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ABSTRACT: Corni fructus is the fruit of Cornus officinalis Sieb. et Zucc. and has attracted much interest due to its traditional
applications and active fraction that reportedly possesses antidiabetic effects. In this study, we isolated 12 compounds from Corni
fructus including three flavonoids, two iridoid glycosides, three phenolic compounds, and two triterpenoids, together with cornuside
(11) and 2-butoxybutanedioic acid (12). Chemical structures were identified by 1H, 13C NMR, DEPT, COSY, HSQC, and HMBC
spectral analyses. Furthermore, the glucose uptake efficiency, messenger (m)RNA expression of phosphoenolpyruvate carbox-
ykinase (PEPCK), and prevention of cytokine-mediated cytotoxicity in the presence of test agents were evaluated. While CH and
CB significantly increased glucose uptake frommuscle, compounds 3 and 8, each at 50 μM, significantly suppressed PEPCKmRNA
expression. Finally, compound 5, at 50 and 100 μM, effectively attenuated β-cell death. In conclusion, those compounds could
contribute to the antihyperglycemic and β-cell-protective actions of Corni fructus against diabetes mellitus.
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’ INTRODUCTION

Diabetes mellitus (DM), a complicated metabolic disease
caused by hyperglycemia, results in a number of deleterious
effects particularly on the macrovascular and microvascular
systems.1 Diabetic patients show a high level of blood glucose
caused by an inability to produce insulin or its poor utilization.
Diabetes is classified into type-1 diabetes, associated with an
insulin deficiency from autoimmunity-mediated depletion of
pancreatic β-cells, and type 2, which is associated with impaired
secretion of insulin and its resistance.2 Diabetes ranks high
among the top 10 leading causes of death in the world. Long-
term and serious complications often result in a high incidence of
death. Diabetes treatments exhaust enormous amounts of re-
sources including medicines, diets, physical training, and so on in
all countries of the world. It is crucial to develop novel therapies
with few side effects for long-term control of this disease.

Insulin plays a central role regulating glucose homeostasis via
its actions in the liver and skeletal muscle. In the liver, hepatic
glucose output is elevated during fasting and starvation periods
mainly through gluconeogenesis, which is controlled by two rate-
limiting enzymes of phosphoenolpyruvate carboxykinase (PEPCK)
and glucose-6-phosphatase (G6 Pase). Several hormones includ-
ing glucocorticoids, retinoic acid, and glucagon (via its second
messenger, cyclic (c)AMP)3�6 enhance the hepatic transcription
of both the PEPCK and G6 Pase genes. In contrast, insulin
represses both genes7�9 to prevent hepatic glucose overpro-
duction.10,11 Meanwhile, in a fed condition, secreted insulin also

activates peripheral glucose uptake to utilize excessive blood
glucose. Importantly, insulin activates similar signal transduc-
tions to facilitate its antihyperglycemic actions in the liver and
muscle. With type-1 and late type-2 diabetes, chronic cytokine
attack, glucolipotoxicity, and other extracellular stresses lead to a
massive loss of β-cells.12,13 Nitric oxide (NO), produced by
inducible nitric oxide synthase (iNOS), could be considered as
one of the key proinflammatory mediators for beta-cell dysfunc-
tion and destruction via affecting mitochondrial functions and
later endoplasmic reticulum stress.14,15 As a result, these patients
can be diagnosed as having insulin-dependent DM (IDDM).
Application of insulin mimetics or β-cell-protective agents can
either directly control or delay the onset of dysglycemia in IDDM
subjects.

In traditional Chinese medicine, Liuwei Dihuang Wan is a
prescription for treating diabetic disorders.16,17 It consists of six
principals: the herbs dioscorea (Dioscoreae rhizoma), cornus
(Corni fructus), alisma (Rhizoma alismatis), holelen (Poria),
rehmannia (Rehmanniae radix), and tree peony bark (Moutan
radicis cortex). This prescription is used alone or modified
by adding additional components for diabetic therapy in China
and Japan.18�23 Studies revealed that Corni fructus extract has
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antidiabetic activity in rats with streptozotocin-induced IDDM24,25

and is also regarded as the major active principal in the plasma
glucose-lowering action of Die-Huang-Wan in normal rats.26 More-
over, it was reported that a fraction of Corni fructus, the fruit of
Cornus officinalis Sieb. et Zucc., has an antidiabetic effect.27,28

More than 150 compounds were isolated from Corni fructus,
including iridoid glycosides,29 saccharides, tannins,30�32

flavo-
noids,33,34 volatile oils,35 amino acids, organic acids, vitamins,
and other trace elements. Some components (i.e., morroniside,
loganin, ursolic acid, oleanic acid, gallic acid, and epigallocatechin
gallate (EGCG)) showed antidiabetic effects.36�44

Previously, we revealed that the methanol fraction of Corni
fructus suppressed transcription of hepatic gluconeogenesis-
related genes, and prevented toxin-mediated β-cell destruction.45

However, the responsible active compounds remain to be eluci-
dated. To address this issue, we further isolated pure comounds
from Corni fructus to investigate whether those compounds
possess antidiabetic activities related to regulating PEPCK
messenger (m)RNA transcription and attenuate β-cell destruc-
tion caused by cytotoxic cytokines.

’MATERIALS AND METHODS

Chemicals and Reagents. Antibiotics (100 U/mL penicillin and
0.1 g/L streptomycin) and primers were purchased from Invitrogen
(Taipei, Taiwan). Phosphate-buffered saline (PBS) was from Sigma (St.
Louis, MO, USA). RPMI-1640 tissue culture medium (supplemented
with 0.3 g/L glutamine), fetal bovine serum (FBS), and trypsin/EDTA
(10� 5.0 g trypsin (1:250) and EDTA in 2.0 g/L normal saline) were
purchased from Biological Industries (Beit Haemek, Israel). Recombi-
nant rat interleukin (IL)-1β and interferon (IFN)-γ were purchased
from Peprotech (London, U.K.). A RevertAid First Strand cDNA
Synthesis kit was purchased from Fermentase (Vilnius, Lithuania).
TBE buffer (10� stock) and DNA ladders were bought from Bio-East
(Taipei, Taiwan). All other reagents were purchased from either Sigma
or BDH Chemicals (Grove, USA). All antibodies were purchased from
Cell Signaling Technology (Danvers, MA, USA). BRIN-BD 11 cells
were kindly provided by Prof. Peter R. Flatt (University of Ulster
Coleraine, U.K.). Methanol, CH2Cl2, n-BuOH, n-hexane, EA, and
acetone were purchased from Merck (Darmstadt, Germany).
General Chemical Experiment. The melting point was recorded

on a B€uchi B-545 melting point apparatus and was uncorrected. The
optical rotation was measured on a Jasco DIP-1020 digital polarimeter.
1H and 13C nuclear magnetic resonance (NMR) spectra were obtained
on a Bruker AM-500 (500 MHz) FT-NMR spectrometer in D-solvent,
using the solvent as internal standard. The EIMS was determined on a
Finnigan TSQ-700mass spectrometer. The ESIMSwas determined on a
VG Platform electrospray mass spectrometer. The FABMS was deter-
mined on a JEOL JMS-700 mass spectrometer. Column chromatogra-
phy was carried out with Sephadex LH-20 (20�100 μm, Pharmacia Fine
Chemicals, China), MCI-gel CHP 20P (75�150 μm,Mitsubishi Chem-
ical Industries, Japan), Cosmosil C18-OPN (75 μm, Nacalai Tesque,
USA), Fractogel (TSK, HW-40(s)), and silica gel 60 (70�230 mesh,
Merck). TLC was conducted on silica gel plates (60 F-254, Merck), and
a 10% sulfuric acid solution was used as the visualizing agent on heating.
Plant Material. Corni fructus (the fruit of C. officinalis) was

purchased from a market in Taipei, Taiwan. The plant was authenti-
cated, and a voucher specimen was deposited by Dr. I-Jung Lee at the
Herbarium of the National Research Institute of Chinese Medicine,
Taiwan, with issue number NHP00947.
Extraction and Isolation. Dried C. officinalis fruit (5.9 kg) were

extracted with 70% aqueous acetone (with a ratio of solvent volume/dry
weight of about 2 mL/g) three times, and then concentrated into a

residue (1.5 kg) under a vacuum at 45 �C. The residue was dissolved in
H2O, and partitioned with n-hexane, CH2Cl2, and n-BuOH to obtain
four layers: CH (n-hexane layer), CM (CH2Cl2 layer), CB (n-BuOH
layer), and CW (H2O layer). The concentrated CH extract (2.4 g) was
subjected to column chromatography over a silica gel column (0.5 �
30 cm) and eluted with CH2Cl2�MeOH (from 20/1 to 18/1) to afford
oleanic acid (9, 0.14 g)46 and a CM-M mixture. β-Sitosterol (10,
20 mg)47 was obtained from the CM-M mixture (0.15 g) by silica gel
column (0.5� 30 cm) chromatography, using n-hexane�EA (from 6/1
to 8/1) as the solvent system. The concentrated CB extract (630 g) was
subjected to column chromatography over an MCI-gel CHP 20P
column (10.5 � 110 cm) and eluted with a step gradient system
(H2O�MeOH, 0�100%) to afford four fractions of CB-M1�4. Frac-
tion CB-M1 (10.0 g) was divided into subfractions A1�9 by passage
through a Sephadex LH-20 column (3.5 � 73 cm) and eluted with
acetone�H2O (from 100% to 92%). Fraction A7 (0.3 g) was further
separated on an MCI-gel CHP 20P column (0.5 � 30 cm) and eluted
with a step gradient system (H2O�MeOH, 0�100%) to give five
subfractions of B1�5. Quercetin-3-O-β-D-(600-n-butyl glucuronide)
(2, 90 mg)48 was obtained from subfraction B3 (0.11 g) by Sephadex
LH-20 column (2.0� 39 cm) chromatography, using 40%MeOH as the
solvent system. Fraction CB-M2 (4.2 g) was chromatographed on a
Sephadex LH-20 column (3.0� 73 cm) and eluted with 50%MeOH to
give four fractions of C1�4. Fraction C2 (3.0 g) was divided into
subfractions D1�12 by passage through an MCI-gel CHP 20P column
(2.0 � 39 cm) and elution with a step gradient system (H2O�MeOH,
0�100%). (7R)-n-Butyl morroniside (5, 0.12 g)49 was produced from
subfraction D12 (0.21 g) by silica gel column (2.0 � 39 cm) chroma-
tography, using CH2Cl2�MeOH (from 15/1 to 12/1) as the solvent
system. Fraction CB-M3 (12.13 g) was chromatographed on a Sephadex
LH-20 column (4.5 � 75 cm) and eluted with a step gradient system
(H2O�MeOH, 0�100%) to obtain two fractions of CB-S1 and CB-S2.
Fraction CB-S1 (0.75 g) was divided into subfractions E1�10 by
passage through an MCI-gel CHP 20P column (1.8 � 48 cm) and
elution with a step gradient system (H2O�MeOH, 30�100%). The
E10 fraction (0.23 g) was further separated through a Sephadex LH-20
column (3.0 � 73 cm) and a step gradient system (H2O�MeOH,
0�100%) to afford quercetin 3-O-β-glucuronide (1, 90 mg).48 Fraction
CB-S2 (4.9 g) was divided into subfractions F1�10 by passage through a
Sephadex LH-20 column (3.0 � 73 cm) and elution with aqueous
acetone (from 2% to 4%). Compound 11 (cornuside, 1.90 g)32 was
yielded from subfraction F8 (3.3 g) by Fractogel column (3.0� 73 cm)
chromatography and elution with a step gradient system (H2O�MeOH,
0�100%). Fraction CB-M4 (110 g) was subjected to column chroma-
tography over a Sephadex LH-20 column (10� 110 cm) and eluted with
a step gradient system (H2O�MeOH, 0�100%) to give fractions CB-
X1�3. Fraction CB-X1 (3.5 g) was divided into subfractions G1�7 by
passage over an MCI-gel CHP 20P column (3.5 � 73 cm), eluted with
H2O�MeOH (from 20% to 100%). Caffeic acid (7, 40 mg)50 was
afforded from subfraction G7 (96 mg) by Sephadex LH-20 column
(0.5 � 30 cm) chromatography, using 2% aqueous acetone as the
solvent system. Fraction CB-X2 (3.7 g) was further separated on an
MCI-gel CHP 20P column (3.5 � 73 cm) and eluted with a step
gradient system (H2O�MeOH, 0�100%) to obtain subfractions CB-
Y1 and CB-Y2. Subfraction CB-Y1 (0.2 g) was further separated on an
MCI-gel CHP 20P column (0.5 � 30 cm; H2O�MeOH, 10�100%)
and a Cosmosil C18�OPN column (0.5 � 30 cm; H2O�MeOH,
10�100%) to obtain caftaric acid monomethyl ester (8, 90 mg).51,52

Gallic acid (6, 100 mg)53 was yielded from subfraction CB-Y2 (0.18 g)
by Sephadex LH-20 column (0.5 � 30 cm) chromatography, using
acetone as the solvent system. Fraction CB-X3 (90 g) was further
separated on an MCI column (10 � 110 cm) and eluted with a step
gradient system (H2O�MeOH, 0�100%) to obtain subfractions
CB-Z1 and CB-Z2. Subfraction CB-Z1 (11.0 g) was crystallized by
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acetone-H2O to give loganin (4, 10.0 g).54 Both (�)-epicatechin 3-O-
gallate (3, 30 mg)55 and butoxysuccinic acid (12, 3.40 g)56 were
obtained from subfraction CB-Z2 (5.9 g) by Sephadex LH-20 column
(3.5 � 75 cm) chromatography, using acetone as the solvent system.
Quercetin 3-O-β-D-Glucuronide (1). FAB-MS (negative-ion mode):

m/z 477 ([M�H]�). 1HNMR (CD3OD, 500MHz): δ 7.64 (1H, d, J =
2.2Hz, H-20), 7.62 (1H, dd, J = 8.6, 2.2Hz, H-60), 6.84 (1H, d, J = 8.6Hz,
H-50), 6.40 (1H, d, J = 2.1 Hz, H-8), 6.21 (1H, d, J = 2.1 Hz, H-6), 5.33
(1H, d, J = 7.7 Hz, H-100), 3.73 (1H, d, J = 9.7 Hz, H-500), 3.44�3.60
(3H, m, H-200, 300, 400) 13C NMR (CD3OD, 125 MHz): δ 179.3 (C-4),
172.2 (C-600), 166.0 (C-7), 163.1 (C-5), 159.1 (C-2), 158.5 (C-9), 149.9
(C-40), 146.0 (C-30), 123.5 (C-60), 122.9 (C-10), 117.2 (C-20), 105.7
(C-10), 104.2 (C-100), 99.9 (C-6), 94.8 (C-8), 77.6 (C-300), 77.1 (C-500),
75.4 (C-200), 72.9 (C-400).
Quercetin 3-O-β-D-(600-n-Butyl glucuronide) (2). FAB-MS (negative-

ion mode): m/z 533 ([M � H]�). 1H NMR (CD3OD, 500 MHz):
δ 7.61 (1H, dd, J = 8.6, 1.9 Hz, H-60), 7.59 (1H, d, J = 1.9 Hz, H-20), 6.83
(1H, d, J = 8.6 Hz, H-50), 6.38 (1H, d, J = 1.7 Hz, H-8), 6.19 (1H, d, J =
1.7 Hz, H-6), 5.27 (1H, d, J = 7.7 Hz, H-100), 4.05 (2H, t, J = 6.4, n-butyl
H-1), 3.73 (1H, d, J = 9.5 Hz, H-500), 3.58 (1H, dd, J = 9.1, 9.5 Hz, H-400),
3.52 (1H, dd, J = 9.0, 7.7 Hz, H-200), 3.45 (1H, dd, J = 9.0, 9.1 Hz, H-300),
1.49 (2H,m, n-butyl H-3), 1.25 (2H,m, n-butyl H-2), 0.82 (3H, t, J= 7.4,
n-butyl H-3). 13C NMR (CD3OD, 125 MHz): δ 179.2 (C-4), 170.2
(C-600), 166.2 (C-7), 163.0 (C-5), 159.1 (C-2), 158.4 (C-9), 149.9 (C-
40), 146.0 (C-30), 123.5 (C-60), 122.9 (C-10), 117.2 (C-20), 105.6 (C-
10), 104.4 (C-100), 100.0 (C-6), 94.8 (C-8), 77.4 (C-300), 77.2 (C-500),
75.4 (C-200), 72.7 (C-400), 66.2 (n-butyl C-1), 31.5 (n-butyl C-2), 19.9
(n-butyl C-3), 13.9 (n-butyl C-4).
(�)-Epicatechin-3-O-gallate (3). ESI-MS: m/z 443 ([M + H]+). 1H

NMR (CD3OD, 500 MHz): δ 6.94 (2H, s, H-200, 600), 6.93 (1H, d, J =
2.0Hz, H-20), 6.80 (1H, dd, J = 8.0, 2.0Hz, H-60), 6.69 (1H, d, J = 8.0Hz,
H-50), 5.96 (2H, d, J = 2.6 Hz, H-6, 8), 5.51 (1H, br, H-3), 5.02 (1H, s,
H-2), 2.92 (2H, dd, J = 17.3, 2.2 Hz, H-4). 13C NMR (CD3OD,
125 MHz): δ 167.6 (�COO-), 157.8 (C-7, 5), 157.3 (C-9), 146.3
(C-300, 500), 145.9 (C-40, 30), 139.8 (C-400), 131.4 (C-10), 121.5 (C-100),
119.4 (C-60), 116.0 (C-50), 115.1 (C-20), 110.2 (C-200, 600), 99.4 (C-10),
96.6 (C-6), 95.9 (C-8), 78.6 (C-2), 70.0 (C-3), 26.8 (C-4).
Loganin (4). ESI-MS: m/z 391 ([M + H]+). 1H NMR (CD3OD,

500 MHz): δ 7.37 (1H, s, H-3), 5.26 (1H, d, J = 4.4 Hz, H-1), 4.64 (1H,
d, J = 7.9 Hz, H-10), 4.03 (1H, t, J = 4.05 Hz, H-7), 3.88 (1H, dd, J = 1.4,
11.9 Hz, H-60), 3.68 (3H, s, H-12), 3.65 (1H, dd, J = 5.6, 11.9 Hz, H-6),
3.34 (1H,m,H-30), 3.29 (1H,m,H-50), 3.27 (1H,m,H-40), 3.18 (1H,m,
H-20), 3.10 (1H, q, J = 8.0 Hz, H-5), 2.22 (1H, m, H-6), 2.02 (1H, m,
H-9), 1.86 (1H, m, H-8), 1.61 (1H, m, H-6), 1.09 (3H, s, H-10). 13C
NMR (CD3OD, 125 MHz): δ 169.5 (C-11), 152.1 (C-3), 114.0 (C-4),
100.0 (C-10), 97.7 (C-1), 78.4 (C-50), 78.0 (C-30), 75.1 (C-7), 74.7
(C-20), 71.6 (C-40), 62.8 (C-60), 51.6 (C-12), 46.5 (C-9), 42.7 (C-6),
42.2 (C-8), 32.2 (C-5), 13.4 (C-10).
(7R)-n-Butyl Morroniside (5). White amorphorus solid. FAB-MS:

m/z 485.3 ([M + Na]+), 463.3 ([M + H]+). 1H NMR (CD3OD,
500 MHz): δ 7.50 (1H, s, H-3), 5.88 (1H, d, J = 9.2 Hz, H-1), 4.77 (1H,
d, J = 7.8 Hz, H-10), 4.79 (1H, overlapped by solvent, H-7), 4.38 (1H, m,
H-8), 3.88 (1H, dd, J = 1.6, 12.1 Hz, H-60), 3.68 (3H, s, H-12), 3.65 (1H,
m, H-60), 3.63 (2H, m, n-butyl H-1), 3.43�3.20 (4H, m, H-20,30,40,50),
3.07 (1H, dt, J = 4.6, 12.8 Hz, H-5), 1.91 (1H, dd, J = 4.6, 13.0 Hz, H-6),
1.82 (1H, m, H-9), 1.62�1.41 (5H, m, H-6, n-butyl H-20, 30), 1.33 (3H,
d, J = 7.0 Hz, H-10), 0.95 (3H, t, J = 7.4 Hz, n-butyl H-4). 13C NMR
(CD3OD, 125 MHz): δ 168.8 (C-11), 154.5 (C-3), 111.7 (C-4), 100.1
(C-10), 98.4 (C-7), 95.7 (C-1), 78.5 (C-30), 78.0 (C-50), 75.0 (C-40),
71.7 (C-20), 68.2 (n-butyl C-1), 66.4 (C-8), 62.8 (C-60), 51.8 (C-12),
40.4 (C-9), 34.0 (C-6), 32.8 (n-butyl C-2), 28.1 (C-5), 20.5 (n-butyl
C-3), 19.6 (C-10), 14.2 (n-butyl C-4).

Gallic Acid (6). EI-MS: m/z 170 (M+). 1H NMR (acetone-d6,
500 MHz): δ 7.15 (2H, s, H-2, 6). 13C NMR (acetone-d6, 125 MHz):

δ 167.9 (C-7), 145.8 (C-3, 5), 138.5 (C-4), 121.9 (C-1), 110.0
(C-2, 6).

Caffeic Acid (7). EI-MS: m/z 180 (M+). 1H NMR (acetone-d6, 500
MHz): δ 7.53 (1H, d, J = 15.9, H-7), 7.15 (1H, d, J = 1.9, H-2), 7.03 (1H,
dd, J = 1.9, 8.2, H-6), 6.88 (1H, d, J = 8.2, H-5), 6.26 (1H, d, J = 15.9,
H-8). 13C NMR (acetone-d6, 125 MHz): δ 168.2 (C-9), 148.6 (C-4),
146.2 (C-3), 145.9 (C-7), 127.7 (C-1), 122.4 (C-6), 116.3 (C-5), 115.8
(C-8), 115.1 (C-2).

Caftaric Acid Monomethyl Ester (8). EI-MS: m/z 326 (M+). 1H
NMR (CD3OD, 500 MHz): δ 7.63 (1H, d, J = 16.0, H-7), 7.16 (1H, d,
J = 1.9, H-2), 7.05 (1H, dd, J = 1.9, 8.1, H-6), 6.87 (1H, d, J = 8.1, H-5),
6.29 (1H, d, J = 16.0, H-8), 5.53 (1H, d, J = 2.5, H-20), 4.85 (1H, d, J =
2.5, H-30). 13C NMR (CD3OD, 125 MHz): δ 171.8 (C-40), 168.5
(C-10), 166.3 (C-9), 148.9 (C-4), 147.2 (C-7), 146.2 (C-3), 127.4 (C-1),
122.8 (C-6), 116.3 (C-5), 115.2 (C-2), 114.3 (C-8), 73.8 (C-20), 71.7 (C-30).

Oleanolic Acid (9). EI-MS: m/z 456 (M+). 1H NMR (CDCl3, 500
MHz): δ 5.28 (1H, t, J = 3.4 Hz, H-12), 3.20 (1H, dd, J = 11.4, 4.2 Hz,
H-3), 2.80 (1H, dd, J = 14.0,4.0 Hz, H-18), 1.11 (3H, s, H-27), 0.92 (3H,
s, H-25), 0.90 (3H, s, H-30), 0.88 (3H, s, H-29), 0.84 (3H, s, H-23), 0.82
(3H, s, H-24), 0.72 (3H, s, H-26). 13C NMR (CDCl3, 125 MHz):
δ 183.1 (C-28), 143.6 (C-13), 122.6 (C-12), 79.0 (C-3), 55.3 (C-5),
47.5 (C-9), 46.5 (C-17), 45.8 (C-19), 41.6 (C-14), 40.9 (C-18), 39.3
(C-8), 38.1 (C-1), 37.7 (C-4), 37.0 (C-10), 33.8 (C-21), 33.0 (C-29),
32.5 (C-22), 32.5 (C-7), 30.7 (C-20), 28.1 (C-23), 27.7 (C-15), 25.0
(C-27), 23.6 (C-30), 23.5 (C-2), 23.4 (C-11), 22.9 (C-16), 18.2 (C-6),
17.1 (C-26), 15.5 (C-24), 15.3 (C-25).

β-Sitosterol (10). EI-MS: m/z 414 (M+). 1H NMR (CDCl3,
500 MHz): δ 5.35 (1H, m, H-6), 3.52 (1H, m, H-3), 1.02 (3H, s,
H-19), 0.92 (3H, d, J = 6.6 Hz, H-21), 0.85 (3H, t, H-29), 0.82 (3H, d,
H-26), 0.80 (3H, d, H-27), 0.68 (3H, s, H-18). 13C NMR (CDCl3,
125 MHz): δ 140.8 (C-5), 121.7 (C-6), 71.8 (C-3), 56.8 (C-14), 56.1
(C-17), 50.1 (C-9), 45.9 (C-24), 42.3 (C-13), 42.3 (C-4), 39.8 (C-12),
37.3 (C-1), 36.5 (C-10), 36.1 (C-20), 34.0 (C-22), 31.9 (C-7), 31.9
(C-8), 31.6 (C-2), 29.2 (C-25), 28.2 (C-16), 26.1 (C-23), 24.3 (C-15),
23.1 (C-28), 21.1 (C-11), 19.8 (C-26), 19.4 (C-19), 19.0 (C-27), 18.8
(C-21), 12.0 (C-29), 11.9 (C-18).

Cornuside (11). ESI-MS: m/z 541 ([M + H]+). 1H NMR (CD3OD,
500MHz): δ 7.47 (1H, s, H-3), 7.04 (2H, s, H-20, 60), 5.79 (1H, ddd, J =
8.4, 10.1, 17.3 Hz, H-8), 5.55 (1H, d, J = 6.6 Hz, H-1), 5.30 (1H, d, J =
17.3 Hz, H-10), 5.25 (1H, d, J = 10.1 Hz, H-10), 4.71 (1H, d, J = 7.9 Hz,
H-100), 4.24 (2H, m, H-7), 3.90 (1H, dd, J = 11.9, 1.5 Hz, H-600), 3.66
(1H, dd, J = 11.9, 6.0Hz, H-600), 3.61 (3H, s, H-12), 3.38 (1H, dd, J= 8.8,
8.9 Hz, H-300), 3.31 (1H, overlapped by solvent, H-500), 3.26 (1H, dd, J =
8.8, 9.4 Hz, H-400), 3.21 (1H, dd, J = 7.9, 8.9 Hz, H-200), 2.94 (1H, q, J =
6.5, H-5), 2.66 (1H, q, J = 6.6, 8.4, H-9), 2.05 (1H, dq, J = 7.0, 13.9 Hz,
H-6), 1.90 (1H, dq, J = 6.5, 13.9 Hz, H-6). 13C NMR (CD3OD, 125
MHz): δ 169.2 (C-11), 168.5 (C-70), 153.7 (C-3), 146.4 (C-30, 50),
139.7 (C-40), 135.6 (C-8), 121.6 (C-10), 119.6 (C-10), 111.4 (C-4),
110.1 (C-20, 60), 100.1 (C-100), 97.6 (C-1), 78.2 (C-500), 77.9 (C-300),
74.6 (C-200), 71.5 (C-400), 64.3 (C-7), 62.7 (C-600), 51.8 (C-12), 45.3
(C-9), 31.6 (C-5), 30.2 (C-6).

Butoxysuccinic Acid (12). EI-MS:m/z 190 (M+). 1HNMR (acetone-
d6, 500 MHz): δ 4.48 (1H, m, H-2), 4.09 (2H, m, H-10), 2.73 (2H, m,
H-3), 1.58 (2H, m, H-20), 1.35 (2H, m, H-30), 0.87 (3H, m, H-40). 13C
NMR (acetone-d6, 125 MHz): δ 173.7 (C-4), 172.4 (C-1), 68.0 (C-2),
65.4 (C-10), 52.3 (C-3), 31.2 (C-20), 19.5 (C-30), 13.8 (C-40).
Measurement of Glucose Uptake into the Rat Soleus Muscle.

Glucose uptake was determined using the uptake of the radioactive
glucose analogue, 2-[1-14C]-deoxy-D-glucose (2-DG) (New England
Nuclear, Boston, MA, USA), as previously described.57 Animals were
sacrificed by cervical dislocation, and the soleus muscle was quickly
excised using a pair of scissors, dissected free of any adjoining connective
tissue, blotted, and divided into long longitudinal strips (35�25 mg per
strip). Muscles were placed in 3 mL of Krebs�Ringer bicarbonate buffer
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(KRBB) (37 �C, pH 7.4), containing 1 mmol/L glucose and 1% fatty
acid-free bovine serum albumin (BSA) under aeration with 5% CO2 in
O2. After preincubation for 30min, the muscle tissue was incubated with
four concentrated partitioned layers at the desired concentrations for
30 min and then with 50 μL of KRBB containing 2-DG (1 μCi/mL) for
5 min at 37 �C in a shaking water bath under aeration. The reaction was
terminated by quickly blotting the muscles and dissolving them in
0.5 mL of 0.5 N NaOH for 45 min before neutralization with 0.5 mL of
0.5 N HCl. After centrifugation, 800 μL of each supernatant was mixed
with 1 mL of aqueous counting scintillant, and the radioactivity was
determined using a β-counter (Beckman LS6000, Chaska, MN, USA).
Nonspecific uptake of 2-DG, assessed after incubation with 20 μmol/L
cytochalasin B (Sigma Chemical) for blocking transportation,57 was
subtracted from the total muscle-associated radioactivity.
Measurement of Gene Expression. Total RNA was extracted

using the TRI reagent according to the manufacturer’s instructions.
Pelleted RNA was dissolved in distilled water, quantified with the
GeneQuant II RNA/DNA calculator (Pharmacia Biotech, Uppsala,
Sweden) and stored at �70 �C. Total RNA (1 μg) was reverse-
transcribed to generate templates. Fifty nanograms of complementary
(c)DNA was employed for a further polymerase chain reaction (PCR).
The sequences of primers for β-actin were 50-CGTAAAGACCTC-
TATGCCAA-30 and 50-AGCCATGCCAAATGTGTCAT-30 and for
PEPCK were 50-AAGGCCGCACCATGTATGTC-30 and 50-AG-
CAGTGAGTTCCCACCGTAT-30. In addition, annealing tempera-
tures for amplification of β-actin (57 �C) and PEPCK (57 �C) were
employed to generate polymerase chain reaction (PCR) products of 349
and 319 bp, respectively. Once the reaction was completed, PCR
products were separated by gel electrophoresis, visualized, photo-
graphed with a digital camera, and quantified with Genetools 3.06
(Syngene, Frederick, MD, USA).
Cultivation of BRIN-BD11 and H4IIE Cells. The rat insulin-

secreting cell line, BRIN-BD11, was routinely cultured with RPMI-1640
containing 2 g/L glucose, 10mMHEPES, and 1.0 mM sodium pyruvate,
supplemented with 10% (v/v) FBS (GIBCO, Carlsbad, CA) and 1%
(v/v) antibiotics. The rat liver cell line H4IIE was cultured with
Dulbecco’s modified Eagle’s medium (DMEM) containing 1000 mg/L
glucose, 5% (v/v) FBS and 1% (v/v) antibiotics. Both cell lines were
maintained at 37 �C in an atmosphere of 5% CO2 and 95% air.
Toxicity Test. The toxicity test was previously described.58 In brief,

BRIN-BD11 cells were trypsinized and seeded into 24-well plates at a
density of 1.5 � 105 cells/well. After overnight attachment, cells were
incubated with a cytokine mix (rat IL-1β and IFN-γ) at 5 and 100 ng/mL,
respectively, in the presence and absence of the isolated compounds.
The viability after treatment was determined by a neutral-red assay. It
should be noted that the cytokine mix was administrated for 48 h before
viability was measured. Acidic ethanol was used to dissolve the imported
neutral-red dye, and the absorbance at 540 nmwas measured by a Power
Wave XS microplate spectrophotometer (BioTek Instruments, Winoos-
ki, VT, USA). The absorbance of the control condition was considered
to be 100% viable.
Statistical Analysis. The significance of various treatments

was determined by Student’s t-test. The results are expressed as the
mean ( standard error of the mean (SEM). Differences were
considered significant at p < 0.05.

’RESULTS

Purification of Constituents from Corni Fructus. The 70%
aqueous acetone extract of Corni fructus was successively parti-
tioned with water, n-hexane, CH2Cl2, and n-BuOH to give four
layers: a water layer (CW), an n-hexane layer (CH), a CH2Cl2
layer (CM), and an n-BuOH layer (CB). Further compound
isolation produced two compounds of 9 and 10 from the n-hexane

extract. In addition, ten compounds, 1�8, 11, and 12, from the
n-BuOH extract were obtained with yields ranging from 0.02 to
10.0 g (Table 2). The structures of all compounds were
elucidated by spectral analyses and identified as known com-
pounds by comparison to data reported in the literature.44�54

They included three flavonoids of quercetin 3-O-β-glucuro-
nide (1), quercetin-3-O-β-D-(600-n-butyl glucuronide) (2), and
(�)-epicatechin 3-O-gallate (3); two iridoid glycosides of loganin
(4) and (7R)-n-butyl morroniside (5); three phenolic compounds
of gallic acid (6), caffeic acid (7), and caftaric acid monomethyl
ester (8); two triterpenoids of oleanic acid (9) and β-sitosterol
(10); together with cornuside (11) and 2-butoxybutanedioic
acid (12) (Figure 1). The major component of Corni fructus was
loganin (4) and yielded 0.17% (10.0 g).
Evaluation of Insulin-Mimetic Constituents of Corni Fruc-

tus. Insulin-mimetic hypoglycemic activities include both stimu-
lation of glucose uptake and inhibition of hepatic gluconeo-
genesis. Initial exploration of insulin-mimetic partitions from
Corni fructus was carried out using a glucose uptake assay. As
shown in Table 1, in the presence of two layers, CH and CB,

Table 1. Effect of Partitioned Layers from Corni Fructus on
Glucose Uptake in Isolated Skeletal Muscle from Rats with
STZ-Induced Diabetesa

mean (%) ( SEM

control 100( 5.05

CW 106.35( 9.45

CH 128.55( 9.26**

CM 108.06( 7.31

CB 126.66 ( 6.36**

insulin 152.86 ( 6.49***
aValues (mean ( SEM) were obtained from each group of eight
experiments (**p < 0.01, ***p < 0.001 vs the control). CW, water layer;
CH, n-hexane layer; CM, CH2Cl2 layer; CB, n-BuOH layer.

Table 2. Yield of Compounds 1�12 from Corni Fructus

compd name no. wta (g) yielda (%)

Flavonoids

quercetin 3-O-β-D-glucuronide 1 0.09 1.5� 10�3

quercetin 3-O-β-D-(600-n-butyl glucuronide) 2 0.09 1.5� 10�3

(�)-epicatechin-3-O-gallate 3 0.03 5.1� 10�4

Iridoid Glycosides

loganin 4 10.0 1.7� 10�1

(7R)-n-butyl morroniside 5 0.12 2.0� 10�3

Phenolic Compounds

gallic acid 6 0.10 1.7� 10�3

caffeic acid 7 0.04 6.7� 10�4

caftaric acid monomethyl ester 8b 0.09 1.5� 10�3

Triterpenoids

oleanolic acid 9 0.14 2.4� 10�3

β-sitosterol 10 0.02 3.4� 10�4

Others

cornuside 11 1.90 3.2� 10�2

butoxysuccinic acid 12b 3.40 5.7� 10�2

a From 5.9 kg of Corni fructus. b First isolated from a natural plant.
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glucose uptake in rat soleus muscle was significantly stimulated,
although the stimulatory efficacy was less than that of insulin.
Purified constituents from CH and CB were further employed to
measure the inhibitory activities of PEPCK mRNA transcrip-
tion in H4IIE cells under stimulation with dexamethasone and
8-bromo-cAMP. In Figure 2A, similar to insulin’s action, most
compounds, except 1, at a concentration of 50 μM effectively
inhibited PEPCK mRNA expression induced by dexamethasone
and 8-bromo-cAMP. Among those tested compounds, dose-
dependent effects of compounds 3 and 8 exhibited comparable
activities to that of insulin. As shown in Figure 2B, compounds 3
and 8 at concentrations of 12.5�100 μM showed 10�20%
inhibition. Such activity was similar to that of insulin but less
potent than that of EGCG (50 μM).
Evaluation of β-Cell Protective Bioactivity of Insulin Mi-

metics Identified from Corni Fructus. In the presence of the
cytokine mix (IL-1β and IFN-γ), significant β-cell apoptosis
occurred. Therefore, this cell-based system was used to further
evaluate possible β-cell protective properties of preselected insulin-
mimetic compounds. As shown in Figure 3A, seven insulin-mimetic
compounds, 3�6, 9, 10, and 12, were tested for cytokine-
mediated cell death. Compounds 5 and 6 had attenuated cytokine

mediated β-cell death by >50% over a period of 48 h at a con-
centration of 50 μM. A dose-dependent effect of compound 5 at
concentrations of 50�100 μM on cytokine-mediated cell death
is shown in Figure 3B, and compound 5 demonstrated >50%
protection. On the other hand, nitric oxide (NO) production is
also an outcome of an inflammatory response after cytokine
exposure. Therefore, anti-inflammatory activities of those com-
pounds were also analyzed. As shown in Figure 4A, cytokine-
mediated NO production was significantly inhibited by com-
pounds 3, 5, and 9. While compound 5 had similar activity to that
of EGCG, compounds 3 and 9 had better activity than EGCG. As
shown in Figure 4B, the inhibitory effects of both compounds
were dose-dependent but did not reach the level of the unsti-
mulated condition (control).

’DISCUSSION

As mentioned previously, insulin normalizes hyperglycemia
via stimulating glucose absorption and suppressing glucose
production. As a result, dysglycemia in IDDM occurs as a result
of insulin deficiency due to the loss of β-cells. Both type-1
diabetes and late type-2 diabetes can be considered IDDM

Figure 1. Chemical structures of the isolated compounds 1�12 from Corni fructus.



7748 dx.doi.org/10.1021/jf201189r |J. Agric. Food Chem. 2011, 59, 7743–7751

Journal of Agricultural and Food Chemistry ARTICLE

because loss of β-cell mass is associated with both types
of diabetes. In type-1 diabetes, β-cells are exposed to local
high concentrations of cytokines and reactive oxygen species
released from cytotoxic T cells or macrophages.59 On the
other hand, chronic dysglycemia in type-2 diabetes leads to
ultimate β-cell failure due to glucotoxicity and/or IL-β-mediated
subsequent insulitis.60 Therefore, to tackle this abnormality,
supplying insulin mimetics and preventing loss of β-cell mass
are two different approaches leading to similar outcomes. In
our previous investigation, we demonstrated that Corni fruc-
tus appears to have some yet unidentified constituents that
possess dual bioactivities to prevent or control dysglycemia in
IDDM. In addition, this unknown fraction appeared to have

characteristics of a phenolic compound according to FeCl3
staining results.45

In the current study, we re-explored the isolated constituents
from Corni fructus to examine the possibility that there is a single
constituent which possesses dual action. Therefore, we initially
screened for insulin-mimetic constituents. Subsequently, those
compounds possessing insulin-mimetic action were tested for
β-cell-protective activity. Based on our results, only compound 1
possessed no insulin-stimulatory activity. In addition, our results
indicate that both compound 5 and 6 had such dual actions.

Compound 5, the n-butyl ether linkage of morroniside,
attenuated both cytokine-mediated β-cell death and an inflam-
matory response (NO production). On the other hand, it was
shown that morroniside ameliorated the inflammatory response
and normalized lipid metabolism in the liver of db/db mice.61

Thus, it appears that morroniside and ether derivative 5 have

Figure 2. (A) Compounds 1�12 mimic insulin’s action on PEPCK
expression induced by dexamethasone and 8-bromo-cAMP. Quantified
results of dexamethasone (500 nM) and 8-bromo-cAMP (100 μM)-
induced PEPCKmRNA expression in the presence of compounds 1�12
from partitioned Corni fructus at a concentration of 50 μM are shown.
(B) Dose-dependent effects of compounds 3 and 8 on PEPCK mRNA
and protein expressions in response to dexamethasone and 8-bromo-
cAMP. Quantified results of dexamethasone- and 8-bromo-cAMP-
induced PEPCK mRNA expressions in the presence of EGCG
(50 μM) or various concentrations of compounds 3 and 8 are shown.
Insulin (10 nM) served as the experimental control. Quantified data are
presented as the mean ( SEM (n = 4). **p < 0.01 and ***p < 0.001
compared to the control (None). SF, serum-free.

Figure 3. (A) Compounds 3�6, 9, 10, and 12 from Corni fructus
ameliorated cytokine-mediated cell death. The viability of BRIN-BD11
cells was measured after cells were treated with cytokine mix (IL-1β +
IFN-γ) in the presence of the test compounds at a concentration of
50 μM. The maximal reduction of cell viability by cytokine mix alone
(None) was regarded as 100%. (B) Dose-dependent effects of com-
pound 5 on cytokine-mediated cell death. The viability of BRIN-BD11
cells treated with cytokine mix in the presence of different concentra-
tions of compound 5 was measured and converted into inhibitory effect
on cytokine mediated cytotoxicity. Data are presented as the mean (
SEM (n = 4). **p < 0.01 and ***p < 0.001 compared to the control
(None).
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similar β-cell-protective functions. Whether morroniside can
suppress PEPCK mRNA transcription remains to be evaluated.

To our knowledge, this seems to be the first report about
PEPCKmRNA-suppressive activity by compound 6 (gallic acid),
although gallic acid-stimulated GLUT4 translocation in 3T3-L1
adipocytes was recently reported.62 In addition, gallic acid also
protected RINm5F β-cells from glucolipotoxicity by its antiapop-
totic and insulin-secretagogue actions according to the literature.41

Therefore, our results are consistent with those findings.
Loganin (compound 4) was the major constituent isolated

from Corni fructus in the present investigation. In the present
study, compound 4 exhibited a slightly potent insulin-mimetic
inhibitory effect on PEPCK gene expression, which was similar to
that described in a previous report.45 However, it is also known
that loganin possesses a protective effect against advanced glyca-
tion end product (AGE)-induced rat mesangial cell prolifera-
tion.36 Therefore, although this compound did not attenuate

cytokine-mediated β-cell death of an inflammatory response,
it might still play some protective role in the glucotoxicity
against β-cells.

Compound 3 ((�)-epicatechin-3-O-gallate) and EGCG share
similarities in various bioactivities including (i) inhibition of
glutamate dehydrogenase which regulates insulin secretion,63 (ii)
insulin-mimetic action on dexamethasone- and 8-bromo-cAMP-
stimulated PEPCK transcription in H4IIE cells and mice
liver,41,42 and (iii)β-cell-protective action agianst cytokine-mediated
cytotoxicity.64 However, our results indicate that compound 3
had lower potency than EGCG. Therefore, it appears that
2-pyrogallol had better bioactivity than the 2-catechol substitu-
tion on flavan-3-O-gallate.

It was reported that oleanolic acid (9) has hypoglycemic and
hypolipidemic effects in diabetic rats.40 In the present results, the
presence of oleanic acid did inhibit PEPCK mRNA expression.
Thus, such antihepatic gluconeogenesis by oleanolic acid might
account for the reported hypoglycemic effects in diabetic rats.

Based on these results, it was also possible to make a number
of correlations between structure and inhibition of PEPCK
mRNA expression by these 12 isolated compounds.
• It was found that inhibition of PEPCK mRNA expression
activity of 3-subsititued 30,40,5,7-tetrahydroxyflavan-3-ol/
flavones decreased in the following order: 3 > 2 > 1 (i.e.,
O-galloyl >O-600-n-butyl glucuronyl >O-glucuronyl). It was
shown that the n-butyl ester of 6-glucose was better than the
free carboxylic acid, and the galloyl group was the most
important for bioactivity.

• Comparing the bioactivities of compounds 5 and 4 (both of
which are iridoid glycosides) revealed that the compound
with 7-n-butyl ether had a higher level of activity, suggesting
that the alkoxy of morroniside made a greater contribution
to the inhibition of PEPCK mRNA expression activity than
did the hydroxyl substituent on position 7 of loganin.

• A 5-hydroxyl substitution appeared to enhance the bioac-
tivity of 6. Esterification of 7 carboxyl enhanced the inhibi-
tion of PEPCK mRNA expression activity of 8, and the
bioactivity decreased in the following sequence: 8 > 6 > 7. It
was shown that the 2,3-dihydroxy-4-methoxy-4-oxobuta-
noic acid moiety was very important for bioactivity.

• Comparing the bioactivities of compounds 9 and 10 (both
of which are triterpenoids) revealed that five cyclic rings
produced the same inhibition of PEPCK mRNA expression
activity as four cyclic rings, and the carboxylic acid moiety
had no effect on the bioactivity.

• It was revealed that the large alkoxy moiety cannot have an
effect on bioactivity by comparing the inhibition of PEPCK
mRNA expression activity of compounds 6 and 11.

In the cytokine-mediated NO production assay, it was found
that, among the 12 isolated compounds, three compounds (3, 5,
and 9) had anti-inflammatory effects. Their relative bioactivities
decreased in the following sequence: 3 > 9 > 5. This shows that
the polyphenol moiety was most important for anti-inflammation.

In conclusion, insulin-mimetic effects on muscular glucose
uptake and hepatic gluconeogenic enzyme regulation were
demonstrated using fractions or isolated compounds. CH and
CB partitions from Corni fructus stimulated glucose uptake.
Twelve known compounds, 1�12, were isolated from Corni
fructus by column chromatography, and the major component
was loganin. Compounds 8 and 12 were first isolated from
natural plants herein. Among the isolated compounds, 2�12

Figure 4. (A) Inhibitory effects of compounds 3�6, 9, 10, and 12 from
Corni fructus on nitric oxide (NO) production stimulated by cytokine
mix (IL-1β + IFN-γ). The NO production from cytokine stimulated
BRIN-BD11 cells was measured in the presence of EGCG or com-
pounds 3�6 and 9�12 at 50 μM. Maximal NO production (none) in
the presence of cytokinemix was considered 100%. (B)Dose-dependent
effects of compounds 3 and 5 on NO production. The NO production
from cytokine stimulated BRIN-BD11 cells was measured in the
presence of different concentrations of compounds 3 and 5. Data are
presented as the mean ( SEM (n = 4). **p < 0.01 and ***p < 0.001
compared to the control (None).
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possessed various extents of insulin-mimetic effects on dexa-
methasone- and 8-bromo-cAMP-induced PEPCK expression.
Compounds 5 and 6 inhibited cytokine-mediated β-cell death,
while compounds 3, 5, and 9 had anti-inflammatory effects as
judged by NO production. Therefore, these components could
contribute to the therapeutic actions of Corni fructus against
insulin-dependent diabetes mellitus via preserving β-cell mass
and correcting insulin deficiency-mediated dysglycemia.
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