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The effectiveness of the peel extract of water chestnut (Trapa bispinosa Roxb.) in
an α-crystallin glycation model with glyoxal
Tomohiro Uemura, Shouko Takeshita, Michio Yamada,
Hayashikane Sangyo Co.,Ltd., Yamaguchi, Japan

Abstract

Objective: The formation of advanced glycation end products (AGEs) in lens proteins is hypothesized to be a key pathogenic
mechanism for developing cataracts due to aging or diabetes. Therefore, inhibiting the glycation of lens proteins is thought to
be a useful means of preventing and suppressing the progression of cataracts. Consequently, in order to verify the usefulness
of peel extract of water chestnut (Trapa bispinosa Roxb.) (TBE) in preventing and suppressing the progression of cataracts,
we created an in vitro model of α-crystallin —the main protein component of lenses— glycation with glyoxal and assessed
its effect on the generation of N ε - (carboxymethyl) lysine (CML). We also compared its activity with aminoguanidine (AG), a
positive control.
Methods: A mixed solution of glyoxal and bovine lens-derived α-crystallin was allowed to react for 16 h at 37°C, and
afterwards the CML concentration was measured using the ELISA method. The CML concentration after TBE or AG was
added was expressed as a relative value with the control value defined as 100. Additionally, an IC 50 value was calculated for
the inhibition of CML generation.
Results: Glyoxal and α-crystallin were allowed to react for 16 h. When the CML concentration was compared to that before
the reaction, it had markedly increased. Comparing the effect of TBE on CML generation with that of the control revealed
that TBE inhibited CML generation in a concentration-dependent manner. TBE showed an IC 50 value (μg/mL) of 30.59, and
AG showed a value of 59.51.
Conclusion: TBE inhibited CML generation in a model of α-crystallin glycation with glyoxal about two times more than
AG. These results suggest that TBE —a food-derived material with exceptional antiglycation activity— may be useful in
preventing and suppressing the progression of cataracts developed due to aging or diabetes. In the future, we will continue
with an analysis of the active components and an efficacy evaluation of TBE in vivo.
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Introduction

In the process of glycation, dicarbonyl compounds such
as glyoxal are generated as reactive intermediates through
a reaction between proteins and reducing sugars, and as a
result, advanced glycation end products (AGEs) are formed 1).
In recent years, it has been revealed that the formation of
AGEs in vivo is involved in pathological conditions such as
cataracts occurring with old age and diabetes 2). Cataracts
refers to a disease in which the amount of light transmitted
through the lens that reaches the retina declines, causing a
decrease in vision, because the lens proteins, which were
originally water- soluble, aggregate and become insoluble,
causing clouding 2). According to a 2010 report by the World
Health Organization, cataracts are the cause of blindness in

~ 51% of cases worldwide; this number amounts to about
20 million people 3). Clinical reports thus far suggest that
the glycation of lens proteins is involved in the pathogenic
mechanism for cataracts developed due to old age and
diabetes 4 -7). It is thought that when lens proteins such as
α-crystallin are glycated, structural changes and crosslinking occur, and the proteins aggregate, ultimately leading
to a decrease in the transparency of the lens 8 - 10) . It has been
reported that various AGEs such as N ε- (carboxymethyl)
lysine (CML), pentosidine, N ε- (carboxyethyl) lysine (CEL),
and methylglyoxal hydroimidazolone 1 (MG-H1) exist in
human lenses 11, 12). In particular, that the CML concentration
of lenses taken from diabetic rats and cataracts patients is
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high when compared to normal cases suggests that CML
is one of the AGEs involved in cataracts 13, 14). In addition,
CML is generated by a reaction between glyoxal, which is
derived from the autoxidation of glucose, and protein lysine
residues 15, 16). Accordingly, suppressing the generation of
AGEs such as CML by inhibiting glycation due to glyoxal in
lens proteins is thought to be one useful approach to prevent
and suppress the progression of cataracts.
In this study, we focused on the peel of the water chestnut
(Trapa bispinosa Roxb.), which can prevent glycation. Water
chestnuts are annual aquatic plants of the Trapaceae
family widely used as edible and medicinal plants not only
in Asia but also throughout the world 17). Water chestnuts
are reported to have various physiological functions,
including antioxidant 18) and antibacterial activities 19),
immunomodulating effects 20), and antiulcer effects 21). In our
research to date, we have shown that the peel extract of water
chestnut (Trapa bispinosa Roxb.; TBE) has antiglycation
effects in vitro 22) and improves blood glucose levels after
consumption in vivo 23). However, the effect of TBE on the
glycation of lens proteins —suggested to be related to
cataracts— has not been shown. Accordingly, in this study,
to verify the usefulness of TBE in preventing and suppressing
the progression of cataracts accompanying aging and diabetes,
we created a model of α-crystallin glycation with glyoxal
and evaluated the effect of TBE on CML generation in
vitro. Additionally, we used the AGE generation inhibitor
aminoguanidine (AG) as a positive control.

Materials and Methods

Preparation of the peel extract of water chestnut
(Trapa bispinosa Roxb.; TBE)

The water chestnut peel was dried, sterilized, and crushed,
and afterwards extraction was performed using hot water
(approximately six times the weight of the water chestnut
peel). Dextrin was added to the extracted liquid so that the
ratio of chestnut peel water extract to dextrin would be 67
: 33 using the dry weight. It was subsequently spray dried,
and TBE was obtained. After the TBE was dissolved in a
100 mM phosphate buffered saline (PBS; pH 7.4), it was
filtered (0.45 μm) and used as a specimen for measuring
glycation inhibition.

Measurement of α-crystallin glycation inhibition

As specified below, the inhibition of α - crystallin
glycation was evaluated by creating a glyoxal-α-crystallin
model and carrying out measurements of CML.

The glyoxal- α-crystallin model

The α-crystallin glycation reaction with glyoxal was
conducted using a revised version of the method of Kevin
et al 15). Either 10 μL of 100 mM PBS (pH 7.4) or sample
solutions adjusted to various concentrations were added to
30 μL of a 100 mM PBS (pH 7.4), 50 μL of 10 mg/ml bovine
lens-derived α-crystallin (Sigma, St. Louis, MO, USA), and
10 μL of a 10 mM glyoxal solution (Wako, Osaka, Japan).

After combining the solutions (total 100 μL), the mixtures
were allowed to react for 16 h at 37°C within a CO2 incubator.
Aminoguanidine (AG) (Wako) was used as a positive control.
All the aforementioned reagents and measurement samples
were concentration adjusted using 100 mM PBS (pH 7.4).

CML Measurement

An N ε- (carboxymethyl) lysine enzyme-linked immunosorbent assay (ELISA) kit (CircuLex, Nagoya, Japan)
was used in measuring CML. Sixty μL of an anti-CML
monoclonal antibody solution was added to 60 μL each of
a CML-HSA standard solution, a blank solution, and an
α-crystallin glycation solution and were mixed thoroughly.
After 100 μL of each mixed solution was added to a
microplate with immobilized CML-BSA, they were placed
on a shaker and left in an incubator at room temperature
for 1 h. Then, the solution was removed. After the wells
were washed four times with 200 μL of a wash buffer
solution containing 0.2% Tween-20, 100 μL of horseradish
peroxidase (HRP)-labeled anti-mouse IgG polyclonal
antibody —the secondary antibody— was added to each
well, and this was left in an incubator at room temperature
for 1 h after being placed on a shaker. After the reaction was
complete, the wells were washed as described above. One
hundred μL of a solution containing tetra-methylbenzidine
(TMB) was added to each well and left in an incubator at
room temperature for 1 h after being placed on a shaker.
After the reaction was complete, the wells were washed as
described above. After 100 μL of a substrate solution was
added, they were placed in an incubator at room temperature
for 10 – 20 minutes after being placed on a shaker. After
this, 100 μL of a reaction-stopping solution containing 1 N
of sulfuric acid was added. The absorbance (wavelength:
4 50 nm) of each well was measured using a microplate
reader (Tecan Infinite 200; Männedorf, Switzerland). The
CML concentration in the α-crystallin glycation solution
was calculated based on the CML-HSA standard curve. The
CML concentration after the addition of each measurement
sample was expressed as a relative value with the control
value defined as 100. The inhibition rate of CML generation
for the measurement samples was calculated as follows so
that IC 50 values could also be calculated:
Inhibition rate of CML generation (%) =
(1-CML concentration when sample added ÷ control CML
concentration) ×100

Results

Changes in the CML concentration in the glyoxal-αcrystallin model are shown in Fig. 1. When compared to
before the reaction ( 0 h), the CML concentration had
markedly increased after the 16-h reaction. On the other
hand, for α-crystallin and glyoxal alone, very little CML
was generated. Next, the effect of each material on CML
generation is shown in Fig. 2. CML generation was inhibited
in a concentration-dependent manner with the addition of
TBE or AG. The IC 50 value (μg/mL) for CML generation
inhibition was 30.59 for TBE and 59.51 for AG ( Table 1 ).
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Fig. 1. Changes in CML concentration in the glyoxal-α-crystallin model before and after 16 h of incubation at 37°C. CML,
N ε- (carboxymethyl)lysine.
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Fig. 2. The effects of TBE (a) and AG (b) on CML generation.

Results are expressed as means ± SD. * p<0.05, ** p<0.01, vs. control by Dunnet’s test (n = 4). TBE, water chestnut
(T. bispinosa) peel extract; AG, aminoguanidine; CML, N ε-(carboxymethyl)lysine; SD, standard deviation.

Table 1. IC50 values of TBE and AG for inhibition of CML generation.

Sample

IC 50 ( μg/mL)

TBE

30.59

AG

59.51

IC 50, 50% inhibitory concentration; TBE, water chestnut (T. bispinosa) peel extract; AG, aminoguanidine;
CML, N ε-(carboxymethyl)lysine.
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Discussion

The glycation of lens proteins is thought to be one
pathogenic mechanism for cataracts developed due to old
age and diabetes 4 -7). In this study, in order to verify the
usefulness of the peel extract of water chestnut (TBE) in
preventing and suppressing the progression of cataracts,
we created an α-crystallin glycation model with glyoxal
and assessed the effect of TBE on CML generation in vitro.
Glyoxal, used as an α-crystallin glycation agent, is one
type of dicarbonyl compound generated in the glycation
reaction process. In addition to the generation of CML, it is
also involved in the cross-linking of glyoxal-lysine dimer
(GOLD) 24), and it is suggested as one cause of the decreased
function of biological proteins 25) and aggregation of lens
proteins 26). As such, glyoxal is one important target for AGE
generation inhibitors.
In order to confirm the inhibitory activity of TBE on
α-crystallin glycation, we measured CML. As a result,
compared to the control, TBE inhibited CML generation in
a concentration-dependent manner. Further, regarding IC 50
values, when compared to AG 27) —an AGE generation
inhibitor that traps dicarbonyl compounds such as glyoxal—
TBE exhibited approximately twice the glycation inhibiting
activity. To date, we have confirmed that TBE inhibits the
glycation of human serum albumin in vitro 22), and here, we
revealed the novel antiglycation effect of TBE on α-crystallin.
Regarding this function of TBE, we believe it is not only due
to trapping glyoxal in the same way as AG. In the past, we
confirmed that TBE cleaves dicarbonyl compounds in vitro 22)
and that this activity was stronger than that of the AGE
breaker, N-phenacylthiazolium bromide (PTB) 28). Additionally,
components that exhibit various physiological effects, such
as antioxidant effects 29), α-glucosidase inhibition 29), and
immunostimulatory functions 30), have been identified in
the peels of plants in the Trapaceae family, of which water
chestnuts are a member. It is thought that the TBE also
includes several of these active ingredients. From these
facts, it is hypothesized that, in addition to trapping glyoxal,
TBE may have degraded glyoxal, producing the striking
inhibitory effect of TBE on CML generation.
AG, used as a positive control in this study, is an AGE
generation inhibitor reported from the very early stages, which

suppresses diabetes complications, such as nephropathy and
cataracts in animal models of diabetes 27, 31). However, AG
exhibits side effects in clinical trials and has not been put to
practical use 32). Even now, AGE inhibitors such as pyridoxamine
are being developed with the goal of treating diabetes
complications; however, some of these drugs have been
confirmed to have side effects in clinical trials 33). On the
other hand, water chestnut peel, the raw material for TBE
has come to be widely used in both food and medicine 34-36).
Consequently, as a food-derived material with excellent antiglycation properties and a low risk of side effects, it is hoped
that TBE will be widely used in preventing and suppressing
the progression of diabetes complications such as cataracts.
Because TBE was a stronger inhibitor of CML generation
in α-crystallin than AG in this study, it is suggested that TBE
may be useful in preventing and suppressing the progression
of cataracts accompanying old age and diabetes. In the future,
we would like to proceed with an analysis of the antiglycation
components and an efficacy evaluation using animals and
humans.

Conclusion

In order to verify the usefulness of TBE in the prevention
and suppression of the progression of cataracts, we created
an in vitro model of α-crystallin glycation using glyoxal and
assessed the effectiveness of peel extract of water chestnut
(TBE) on CML generation. When TBE was compared to the
positive control AG, it markedly inhibited CML generation.
It is suggested that TBE may be useful in preventing and
suppressing the progression of cataracts accompanying old
age and diabetes as a food-derived material with excellent
antiglycation activity. In the future, we would like to proceed
with an analysis of the active ingredients and an efficacy
evaluation of TBE in vivo.
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