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Abstract

The lifestyle and dietary habits aimed at inhibiting glycative stress are known as anti-glycation. Specific measures for

anti-glycation include the inhibition of postprandial glucose, inhibition of glycative reaction, and degradation and excretion of
AGEs which are produced. Reducing sugars such as glucose, are mainly involved in the in vivo non-enzymatic reaction with
amino acids or proteins and accumulate as advanced glycation end-products (AGEs) via glycated proteins. Since AGEs are also
produced during the cooking of food by heating, the intake of large quantities of food cooked at high temperatures may lead to
an increase in the in vivo accumulation of AGEs.

AGE:s released in the blood due to protein metabolism and AGEs absorbed from the digestive tract following digestion
after intake of food cooked by heating are excreted in the urine by the kidneys. Hence, if renal function declines, the
accumulation of in vivo AGEs increases. Glycative stress and oxidative stress promotes protein alteration. The in vivo functions
of altered proteins are reduced affecting cells and tissues. Usually, altered proteins are degraded by proteolytic enzymes.
However, AGEs derived from proteins stiffen due to protein cross-linking and are difficult to degrade.

The inhibition action on the glycative reaction of natural products has been reported for many materials. These actions
are presumed to be mainly due to polyphenols contained in plants. The in vivo production of AGEs has multiple bypasses
and branching pathways, and glycative and oxidation reactions are complexly intertwined. For this reason, it is necessary to
simultaneously inhibit multi-pathways using multiple components for obtaining a useful in vivo inhibition action on glycative
reaction.

N-phenacylthiazolium bromide (PTB) is known as a substance with a degradation action on AGE-derived crosslinks
of proteins. Plant ingredients with the same effect as PTB have been reported in many materials. The degradation action of
natural products on AGE-derived crosslinks may contribute to the degradation and excretion of in vivo AGEs that have already
accumulated.

Oxidized protein hydrolase (OPH) is a kind of serine protease and is widely present in living tissues. OPH acts on the
degradation of N-terminal amino acids of proteins and aging proteins that have been modified by oxidation and glycation.
Some herbs and health tea extracts also promote OPH activity. The increase in OPH activity through natural products may
contribute to the promotion of degradation and excretion of in vivo AGEs. The inhibition action on the glycative reaction and
AGE degradation and excretion action of natural products have also been verified in human clinical studies.
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1. Preface:
Measures to Prevent Glycative Stress

The lifestyle and dietary habits aimed at inhibiting
glycative reaction are known as anti-glycation", and that
include the inhibition of postprandial glucose, inhibition of
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glycative reaction, and degradation and excretion of AGEs,
which are produced. In this paper, the mechanism of in vivo
production, degradation and excretion of AGEs, and the
possibility of contribution of materials inhibiting glycative
reaction and materials degrading and excreting AGEs for
anti-glycation will be explained.
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2. In vivo Glycative Reaction Pathway

Reducing sugars such as glucose, are mainly involved
in the in vivo non-enzymatic reactions with amino acids or
proteins to form the Amadori product, which is a glycated
protein, due to Amadori rearrangement through the formation
of a Schiff base, which in turn creates an irreversible
substance. Through the production of intermediates that
mainly include carbonyl products such as 3-deoxyglucosone
(3DG), glyoxal, methylglyoxal, glyceraldehyde and
glutaraldehyde, the Amadori products result in advanced
glycation end-products (AGEs). In a narrow sense, glycative
reaction refers to these series of reaction processes.

In addition to glucose in the blood, AGEs are also
produced through carbonylation between proteins, and
aldehydes and ketones produced by alcohol metabolism and
lipid oxidation. Therefore, there are many types of AGEs
substances with different production pathways ?.

AGEs include fluorescent and non-fluorescent
substances. Pentosidine, crossline, pyrropyridine, etc. are
fluorescent AGEs. Né-(carboxymethyl) lysine (CML), N®-
(carboxymethyl) arginine (CMA), etc. are non-fluorescent
AGEs. Also, pentosidine, crossline, efc. possess protein
cross-linking properties. AGEs derived from proteins
lead to a decrease in elasticity and flexibility of tissues.
AGEs bind to the receptor RAGE (Receptor for AGEs) to
activate intracellular signals and induce the production
of inflammatory cytokines. For this reason, the in vivo
production and accumulation of AGEs impairs various cells
and tissues. AGEs are also produced when food is cooked by
heating. Therefore, intake of large quantities of food cooked
at high temperatures may lead to an increase in the in vivo
accumulation of AGEs due to the digestion and absorption of
food?. The concept that comprehensively captures biological
stress caused by reducing sugar or aldehyde load and the
subsequent reaction to it is called glycative stress.

3. In vivo Degradation and
Excretion of AGEs

AGE:s released in the blood due to protein metabolism
and AGEs absorbed from the digestive tract following
digestion after intake of food cooked by heating are
excreted in the urine by the kidneys. The proximal tubule
of the kidney has a membrane receptor called megalin that
reabsorbs low molecular weight proteins filtered from urine.
AGEs in the blood bind to the megalin in the kidneys and are
then taken into the renal tubular cells by endocytosis, which
is the action of cells taking in extracellular substances *.
However, when large amounts of AGEs are taken in
by megalin, lysosome, which is one of the intracellular
organelles, is saturated with AGEs due to degradation,
leading to the accumulation of AGEs in the renal tubular
cells -9, Hence, renal function declines, and accumulation
of in vivo AGEs increases.

Protein alteration plays a vital role in the decline of
functions of the nervous, immune and endocrine systems,
as well as cell and tissue functions associated with aging.
The body removes altered proteins that are always produced
inside the cells by repeated synthesis and degradation
of proteins and reuses the amino acids produced by the
degradation to maintain functions. However, in older
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animals, the protein synthesis ability of cells decreases with
aging, and metabolic turnover slows down. Furthermore,
degradation of protein becomes difficult due to the formation
of AGEs with aging. Glycation stress and oxidative stress
promotes protein alteration. The in vivo functions of altered
proteins are reduced affecting cells and tissues ”. B-Amyloid,
which accumulates in the brains of patients with Alzheimer's
disease, is a type of altered protein that damages nerve
cells and causes neural functions such as memory and
learning functions to decline. Also, crystalline in the lens
of the eye is denatured with aging, aggregates and becomes
turbid (protein alteration), causing cataracts. Furthermore,
neurodegenerative diseases such as Parkinson's disease are
caused by the accumulation of altered proteins with changed
structure ®.

Usually, altered proteins are degraded by a proteolytic
enzyme called proteasome. Proteasomes are of 2types: 26S
(molecular weight 2.5 million) and 20S (molecular weight
700,000). Many altered proteins are degraded by 26S
proteasome after undergoing ubiquitination. Oxidized
proteins are also degraded by 20S proteasome (Fig.2)®. On
the other hand, AGEs derived from proteins stiffen due to
cross-linking of proteins, which makes them less susceptible
to degradation with protease *.

4. In vitro Inhibition Action on Glycative
Reaction by Natural Products

One of the measures to prevent glycative stress is the
inhibition of glycative reaction. The inhibition of glycative
reaction by natural products is evaluated by calculating 1Cso0
(50% inhibitory concentration) of the test substance from the
amount of glycative reaction intermediates and various AGEs
produced in the reaction solution obtained by adding extracts
of multiple materials to the reaction system of various
proteins and glucose such as human serum albumin (HSA)
and collagen ',

Aminoguanidine 'V, which is a glycation inhibitor, is
widely used as a positive control for the inhibition of glycative
reaction. Anti-glycation activity has been reported in many
materials such as mixed herbs!?, purple chrysanthemum ¥,
striped bamboo ¥, herbal tea'®, fruits'®, vegetables'”,
spices '® and black galangal ' using this evaluation system.

The inhibition of glycative reaction is presumed to be
mainly due to polyphenols in plants. Substances that have
an inhibition action on glycative reaction include phenolic
acids such as cinnamic acid and benzoic acid analog and
flavonoids (Fig. I), isoflavones and procyanidins 2*.

The distribution of polyphenols contained in plants
is closely related to evolution and classification and is one
of the indicators for chemotaxonomy. Plants belonging to
the same taxonomic family or tribe are assumed to contain
polyphenols with a similar structure V. On the other hand,
the production of in vivo AGEs has multiple bypasses and
branching pathways, and glycative and oxidation reactions
are complexly intertwined. For this reason, it is necessary
to simultaneously inhibit multi-pathways using multiple
components for obtaining a useful in vivo inhibition action
on glycative reaction. For achieving effective inhibition of
glycative reaction, it is essential to consider the selection
of plant materials and taxonomic knowledge of plants in
combination.
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The figure is adapted from Reference 20).
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5. Agents with Degradation Action on
AGE-crosslinks

N-phenacylthiazolium bromide (PTB) is known as an
agent with degradation action on AGE-derived crosslinks of
proteins *». PTB recognizes the a-diketone structure of the
cross-linking substance, Amadori-protein-ene-dion-derived
protein, produced by glycative stress and degrades the C-C
bonds and protein-protein crosslinks (Fig.2)¥. It has been
suggested that this action may contribute to the inhibition
of AGE accumulation in blood vessels and the treatment of
vascular complications due to diabetes. In a study conducted
with the oral administration of 10 mg/kg of PTB to diabetic
rats for 4 weeks, inhibition of collagen AGE-derived
crosslinks formation and degradation of AGEs in the blood
vessels were observed ¥, Furthermore, vascular stiffening
and inhibition action on the accumulation of AGEs was seen
in a study conducted by the administration of 3-phenacyl-
4,5-dimethylthiazorium chloride (ALT-711) with increased
PTB water solubility to diabetic rats *. A clinical study
conducted on the oral ingestion of ALT-711 for 8 weeks
at 210 mg/day or 420 mg/day by humans, reported an
improvement in vascular stiffening and uncontrolled systolic
blood pressure 2% 27, From these results, PTB is referred to as
an "AGE breaker". On the other hand, PTB has been reported
not to affect the degradation of AGE-derived crosslinks in
the skin and tail collagen of diabetic rats *®. For this reason,
the effect of PTB is also viewed with skepticism.

Plant ingredients known to have the same effect as PTB
are Japanese mugwort (Artemisia indica), rooibos (Aspalathus
linearis), Chinese milk-vetch (Astragalus sinicus)*, yuzu
(Citrus junos)*®, pomegranate (Punica granatum) " and
rosemary (Rosmarinus officinalis)?.

Terpinen-4-ol, a kind of monoterpene alcohol contained
in yuzu, a citrus fruit, has been shown to result in the
hydrolysis of acid anhydride and degradation action on AGE-
derived crosslinks through the production of carboxylate
ester by the reaction type of Bayer-Villiger oxidation
after nucleophilic substitution by hydroperoxide*”. The
trihydroxybenzene structure of ellagitannins is presumed to
be involved in the degradation action of pomegranate extract
and pomegranate-derived ingredients on AGE-derived
crosslinks *". The degradation action of these natural products
on AGE-derived crosslinks may contribute to the degradation
and excretion of in vivo AGEs that have already accumulated.

6. Degradation Action on AGEs
by Oxidative Proteolytic Enzymes

Oxidized protein hydrolase (OPH) is a kind of serine
protease and is widely present in living tissues such as porcine
liver, human blood and rat brain 33 3%, OPH has also been
reported to be present in the stratum corneum of human
skin3®. OPH is also known as acylamino-acid releasing
enzyme (AARE) since it releases N-terminal acylated amino
acids in proteins. In addition to acylation, OPH acts on the
degradation of N-terminal amino acids in formyl, acetyl,
butyl and propylated proteins *® as well as aging proteins
that have been modified by oxidation and glycation *”. OPH
also acts on the degradation of aging proteins together with
proteasome *¥. In diabetic rats, serum OPH activity increases
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significantly and the amount of carbonyl-modified protein in
the blood decreases *.

Natural products that affect OPH activity are plant
extracts such as tea, herbs and vegetables. Some herbs and
health tea extracts promote OPH activity . OPH has a
degradation action on glycated proteins and AGEs widely
present in living tissues. Therefore, the increase of OPH
activity by natural products may contribute to the promotion
of degradation and excretion of in vivo AGEs.

7. Inhibition Action on Glycative Reaction
and Verification of the Effect of AGE
Degrading Materials in Humans

The inhibition action on glycative reaction, and AGE
degradation and excretion action of natural products have also
been verified in human clinical studies. In a study conducted
by the ingestion of extracts or foods containing the extracts
that inhibit glycative reaction for 8 to 12 weeks, reduction of
blood and skin AGEs, and increase in skin elasticity has been
reported (Table 1) 45, The degradation action on AGEs has
been verified with extracts containing Japanese mugwort
(yomogi) with degradation action on AGE-crosslinks
produced using a collagen gel-glucose reaction system model.
A study conducted for the 6-month use of skin lotion, milky
lotion and cream containing Japanese mugwort extract,
showed improvement in the elasticity and yellowness (b*)
of skin?”. In addition to in vitro studies, the anti-glycation
activity of natural products has been verified in clinical
studies with human subjects as well.
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