
INTRODUCTION

Sugars and their derivatives are essential nutrients
for human cells to maintain their function. Neverthe­
less, dietary fructose and glucose induce glycation
( non­enzymatic glycosylation ) in the process of
sugar metabolism.1 During the process of glycation,
glycation intermediates form advanced glycation
endproducts (AGEs) by modifying lysine and ar­
ginine residues of proteins.2­4 AGEs are implicated
in diabetic complications, myocardial infarction,
stroke, Alzheimer’s disease, osteoporosis, and ma­
lignant neoplasms.5­9 The accumulation of AGEs in
vivo has been suggested to reduce tissue elasticity
by promoting the cross­linking of collagen mole­
cules in the extracellular matrix.10 Extracellular
matrix­rich tissues, such as skin, skeletal muscle,
tendons, heart, and lenses, are susceptible to the

effects of AGE accumulation, and the decline in
function observed in these tissues with aging is
thought to be related to AGE accumulation.6, 9, 11, 12

Dysfunction occurs through the formation of cross­
links between intracellularly accumulated AGEs as
well as proteins, lipids and DNA, and also via the
induction of cellular damage. In addition, reactions
mediated by receptors for AGEs (RAGEs) on cell
membranes promote inflammatory reactions by
generating reactive oxygen species (ROS) and pro­
ducing inflammatory chemical mediators.7, 13, 14

To prevent worsening of glycation­induced sick­
ness, anti­glycation substances that suppress AGE
accumulation and directly control glycation in vivo
have been explored. Some naturally occurring sub­
stances, such as vegetables, fruits, teas, and me­
dicinal plants, are believed to have anti­glycation
properties and are used as herbal medicines with
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relatively few harmful effects. Attempts are ongoing
to identify naturally occurring anti­glycation sub­
stances in these herbal medicines and to determine
their potential as therapeutics.15 Connarus ruber (C.
ruber ) is a plant of the Fabaceae family, which is
native to South America. Crude extracts of C. ruber
have long been used in its native region as medi­
cine and are believed to be effective against
chronic diseases, such as diabetes and lipid disor­
ders. Therefore, crude C. ruber extract is expected
to contain compounds with anti­glycation properties.
We have demonstrated that crude C. ruber extract
decreases the number of AGE­positive mesangial
cells in the renal glomeruli of streptozotocin­
induced diabetic rats after they drank water, indicat­
ing that C. ruber has anti­glycation activity in vivo.16

However, the efficacy of C. ruber against AGE­
induced cytotoxicity in vitro is still unclear. In the
present study, we explored the anti­glycation effect
of C. ruber on oral tissue­derived cells, and tested
the cytotoxicity of glycation intermediates on human
dental pulp stem cells (DPSCs).

MATERIALS AND METHODS

Preparation of human DPSCs
Human DPSCs were purchased from Lonza Group
AG (Basel, Switzerland). These cells were isolated
from extracted adult third molars. The cells were
cultured in basal medium consisting of Dulbecco’s
modified Eagle’s medium, high glucose (DMEM ;
Nacalai Tesque, Kyoto, Japan) supplemented with
10% heat­inactivated fetal bovine serum and 1%
penicillin­streptomycin mixed solution (Nacalai Tes­
que). Cells were grown at 37°C in a humidified 5%
CO2 atmosphere and were used between pas­
sages 6 to 9.

Preparation of C. ruber extract
Four grams of shredded C. ruber stems were ex­
tracted with 80 mL of distilled water at 80°C for 30
min. The extraction was filtered and sterilized using
a 0.22 μm vacuum driven filtration system (Iwaki,
Tokyo, Japan) and stored at 4°C until use. For
component analysis, the sterilized extract was ly­
ophilized.

Anti-glycation assay
The in vitro anti­glycation activity of C. ruber ex­
tract was assayed using a Collagen Glycation As­
say Kit, Glucose/Fructose (Cosmo Bio, Tokyo, Ja­
pan) according to the manufacturer’s instructions.
Sterilized C. ruber extract solutions (0.03%, 0.15%
and 0.25%) were added to collagen gel­coated 96­
well plates. Then, 200 mM fructose solution was
added to each well and they were incubated at
37°C in a humidified chamber. The fluorescence in­
tensity (λex＝370 nm, λem＝440 nm) was meas­
ured using a SpectraMax M50S microplate spec­
trometer (Molecular Devices, San Jose, CA, USA)
once every week for 4 weeks.

Cytotoxicity analysis
Cytotoxicity analysis was performed using Cell
Counting Reagent SF (Nacalai Tesque) according
to the manufacturer’s instructions. Briefly, DPSCs
were seeded on 96­well plates at a density of 5×
103 cells/well and cultured for 24 h at 37°C. Cells
were then treated with sterilized C. ruber extract
(0.1%, 1% and 10% in basal medium) and/or 1 mM
glyceraldehyde (GA) for 24 h. Cell viability was
then measured by CCK assays. Absorbance was
measured at 450 nm on the SpectraMax M50S.
Cell viability was evaluated by trypan blue staining.
DPSCs were seeded on 6­well plates at a density
of 8.5×104 cells/well and cultured for 24 h at 37°C.
The cells were then treated with sterilized C. ruber
extract (0.00001% to 1% in basal medium) and/or 1
mM GA for 24 h. The cells were then dissociated in
0.25% Trypsin/0.53 mM ethylenediaminetetraacetic
acid (EDTA) solution (Nacalai Tesque) and stained
using 0.4 % trypan blue solution (Nacalai Tesque).
The live and dead cells were counted and cell vi­
ability was calculated.

Statistical analyses
Statistical analysis was performed using one­way
ANOVA with Tukey’s multiple comparison proce­
dure.
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RESULTS

Anti-glycation activity of C. ruber extract
Collagen glycation assays were performed to con­
firm whether C. ruber extract exhibits anti­glycation
activity. The glycation of collagen gel by fructose
was suppressed by C. ruber extract in a con­
centration­dependent manner (Fig. 1) . This result
indicated that C. ruber shows anti­glycation activity
in vitro as well as in vivo.

Safety of C. ruber extract for DPSCs
C. ruber extract is consumed as an herbal tea and
has no apparent toxicity. We confirmed that C.
ruber extract is safe for primary cultured cells. The
C. ruber extract showed no significant cytotoxicity
against cultured DPSCs at concentrations of 0.1%
and 1% (Figs. 2 A and B). However, 10% C. ruber
extract reduced DPSC viability to 10% (Fig. 2 A).
These results confirmed that C. ruber extract was
not cytotoxic to DPSCs, except at high concentra­
tions (greater than 10%).

C. ruber extract inhibits glycation intermediate-
mediated cytotoxicity
To determine whether C. ruber extract exhibits anti­
glycation activity at the cellular level, we tested
DPSC viability against glycation intermediate­
mediated cytotoxicity. As shown in Fig. 3, the re­
duction of cell viability by 1 mM GA treatment was
suppressed by C. ruber extract in a dose­
dependent manner up to 0.01%. These results indi­
cate that C. ruber extract has a protective effect
against glycation intermediate­mediated cytotoxicity.

Fig. 1 C. ruber extract inhibits fructose­induced collagen
glycation. Collagen gel in 96­well plates was glycated by fruc­
tose. The degrees of glycation at 1 to 4 weeks are indicated
by the fluorescence intensity (0%: Open circles with dotted
lines, 0.03%: Open squares with dashed lines, 0.15%: Open
triangles with dotted and dashed lines, and 0.25%: Open dia­
monds with solid lines). Each line represents the mean and
standard deviation of four independent measurements. The
data were evaluated and p­values were determined.

Fig. 2 Analysis of C. ruber extract cytotoxicity. (A) DPSC vi­
ability after exposure to the C. ruber extract was determined
by exposing the cells to the extract at concentrations of
0.1%, 1% and 10%. Viability is shown as the percent of the
viability of the C. ruber extract compared to the untreated
controls (Control). Bars represent the mean and standard de­
viation of three independent measurements. The data were
evaluated and the p­values were determined (ns: not signifi­
cant ) . ( B ) Representative photomicrographs of C. ruber
extract­untreated (Control) and 1%­treated DPSCs (Bars: 500
μm).
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DISCUSSION

Glycation is the non­enzymatic reaction of proteins
with glucose, fructose, and galactose to eventually
produce glycation end products (AGEs) via interme­
diate products. The intermediate products and
AGEs from glycation cause cell and tissue damage,
known as glycation stress. AGEs also promote cell
damage and inflammatory responses by generating
ROS through reactions mediated by AGE receptors
(RAGEs) on cell membranes.7 Glycation and glyca­
tion stress in cells increases under hyperglycemic
conditions, and are suggested to be involved in the
onset and worsening of many diseases, such as
myocardial infarction, stroke, Alzheimer’s disease,
osteoporosis, and malignant neoplasms, in addition
to diabetic complications caused by damage to the
epithelium, the endothelium and nerve cells.5, 6

Much has been reported on the prevention of dis­
ease by suppressing glycation stress. Glycation
stress can be addressed through diet and exercise,
and by pharmacotherapy using drugs that inhibit in­

creases in blood glucose levels. However, these
therapies do not directly control glycation. There­
fore, recent attention has focused on substances
that have an inhibitory effect on glycation. Ami­
noguanidine (AG) and alagebrium (ALT711) are
anti­glycation substances that have been assessed
for the treatment of diabetic complications. AG re­
acts with intermediates, such as carbonyl com­
pounds, and inhibits AGE formation, and has
shown some success against diabetic complica­
tions. However, side effects, such as liver and gas­
trointestinal disorders and anemia, have been ob­
served; therefore, AG has not been approved as an
anti­glycation medicine.15 ALT711 ameliorates the
effects of atherosclerosis and diabetic nephropathy
by cleaving cross­links with reaction products gen­
erated by the Maillard reaction and inhibiting glyca­
tion stress. Unfortunately, no clear benefit was
demonstrated in subsequent clinical trials.15 Natural
product­derived anti­glycation compounds are there­
fore highly desirable. Among such compounds de­
rived from natural sources, plant­derived polyphe­
nols show particular promise as anti­glycation sub­
stances with few side effects.16

In this study, we focused on C. ruber, a plant na­
tive to South America. We previously showed that
C. ruber extracts inhibit renal glomerular deposition
of AGEs in streptozotocin­induced diabetic rats.17 C.
ruber, which is drunk as an herbal tea in its native
region, is expected to be effective against diabetes
and dyslipidemia, and C. ruber extracts are thought
to have anti­glycation properties. We showed that
fructose­induced glycation of collagen was inhibited
by C. ruber extract in a concentration­dependent
manner, indicating that C. ruber extract inhibits gly­
cation in vitro (Fig. 1). While glycation stress on
skin fibroblasts and neurons has been well­
documented,5, 7 research on the effects of glycation
stress on mesenchymal stem cells is limited.18, 19 In
this study, we analyzed the impact of glycation
stress on somatic stem cells, specifically DPSCs, a
type of mesenchymal stem cell. We showed that
glycation stress caused by GA, an intermediate of
glycation, induced the death of DPSCs (Fig. 3 ) .
These effects were mitigated by C. ruber extract

Fig. 3 Effect of C. ruber extract on glycation intermediate­
induced cytotoxicity. The effect of the C. ruber extract on
DPSC viability after treatment with glyceraldehyde (GA) was
determined. After exposure to 1 mM GA, the DPSCs were
treated with C. ruber extract at concentrations of 0.00001%,
0.0001%, 0.001%, 0.01%, 0.1%, and 1%. Viability is shown
as the percent of the viability of the C. ruber extract­
untreated controls (Control). Bars represent the mean and
standard deviation of five independent measurements. The
data were evaluated and p­values were determined.
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(Fig. 3) , which also exhibited minimal cytotoxicity
(Fig. 2) , highlighting its potential as an anti­gly­
cation agent. C. ruber extract inhibited Fructose­in­
duced AGE formation and GA derived cytotoxicity
(Figs. 1 and 3), suggesting its efficacy as an anti­
oxidant agent. In diabetic patients, glycation is in­
volved in many oral complications, including peri­
odontal disease and dental caries.13, 20, 21 C. ruber
extract protects DPSCs from glycation­induced cell
death (Fig. 3). Our findings suggest that C. ruber
extract may be useful in treating not only systemic
diseases such as diabetes, but also glycation­
induced oral damage.
In conclusion, C. ruber extract inhibited collagen

glycation and the cytotoxicity caused by glycation
reaction intermediates, suggesting its potential as a
low­toxicity anti­glycation agent. Thus, the develop­
ment of C. ruber extracts as preventive medicines
is warranted.
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