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rosis, and Alzheimer’s Disease (Hartog et al., 2007; Reddy and 
Obrenovich, 2002). However, in response to increased glycation, 
some of the accumulated glycation adducts may be omitted by en-
zymatic repair mechanisms while others are degraded by prote-
ases (Vander and Hunsaker, 2003; Nemet et al., 2006). The major 
contributing molecules with different potentials to form AGEs are 
3-deoxyglucoson, glyoxal, pentosidine, and methylglyoxal.

3-Deoxyglucosone (3-DG) is a highly reactive dicarboxyl
sugar and a precursor for AGE generation by cells, particularly 
when excessive glucose is taken up or when a person is diabetic. 
In addition, it can damage some antioxidant enzymes such as glu-
tathione reductase, which is inactivated by excess 3-deoxygluco-
sone (Tauer et al., 2001; Schalwijk et al., 1999). On the other hand, 
pentosidine is a fluorescent molecule and represents an adequate 
and sensitive marker for all AGEs within cells. It is an imidazole 
[4,5b] pyridinum ring formed by cross linking between lysine and 
arginine residues (Dyer et al., 1991; Spacek and Adam, 2002).

The elevation of pentosidine is associated with ageing and re-
lated complications, including cartilage stiffness and damage that 
causes physical disability (Senolt et al., 2005; Verzijl et al., 2002).

Glyoxal may be formed via autoxidation and spontaneous 
degradation of glucose by retro-aldol condensation under physi-
ological conditions (Paul et al., 1999). The methylated form of this 
compound, methylglyoxal, can be produced by fragmentation of 
3-deoxyglucosone and is also a byproduct of glycolysis and amino
acid catabolism (Frank et al., 1996).

Current knowledge of glycation indicates that it may be an 
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Glycation as an endogenous process may alter the structure and biological functions of macromolecules, thus playing an im-
portant role in cell growth retardation. This study was conducted to evaluate the levels of glycation precursors, advanced glyca-
tion end products, and cell viability under effects of kaempferol, myricetin, and azaleatin in the HGC-27 cell line. Results showed 
that each compound had significant inhibitory effect on cell growth at concentrations of 20 µmol and higher, in which kaempfer-
ol, myricetin and azaleatin were more effective respectively. Moreover, we had markedly elevated pentosidine content of cells 
treated with kaempferol, azaleatin and then myricetin in comparison with the control. Kaempferol, myricetin, and azaleatin 
were more effective, respectively, when 3-deoxyglucoson was increased in a dose-dependent manner Azaleatin caused signifi-
cantly increased methylglyoxal content, reaching approximately 3.3 folds higher than the control. However, this parameter varied 
slightly for myricetin and kaempferol-treated cells for all treatment concentrations. Accordingly, the chemopreventive proper-
ties of our flavonoides may be attributed to increasing in advanced glycation end products and glycation precursors within treated 
cells. Moreover, the structural characteristics of these compounds may contribute to their different anticancer activities in this study.

INTRODUCTION
Glycation, a non-enzymatic glycosylation by glucose and other 
saccharide derivatives, is a slow endogenous process in living cells 
under normal physiological conditions (Miyata et al., 1999; Paul et 
al., 1999). In this process, carbonyl groups of glucose and gluco-
aldehydes interact with protein amino groups to form a short-life 
Schiff base which converts rapidly to more stable heterogeneous 
adducts known as advanced glycation end products (AGEs; Ulrich 
and Cerami, 2001; Pon Velayutham et al., 2007). The process rises 
in abnormal conditions such as hyperglycemia, stress, and aging 
circumstances, leading to lipid and protein adducts that change 
their structure and biological functions (Lee and Cerami, 1992; 
Wells-Knecht et al., 1995; Desai and Wu, 2007). Formation of 
such modified and denatured proteins are closely related to mecha-
nisms of syndrome complications, including diabetes, arterioscle-



JYI | January 2019 | Vol. 36 Issue 1
© Boojar et al., 2018 6

A R T I C L ERESEARCHJournal of Young Investigators

important therapeutic target for improvement of hyperglycemia 
and diabetes complications, particularly by plant-extracted com-
pounds (Kazeem et al., 2012). Flavonoids are a large family of 
bioactive secondary metabolites and constitute one of the most 
ubiquitous groups of all plant phenols. They have many positive 
effects on diabetes, offering an attractive alternative to related 
chemical drugs (Russo, 2007). Flavonoids with a ketone group are 
subdivided into different subgroups including flavonols, in which 
kaempferol and myricetin are the most studied. They differ in the 
degree of unsaturation and oxidation of their C ring (Panche et 
al., 2016). Kaempferol (KPF) and azaleatin, small polyphenolic 
molecules found in a number of plant-dietary sources, have been 
reported to have multiple xenobiotic effects. This includes im-
proving glucose tolerance, diabetes, and cardiovascular disorders 
(Manach et al., 2004).

Increasing AGEs by bioactive compounds and determination 
of their mechanism action, particularly in cancerous cell lines at-
tracted great attention in recent years for cancer prevention (Chet-
han et al., 2016). On the other hand, human gastric cancer cell line, 
specified as (HGC-27) derived from the metastatic lymph node of 
gastric cancer, is considered as a biological model for invitro stud-
ies (Mireia et al., 2016; Jixia et al., 2016). Based on our literature 
review, the precise mechanism underlying the biological effects 
of our three compounds on AGEs and the glycation process in the 
HGC-27 cell line has not been studied until now. Accordingly, the 
aim of our study was to evaluate the main glycation precursors and 
AGEs levels within cells and cell viability in response to treatment 
with kaempferol, myricetin, and azaleatin.

Due to structure-function relationships, we hypothesized that 
these compounds have different potentials and abilities to elevate 
advanced glycation end products within our cancer cell line, pos-
sibly inhibiting cell proliferation.

MATERIALS AND METHODS
Cell viability
The effects of drugs on the growth of cells were assessed with a 
trypan blue dye exclusion assay. Briefly, HGC-27 cells, immor-
talised human-stomach adenocarcinoma cells, were seeded onto 
24-well plates (50×103 cells/well) and grown overnight. The cells 
were then treated with different concentrations (0, 50, 100, 150, 
200 and 250 μM) of each compound. Control and treated cells 
were then incubated for 48 hr. After the incubation period, cells 
were washed twice with phosphate-buffered saline solution and 
incubated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide (MTT) solution at a final concentration of 0.5 mg/
mL for 3 hr and then lysed in dimethylsulfoxide. Optical density 
was measured at 540 nm, and the background absorbance mea-
sured at 660 nm was subtracted. All samples were assayed at least 
in three independent experiments in duplicate, and the mean value 
for each experiment was calculated. The results are given as mean 
± S.E.M. and are expressed as percentage of control, which was 
considered to be 100% (Negrão, et al., 2010).
Methylglyoxal and glyoxal assay

We used 4-methoxy-o-phenylenediamine (4MPD) as a derivatiz-
ing agent, and acetonitrile was added to treated cells for matrix 
precipitation. An aliquot of treated HGC-27 cell lysate extract or 
calibration standard solution (200 µL) was mixed with 20 µL of 
internal standard and 200 µL of acetonitrile for matrix precipi-
tation and then sample was centrifuged (10,000 xg, 5 min). For 
derivatization, 150 µL of supernatant was mixed with 240 µL of 
water and 60 µL of phosphate buffer (500 mM, pH 7.4), 10 µL of 
4MPD (20 mg/mL) was added as a derivatizing reagent. The mix-
ture was incubated at 40oC for 4 hr. Finally, the sample was acidi-
fied with 10 µL of HCl (3 M), diluted with 200 µL of acetonitrile, 
saturated with sodium chloride and centrifuged (10,000 xg, 5 min). 
75 µL of acetonitrile layer was mixed with 150 µL of mobile phas-
es with 5% 2-mercaptoethanol. Mobile phase consisted of 1:1 of 
water (A) and a mixture of 0.8% acetic acid with 0.6% EDTA (C). 
The injection volume to the high performance liquid chromatogra-
phy fluorimetric detector (HPLC-FLD) system was 20 µL. Separa-
tion of methylglyoxal and glyoxal was accomplished using three 
mobile phases (A [water], B [acetonitrile], and C [0.8% acetic acid 
and 0.6% TEA], (pH 4.3) and the following gradient elution: 0 to 
1 min, 70% A, 20% B, 10% C; 1 to 6 min, 50% A, 40% B, 10% 
C; 6 to 8 min, 20% A, 70% B, 10% C; 8 to 10 min, 10% A, 80% 
B, 10% C; 10 to 10.2 min, 70% A, 20% B, 10% C; 10.2 to 12 min, 
70% A, 20% B, 10% C; with a total flow rate of 0.5 mL/min. For 
fluorimetric detection, excitation and emission wavelengths were 
set at 344 and 420 nm, respectively (Ojeda et al., 2014).
3-Deoxyglucosone assay
The level of 3-DG was measured by HPLC method. Briefly, 300 
μL of cell extract or 3DG standard was added to 30 μL of 60% 
perchloric acid solution and centrifuged at 3,000 rpm for 5 min. 
The supernatant was neutralized by disodium carbonate and then 
added to 0.1% 2, 3-diaminonaphthalene and 0.005% 2, 3-pentane-
dione. The reaction was conducted at 4oC overnight. The reaction 
mixture was extracted using ethyl acetate, followed by evaporation 
until dry. The dried extract was reconstituted with 50% methanol 
and was later used for injection in reverse phase using a TSK-GEL 
ODS-80TM column (4.6×250 mm, particle size 5 µm) of HPLC 
system. HPLC assay applied linear gradient system of 50 mmol/L 
phosphate-methanol-acetonitrile solvent on at 268 nm detection 
(Yoshikazu et al., 2010).
Pentosidine determination
Pentosidine was quantified by the method of Dyer et al. (1991). 
Samples were dialyzed against phosphate buffer at a ratio of 
1000:1 overnight, changing the dialysate every 8 hr. The remain-
ing solution was concentrated by evaporator, then hydrolyzed by 
adding 6 M HCL for 12 hr at 110oC. Hydrochloric acid in so-
lution was evaporated again by evaporator and then diluted with 
water, neutralized by the addition of NaOH. After filtration, it was 
used for injection into a C18 reversed phase separation column 
(Nova-pak, 150×3 mm, particle size 5 µm) in HPLC system. Elu-
tion solution was 0.1% trifluoroacetic acid (solvent A) and 100% 
acetonitrile (solvent B) with 0.8 mL/min flow rate. A step gradient 
was formed by adjusting the volumes of solutions A and B at the 
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times indicated: from 0 to 87% A for 85 min, from 87% to 100% 
A for 20 min and 100% for 15 min. The pentosidine standard was 
detected by fluorescence at excitation wave length 325 nm/ emis-
sion wavelength 385 nm and eluted at approximately 67 min.
Statistical analysis
Each test was repeated three times and the comparison of average 
data between the control and the different treatments was obtained 
using SPSS software (ANOVA test).

RESULTS
Cell viability in response to treatment with each compound is ex-
hibited in Figure 1. All studied compounds had a significant in-
hibitory effect on cell growth at concentrations of 20 µmol and 
higher compared to the control, with kaempferol, myricetin, and 
azaleatin more effective respectively. However, this restriction ef-
fect started at 10 µmol for azaleatin and finally reached about 40% 
of the control. 

For evaluation of AGEs, we assayed pentosidine levels in cells 
that were exposed to different concentrations of our compounds 
(Figure 2). Data revealed slight variations in this parameter for 
kaempferol and azaleatin from 0 to 20 µmol, but higher concen-
trations caused significant elevation in comparison to the control. 
The slope of the variation curve was greater for myricetin with re-
spect to other compounds. Accordingly, the pattern in pentosidine 
was markedly increasing for kaempferol, azaleatin and then for 
myricetin (kaempferol < azaleatin < myricetin). Maximum level 
of pentosidine (92 µmol) was observed following treatment with 
35 µmol of myricetin.

Variations in 3-DG within cells in exposure to our flavonoides 
are shown in Figure 3. A dose-dependent increase was observed 
for all compounds, with kaempferol, myricetin, and azaleatin be-
ing more effective respectively. All three compounds caused a sig-
nificant increase in this parameter at concentrations of 15 µmol and 

higher in comparison to the control. In addition, treatment with the 
maximum concentration of azaleatin and myricetin caused 3-de-
oxyglucoson to reach 2.5 and 2.1 times the control respectively. 
Table 1 shows methylglyoxal content of treated and control cells. 
Azaleatin caused a significant elevation of this value at 5 µmol 
and above, and it reached about 3.3 times higher than the con-
trol. This increasing effect was also considerable and significant as 
compared to myricetin and kaempferol for all treatment concentra-
tions. On the other hand, myricetin and kaempferol showed mod-
erate increases that were only significant at 30 µmol and above, 
with respect to control.

DISCUSSION 
Flavonoids belong to a class of secondary plant metabolites with 
favourable biochemical effects. They include several substances 
with various bioactivities and pharmacological applications, par-
ticularly in combination therapy. One of such therapeutic aspects 
is their retardation capability on cancerous cells and there is con-
siderable interest knowing their mechanism of action (Benavente-
Garcia et al., 2007). On the other hand, formation of high amounts 
of active glycation precursors and AGEs in cancerous cells is a 
strategy for their growth retardation and viability inhibition. Ac-
cordingly, we tested HCG-27 to evaluate their response to treat-
ment with three flavonoles with various structures including 
kaempferol, myricetin, and azaleatin. An MTT assay revealed that 
our compounds had cytotoxic effects at different intensities when 
treated with concentrations of 20 µmol and higher. Based on the 
level of anti-cancerous potential in our study, azaleatin could be 
grouped as highly toxic, myricetin as moderately toxic and kaemp-
ferol as slightly toxic.

Our finding is in accordance with other reports which show 
that using crude-extract of flavonoids prevent the initiation of 
various cancer cell lines and other cell cycle stages (Joeng et al., 
2009). In accordance with our obtained data about kaempferol cy-

Figure 1. The effect of cell treatment with three different compounds 
on cell viability as evaluated by MTT assay.

Figure 2. The effect of cell treatment with different concentrations of 
three compounds on pentosidine concentration after 24 hr incubation.
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totoxicity, an investigation in detail mechanism reported by Nguy-
en et al. (2003), showed that treatment of A549 lung cancer cell 
line resulted in a dose-dependent reduction in cell viability. On the 
other hand, investigation by Phillips et al. (2011), confirmed the 
myricetin induced cell death in metastatic and primary pancreatic 
cancer cell lines as evaluated by MTT assay. In addition, another 
study showed that myricetin is a natural inhibitor of neoplastic cell 
transformation and tumor development (Ki won et al., 2007). High 
biochemical effectiveness of myricetin in this study is in agree-
ment to another report which demonstrated that myricetin has a 
unique chemical structure with high anticancer and antioxidant 
activities (Lei et al., 2014).

Moreover, there are some reports on anticancer effects of 
quercetin derivatives and related bioflavonoids including azaleatin 
(Di Carlo et al., 1999). Flavonoids may induce cellular cytotoxic-
ity through a generalized signalling pathway in which their chemi-
cal structure plays important roles. Flavonoids are characterized 
by a diphenylpropane carbon skeleton of C6-C3-C6, where two 
benzene rings are linked. Differences in the number and arrange-
ment of the hydroxyl groups and unsaturation bound of the rings 
leads to different cytotoxicity effects (Yao et al., 2011; Yadegaryn-
ia et al., 2012). 

Recently, extensive studies have been conducted to clarify the 
biochemical effects responsible for the chemopreventive proper-
ties of several flavonoides. Many studies have revealed that there 
is a causal relationship between glycation elevation and induction 
of cytotoxicity, even in cancer cells (El-Osta et al., 2008). An in-
crease in AGEs and the glycation process can alter the structure of 
many classes of biomolecules, particularly proteins, DNA and en-
zymes, leading to their hypofunction and even dysfunction. These 
processes may potentiate apoptosis that is closely associated with 
reduction of cell viability. Accordingly, we determined the status 
of glycation precursors and related parameters known as AGEs. 

Pentosidine is a typical compound among AGEs. It is formed 
at the end of the Milard reaction, in which ribose reacts with amino 
acids. It forms fluorescent cross-links between the arginine and ly-
sine residues in proteins, consequently compromising their struc-
tural integrity. Pentosidine is therefore useful for assessing cumu-
lative damage to proteins (Toshio et al., 1998).

We checked pentosidine levels in cells treated with each of 
the three compounds. Our study showed that myricetin was the 
most effective for pentosidine elevation. However, the increasing 
effect of kaempferol was insignificant and azaleatin had moderate 
increasing effects. 

We also found that the effective concentrations for pentosi-
dine increase were in the same range of concentrations for retarda-
tion of cell growth by these compounds in treated cells. Accord-
ingly, we believe that high levels of pentosidine may be involved 
in cell growth retardation. In the present study, the inhibition effect 
of high levels of pentosidine on treated cancer cells may be attrib-
uted to the induction of apoptosis. It has been shown that in pres-
ence of high doses of pentosidine and other AGEs, the receptor 
for advanced glycation end products (RAGE) are upregulated, by 
which apoptosis is induced (Mahali et al, 2011). Another aspect of 
pentosidine cytotoxicity may rise from proteins damaged by this 
molecule within the cellular matrix, internal and/or external. Cel-
lular matrix proteins play important roles in cell proliferation and 
survival, and their alterations can lead to apoptosis and cell death 
(Masahiko and Raymond, 1995; Daley et al., 2008).

High levels of 3-DG, as an AGE precursor, play cytotoxic 
roles by different mechanisms (Rabbani et al., 2012, and Toshim-
itsu et al., 1999). 3-DG is a product from spontaneous glucose deg-
radation in an early stage of the Milard reaction and is of particular 
importance because of its high reactivity and potential to induce 
the formation of AGEs (Tauer et al., 2001). The formation of this 
AGE precursor occurs by deprotonation of carbon-2 of glucose, 
and then re-distribution of the electron density between carbon 2 
and carbon 3 leads to formation of 3-DG (Paul et al., 1999).

Our investigation showed an increasing pattern in this param-
eter in response to exposure to our studied compounds, of which 
kaempferol, myricetin, and azaleatin were more potent respective-
ly. We concluded that high doses of 3-DG were involved in their 
cytotoxic properties. In agreement with our findings, Szwergold et 
al. (1990) confirmed that 3-DG, as a highly reactive sugar, rapidly 
reacts with protein amino groups to form AGEs including imid-
azol, pyralin, and carboxymethyl lysine. In this way, 3-DG plays 
a key role in the modification and cross linking of long lived pro-
teins, making them defective and causing cell growth retardation 
and cytotoxicity (Dyer et al., 1991).

In addition, 3-DG is responsible for production of intercel-
lular oxidative stress and also inactivates some of the most impor-
tant antioxidative enzymes subsequently cause elevation in reac-
tive oxygen species (ROS). These reactive species can damage and 
dysfunction many classes of macromolecules. On the other hand, 
another studied revealed that 3-DG could induce apoptosis in mac-
rophage derived cell lines (Shinpo et al., 2000).

Figure 3. The effect of cell treatment with different concentrations of 
three compounds on 3-deoxyglucosone after 24 hr incubation.
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It is likely in our study that kaempferol, myricetin, and aza-
leatin were able to develop cytotoxicity through the key role of 
3-DG in oxidative damage, apoptosis, and functional protein cross 
linking (Toshimitsu, et al., 1999; Jalaluddin, 2015). Apart from 
3-DG, methylglyoxal is another AGE precursor that is encoun-
tered in macromolecules glycation adducts. Therefore, we inves-
tigated this factor in treated cells, and data (Table 1) showed that 
kaempferol and myricetin were not as effective on this parameter 
as they were for 3-DG and pentosidine. They caused less increase 
in methylglyoxal with respect to azaleatin. Azaleatin caused meth-
ylglyoxal to reach 3.4 folds of control at final treatment concentra-
tion, accordingly methylgloxalis believed to have a considerable 
role in azaleatin toxicity. We had the highest increasing in methyl-
glyoxal levels among the assayed parameters. In accordance to our 
findings, Tan et al. (2008) illustrated that methylglyoxal is one of 
the most prominent reactive sugar aldehydes encountered in cel-
lular damage, by promoting AGE formation. In addition, this com-
pound is considered a relevant biomarker of oxidative degradation 
of lipids within cells (Shangari and O’Brien, 2004). On this basis, 
we concluded that our cytotoxicity response to azaleatin could 
be attributed to methylglyoxal elevation. We observed that the 
cumulative roles of pentosidine, 3-DG, and methylglyoxal were 
included in azaleatin’s toxicity effect on HGC-27 cells, leading to 
high potential cytotoxicity of azaleatin with respect to myricetin 
and kaempferol.

In this study, we checked three individual compounds of the 
flavonol class, differing in the pattern of substitution of A ring 
and degree of hydroxylation on B ring that dictate their chemical 
nature and biological functions (Kelly et al., 2002). Past reports 
indicate that the presence of free hydroxyl groups, their number 
and mutual location on the structure of these compounds can al-
ter their antioxidant (Wang, et al., 2006) and anticancer activities 
(Williams, et al., 2004). In this regard, we can suggest that lack 
of two OH groups on the B ring of kaempferol not only made it 
less cytotoxic with respect to myricetin and azaleatin, but this also 
weakens the potency for glycation formation. In agreement with 
our results, Benavente-Garcia et al. (2007) showed that myricetin, 
with three adjacent OH on the B ring, resulted in a stronger anti-
proliferative effect with respect to other flavonoides with less OH 
groups. In azaleatin, a methylated flavonol, a methyl group is sub-
stituted instead of an OH group on A ring, differing it from myrice-
tin and kaempferol. Recent studies have confirmed that methylated 
flavonoids show high metabolic stability and cell bioavailability 

in comparison with the un-methylated forms (Walle, 2007). Ac-
cordingly, we conclude that the higher potency of azaleatin in this 
study could be attributed to this structural property, making it more 
effective on retardation of cell viability and increase of 3-DG and 
methylglyoxal with respect to myricetin and kaempferol. Although 
structure-function relationship has been well established for anti-
oxidant and antiproliferative effects of flavonoides, more studies 
are needed to clarify the mechanistic details by which structural 
properties affect the generation of glycation precursors and AGEs.

In conclusion, our study shows that the elevation of glycation 
precursors and the levels of AGEs can be considered an attractive 
target for clarifying another aspect of anticancer-promoting mech-
anism in response to myricetin, kaempferol and azaleatin. An in-
creased number of OH and substitution of methyl on benzene ring 
as structural characteristics of these compounds play important 
role in elevation of glycation parameters, leading to better inhibi-
tory effects on HGC-27 cells viability by kaempferol, myricetin, 
and azaleatin respectively.
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