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Abstract

Dietary advanced glycation end products (AGEs) may result in various adverse health consequences, such as inflammation, cancer, liver
diseases, obesity, cardiovascular diseases, diabetes, proteostatis impairment and memory decline. Natural ingredients may be a promising
strategy to inhibit AGEs generation and ameliorate health risks of AGEs. The mechanisms involved in inhibition of AGEs with use of natural
ingredients include antioxidant activity, reactive carbonyl trapping, and suppressing pathways of RAGE (receptor of advanced glycation
end product), MAPK (mitogen-activated protein kinases) and NF-kB (nuclear factor-kappa B).This mini review summarizes the present
understanding of the adverse impact of AGEs on health and the inhibitory effect of natural ingredients on AGEs.
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Introduction

Maillard reaction, a form of non-enzymatic browning, is a
chemical reaction between proteins and reducing sugars in vitro
and in vivo [1,2]. The Maillard reaction consists of three stages:
the early, advanced and final stages. Briefly speaking, the initial
glycosylation reaction occurs during the early stage of the Maillard
reaction, and amadori products are formed through rearrangement
of Schiff bases [3]. For the advanced stage, the Amadori products
subsequently form cross-linked structures with a high degree
of complexity named advanced glycation end products (AGEs)
through fission, dehydration and Strecker degradation [1]. In
terms of final stage, nitrogenous polymers and co-polymers termed
melanoidins are formed [1]. Although Maillard reaction may aid in
development of attractive color, flavor and aroma in food products,
itis worth pointing out that AGEs in Maillard reaction products may
lead to adverse health consequences [4,5]. In recent years extensive
research reveals that AGEs are associated with various diseases
such as cancer and diabetes [4,6]. Foods are major sources of AGEs,
and commonly consumed foods such as grilled chicken, broiled
steak and French fries contain relatively high content of AGEs [7].
Meanwhile, a recent study indicates that a high level of dietary
AGEs is associated with a high level of AGEs in plasma and urine
[8]. Because contents of AGEs derived from diet cannot be ignored

and AGEs in the diet are associated with induction and progression
of many chronic diseases, it is essential to comprehensively
understand adverse health consequences of dietary AGEs.

In view of numerous health risks of dietary AGEs, multiple
measures are required to suppress AGEs. Medicine such as
metformin and irbesartan can be applied to relieve adverse health
effects induced by AGEs [9]. However, the synthetic pharmaceutical
ingredients may bring about short-term health risks. Metformin
may lead to digestive disorders such as vomiting and diarrhoea and
irbesartan can sometimes result in symptoms such as dizziness
and headache [10,11]. Therefore, considering the side effects of
synthetic ingredients, natural ingredients should be employed as
AGEs inhibitors in place of synthetic ingredients. During recent
decade’s inhibition of AGEs with natural ingredients have drawn
substantial scholarly attentions. More and more natural ingredients
prove to possess inhibitory influence on AGEs, and significant
achievements about the underlying molecular mechanisms have
been made [3,12,13]. Thus, the present mini-review aims to address
the current understandings towards adverse health consequences
of dietary AGEs and inhibitory influence of natural ingredients on
AGEs.
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Adverse Health Consequences of Dietary Advanced
Glycation End Products

Extensive biomedical studies about health effects of dietary
AGEs on animals and human beings have been conducted over the
past few years [14,15]. As shown in Figure 1, relevant research
indicates that dietary AGEs are closely linked to induction and
progression of diverse diseases such as inflammation, cancer, liver
diseases, obesity, cardiovascular diseases, diabetes, proteostatis
impairment and memory decline. It is worthwhile to note that the
adverse health consequences of dietary AGEs depend on actuation
duration. At times short-term intake of dietary AGEs may not
have profound health risks. A recent study revealed that short-
tem ingestion of advanced AGEs could possibly exert little health

influence on rats [16].
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Figure 1: Adverse health consequences of dietary AGEs.

Inflammation

Several studies support the association between dietary AGEs
and inflammation. Based on accurate analysis of AGEs content in the
diet, a cross-sectional study divided participants into two groups:
high and low intake of dietary AGEs. During the 3-month period
a correlation between intake of dietary AGEs and inflammation
was observed, indicating that a chronic AGEs-rich diet could result
in inflammation [5]. In addition, it was reported that long-term
consumption of AGEs in thermally processed red meat could lead
to chronic inflammation [4].

Cancer

Recent studies reveal that dietary AGEs can increase risk of
certain cancers. After analysis of more than 2000 human pancreatic
cancer cases during an average of 10.5-year follow-up, it was found
that higher intake of dietary AGEs contributed to higher risk of
pancreatic cancer in men, and consumption of dietary AGEs was
not linked to risk of pancreatic cancer in women [4].

Liver diseases

AGEs in food may induce various liver diseases including
liver injury, liver fibrosis, liver inflammation and so on. In mice
model of NAFLD (non-alcoholic fatty liver disease), long-term
exposure to high levels of dietary AGEs worsened liver pathology
through modulating liver injury and liver fibrosis, and reducing
intake of dietary AGEs might weaken the harmful effects [14]. Ne-
(carboxymethyl) lysine (CML) is one of the major dietary AGEs,
and oral acute and sub acute toxicity of CML was evaluated in mice
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models. It was found that CML presented negligible acute hazards,
but repeated ingestion of CML could induce liver damage via
oxidative stress [15]. Influence of dietary AGEs on liver was studied
using a mice model, and the results suggested that diets with high
levels of AGEs could induce liver inflammation in the absence of
steatosis [17].

Obesity and cardiovascular diseases

Obesity is closely associated with cardiovascular diseases,
and they are both major health problems [18]. Recent studies
have demonstrated that dietary AGEs can bring about obesity and
cardiovascular diseases. Different groups of mice were fed with
diets containing high or low levels of AGEs, and weight gain of
these mice was analyzed after 6 weeks. It was observed that a high-
AGEs diet could contribute to weight gain [19]. Although evidence
is still lacking about links between dietary AGEs in children and
adolescents, sufficient data demonstrate that dietary AGEs can
induce vascular dysfunction in adults, contributing to occurrence of
cardiovascular diseases [20].

Diabetes and proteostatis impairment

A large amount of evidence suggests that dietary AGEs may
interfere with metabolism of sugars and proteins, leading to
diabetes and proteostatis impairment. Mice were treated with oral
AGEs, and a series of indexes such as glucose tolerance, glucose
uptake and gene modulation were analyzed. It was found that
chronicingestion of AGEs promoted insulin resistance and diabetes,
and the relevant mechanism was possibly depleting the antioxidant
defenses AGE receptor-1 and sirtuin-1 [6]. In vivo studies revealed
that chronic intake of dietary AGEs may cause disruption of
proteostasis through inhibiting proteasome peptidase activity [21].

Memory decline

Correlations exist between dietary AGEs and cognitive decline.
High oral intake of AGEs was reported to be associated with faster
rate of memory decline in young elderly. To avoid disruption of
daily life by memory loss, the intervention method of taking a low-
AGEs diet may reduce risk of cognitive compromise [22].

Inhibiting formation of Advanced Glycationend Products
with Natural Ingredients

Given that AGEs can bring about potential health risks, various
measures should be taken to suppress formation of AGEs. During
recent years natural ingredients prove to be a reliable means to
reduce contents of AGEs. Due to high biosafety and biocompatibility
of natural ingredients, inhibiting AGEs with natural ingredients
has attracted scientific and industrial interests in many fields. In
general, natural ingredients can suppress AGEs formation via
mechanisms such as antioxidant activity, reactive carbonyl trapping,
and disruption of RAGE-MAPK signaling and NF-kB activation.

Antioxidant Activity

It is reported that many natural ingredients have powerful
antioxidant activity, which helps to scavenge free radicals. Multiple
studies demonstrate that inhibitory influence of some natural
ingredients is ascribed to their antioxidant activity. Influence of
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ferulic acid on in vitro glycation of soy proteins was investigated
utilizing Ne-(carboxymethyl) lysine (CML) analysis and fluorescence
measurement. It was found that use of ferulic acid could reduce
formation of CML and fluorescent AGEs by around 90% [3]. Recent
work investigated inhibitory effects of ethanolic extracts from 17
medicinal plants on glycation of bovine serum albumin, and total
phenolic content and antioxidant capacity of the medical plant
extracts were also studied. The results demonstrated that influence
of medical plant extracts on AGEs inhibition was positively
correlated with free radical scavenging activity, indicating that the
antioxidant activity of medical plant extracts contributed largely to
their antiglycation effects [23].

A 4-week study revealed that red grape skin extract at different
concentrations (0.031-0.500 mg/mL) could suppress formation of
AGEsduringrelativelylong-termexposuretoAGEs[24].Incomparison
with red grape skin extract, MesonaChinensisBenth extract required
higher effective concentrations. MesonaChinensisBenth extract at
different concentrations (0.25-1.00 mg/mL) significantly inhibited
AGEs formation during 4 weeks of study [25]. In addition, olive leaf
extract could inhibit formation of AGEs in a biscuit model, and the
main way of action was possibly inhibiting oxidation of reaction
intermediates towards the AGEs formation [26]. Apart from these
in vitro studies, in vivo studies also indicate that antioxidant activity
of certain natural ingredients is associated with their inhibitory
effects on AGEs. Influence of Cuminumcyminumon AGEs inhibition
in diabetic rats was systematically investigated, and the results
showed that Cuminumcyminum could control oxidative stress
and suppress formation of AGEs. The in vivo inhibitory effects
of Cuminumcyminumon AGEs proved to be correlated with free
radicals scavenging of Cuminumcyminum [27].

Reactive Carbonyl Trapping

Among current published literature reactive carbonyl trapping
is the major mechanism involved in inhibition of natural ingredients
on AGEs. Methylglyoxal and glyoxal are major carbonyl compounds
during Maillard reaction and identified as well-known precursors
of AGEs, and trapping these reactive carbonyl compounds may
reduce formation of AGEs [28]. A recent study demonstrated
that anthocyanins in blackcurrant could react with 50 percent of
methylglyoxal when blackcurrant anthocyanins were incubated
with methylglyoxal, suggesting that blackcurrant anthocyanins
could effectively prevent AGEs formation by trapping methylglyoxal
[29].

Polyphenols in Houttuyniacordata consisted of components
quercitrin, chlorogenic acid and rutin. It was found that polyphenols
in Houttuyniacordata could decrease AGEs production by 91-
94.6% [28]. Genistein is a natural isoflavone derived from soy
products, and genistein could inhibit AGEs production via trapping
reactive dicarbonyl species efficiently under in vitro physiological
conditions (pH 7.4, 37°c) [13]. Rutin metabolites, which were
formed through metabolism of rutin by gut microflora, could serve
as effective natural inhibitor of AGEs by tapping both methylglyoxal
and glyoxal [30]. Since rutin is a commonly consumed flavonoid that
is rich in many fruits and vegetables, the use of rutin metabolites
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may be a feasible way to attenuate AGEs formation. Pomegranate
phenolics and their in vivo metabolites had inhibitory effects
on all three stages of Maillard reaction (early, middle and late
stages), and pomegranate phenolics could significantly suppress
AGEs production via scavenging reactive carbonyl species such as
methylglyoxal [31].

Since pomegranate is a fruit with good flavors and odors, oral
intake of pomegranate appears an attractive dietary strategy to
prevent and offset adverse health consequences of AGEs. Anti
glycation effects of phenolic phyto chemicals extracted from
blueberries, blackberries, strawberries, raspberries, cranberries
and grapes were investigated, and the results showed that these
sugar-free phyto chemicals could suppress AGEs generation by
scavenging reactive carbonyls [32]. In addition, natural ingredients
such as chlorogenic acid, ellagic acid, thiamin, quercetin, and
oligomeric procyanidins of lotus seedpod, herbal teas and
thymoquinone could effectively inhibit AGEs generation through
reactive carbonyl trapping [12,33-38].

Disruption of RAGE-MAPK Signaling and NF-k Bactivation

Receptor of advanced glycation end product (RAGE), mitogen-
activated protein kinases (MAPK) and nuclear factor-kappa B
(NF-xB) are detrimental pathways in animals and people, and
a number of evidence reveals that inhibitory effects of natural
ingredients on AGEs are associated with disruption of RAGE-
MAPK signaling and NF-kB activation. High-fat diet rats were
selected as model to study inhibition of AGEs by lotus seedpod
oligomericprocyanidins (LSOPC), and expression of RAGE, MAPK
and NF-kB was investigated. It was found that LSOPC could inhibit
formation of AGEs in rats through suppression of RAGE-MAPK-
NF-kB signaling [39]. Diabetic cardiomyopathy rats were applied
to investigate influence of mangiferin on formation of AGEs, and
the results demonstrated that mangiferin could effectively inhibit
AGEs formation via NF-kB deactivation and decreasing expression
of RAGE [40].

Concluding Remarks and Future Perspectives

In summary, dietary AGEs may lead to the induction and
progression of various health problems such as inflammation,
cancer, liver diseases, obesity, cardiovascular diseases, diabetes,
proteostatis impairment and memory decline. Natural ingredients
may serve as an approach to reducing AGEs generation, and the
involved inhibition mechanisms are antioxidant activity, reactive
carbonyl trapping, and disruption of RAGE-MAPK signaling and
NF-kB activation. Generally speaking, the natural ingredients are
promising intervention tools to control content of AGEs. Meanwhile,
we need to realize that there are many unexplored areas and
ongoing challenges. Molecular mechanisms involved in health risks
of dietary AGEs should be fully understood in details, and more in
vivo animal and human studies should be conducted to confirm the
inhibitory effects of natural ingredients on AGEs generation.
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