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Abstract

Background: Accumulating evidences suggest that aldose reductase (AR) inhibitors and advanced glycation end
product (AGE) formation inhibitors may prevent chronic hyperglycemia-induced long-term complication in
diabetes. Transforming growth factor-beta1 (TGF-β1) plays an important role in the development of diabetic
nephropathy. Allium species have been utilized in folk medicine throughout the world for the treatment of various
physical disorders. However, the benefits of Allium victorialis (A. victorialis) against diabetic complications, especially
nephropathy, have yet to be explored. In the present study, we investigated the protective effect of the
compounds isolated from A. victorialis leaf on diabetic nephropathy.

Methods: In vitro AR activity, AGEs formation, and AGE-receptor for AGEs (RAGE) binding in human RAGE
(hRAGE)-overexpressing cells were tested. High glucose-induced transforming growth factor-beta1 (TGF-β1)
expression was also examined in mouse kidney mesangial cells (MMCs) cultured under high glucose.

Results: Of the isolated eight compounds from A. victorialis leaf extracts tested, quercitrin exhibited the most
pronounced inhibitory effects on AR activity (IC50 value of 0.17 μM) and AGEs formation (IC50 value of 4.20 μM).
Furthermore, quercitrin disrupted AGE-RAGE binding in a concentration-dependent manner in hRAGE-overexpressing
cells. Additionally, of the eight compounds tested, ferulic acid significantly reduced high glucose-induced TGF-β1
expression and secretion in MMCs.

Conclusions: Our results suggest that active compounds isolated from A. victorialis leaf exhibit inhibitory effects on AR
activity in rat lenses and AGE formation. Further, ferulic acid reduces TGF-β1 mRNA expression and secretion in MMCs
under diabetic conditions. Thus, A. victorialis is a good candidate for the development of treatments for diabetic
nephropathy.
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Background
Chronic hyperglycemia is the most common feature of
all forms of diabetes mellitus, and it accelerates the in-
duction of aldose reductase (AR, EC 1.1.1.21) and the ir-
reversible formation of advanced glycation end products
(AGEs), which play important roles in the pathogenesis
of diabetic complications [1]. Diabetic nephropathy is a
major complication of diabetes mellitus, and although
the mechanism of glomerulosclerosis still remains un-
clear, the irreversible formation of AGEs, polyol accu-
mulation, and oxidative stress have been considered the
major causes of diabetic nephropathy [2]. AR, the first
rate-limiting enzyme in the polyol pathway, is present
in the eyes, kidneys, and other tissues affected by
diabetic complications. Increased glucose enters the
polyol pathway, where it is reduced by AR to sorbitol
[2,3]. AR inhibitors (ARIs), such as epalrestat, 3,3-
tetramethyleneglutaric acid (TMG), and fidarestat,
have been developed, and some have been revealed to
prevent diabetic nephropathy in animal models or pa-
tients [3-7]. ARIs from natural products have been
found to prevent or delay the development of diabetic
complications in animal models [8-10].
Transforming growth factor-beta 1 (TGF-β1) is a

multifunctional cytokine that plays important roles in
cell proliferation, wound healing, differentiation, apop-
tosis, and the immune response in several cells [11]. In
particular, TGF-β1 is a key mediator of diabetic ne-
phropathy that increases the levels of extracellular
matrix (ECM) proteins, such as collagen I and IV, lam-
inin, and fibronectin, in the glomeruli [11]. In addition,
TGF-β has been identified as a critical regulator and me-
diator of pathophysiological processes of ocular tissue
development or repair. TGF-β–mediated signaling is in-
volved in the progression of diabetic nephropathy, and
high levels of TGF-β are found in diabetic kidneys.
Natural products and their active constituents have

been reportedly used for the treatment of diabetes and
diabetic complications [10]. The genus Allium comprises
more than 600 different species distributed throughout
North America, North Africa, Europe, and Asia. Many
Allium species have been utilized in folk medicine
throughout the world for the treatment of various
physical disorders such as burns, wounds, headaches,
chest colds, and rheumatism [12]. Allium victorialis var.
platyphyllum (Liliaceae), one of the most popular Allium
species, is an edible perennial herb widely distributed on
Ulleung Island and Mt. Hambeak of the Korean Peninsula.
Recently, Allium victorialis (A. victorialis) has received
much attention owing to its diverse and potentially signifi-
cant pharmacological properties including antiarterio-
sclerotic, anticancer, antioxidant, antidiabetic, antiobesity,
antineuroinflammatory, hepatoprotective, and nephro-
protective effects [12-21].
In this paper, we examined the effects of eight com-
pounds (1–8) isolated from A. victorialis leaf on AR ac-
tivity, AGE formation, and TGF-β1 mRNA expression
and protein secretion in mouse glomerular mesangial
cells (MMCs) cultured under diabetic conditions. Fur-
thermore, binding between AGE and receptor for AGE
(RAGE) in human RAGE (hRAGE)-overexpressing
MMCs was analyzed, and the most active compound
was identified. These results show that single com-
pounds from A. victorialis leaf extracts have preventive
effects against diabetic nephropathy and may be useful
as candidates for preclinical study in the treatment of
diabetic nephropathy.
Methods
Plant materials and chemicals
The leaf of A. victorialis were purchased from a com-
mercial supplier in Goryung, (Gyeongbuk, Korea, in
January, 2005) and identified by Prof. K-R Park in the
Department of Herbology, The Medical Research center
for Globalization of Herbal Formulation, Daegu Haany
University. A herbarium voucher specimen (no. KIOM-
ALVI) has been deposited at the Herbarium of the
Diabetic Complications Research Group, Korea Institute
of Oriental Medicine. Antibodies were purchased from
Cell Signaling (Beverly, MA) and Santa Cruz Biotechnol-
ogy (Santa Cruz, CA). All other reagents were obtained
from Sigma-Aldrich (St. Louis, MO). Reagents used for
cell culture were purchased from GIBCO-BRL (Grand
Island, NY).
General experimental procedures
Optical rotations were measured on a JASCO P-2000
digital polarimeter. Hydrogen 1 (300 MHz) and carbon
13 nuclear magnetic resonance (NMR; 75 MHz) spectra
were obtained using a Bruker DRX-300 spectrometer
with tetramethylsilane as an internal standard. Two-
dimensional-NMR experiments (correlation spectros-
copy, heteronuclear multiple-quantum correlation, and
heteronulear multiple bond correlation) were run on a
Bruker Avance 500 NMR spectrometer. Electrospray
ionization mass spectrometry spectra were recorded on
a Shimadzu liquid chromatography-mass spectrometry-
ion trap-time of flight spectrometer. Column chroma-
tography was performed using silica gel (70–230 mesh,
Merck), YMC-gel ODS-A (12 nm, S-75 μm, YMC), and
Sephadex LH-20 (Amersham Pharmacia Biotech). Thin-
layer chromatography was performed on pre-coated sil-
ica gel 60 F254 (0.25 mm, Merck) and RP-18 F254s plates
(0.25 mm, Merck). Spots were detected by utraviolet
light (254 nm) and spraying with 10% H2SO4 followed
by heating.
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Extraction and isolation
The air-dried leaf of A. victorialis (4.0 kg) were extracted
with 50% EtOH (36 L) at 60°C for 5 h, filtered, and con-
centrated to yield a 50% EtOH extract (1.0 kg). This ex-
tract (1.0 kg) was suspended in H2O (4 L) and then
partitioned successively with EtOAc (3 × 4.0 L) and n-
BuOH (3 × 4.0 L) to afford EtOAc- (13 g) and n-BuOH-
soluble fractions (258 g), respectively. The EtOAc- (12 g)
and n-BuOH-soluble fractions (250 g) were subjected to
a series of chromatographic techniques including silica gel,
YMC RP-18, and Sephadex LH-20 column chromatogra-
phies, leading to the isolation of eight compounds (1−8,
Table 1), Kaempferol 3,7,4’-O-β-D-triglucopyranoside
(1, 280 mg), Kaempferol 3,7-O-β-D-diglucopyranoside
(2, 66 mg), kaempferol 3,4’-O-β-D-diglucopyranoside
(3, 70 mg), quercitrin (4, 10 mg), kaempferol (5, 24 mg),
quercetin (6, 45 mg), 4-hydroxycinnamic acid (7, 4.3 mg),
and ferulic acid (8, 10 mg).

Rat lens AR activity
AR activity was measured as described previously [9,22].
All animal procedures were approved by the Korea Institute
of Oriental Medicine Institutional Animal Care Committee
on animal care at our institute and conducted according to
institutional guidelines. Rat lenses were isolated from the
eyes of 8-week-old Sprague–Dawley rats (Orient Co.,
Seongnam, Korea) and homogenized in 12 volumes of 150
mM sodium phosphate buffer (pH 6.2) and 10 mM 2-
mercaptoethanol. The homogenate was centrifuged at
14,000 rpm for 30 min, and the supernatant was used as
crude rat lens AR. The incubation mixture contained 150
mM sodium phosphate buffer, 0.15 mM nicotinamide ad-
enine dinucleotide phosphate (NADPH), 10 mM DL-glyc-
eraldehyde as a substrate, and 700 μg/ml of enzyme
substrate, with or without compounds or positive control,
Table 1 Inhibitory effect of extracts, fractions, and compound

No. Extracts, fractions, and isolated compounds Mw

1 Kaempferol 3,7,4’-O-β-D-triglucopyranoside 772.66

2 Kaempferol 3,7-O-β-D-diglucopyranoside 610.52

3 Kaempferol 3,4’-O-β-D-diglucopyranoside 610.52

4 Quercitrin 448.38

5 Kaempferol 286.24

6 Quercetin 302.24

7 4-Hydroxycinnamic acid 164.16

8 Ferulic acid 194.16

9 A. victorialis 50% EtOH

10 A. victorialis EtOAc

11 A. victorialis BuOH

12 Tetramethyleneglutaric acid 186.20

13 Aminoguanidine 74.1
in a total volume of 1.0 ml. The reaction was initiated by
the addition of NADPH at 37°C and stopped by the
addition of 0.15 ml of 0.5 N HCl. Next, 0.5 ml of 6 M
NaOH containing 10 mM imidazole was added, and the so-
lution was heated at 60°C for 15 min to convert NADP to a
fluorescent product. The fluorescence (ex. 360 nm/ em.
460 nm) was assayed using a spectrofluorometric detector
(Synergy HT, Bio-Tek, Winooski, VT). The concentration
of each test sample that inhibited activity by 50% (IC50)
was estimated from the least-squares regression line of the
logarithmic concentration plotted against the remaining
activity.

Determination of AGEs formation
AGEs formation assay was performed as previously de-
scribed [23,24]. Bovine serum albumin (BSA, 10 mg/ml,
Sigma-Aldrich) in 50mM phosphate buffer (pH 7.4) with
containing 0.02% sodium azide to prevent bacterial
growth was added to 0.2 M fructose and glucose. The
reaction mixture was then mixed with compounds or
aminoguanidine (AG, Sigma-Aldrich). After incubating
at 37°C for 7 days, the fluorescent reaction products
were assayed on a spectrofluorometric detector (BIO-
TEK, Synergy HT, Ex: 350 nm/Em: 450 nm). AGEs assay
was performed in quadruplicate. The concentration of
each test sample giving 50% inhibition of the activities
(IC50) was estimated from the least-squares regression
line of the logarithmic concentration plotted against the
remaining activity.

Cell Cultures
Mouse kidney mesangial cells (SV40 MES13, MMC) were
obtained from the American Type Culture Collection
(#CRL-1927, Rockville, MD) and cultured in Dulbecco's
modified Eagle's medium:F-12 (3:1) supplemented with 14
s isolated from A. victorialis on AR and AGEs formation

AR IC50 AGEs IC50

>50 μM >100 μM

>50 μM 56.44±1.39 μM

9.77±0.33 μM 59.66±1.22 μM

0.17±0.10 μM 4.20±0.04 μM

1.10±0.63 μM 36.01±1.40 μM

3.61±0.19 μM 27.10±0.11 μM

>50 μM 9.92±0.11 μM

>50 μM 7.50±0.20 μM

>10 μg/ml >75 μg/ml

7.53±0.02 μg/ml 30.13±1.68 μg/ml

>10 μg/ml >75 μg/ml

5.07±0.06 μM (0.94±0.01 μg/ml) -

- 1.03±0.07 mM (76.47±4.81 μg/ml)
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mM HEPES, penicillin 100 U/ml, streptomycin 100 μg/ml,
and 5% fetal bovine serum. Cells were routinely grown to
confluence in a humidified 37°C, 5% CO2 incubator.

RNA extraction and semi-quantitative reverse
transcription-polymerase chain reaction (RT-PCR) analysis
Total cellular RNA was extracted with TRIzol (Invitrogen,
Carlsbad, CA), quantified by measuring the absorbance at
260 nm, and stored at −80°C until analysis. The expression
of TGF-β1 and GAPDH mRNAs was detected by RT-PCR
analysis. The extracted RNA (1 μg) was subjected to a
reverse transcriptase reaction with the Maxime RT premix
(Intron, Daejeon, Korea) at 42°C for 60 min and 72°C
for 10 min. Subsequently, semi-quantitative PCR was
performed with Accupower® PCR premix (Intron, Daejeon,
Korea). The primer sequences were as follows: mouse
TGF-β1 (sense) 5’- TGA ACC AAG GAG ACG GAA TAC
AGG -3’, (anti-sense) 5'- GCC ATG AGG AGC AGG AAG
GG -3’ and mouse GAPDH (sense) 5’- ACG GCA AAT
TCA ACG GCA CAG -3’, (anti-sense) 5’- AGA CTC CAC
GAC ATA CTC AGC AC -3’. Aliquots of PCR products
were electrophoresed on 1.2% agarose gels and visualized
after ethidium bromide staining.

Determination of secreted TGF-β1 expression in MMCs
using enzyme-linked immunosorbent assay (ELISA)
The levels of TGF-β1 in the medium were determined
as described previously [9]. The medium was replaced
with serum-free medium containing compound under
high glucose conditions for 24 h. This medium was then
harvested and TGF-β1 was activated by treatment with
1 N HCl (0.1 ml/0.5 ml of conditioned media) for 10
Figure 1 Structures of the compounds (1–8) isolated from the leaf of
min at room temperature, then 0.1 ml 1.2 N NaOH/0.5
M HEPES was added. Quantikine mouse TGF-β1 ELISA
(R&D systems, Minneapolis, MN) was performed ac-
cording to the manufacturer’s protocol, and the TGF-β1
levels were normalized to those of total protein. Medium
without cells that had been incubated under the same
conditions was used as a control for the ELISA.
Detection of live cell-based AGE-BSA/RAGE binding
AGE-BSA/RAGE binding in the cells was determined as
described previously [23]. Briefly, Alexa 488 labeling of
AGE-BSA was performed using the Alexa Fluor® 488
protein labeling kit (Molecular Probes, Eugene, OR). For
the binding assay, human RAGE-overexpressing cells
(1×104) were seeded onto a 96-well assay plate with a
clear bottom lid and black plate (Corning, NY) and incu-
bated with serum-free media for 24 h. Before binding,
3% BSA was added for 30 min to block non-specific
binding. Cells were treated with 5 μg of Alexa Fluor
488-labeled AGE-BSA in a total volume of 100 μl
serum-free medium and incubated in the dark for 6 h in
a 5% CO2 humidified atmosphere at 37°C. Compounds
were added after the addition of AGE-BSA-Alexa Fluor
488 to hRAGE-overexpressing cells. The non-specific
binding of AGE-BSA-Alexa Fluor 488 to cell surface
proteins other than hRAGE was compared by incubating
cells with untreated cells (blank). After binding, 100 μl
Opti-MEM were added to the washed plates, and the
plates were then analyzed using a microtiter plate reader
(Bio-Tek, Winooski, VT) with excitation and emission
wavelengths of 485 and 528 nm, respectively.
A. victorialis.



Figure 2 Inhibitory effects of the isolated compounds on AGE-
BSA/hRAGE binding in hRAGEoverexpressing MMCs. Effects of
the compounds (A. Kaempferol (5); B. Quercitrin (4); C. Quercetin (6))
on AGE/hRAGE binding were quantified by a fluorescence detector.
Data are presented as the mean ± standard error of the mean (S.E.M.;
n=4). ***p<0.001 vs. untreated cells; ##p<0.01 vs. cells treated with only
Alexa Fluor 488- labeled AGE-BSA.
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Statistical analysis
Data are expressed as mean ± S.E.M. of multiple experi-
ments. Paired Student's t-tests were used to compare
two groups, or analysis of variance with Tukey’s was
used for multiple comparison tests using PRISM soft-
ware (Graph Pad, San Diego, CA). Values of p < 0.05
were considered statistically significant.

Results and discussion
Structure elucidation of compounds
The EtOAc- and n-BuOH–soluble fractions were
subjected to a series of chromatographic techniques,
leading to the isolation of eight known compounds (1–8)
(Figure 1). These compounds were identified as
kaempferol 3,7,4′-O-β-D-triglucopyranoside (1), ka-
empferol 3,7-O-β-D-diglucopyranoside (2), kaempferol
3,4'-O-β-D-diglucopyranoside (3), quercitrin (4), ka-
empferol (5), quercetin (6), 4-hydroxycinnamic acid
(7), and ferulic acid (8) by comparing their physicochemi-
cal and spectral data to those in the literature [25-31].

Rat lens AR activity, AGE formation, and AGE/RAGE-
binding in hRAGE-overexpressing cells
ARIs suppressing the hyperglycemia-induced polyol
pathway have been identified as potential therapeutic
candidates in the treatment and prevention of diabetic
complications. The IC50 values of compounds (Table 1)
in this assay were comparable to that those of known
ARIs, such as TMG, which suggested that the com-
pounds and extracts appeared to have an inhibitory ef-
fect on AR activity. Among the compounds, quercitrin
(4), kaempferol (5), and quercetin (6) were significantly
more potent than the previously known positive control,
TMG. Previous research also demonstrated that flavo-
noids such as quercetin and myricitrin are effective in-
hibitors of lens AR [28]. We previously reported that
quercitrin gallate also inhibits AR activity and xylose-
induced lens opacity and oxidation [25]. Kaempferol and
its prenylated derivatives are reported to be aldolase in-
hibitor [32]. Kaempferol 3,4’-O-β-D-diglucopyranoside
(3) (IC50 = 9.77 ± 0.33 μM) and the A. victorialis
EtOAc- soluble fraction (IC50 = 7.53 ± 0.02 μg/ml)
inhibited AR activity. Although, IC50 level of EtOAc-
soluble fraction was higher than TMG (0.94±0.01 μg/
ml), among the extracts, it has the inhibitory effects on
AGEs formation (IC50 =30.13±1.68 μg/ml; AG, IC50 =
76.47±4.81 μg/ml). Previous research indicated that ge-
nistein has inhibitory effects of AR activity in vitro,
AGEs formation, and AGE-RAGE binding in hRAGE-
overexpressing cells [9,23]. Next, we examined the in-
hibitory effects of compounds and extracts on AGEs
formation (Table 1). Quercitrin (4) (IC50 = 4.20 ± 0.04 μM)
and ferulic acid (8) (IC50 = 7.50 ± 0.20 μM) exhibited in-
hibitory effects on AGEs formation. Furthermore,
because of the pronounced inhibitory effect of the three
compounds (4, 5, and 6) on AR and AGEs formation,
AGE-RAGE binding assays were performed in hRAGE-
overexpressing cells (Figure 2). Among the compounds,
quercitrin (4) significantly inhibited AGE-RAGE binding
in hRAGE-overexpressing cells. Although quercitrin (4)
has been tested on ARI effect [28], this compound has
never been examined for the AGE-RAGE binding assay
in hRAGE-overexpressing cells up to data. Quercitrin
has anti-inflammatory effect through the inhibition of
the NF-kappa B pathway and it shows potential anti-
cancer effect, including cell cycle regulation and tyrosine
kinase inhibition [33,34].



Figure 4 Inhibitory effect of the compounds isolated from A.
victorialis on high glucose-induced TGF-β1 secretion. Quiescent
MMCs were treated with high glucose for 48 h followed by 10 μM
of the compounds (1–8). To determine the amount of secreted TGF-
β1 protein in the medium, ELISAs were performed on MMCs treated
with high glucose. Experiments were done in triplicate on three
separate occasions. Results are the mean ± S.E.M. (n=4). ***p<0.001
vs. untreated cells; ###p<0.001, ##p<0.01, #p<0.05 vs. HG.
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Inhibition of high glucose-induced TGF-β1 expression and
secretion in MMCs
TGF-β1 stimulates the production of ECM proteins such
as fibronectin and collagen and promotes mesangial cell
expansion [35,36]. In diabetic nephropathy, these
changes are associated with the development of base-
ment membrane thickening in the glomeruli [37]. Thus,
TGF-β1 is considered a potential therapeutic target in
diabetic nephropathy and other chronic renal diseases.
To assess which compounds from A. victorialis are in-
volved in the regulation of both TGF-β1 mRNA and
protein levels in MMCs under diabetic conditions, cells
were treated with high glucose in the presence or ab-
sence of single compounds (1–8) for 48 h. As shown in
Figure 3A and B, single compounds (1–8) inhibited
TGF-β1 mRNA expression in high glucose-stimulated
MMCs (***p<0.001, vs. C; ###p<0.001, ##p<0.01, #p<0.05
vs. HG). Furthermore, we demonstrated that compounds
from A. victorialis inhibit high glucose-induced TGF-β1 se-
cretion (Figure 4, ***p < 0.001, vs. C; ###p<0.001, ##p<0.01,
#p<0.05 vs. HG). Among the eight compounds identified
from A. victorialis, ferulic acid (8) displayed the greatest in-
hibitory effect on TGF-β1 expression in MMCs. A previous
study suggested that ferulic acid have protective effects
against diabetic nephropathy by reducing oxidative stress
and inflammation in a rat model of type 2 diabetes [38]. In
the present study, we first demonstrated that the treatment
Figure 3 Inhibitory effect of the compounds isolated from A.
victorialis on high glucose-induced TGF-β1 mRNA expression.
Quiescent MMCs were treated with high glucose for 48 h followed by 10
μM of the compounds (1–8). Kaempferol 3,7,4′-O-β-D-triglucopyranoside
(1), kaempferol 3,7-O-β-D-diglucopyranoside (2), kaempferol 3,4'-O-β-D-
diglucopyranoside (3), quercitrin (4), kaempferol (5), quercetin (6), 4-
hydroxycinnamic acid (7), and ferulic acid (8). TGF-β1 mRNA expression
was determined by relative RT-PCR. Results are the mean ± S.E.M. (n=3).
***p<0.001 vs. untreated cells; ###p<0.001, ##p<0.01, #p<0.05 vs. HG.
of MMCs with single compounds from A. victorialis
inhibited high glucose-induced TGF-β1 mRNA expression.
However, toxicology study in vivo is needed to evaluate the
safety of A. victorialis in the drug development.

Conclusion
In summary, our data suggest that active compounds
isolated from A. victorialis leaf exhibit inhibitory effects
on AR activity and AGE formation. Further, ferulic acid
reduces TGF-β1 mRNA expression and secretion in
MMCs under diabetic conditions. Thus, the compounds
isolated from A. victorialis leaf provide some scientific
evidence to support the folk medicinal utilization of A.
victorialis in the treatment of diabetic nephropathy. Fur-
thermore, A. victorialis is a good candidate for the devel-
opment of treatments for diabetic nephropathy.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YSK and JSK: Designed the study and wrote the manuscript; DHJ: Carried out
the RAGE-AGE binding assay and cell culture experiments; SJC: Carried out
the AGE and AR assays; ISL and SYY: Carried out the isolation of compounds;
ISL: Helped to write draft the manuscript; SKK, MHK and JSK: Helped to
discuss and supervised the work. All authors read and approved the final
manuscript.

Acknowledgements
This research was supported by grant [K12040] from the Korea Institute of
Oriental Medicine (KIOM) and by grant [10039320] from the Global Leading
Technology Program of the Office of Strategic R&D Planning (OSP) funded
by the Ministry of Knowledge Economy, Republic of Korea. The authors
would like to thank Prof. Kyu-Ryul Park, PhD; Department of Herbology, The
Medical Research center for Globalization of Herbal Formulation, Daegu
Haany University for identification of plant.

Author details
1Korean Medicine-Based Herbal Drug Development Group, Herbal Medicine
Research Division, Korea Institute of Oriental Medicine (KIOM), Daejeon,



Kim et al. BMC Complementary and Alternative Medicine 2013, 13:251 Page 7 of 7
http://www.biomedcentral.com/1472-6882/13/251
Republic of Korea. 2Developmnent Team for the New Drug of Oriental
Medicine, Daegu Haany University, Gyeongsan, Republic of Korea. 3Jeil
Pharmaceutical CO., LTD, Yongin, Kyonggi-do, Republic of Korea. 4Present
address: Korea Drug Development Fund, 21-1 Migeun-dong, Seodaemun-gu,
Seoul 120-020, Republic of Korea.

Received: 2 July 2013 Accepted: 26 September 2013
Published: 3 October 2013

References
1. Huebschmann AG, Regensteiner JG, Vlassara H, Reusch JE: Diabetes and

advanced glycoxidation end products. Diabetes Care 2006, 29:1420–1432.
2. Brownlee M: The pathobiology of diabetic complications: a unifying

mechanism. Diabetes 2005, 54:1615–1625.
3. Hotta N, Toyota T, Matsuoka K, Shigeta Y, Kikkawa R, Kaneko T, Takahashi A,

Sugimura K, Koike Y, Ishii J, Sakamoto N: Clinical efficacy of fidarestat, a
novel aldose reductase inhibitor, for diabetic peripheral neuropathy: a
52-week multicenter placebo-controlled double-blind parallel group
study. Diabetes Care 2001, 24:1776–1782.

4. Kinoshita JH, Dvornik D, Kraml M, Gabbay KH: The effect of an aldose
reductase inhibitor on the galactose-exposed rabbit lens. Biochim Biophys
Acta 1968, 158:472–475.

5. Obrosova IG, Minchenko AG, Vasupuram R, White L, Abatan OI, Kumagai AK,
Frank RN, Stevens MJ: Aldose reductase inhibitor fidarestat prevents
retinal oxidative stress and vascular endothelial growth factor
overexpression in streptozotocin-diabetic rats. Diabetes 2003, 52:864–871.

6. Itagaki I, Shimizu K, Kamanaka Y, Ebata K, Kikkawa R, Haneda M, Shigeta Y:
The effect of an aldose reductase inhibitor (Epalrestat) on diabetic
nephropathy in rats. Diabetes Res Clin Pract 1994, 25:147–154.

7. Sung JK, Koh JH, Lee MY, Kim BH, Nam SM, Kim JH, Yoo JH, Kim SH, Hong SW,
Lee EY, Choi R, Chung CH: Aldose reductase inhibitor ameliorates renal
vascular endothelial growth factor expression in streptozotocin-induced
diabetic rats. Yonsei Med J 2010, 51:385–391.

8. de la Fuente JA, Manzanaro S: Aldose reductase inhibitors from natural
sources. Nat Prod Rep 2003, 20:243–251.

9. Kim YS, Kim NH, Jung DH, Jang DS, Lee YM, Kim JM, Kim JS: Genistein
inhibits aldose reductase activity and high glucose-induced TGF-beta2
expression in human lens epithelial cells. Eur J Pharmacol 2008, 594:18–25.

10. Marles RJ, Farnsworth NR: Antidiabetic plants and their active
constituents,". Phytomedicine 1995, 2:137–189.

11. Roberts AB, McCune BK, Sporn MB: TGF-beta: regulation of extracellular
matrix. Kidney Int 1992, 41:557–559.

12. Block E: Flavorants from garlic, onion, and other Alliums and their
cancer-preventive properties in food phytochemicals for cancer
prevention. In Food Phytochemicals for Cancer Prevention I. ACS Symposium
Series, 546. Washington, DC: American Chemical Society; 1994:84–96.

13. Lee KT, Choi JH, Kim DH, Son KH, Kim WB, Kwon SH, Park HJ: Constituents
and the antitumor principle of Allium victorialis var. platyphyllum. Arch
Pharm Res 2001, 24:44–50.

14. Shirataki Y, Motohashi N, Tani S, Sunaga K, Sakagami H, Satoh K, Nakashima
H, Kanamoto T, Wolfard K: Antioxidative activity of Allium victorialis L.
extracts ",". Anticancer Res 2001, 21:3331–3339.

15. Kim TG, Kim SH, Kang SY, Jung KK, Choi DH, Park YB, Ryu JH, Han HM:
Antiatherogenic effect of the extract of Allium victorialis on the
experimental atherosclerosis in the rabbit and transgenic mouse,". Kor. J.
Pharmacogn 2000, 31:149–156.

16. Lee KT, Choi JH, Kim DH, Son KH, Kim WB, Kwon SH, Park HJ: Constituents
and the antitumor principle of Allim victorials var. platyphyllum. Arch
Pharm Res vol 2001, 24:44–50.

17. Woo KW, Moon E, Park SY, Kim SY, Lee SY: Flavonoid glycosides from the
leaves of Allium victorialis var. platyphyllum and their anti-
neuroinflammatory effects. Bioorg Med Chem Lett 2012, 22:7465–7470.

18. Ahn YM, Lim SJ, Han HK, Choi SS: Effects of Allim vegetable intake on
levels of plasma glucose, lipid and minerals in streptozotocin induced
diabetic rat. Korean J Nutrition 2006, 39:433–443.

19. Ku SK, Chung IK, Chen WH, Kim J-W: Allium victorials Leaf Extract Prevents
High Fat Diet Induced Obesity in Mice. J Vet Clin vol 2011, 28:280–286.

20. Choi JW, Lee KT, Kim WB: Phamacological effects of the Allim victorials
var. platyphyllum extracts on the rats induced by streptozotocin,
poloxamer-407, CCl4 and D-galactosamine. Kor J Pharmacogn 2003,
34:250–255.
21. Ku SK, Kim JW: Hepatoprotective and nephroprotective effects of Allim
victorials leaf extracts on the high fat diet supplied mice. J Vet Clin 2010,
27:225–231.

22. Dufrane SP, Malaisse WJ, Sener A: A micromethod for the assay of aldose
reductase, its application to pancreatic islets. Biochem Med 1984, 32:99–105.

23. Jung DH, Kim YS, Kim JS: Screening system of blocking agents of the
receptor for advanced glycation endproducts in cells using fluorescence.
Biol Pharm Bull 2012, 35:1826–1830.

24. Jang DS, Lee GY, Lee YM, Kim YS, Sun H, Kim DH, Kim JS: Flavan-3-ols
having a gamma-lactam from the roots of Actinidia arguta inhibit the
formation of advanced glycation end products in vitro. Chem Pharm Bull
(Tokyo) 2009, 57:397–400.

25. Kim YS, Kim NH, Yoo NH, Lee YM, Jeong IH, Kim JS: Quercitrin gallate
inhibits aldose reductase activity and xylose-induced lens opacity and
oxidation. Biomed & Aging Path 2011, 1:123–127.

26. Wieslawa B, Irena M: Flavonoids from Aquilegia vulgaris L. flowers. Acta Pol
Pharm Drug Res 1999, 56:241–244.

27. Michael HN, Shafik RE, Rasmy GE: Studies on the chemical constituents of
fresh leaf of Eruca sativa extract and its biological activity as anticancer
agent in vitro. J Med Plants Res 2011, 5:1184–1191.

28. Mok SY, Lee S: Identification of flavonoids and flavonoid rhamnosides
from Rhododendron mucronulatum for. albiflorum and their inhibitory
activities against aldose reductase. Food Chem 2013, 136:969–974.

29. Agrawal PK: Carbone-13 NMR of flavonoids. New York: Elsevier; 1989.
30. Ma SJ, Kuk JH, Ko B: Isolation and characterization of 4-hydroxycinnamic

acid with antimicrobial activity from Aralia elata. Agri Chem Biotech 1996,
39:265–267.

31. Lee HJ, Lee SK, Choi DH: Extractives from the Allium victorials. J Korean
For Soc vol 2007, 96:620–624.

32. Jung HA, Moon HE, Oh SH, Kim BW, Sohn HS, Choi JS: Kinetics and
molecular docking studies of kaempferol and its prenylated derivatives
as aldose reductase inhibitors. Chem Biol Interact 2012, 197:110–118.

33. Lamson DW, Brignall MS: Antioxidants and cancer, part 3: quercetin. Altern
Med Rev 2000, 5:196–208.

34. Comalada M, Camuesco D, Sierra S, Ballester I, Xaus J, Gálvez J, Zarzuelo A:
In vivo quercitrin anti-inflammatory effect involves release of quercetin,
which inhibits inflammation through down-regulation of the NF-kappaB
pathway. Eur J Immunol 2005, 35:584–592.

35. Jung DH, Kim YS, Kim JS: KIOM-79 prevents S100b-induced TGF-beta1
and fibronectin expression in mouse mesangial cells. J Ethnopharmacol
vol 2009, 125:374–379.

36. Han DC, Hoffman BB, Hong SW, Guo J, Ziyadeh FN: Therapy with antisense
TGF-beta1 oligodeoxynucleotides reduces kidney weight and matrix
mRNAs in diabetic mice. Am J Physiol Renal Physiol 2000, 278:F628–F634.

37. Sharma K, Ziyadeh FN: Hyperglycemia and diabetic kidney disease. The
case for transforming growth factor-beta as a key mediator. Diabetes
1995, 44:139–1146.

38. Choi R, Kim BH, Naowaboot J, Lee MY, Hyun MR, Cho EJ, Lee ES, Lee EY,
Yang YC, Chung CH: Effects of ferulic acid on diabetic nephropathy in a
rat model of type 2 diabetes. Exp Mol Med 2011, 43:676–683.

doi:10.1186/1472-6882-13-251
Cite this article as: Kim et al.: Effects of Allium victorialis leaf extracts and
its single compounds on aldose reductase, advanced glycation end
products and TGF-β1 expression in mesangial cells. BMC Complementary
and Alternative Medicine 2013 13:251.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Plant materials and chemicals
	General experimental procedures
	Extraction and isolation
	Rat lens AR activity
	Determination of AGEs formation
	Cell Cultures
	RNA extraction and semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis
	Determination of secreted TGF-β1 expression in MMCs using enzyme-linked immunosorbent assay (ELISA)
	Detection of live cell-based AGE-BSA/RAGE binding
	Statistical analysis

	Results and discussion
	Structure elucidation of compounds
	Rat lens AR activity, AGE formation, and AGE/RAGE-binding in hRAGE-overexpressing cells
	Inhibition of high glucose-induced TGF-β1 expression and secretion in MMCs

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


