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ABSTRACT

Glycation of biomolecules like proteins, nucleic acids and lipids involves non enzymatic addition of sugar and
carbonyl compounds that results in formation of advanced glycation end products (AGEs). Accumulation of AGEs

promote the progression of several diseases like diabetes, ageing and neurodegenerative disease. In order to prevent
ageing and diabetic complications, there is a need to protect biomolecules from sugar induced glycation.

Polyphenolic compounds possess significant in vitro anti-glycation activity. Polyphenols may inhibit the formation

of AGE:s either by scavenging ROS production during the glycation reaction or provides physical protection against
glycating agents. The physical protection mechanism by polyphenols involves hydrogen bonding and non covalent

interactions which acts as a sort of shield and prevents the accessibility of glycating agents on their target site. In
this review, antiglycating activity of different polyphenolic compounds will be discussed.
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I. INTRODUCTION

Protein glycation involves the adduct formation between
amino groups (e-amino group of lysine and the
guanidine group of arginine) of protein and carbonyl
groups of reducing sugars and leads to complex
heterogeneous advanced glycation end products
formation (AGEs) [1,2]. These AGEs are responsible
for promotion of ageing, diabetic complications and
neurodegenerative disorders etc., and thus increases
human sufferings and misery. The process of glycation,
in diabetes, is mainly driven by the elevated blood
glucose  concentration  through  non-enzymatic
condensation of a sugar molecule on a protein, lipid or
DNA diabetes
hyperglycemia elevates glycated protein content which
to advanced glycation endproduct (AGEs)

development of diabetic

molecule.  During prolonged
leads
formation and promotes
complications and atherosclerosis [3-5]. Measurement
of glycated proteins like glycated hemoglobin directly
correlates with tissue damage. Carbonyl compounds
which are excessively produced during chronic
hyperglycemia condition are highly reactive species and

are majorly responsible for protein glycation. Upon
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glycation, loses its secondary structural

properties which make them aggregation prone species.

protein

Protein damage by glycation leads Ilot of
pathophysiological conditions like aging, diabetic
complications, neurodegenerative diseases [1, 5-10].

Thus there is a need to find an effective inhibitor against
glycating agents that can delay ageing, diabetic
complications and neurodegenerative disorders. Studies
have reported that polyphenolic compounds possess
significant in vitro anti-glycation activity. Polyphenols
may inhibit the formation of AGEs either by scavenging
ROS production during the glycation reaction or
provides physical protection against glycating agents
[11, 12]. The physical protection mechanism by
polyphenols involves hydrogen bonding and non-
covalent interactions which acts as a sort of shield and
prevents the accessibility of glycating agents on their
target site [13, 14]. In this review, antiglycating activity
of different polyphenolic compounds will be discussed.

II. QUERCETIN
Quercetin, a common polyphenolic compound has been

reported to be an effective radical scavenging
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compound in several in vitro systems [15]. It plays a
vital role in the inhibition of AGEs formation at the very
early stage, and it is antioxidant activity of quercetin
which attributes its enhanced antiglycating activity [16].

Quercetin being rich in hydroxyl groups may interacts
with protein molecules by hydrogen bonding and non-
covalent interactions and may prevents glycating agents
like glucose, glyoxal and methylglyoxal to act on their
glycating target sites [15, 17]. Thus quercetin may acts
as a sort of shield against glycating agents.
III. CURCUMIN

Curcumin (diferuloylmethane) is a most potent
antioxidant and anti-inflammatory phenolic compound
[18]. It has been repeatedly claimed that curcumin is
safe and natural curative agent of several number of
diseases. Studies have reported that curcumin reduces
blood glucose level in type 2 diabetic KK-Ay mice and
chemically induced diabetic animals. In high glucose
treated erythrocyte model, free radical generation as
well as glycation of proteins was prevented by curcumin
[19, 20]. Another study reported that accumulation of
advanced glycation end products (AGESs) of collagen in
skin and tail tendon of diabetic animal models were
efficiently prevented by curcumin [21].

IV. FERULIC ACID

Ferulic acid (4-hydroxy-3-methoxycinnamic acid), a
cinnamic acid derivative is a biologically active
phenolic compound [22,23]. It is an
antidiabetic and antiglycation agent as it reduces plasma

efficient

glucose concentration as well as glycation and oxidation
of albumin in animal models. Ferulic acid has been
reported to prevent initial and intermediate stages of
protein glycation, thus reduces the processes of AGEs
formation [24-26].

V. ELLAGIC ACID

Ellagic acid (ellagic acid; 2,3,7,8-tetrahydroxy-
chromeno[5,4,3-cde]chromene-5,10-dione) is an
important antioxidant, anticarcinogenic and anti-
inflammatory phytochemical compound [27]. Dietary
sources such as pomegranate, apples, guava and grapes
are rich in ellagic acid which possesses -efficient
antiglycating potential [28, 29]. It prevents advanced
glycation end product formation like carboxymethyl

lysine (CML) and other fluorescent AGEs. Both in vitro
and in vivo antiglycation potential of ellagic acid has
been experimentally evaluated [30].

VI. RUTIN

Rutin is a well-known antioxidant phenolic compound
present in various dietary sources fruits, tomatoes and
vegetables [31]. Oral administration of high doses of
rutin prevent development of protein adduct formation
in diabetic rat skin [32]. Studies have reported that rutin
metabolites suppresses the ADP-ribose induce glycation
of histone H1 protein. Rutin metabolites containing
vicinal hydroxyl groups in their structure are effective in
inhibition of methylglyoxal and glyoxal induced histone
glycation [33]. These vicinal hydroxyl groups involve
condensation with dicarbonyl intermediates which
further reacts to form acetal. Thus rutin involves
inactivation of carbonyl compounds like glyoxal and
methylglyoxal and protects proteins from glycation [33].
VII. IRIDOIDS
Iridoids are monoterpenes and most of the medicinal
plants are enriched with these terpenes. Asperuloside,
aucubin, geniposide, harpagoside and oleuropein are
well known iridoids. Oleuropein under physiological
conditions gets converted into hydroxytyrosol which
scavanges methylglyoxal and reduces carbonyl stress.
Deacetylasperulosidic acid and loganic acid protects
bovine serum albumin from in vitro glycation [34-36].
VIII. CONCLUSION

Phenolic compounds have the potential to prevent
glycation of proteins, lipids and nucleic acid either by
scavenging or preventing the access of glycating agents
like ribose, Methylglyoxal, and glyoxal etc. on their
target site. Characterization of more polyphenolic
compounds will be helpful for preventing glycation
induced ageing, diabetic = complications  and
neurodegenerative disorders.

IX. ACKNOWLEDGEMENT

All the authors contributed equally.

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



[].

[2].

[3].

[8].

[9].

[10].

[11].

[12].

X. REFERENCES

Baynes, J.W.; Watkins, N.G.; Fisher, C.I.; Hull,
C.J.; Patrick, J.S.; Ahmed, M.U.; Dunn, J.A;
Thorpe, S.R. The Amadori product on protein:
Structure  and  reactions.  Prog. Clin.
Bi0l.1989,304, 43-67.

Booth, A.A.; Khalifah, R.G.; Todd, P.; Hudson,
B.G. In vitro kinetic studies of formation of
antigenic advanced glycation end products
(AGEs). Novel inhibition of post-Amadori
glycation pathways. J. Biol. Chem. 1997, 272,
5430-5437.

Ahmed, N. Advanced glycation endproducts-role
in pathology of diabetic complications. Diabetes
Res. Clin. Pract. 2005, 67, 3-21.

Brownlee, M. Advanced protein glycosylation in
diabetes and aging. Annu. Rev. Med. 1995, 46,
223-234.

Schmidt, A.M.; Stern, D. Atherosclerosis and
diabetes: The RAGE connection. Curr.
Atheroscler. Rep. 2000, 2, 430-436.

Vitek, M.P.; Bhattacharya, K.; Glendening, J.M.;
Stopa, E.; Vlassara, H.; Bucala, R.; Manogue, K.;
Ceremi, A. Advanced glycation end products
contribute to amyloidosis in Alzheimer disease.
Proc. Natl. Acad. Sci. USA 1994, 91, 4766-4770.

Weerachat Sompong, Henrique Cheng, Sirichai
Adisakwattana. Ferulic acid prevents
methylglyoxal-induced protein glycation, DNA
damage, and apoptosis in pancreatic P-cells. J
Physiol Biochem, 2016.

Paul J. Thornalley. Protein and nucleotide damage
by glyoxal and methylglyoxal in physiological
systems-role in ageing and disease. Drug Metabol
Drug Interact. 2008, 23(1-2): 125-150.

Y. Xie and X. Chen, Curr. Drug Metab., 2013, 14,
414-431.

H. Y. Kim and K. Kim, J. Agric. Food Chem.,
2003, 51, 1586-1591.

T. H. Hou, J. P. Chung, S. S. Chen and T. L.
Chang, Food Sci. Biotechnol., 2013, 22, 839-844.
J. W. Wu, C. L. Hsieh, H. Y. Wang and H. Y.
Chen, Food Chem., 2009, 113, 78-84.

. W. Sompong, A. Meeprom, H. Cheng and S.

Adisakwattana, Molecules, 2013, 18, 13886-
13903.

Vlassopoulos A, Lean M. E. J, E. Combet.
Protein-phenolic interactions and inhibition of

glycation-combining a systematic review and

[17].

[18].

[21].

[22].

[23].

[24].

experimental models for enhanced physiological
relevance. Food Funct., 2014, 5, 2646

. Pulido R, L. Bravo, F. Saura-Calixto, J. Agric.

Food Chem. 48 (2000) 3396-3402.

. Jalaluddin M A, Shahab U, Tabrez S, Lee E J,

Choi I, Ahmad S. Quercetin as a finer substitute
to aminoguanidine in the inhibition of glycation
products. Int. J of Bio Macromol., 2015, 188-192
J. B. Xiao and G. Y. Kai, Crit. Rev. Food Sci.
Nutr., 2012, 52, 85-101.

Jain SK, Rains J, Jones K. Effect of curcumin on
protein glycosylation, lipid peroxidation, and
oxygen radical generation in human red blood
cells exposed to high glucose levels. Free Radical
Biology & Medicine, 2006, 41, 92-96.

. Nishiyama, T.; Mae, T.; Kishida, H.; Tsukagawa,

M.; Mimaki, Y.; Kuroda, M.; Sashida, Y.;
Takahashi, K.; Kawada, T.; Nakagawa, K.
Kitahara, M. Curcuminoids and sesquiterpenoids
in turmeric (Curcuma longa L) suppress and
increase in blood glucose level in type 2 diabetic
KK-Ay mice. J. Agric. Food Chem., 2005,
53:959-963.

. Mahesh, T.; Balasubashini, M.; Menon, V. Effect

of photo-irradiatedcurcumin treatment against
oxidative stress in streptozotocin-induced diabetic
rats. J. Med. Food., 2005 8:251-255.

G. B. Sajithlal, Pandarinathan Chithra and Gowri

Chandrakasan. Effect of Curcumin on the
Advanced Glycation and Cross-linking of
Collagen in Diabetic Rats. Biochemical

Pharmacology, 1998,56, 1607-1614.
Weerachat Sompong, Henrique Cheng, Sirichai

Adisakwattana. Ferulic acid prevents
methylglyoxal-induced protein glycation, DNA
damage, and apoptosis in pancreatic B-cells. J
Physiol Biochem, 2016.
Mattila P, Hellstrom .
potatoes, vegetables, and some of their products. J
Food Comp Anal., 2007, 20:152-160

Adisakwattana S, Chantarasinlapin P, Thammarat

Phenolic acids in

H, YibchokAnun S. A series of cinnamic acid
derivatives and their inhibitory activity on
intestinal a-glucosidase. J Enzyme Inhib Med
Chem., 2009 24:1194-1200

. Adisakwattana S, Moonsan P, Yibchok-Anun S.

Insulin releasing properties of a series of cinnamic
acid derivatives in vitro and in vivo. J Agric Food
Chem., 2008, 56:7838-7844

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



[27].

[28].

[30].

[32].

[33].

[34].

[35].

[36].

. Sompong W, Meeprom A,

Cheng H,
Adisakwattana S. (2013) A comparative study of
ferulic acid on different monosaccharide-mediated
protein glycation and oxidative damage in bovine
serum albumin. Molecules, 2013, 18:13886-
13903.

Jurenka, J. S. Therapeutic applications of
pomegranate (Punica granatum L.): a review.
Altern. Med. Rev., 2008, 13, 128-144

Corbett, S., Daniel, J., Drayton, R., Field, M.,
Steinhardt, R. and Garrett, N. Evaluation of the
anti-inflammatory effects of ellagic acid. J.
Perianesth. Nurs., 2010, 25, 214-220

. Lee, W. J., Ou, H. C., Hsu, W. C., Chou, M. M.,

Tseng, J. J., Hsu, S. L., Tsai, K. L. and Sheu, W.
H. Ellagic acid inhibits oxidized LDL-mediated
LOX-1 ROS generation, and
inflammation in human endothelial cells. J. Vasc.
Surg. 52, 1290-1300

Muthenna P, Akileshwari C, Reddy G B. Ellagic
acid, a new antiglycating agent: its inhibition of
Ne-(carboxymethyl) lysine. Biochem. J. 2012,
442,221-230

expression,

. Winter, J.; Moore, LH.; Dowell Jr., VR,

Bokkenheuser, VD. C-ring cleavage of flavonoids
by human intestinal bacteria. Appl. Environ.
Microbiol. 1989,55:1203-1208.

Odetti, PR.; Borgoglio, A.; De Pascale, A,
Rolandi, R.; Adezati, L. Prevention of diabetes-
increased aging effect on rat collagen-linked
fluorescence by aminoguanidine and rutin.
Diabetes, 1990, 39:796-801.

Srinath Pashikanti, David R. de Alba, Gilbert A.
Boissonneault, Daniel Cervantes-Laurean. Rutin
metabolites: Novel inhibitors of nonoxidative
advanced glycation end products. Free Radical
Biology & Medicine, 2010, 656-663.

Brett J. West, Shixin Deng, Akemi Uwaya,
Fumiyuki Isami, Yumi Abe, Shoichi Yamagishi
& C. Jarakae Jensen. Iridoids are natural glycation
inhibitors. Glycoconj J, 2016.

Deng S., West B., Palu A., Jensen J.
Determination and comparative analysis of major
iridoids in different parts and cultivation sources
of Morinda citrifolia. Phytochem. Anal. 2011, 22,
26-30 .

Kontogianni V.G., Charisiadis P., Margianni E.,
Lamari F.N., Gerothanassis I.P., Tzakos A.G.:
Olive leaf extracts are a natural source of

advanced glycation end product inhibitors. J.
Med.Food. 2013,16, 817-822.

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



