh J, Yagihashi S, Toyota T. The possible role of tumor necrosis factor-a
in diabetic polyneuropathy. Journal of Diabetes Research. 2003;4(2):65-71.

[37]Schmidt AM, Vianna M, Gerlach M, Brett J, Ryan J, Kao J, Esposito C,
Hegarty H, Hurley W, Clauss M. Isolation and characterization of two binding
proteins for advanced glycosylation end products from bovine lung which are
present on the endothelial cell surface. Journal of Biological Chemistry. 1992 Jul

25;267(21):14987-97.

[38]Siddiqui Z, Faisal M, Alatar AA, Ahmad S. Glycation of hemoglobin leads to
the immunogenicity as a result of neo-epitope generation. International journal of
biological macromolecules. 2019 Feb 15;123:427-35.

[39]Simm A. Protein glycation during aging and in cardiovascular disease.
Journal of proteomics. 2013 Oct 30;92:248-59.

[40]Singh VP, Bali A, Singh N, Jaggi AS. Advanced glycation end products and
diabetic complications. The Korean Journal of Physiology & Pharmacology. 2014
Feb 1;18(1):1-4.

[41]Steiner D, Marcon CR, Sabban EN. Diabetes, Non-Enzymatic Glycation, and
Aging. InDermatology and Diabetes 2018 (pp. 243-279). Springer, Cham.
[42]Sternberg M, M'bemba J, Urios P, Borsos AM, Selam JL, Peyroux J, Slama
G. Skin collagen pentosidine and fluorescence in diabetes were predictors of
retinopathy progression and creatininemia increase already 6 years after punch-
biopsy. Clinical biochemistry. 2016 Feb 1;49(3):225-31.

[43]Stitt AW, He C, Vlassara H. Characterization of the advanced glycation end-

product receptor complex in human vascular endothelial cells. Biochemical and
biophysical research communications. 1999 Mar 24;256(3):549-56.

26 Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 8, No.1, (2019)



The Role of Glycation in Pathology of Diabetic Microvascular Complications

[44] Thomas MC, Woodward M, Neal B, Li Q, Pickering R, Marre M, Williams
B, Perkovic V, Cooper ME, Zoungas S, Chalmers J. Relationship between levels
of advanced glycation end products and their soluble receptor and adverse
outcomes in adults with type 2 diabetes. Diabetes Care. 2015 Oct 1;38(10):1891-
7.

[45]Tobon-Velasco, J., Cuevas, E. and A Torres-Ramos, M., 2014. Receptor for
AGEs (RAGE) as mediator of NF-kB pathway activation in neuroinflammation
and oxidative stress. CNS & Neurological Disorders-Drug Targets (Formerly
Current Drug Targets-CNS & Neurological Disorders), 13(9), pp.1615-1626.

[46] Tracy JA, Dyck PJ. The spectrum of diabetic neuropathies. Physical medicine
and rehabilitation clinics of North America. 2008 Feb 1;19(1):1-26.

[47]Ulrich KT, Ellison DJ. Beyond make! |buy: Internalization and integration of
design and production. Production and Operations Management. 2005
Sep;14(3):315-30.

[48]van Zoelen MA, Achouiti A, van der Poll T. The role of receptor for
advanced glycation endproducts (RAGE) in infection. Critical Care. 2011
Apr;15(2):208.

[49]Wendt TM, Tanji N, Guo J, Kislinger TR, Qu W, Lu Y, Bucciarelli LG, Rong
LL, Moser B, Markowitz GS, Stein G. RAGE drives the development of
glomerulosclerosis and implicates podocyte activation in the pathogenesis of
diabetic nephropathy. The American journal of pathology. 2003 Apr
1;162(4):1123-37.

[50]World Health Organization. Global health risks:Diabetes; 2018. Available
at:Available from: <https://www.who.int/news-room/fact-sheets/detail/diabetes>.

[51]Wu CH, Huang SM, Lin JA, Yen GC. Inhibition of advanced glycation
endproduct formation by foodstuffs. Food & function. 2011;2(5):224-34.

[52]Zhu R, Zhang X, Wang Y, Zhang L, Zhao J, Chen G, Fan J, Jia Y, Yan F,
Ning C. Characterization of polysaccharide fractions from fruit of Actinidia

arguta and assessment of their antioxidant and antiglycated activities.
Carbohydrate polymers. 2019 Apr 15;210:73-84.

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 8, No.1, (2019) 27



