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Abstract The efficacy of Ligularia fischeri (LF) for
managing diabetic complications was evaluated by assessing
inhibitory effects against advanced glycation end product
(AGE) formation, rat lens aldose reductase (RLAR), and
1,1-diphenyl-2-picryl hydrazyl (DPPH) radical scavenging.
The ethyl acetate fraction from 70% ethanol extracts of LF
showed the highest DPPH radical scavenging activity of
53.90% at a concentration of 3.3 pg/mL. The ethyl acetate
fraction exhibited the most potent AGE formation inhibition
of 73.57% at a concentration of 55 pg/mL and showed the
most potent RLAR inhibition of 88.97% at a concentration
of 11.11 pg/mL. The ethyl acetate fraction exhibited the
most potent antioxidant and anti-diabetic effects. Nuclear
magnetic resonance via bioactivity-guided fractionation of
the LF ethyl acetate fraction revealed that 3,4-dicaffeoylquinic
acid was the bioactive compound. This compound from LF
can be effective for prevention or treatment of diabetic
complications.

Keywords: advanced glycation end products, diabetic
complications, 3, 4-dicaffeoylquinic acid, Ligularia fischeri,
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Introduction

Diabetes mellitus is a disease characterized by hyper-
glycemia resulting from a deficiency of insulin, insulin
secretion, insulin resistance, or a combination (1). Diabetes
mellitus increases the risk of long term complications.
Furthermore, diabetic complications appear to affect both
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micro and macrovessels, leading to blindness, neuropathy,
nephropathy, and retinopathy (2). Chronic hyperglycemia
plays an important role in the pathogenesis of diabetic
complications (3), which involves activation of 4 major
pathways, including increased flux through the polyol
pathway (4), increases of advanced glycation end product
(AGE) formation (5), activation of protein kinase C
isoforms (6), and activation of the hexosamine pathway
(7). Based on these pivotal mechanisms, particularly AGE
formation, the polyol pathway, and oxidative stress,
investigations of prospective agents to prevent and treat
diabetic complications have been undertaken.

Aldose reductase (AR) plays an important role in the
polyol pathway. Under normal glucose levels, this enzyme
catalyzes reduction of toxic cellular aldehydes into inactive
alcohols (8). However, glucose is converted into sorbitol
by AR in the polyol pathway in the presence of increased
glucose levels (9). Furthermore, AR activity has only been
monitored based on consumption of NADPH, which is
also required for regeneration of a reduced glutathione
level, a critical intracellular antioxidant. Decreased concentrations
of reduced glutathione lead to intracellular oxidative stress
(10). Controlling high blood glucose levels is important for
prevention of diabetic complications. AR inhibitors should
be able to prevent and treat diabetic complications (11).

The classic pathway leading to AGE formation is a
major pathway of diabetic complications. Non-enzymatic
cross-links form freely reversible Schiff’s bases between
reducing sugars and the amino groups of long-lived
proteins. Formation of irreversible AGEs occurs over a
period of days and causes qualitative and quantitative
changes in extracellular matrix components (12). These
irreversible AGEs alter cell functions and induce diabetic
retinopathy, nephropathy (13), and neuropathy. Once
AGEs are formed, diabetic treatment is not dependent on
control of blood glucose levels. AGE inhibitors are useful
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for prevention and/or reduction of certain diabetic
complications (14). Excessive activation of the polyol
pathway increases concentrations of sorbitol and reactive
oxygen species, and enhances formation of AGE. These
imbalances cause cell damage (15).

Gomchi (Ligularia fischeri, LF) is a wild vegetable
mainly found in damp, shady areas near brooks and
sloping fields in the eastern part of Korea. This plant is
currently cultivated under glass and is traditionally used to
treat jaundice, scarlet-fever, rheumatoid arthritis, and hepatic
disease (16). Several studies have isolated novel terpenoids,
spirosesquiterpenes, and fischelactone from LF (17,18).
Hyperoside and 2'-acetylhyperoside have potent antioxidant
effects against the DPPH radical and have also been
isolated from LF (19). It was also reported that LF has anti-
inflammatory and anti-ulcerogenic effects (20,21). Although
there are numerous reports regarding LF extracts, there has
not been any research about LF as an anti-diabetic drug.
Therefore, to evaluate the potential efficacy of LF as an
anti-diabetic drug, AGE formation and inhibition of rat
lens aldose reductase (RLAR) were used as representative
mechanisms to assess the effect of LF on anti-diabetic
complications.

Materials and Methods

Plant materials Dried LF was purchased from a local
market in Yang-gu, Gangwon Do, Korea in April of 2012.

Extraction, Fractionation, and Isolation

Extraction: Dried plant material (5 kg) was mixed with
70% ethanol for 3 h followed by filtration using filter paper
(cellulose chromatography papers; Whatman, Little Chalfont,
UK). After filtration, the 70% ethanol extract was concentrated
under reduced pressure using a rotary vacuum evaporator
(Rotavapor R-220; Biichi, Flawil, Switzerland) and
lyophilized (Bondiro; Il Shin Lab Co., Seoul, Korea) to
obtain 559.33 g of powder.

Fractionation: The 70% ethanol extract was partitioned
sequentially using n-hexane, methylene chloride, ethyl
acetate, and n-butanol, leaving a residual water-soluble
fraction. Each fraction was evaporated using a rotary
vacuum evaporator (Rotavapor R-220; Biichi) in vacuo to
yield fractionation residues (Table 1).

Bioassay-guided isolation: The ethyl acetate fraction (25
g) was subject to chromatography on silica gel (85x60 cm)
using a CHCl;-CH;OH gradient from CHCl;:MeOH (15:1,
v:v) to CHCI;:MeOH:H,0 (5:5:1, v:v:v) to divide the ethyl
acetate fraction into 12 subfractions (E01-E12). These
subfractions were then tested for an inhibitory activity
against AGE formation. The active fraction (E06, 11.23 g)
was subjected to chromatography on silica gel (92.75x60
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Table 1. Extract yields and fractions from Ligularia fischeri

Sample Weight (g) Yield (% dry basis)

L. fischeri 5,000 -

70% ethanol extract 559.33 11.19
n-Hexane fraction 157.21 28.11
Methylene chloride fraction 115.65 20.68
Ethyl acetate fraction 39.84 7.12
n-Butanol fraction 70.57 12.62
Water fraction 146.81 26.25

cm) using a CHCl;-MeOH gradient from CHCl;:MeOH
(20:1, v:v) to CHCl;:MeOH:H,O (5:5:1, viviv) to divide
the active fraction into 6 additional fractions (EO6F01-
EO06F06). These sub-fractions were then tested for an
inhibitory activity against AGE formation. The active
fraction (EO6F03, 7.53 g) was subjected to chromatography
on silica gel (¢2.75x60 cm) using a CHCl;-MeOH gradient
from CHCI;:MeOH (10:1, v:v) to CHCl;:MeOH:H,O
(5:5:1, v:viv) to divide the active fraction into 2 fractions
(E06F03F01 and E06F03F02). These sub-fractions were
tested for an inhibitory activity against AGE formation.
The active fraction (EO6F03F01, 4.46 g) was subjected to
chromatography on silica gel (¢0.75%30 cm) using a
CHC15-MeOH gradient from CHCl;:MeOH (20:1, v:v) to
CHCl;:MeOH:H,0O (5:5:1, v:viv) to divide the active
fraction into 3 fractions (EO6F03F01F01-E06F03F01F03).
These sub-fractions were tested for an inhibitory activity
against AGE formation. The active fraction (EO6F03F01F02,
101.09 mg) was then identified.

Measurement of the DPPH radical scavenging activity
The DPPH radical scavenging activity was evaluated
following the methods of Chon et al. (22) with slight
modification. A sample (1 mg/mL) was dissolved in ethanol.
Each sample (30 pL) was mixed with DPPH (6.34x107° M,
270 pL) in a 96-well microplate. The mixture was stored in
the dark for 30 min at room temperature. The absorbance
was measured at 517 nm using a UV-vis spectrometer
against a blank. A lower absorbance value of the reaction
mixture indicated a higher free radical scavenging activity.
Samples were dissolved in dimethylsulfoxide (DMSO) at
identical concentrations (3.3 pg/mL) for a DPPH inhibition
assay, and inhibitory effects were measured. Ascorbic acid
was used as a positive control. The half maximal inhibition
concentration (ICsy) was determined using a semi-log plot
of percentage of activity vs. test sample concentration.

Bovine serum albumin-methylglyoxal assay Inhibition
of AGE formation was examined according to the method
of Jung et al. (23) with modification. Bovine serum
albumin (BSA; fatty acid free, 5 mg/mL) was incubated
with methylglyoxal (2 mM) in a sodium phosphate buffer
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(50 mM, pH 7.4). DMSO, used to dissolve the sample, had
no effect on the reaction. All reagents and samples were
sterilized by filtration through a 0.2 pm membrane filter,
and the mixture was incubated at 37°C for 24 h. The
fluorescence intensity was measured using a luminescence
spectrometer (LS 50B; Perkin Elmer Ltd., Beaconsfield,
UK)) at an excitation wavelength of 355 nm and an emission
wavelength of 460 nm using aminoguanidine hydrochloride
(AG; Sigma-Aldrich, St. Louis, MO, USA) as a known
inhibitor. The ICs, value was estimated from a least-squares
regression line of the logarithmic concentration plotted
against the remaining activity.

Assay for inhibition of rat lens AR Inhibition of AR
activity was assayed using a modified method (24). Crude
AR was prepared. Rat lenses were removed from Sprague-
Dawley rats (weight, 250-280 g) and frozen until use. All
operations were performed at 4°C. Rat lens homogenates
were prepared according to a method described previously
(25). A partially purified enzyme with a specific activity of
6.5 U/mg was routinely used for enzyme inhibition. RLAR
activity was assayed spectrophotometically by measurement
of a decrease in the absorbance of NADPH at 340 nm over
a 4 min period with DL-glyceraldehyde as the substrate.
Each 1.0 mL cuvette contained equal units of the enzyme,
a 50 mM sodium phosphate buffer (pH 6.2), and 1.6 mM
NADPH with and without 100 mM of the substrate and an
inhibitor. Quercetin, a well-known AR inhibitor, was used
as a positive control. The ICsy value was calculated from a
least-squared regression line of logarithmic concentrations
plotted against the residual activity.

Nuclear magnetic resonance and mass spectroscopic
analyses 'H and ">C nuclear magnetic resonance (NMR)
spectra were obtained using a Bruker DPX-400 spectrometer
(Bruker, Ettlingen, Germany) with tetramethylsilane as an
internal standard at 400 and 100 MHz.

Statistical analysis Results were expressed as mean+
standard deviation (SD) of triplicate experiments. An
analysis of variance (ANOVA) and Duncan’s multiple

range test were used to detect differences between means.
A p<0.05 value was considered significant. A least-squared
regression was also used. The SPSS software package was
used for all statistical testing (SPSS, versionl1; Chicago,
IL, USA).

Results and Discussion

Yield of the LF extract fraction The yield of the 70%
ethanol extract of LF was 11.19% (w/w). The fraction was
obtained using n-hexane, methylene chloride, ethyl acetate,
n-butanol, and water, then dried using an evaporator.

Percentage values of extracts for each fraction were 28.11,
20.68, 7.12, 12.62, and 26.25%, respectively (Table 1).

DPPH radical scavenging activity The DPPH radical is
commonly used to evaluate the antioxidant ability due to
relative stability. Free radical plays an important role in
both microvascular and macrovascular complications in type
1 and 2 diabetes mellitus (15). DPPH, which contains
stable free radicals, loses its violet color when the DPPH is
neutralized by other radicals. Results for the DPPH radical
scavenging activity of the 70% ethanol extract and several
solvent fractions are shown in Table 2. The LF ethyl acetate
fraction showed the highest DPPH radical scavenging
activity (53.90%) at a concentration of 3.3 pg/mL, followed
in a decreasing order by the n-butanol (42.20%), methylene
chloride (40.39%), water (24.30%), and n-hexane (23.88%)
fractions. The ethyl acetate fraction exhibited a DPPH
radical scavenging activity with an ICs, value of 3.08 pg/
mL, compared to ascorbic acid (1.73 pg/mL) (Table 2).
These results were in agreement with previous reports. Choi
et al. (26) reported that extracts from LF leaves showed a
strong free radical scavenging effect against DPPH,
superoxide, and peroxy radicals, and significantly inhibited
the lipid peroxidation. Shang et al. (27) isolated 4 major
caffeoylquinic acid compounds from LF using an online
HPLC-ABTS system and reported significant antioxidant
activities.

Table 2. DPPH radical scavenging effects of different fractions from L. fischeri

Sample Concentration (ug/mL) Inhibition (%) ICs (ng/mL)
Ascorbic acid" 33 77.57£1.37° 1.73£0.21
70% ethanol extract 33 29.83+0.58¢ -
n-Hexane fraction 33 23.88+1.57° -
Methylene chloride fraction 33 40.39+1.23¢ -

Ethyl acetate fraction 33 53.90+2.14° 3.08+0.33
n-Butanol fraction 33 42.20+0.63¢ -
Water fraction 33 24.30+1.64° -

DA reference compound
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Table 3. Inhibition of formation of advanced glycation end products by different fractions of L. fischeri
Sample Concentration (ug/mL) Inhibition (%) ICs (ng/mL)

Aminoguanidine” 55 25.3640.89° 90.79+1.34
70% ethanol extract 55 31.34+2.82° -
n-Hexane fraction 55 5.48+3.40¢ -
Methylene chloride fraction 55 6.17+1.86° -
Ethyl acetate fraction 55 73.57+4.21* 39.89+1.97
n-Butanol fraction 55 70.97+2.12% -
Water fraction 55 46.49+4.80° -

DA reference compound

Table 4. Inhibition of aldose reductase activity by different fractions of L. fischeri

Sample Concentration (pug/mL) Inhibition (%) ICsp (ug/mL)

Quercetin? 11.11 72.18+1.44° 2.14£0.05
70% ethanol extract 11.11 69.89+1.44° -
n-Hexane fraction 11.11 11.03+0.69¢ -
Methylene chloride fraction 11.11 13.56+2.794 -
Ethyl acetate fraction 11.11 88.97+1.82* 0.32+0.05
n-Butanol fraction 11.11 86.89+3.01* -
Water fraction 11.11 49.20+2.87¢ -

DA reference compound

Inhibition of AGE formation A significant rise in the
intracellular sugar level occurs under high levels of free
radicals due to oxidative stress and chronic hyperglycemia
(28). Reducing sugars, such as glucose and fructose, react
non-enzymatically with amino groups in proteins, followed
by formation of Schiff’s bases and Amadori products to
form reversible AGEs through cross-linking (29). Therefore,
the function of the antioxidant defense system is compromised
by increased tissue and plasma concentrations of AGEs
(30). In the pathogenesis of diabetic complication-related
AGE formation, the BSA-glucose system can be monitored
by detection of fluorescence at excitation and emission
wavelengths of 350 and 450 nm, respectively. Several
solvent fractions from the 70% ethanol extract of LF were
evaluated based on inhibitory activities against AGE
formation. The ethyl acetate fraction of LF showed the
highest inhibition of 73.57% at a concentration of 55 pg/
mL, followed by the »n-butanol fraction (70.97%) (Table 3).
The ICsy value of the ethyl acetate fraction was 39.89 pg/
mL and the value of aminoguanidine was 90.79 pg/mL
(Table 3).

Inhibition of RLAR Activation of the polyol pathway
by AR leads to oxidative and other stresses, such as protein
kinase activation and glycation reactions, which lead to
serious diabetic complications (31). The 70% ethanol
extract and different LF solvent fractions were tested for
inhibition of RLAR. Crude AR was prepared using rat
lenses, and NADPH and DL-glyceraldehyde were used as a
coenzyme and a substrate, respectively. Inhibition of RLAR
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was measured as a decrease in NADPH absorption at
340 nm over 4 min. The highest inhibition value of 88.97%
was observed in the ethyl acetate fraction, followed by the
n-butanol (86.89%), and the water (49.20%) fractions
(Table 4). The ICs, value of the ethyl acetate fraction was
0.32 pg/mL and the value of quercetin was 2.14 pg/mL
(Table 4).

Structural analysis of the compound isolated from the
ethyl acetate fraction The ethyl acetate fraction exhibited
the most potent antioxidant and anti-diabetic effects. In
order to identify the active compound in the ethyl acetate
fraction, the crude fraction was divided into 12 fractions
that were tested individually for inhibitory activities against
AGE formation. Fraction 6 showed a significantly (»<0.05)
higher inhibition of 98.68% at 60 pg/mL than the other
fractions. This active fraction was named E06. Fractionation
of the E06 fraction, yielded 6 sub-fractions. An inhibition
of AGE formation assay allowed identification of the most
active sub-fraction, named E06F03, with an inhibition
value 48.78% at 20 pg/mL. Further purification of the
active EO06F03sub-fraction yielded 2 sub-fractions. The
most active sub-fraction, identified using an inhibition of
AGE formation assay, was named EO6F03F01 and showed
an inhibition value of 63.04% at 20 pg/mL. Sub-fraction
EO06F03F01 was purified to yield 3 fractions. An inhibition
of AGE formation assay allowed identification of the most
active sub-fraction, named E06F03F01F02 with an inhibition
value of 90.04% at 20 pg/mL. The active compound in
EO06F03F01F02 was identified based on NMR.
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Table 5. Inhibition of formation of advanced glycation end products by purified compounds

Sample Concentration (UM) Inhibition (%) ICso (LM)
498 25.36+0.89
Aminoguanidine” 996 65.15+0.52 822.02+10.38
1992 83.73+0.25
9.68 33.29+2.15
3,4-Dicaffeoylquinic acid 19.36 51.23+3.26 18.39+1.11
38.72 90.04+1.17

DA reference compound

OH

Fig. 1. Chemical structure of 3, 4-dicaffeoylquinic acid isolated
from the ethyl acetate-soluble fraction of L. fischeri

The active compound in the ethyl acetate fraction of LF
was purified using repeated chromatography via bioassay-
guided fractionation. The purified compound had an ICs
value of 18.39 uM (Table 5), which was comparable to the
AG-positive control with an ICsy value of 822.02 uM.
Chemical shifts of the purified compound from 'H and *C
NMR analysis were 'H-NMR (400 MHz, MeOD): § 7.58
(2H, t, J=15.4 Hz, H-7, 7), 6 7.03 (2H, d, J=1.9 Hz, H-2,
2), 8 6.93 (2H, dd, J=1.9, 8.2 Hz, H-6, 6), 6 6.77 (2H, d,
J=8.2 Hz, H-5, 5), 6 6.29 (2H, t, J=16.3 Hz, H-8, 8), 5 5.63
(1H, m, H-3), 5 4.99 (1H, m, H-4), 6 4.37 (1H, m, H-5),
82.11,2.36 (4H, m, H-2,6). >*C-NMR (400 MHz, MeOD):
8 176.54 (COOH), 6 167.30 (C-9, 9), & 149.65 (C-4, 4), 6
147.63 (C-7, 7), & 146.96 (C-3, 3), 5 127.89 (C-1, 1), 6
123.11 (C-6, 6), & 116.60 (C-5, 5), 6 115.20 (C-2, 2), 6
114.73 (C-8, 8), 8 75.79 (C-4), & 73.61 (C-1), & 71.36 (C-
3), 8 69.15 (C-5), & 39.9 (C-2), § 35.99 (C-6). The 'H-
NMR spectrum of the compound showed the presence of
2 trisubstituted aromatic ring protons [6 7.03 (2H, d, J=1.9
Hz, H-2, 2), 6 6.93 (2H, dd, J=1.9, 8.2 Hz, H-6, 6), & 6.77
(2H, d, J=8.2 Hz, H-5, 5)] and 4 protons in trans-
configurations [& 7.58 (2H, t, J=15.4 Hz, H-7, 7), 8 6.29
(2H, t, J=16.3 Hz, H-8, 8)] in a caffeoyl group, 4
methylene protons [6 2.11, 2.36 (4H, m, H-2,6)], and 3
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oxygenated methine protons [ 5.63 (1H, m, H-3), & 4.99
(1H, m, H-4), & 4.37 (1H, m, H-5)] in quinic acid. The "*C-
NMR spectrum of the compound contained a carbon
resonance for the carboxylic acid [8 176.54 (COOH)] in
quinic acid and a carbon signal for the single ester carbonyl
[0 167.30 (C-9, 9)] in a caffeoyl group. Therefore, the
compound was identified as 3, 4-dicaffeoylquinic acid on
the basis of NMR spectral data and comparison with
previous reports (32-34). The chemical structure of the
compound is shown in Fig. 1.

In conclusion, the in vifro anti-diabetic and antioxidant
effects of different solvent fractions from LF were evaluated.
The ethyl acetate fraction demonstrated the strongest
inhibition against AR and AGE formation, and showed a
strong radical scavenging activity. The most effective
compound in the ethyl acetate fraction was analyzed using
NMR and identified as 3, 4-dicaffeoylquinic acid. This
compound from LF can be of use for development of
therapeutic drugs, and prevention or treatment of diabetic
complications.
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