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a b s t r a c t

Ethnoparmacological relevance: The fruit of Cornus officinalis, called “Shanzhuyu”, a traditional medicine
in China, is used for the treatment of kidney diseases, including diabetic nephropathy. The aim of this
study is to investigate the anti-diabetic nephropathy activity of Shanzhuyu and the active compounds in
the fruit.
Materials and methods: The air dried fruit of Cornus officinalis was extracted in 80% EtOH, the obtained
residue was fractioned on D101 resin column eluted with H2O/EtOH solution to get five crude fractions
(fr. A–E). The anti-diabetic nephropathy activity of fractions (fr. A–E) was evaluated in vitro by inhibiting
the expression of collagen IV (Col V), fibronectin (FN) and IL-6 in high-glucose-induced mesangial cells.
By preliminary bio-assay screenings, repeated column chromatography on fraction B–D led the isolation
of 22 compounds, whose structures were determined by extensive spectroscopic analysis, and the anti-
diabetic nephropathy activity of the isolated compounds was also evaluated.
Results: Two new iridoid glucosides, logmalicids A and B (1 and 2), together with 20 known compounds
(3–22) were isolated from the extract of Shanzhuyu under the bioassay-guided screenings. The anti-
diabetic nephropathy activity assay displayed that fractions A, D and E could significantly inhibit the
production of Col IV; fractions A and C could significantly inhibit the expression of FN and IL-6 in the
high-glucose-stimulated mesangial cells at concentration of 50 μg/mL; and loganin (3) and its derivatives
(1 and 2) could significantly inhibit the expression of FN and IL-6 at concentration of 10 μM, respectively.
Conclusions: The results suggested that loganin and its derivatives were the active compounds in Cornus
officinalis fruit (Shanzhuyu) on diabetic nephropathy. This study further supported the traditional use of
Shanzhuyu to treat diabetic nephropathy and related kidney diseases.

& 2014 Published by Elsevier Ireland Ltd.

1. Introduction

Diabetic nephropathy (DN), also known as diabetic glomerulo-
sclerosis or diabetic kidney disease, is a frequently-occurring and
dangerous complication of diabetes mellitus (DM) (Satirapoj,
2012). DN has been recognized to be the leading cause for the
end-stage renal disease (ESRD), accounting for nearly 50% of all
new ESRD cases in the United States (US Renal Data System, 2013),
and most patients with ESRD have to receive renal replacement

therapy through either dialysis or kidney transplantation due to
the diabetic renal failure in the end. With the changes of working
and living styles, as well as the unhealthy dietary habits, the DN
incidences have rapidly increased worldwide in the past few
decades, and become a serious health concern to both individual
and public (Ayodele et al., 2004; Rossing, 2006). However, the
leading cause of the renal lesions in DN remains unclear, and few
effective drugs are available at present, which makes the treat-
ments against DN become challenging; early prevention is
believed to be more effective than later. Increasing evidences
showed that over accumulation of extracellular matrix (ECM) in
the mesangial cells was implicated in the pathogenic progression
of chronic kidney diseases, including DN. The ECM components,
such as collagens (ie, Col IV), fibronectin (FN), and proinflamma-
tory factors (ie, IL-6), are thought to be harmful to the mesangial
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cells in kidney (Kolset et al., 2012). Therefore, researches targeting
on the attenuation of ECM formation by inhibition of these
pathogenic factors may make great contribution to the prevention
and treatment of DN.

Cornus officinalis Sieb. et Zucc. (Cornaceae), a deciduous
tree native to the eastern Asia, distributes mainly in China, as
well as Korea and Japan. The fruit of Cornus officinalis, known as
“Shanzhuyu” in Chinese, mainly produced in Shanxi, Sichuan,
Henan, Anhui and Zhejiang provinces (Editorial Committee of
Flora of China, 1990). Shanzhuyu was first recorded in Shen Nong's
Materia Medica (Shen-Nong-Ben-Cao-Jing) about 2000 years
ago. Shanzhuyu is considered as a tonic with the functions of
nourishing liver and kidney, and often used in the Traditional
Chinese Medicine formulations, such as liu-wei-di-huang pill and
its derivatives, for the treatment of kidney diseases, including
diabetic nephropathy (Editorial Committee of Chinese Herbal
Medicine, 1999). Pharmacological studies have demonstrated that
Shanzhuyu possess the effects of immune regulation, anti-hyper-
glycemia, anti-aging, anti-oxidant, renal and neural protection,
and previous chemical researches have revealed the presence
of triterpenoids, iridoids, flavonoids, tannins, organic acids and
polysaccharides in the fruits (Wang et al., 2008). However, few
chemical studies have been reported on the anti-diabetic nephro-
pathy activity of Shanzhuyu.

By preliminary bio-assay screenings, we found that some
separated fractions from extract of Shanzhuyu could inhibit the
secretion of FN, collagen IV, and IL-6 in high-glucose-induced
mesangial cells. This prompted us to perform a detailed bioassay-
guided chemical investigation on this fruit, which led to the
isolation of two new iridoid glucosides, logmalicid A and B (1
and 2), together with twenty known compounds (3–22). In this
paper, we report the isolation, structural elucidation of these
compounds, and the evaluation of their anti-diabetic nephropathy
activity by inhibition the secretion of FN, collagen IV, and IL-6 in
high-glucose-induced mesangial cells.

2. Materials and methods

2.1. General experimental procedures

Optical rotations were measured on a Jasco P-1020 polarimeter.
A Shimadzu UV-2401A spectrophotometer was used to obtain the
UV spectra. A Bruker Tensor 27 FT-IR spectrometer was used for IR
spectra with KBr pellets. 1D and 2D NMR spectra were recorded on
Bruker AM-400 spectrometer with TMS as internal standard.
Chemical shifts (δ) were expressed in ppm with reference to the
solvent signals. MS and HRMS were performed on an API-QSTAR-
Pulsar-1 spectrometer. Column chromatography was carried out
on Sephadex LH-20 gel (25–100 μm, Pharmacia Fine Chemical Co.
Ltd.), CG161M (70 μm, Beijing H&E Co. Ltd.), RP-8 MB (100�40/
75 μm, Fuji Silysia Chemical Co. Ltd.), MCI gel CHP-20P (75–
150 μm, Mitsubishi Chemical Co.), Chromatorex ODS (30–50 μm,
Fuji Silysia Chemical Co. Ltd.), and silica gel (200–300 mesh,
Qingdao Haiyang Chemical Co. Ltd., PR China). Thin layer chroma-
tography (TLC) was carried out on silica gel G precoated plates
(Qingdao Haiyang Chemical Co. Ltd.), and spots were detected by
spraying with 5% H2SO4 in EtOH followed by heating.

2.2. Plant material

Cornus officinalis fruits (Shanzhuyu) were collected in Shitai
County, Anhui Province, one of the traditional production region in
China, October 2009 and identified by Prof. Kai-Jin Wang from the
School of Life Sciences, Anhui University, where a voucher speci-
men (No. 20091001) was deposited.

2.3. Extraction and isolation

The air-dried and powdered fruits of Cornus officinalis (5.0 kg)
were extracted with 80% aqueous (aq.) EtOH (3�6 L2) under
reflux for 3 h at 80 1C. The combined extracts were concentrated
in vacuo to achieve a residue (1.8 kg). The residue was suspended
in H2O and then passed through a D101 resin column eluting
sequentially with water followed by 30%, 50%, 70%, and 90%
aq. EtOH to afford five fractions (fr. A–E).

Fraction B (34.5 g) eluted from 30% aq. EtOH was subjected to
column chromatography over a silica gel (200–300 mesh), eluted
with CHCl3/MeOH (from 7:3 to 6:4) to give fractions B1 and B2.
Fr. B1 was chromatographed on CG161M (30–50% aq. MeOH) and
then RP-18 (35% MeOH/H2O) to afford compound 4 (1240 mg).
Fr. B2 was subjected to MCI gel CHP 20 P (40% aq. MeOH), ODS
(10%–60% aq. MeOH), and then Sephadex LH-20 (EtOH) to yield
compounds 13 (27.3 mg), 15 (13.9 mg), and 16 (12.4 mg).

Fraction C (43.0 g) eluted from 50% aq. EtOH was subjected to
column chromatography over a silica gel (200–300 mesh), eluted
with CHCl3/MeOH (from 8:2 to 7:3) to yield two fractions (fr. C1

and C2). Fr. C1 was subjected to further separation on Sephadex
LH-20 chromatography (EtOH) and ODS (0–100% aq. MeOH) to
afford 1 (8 mg), 2 (29.4 mg), 14 (6.2 mg), and 19 (6.0 mg). Fr. C2

was purified by Sephadex LH-20 chromatography (EtOH) to yield
two fractions (fr. C2-1 and C2-2). Compounds 17 (6.5 mg), 18
(3.4 mg), and 20 (8.9 mg) were obtained from fr. C2-1 by column
chromatography on ODS (0–100% aq. MeOH). Fr. C2-2 was sub-
jected on ODS and Sephadex LH-20 (0–100% aq. MeOH) to get
compounds 3 (368.0 mg), 5 (316.7 mg), and 6 (40.3 mg).

Fraction D (22.8 g) eluted from 70% aq. EtOH was purified by
silica gel chromatography (CHCl3/MeOH, 20:1-1:1) to yield two
fractions (fr. D1 and D2). Fr. D1 was further subjected to silica gel
chromatography to afford the mixture of compounds 9 and 10
(248.6 mg), and the mixture of 11 and 12 (61.4 mg). Fr. D2 was
purified by Sephadex LH-20 chromatography (H2O/EtOH,
1:1�0:1) to give the mixture of 7 and 8 (297.5 mg), 21 (6.0 mg),
and 22 (12.7 mg).

Table 1
NMR data (δ) for compounds 1 and 2 in CD3OD (400 MHz for 1H NMR and 100 MHz
for 13C NMR).

Position 1 2

δ(C) δ(H) δ(C) δ(H)

1 97.5 5.30 d (4.4) 97.6 5.29 d (4.5)
3 152.6 7.41 s 152.7 7.43 s
4 113.5 113.3
5 32.5 3.12 dd (14.8, 7.3) 32.6 3.11 q (7.8)
6 40.5 2.32 dd (14.6, 7.8) 40.5 2.32 dd (14.6, 7.9)

1.75 m 1.76 ddd (14.5, 7.6, 5.3)
7 79.2 5.20 m 79.9 5.20 m
8 41.0 2.10 m 41.0 2.14 m
9 47.2 2.08 m 47.1 2.09 m
10 13.7 1.07 d (5.6) 13.7 1.08 d (6.5)
11 169.5 169.5
12 51.9 3.69 s 51.9 3.69 s
1' 172.4 175.1
2' 69.2 4.42 dd (6.5, 4.6) 69.3 4.50 dd (6.9, 5.1)
3' 41.0 2.83 dd (16.3, 4.0) 40.5 2.76 dd (16.0, 4.9)

2.69 dd (15.7, 7.5) 2.65 dd (16.0, 7.1)
4' 177.7 174.7
Glc.
1 100.3 4.65 d (7.9) 100.3 4.65 d (7.9)
2 74.9 3.39�3.17 m 74.9 3.39�3.17 m
3 78.2 3.39�3.17 m 78.1 3.39�3.17 m
4 71.8 3.39�3.17 m 71.7 3.39�3.17 m
5 78.5 3.39�3.17 m 78.5 3.39�3.17 m
6 62.9 3.90 d (11.9) 62.9 3.90 dd (11.8, 1.2)

3.65 dd (12.1, 5.8) 3.66 dd (12.0, 5.9)
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2.3.1. Logmalicid A(1)
White amorphous powder [α]20D¼�48.0 (c 0.09, MeOH); UV

(MeOH) λmax (log ε) 235 (3.98), 196 (3.60) (nm); IR (KBr) vmax

3435, 2936, 2886, 1735, 1709, 1633, 1440, 1383, 1289, 1174, 1075,
1018, 997, 954 cm�1; 1H and 13C NMR data see Table 1; ESI-MS m/z
505 (100) [M�H]�; HRESI-MS m/z 505.1557 [M�H]� (calc. for
C21H29O14, 505.1557).

2.3.2. Logmalicid B (2)
White amorphous powder. [α]20D¼�55.1 (c 0.17, MeOH); UV

(MeOH) λmax (log ε) 235 (3.91), 195 (3.58) (nm); IR (KBr) vmax

3427, 2924, 2853, 1734, 1707, 1634, 1440, 1392, 1289, 1176, 1103,
1075, 1040, 997, 952 cm�1; 1H and 13C NMR data see Table 1; ESI-
MS m/z 505 (100) [M�H]�; HRESI-MS m/z 505.1555 [M�H]�

(calc. for C21H29O14, 505.1557).

2.4. Biological activity

2.4.1. Cell culture and reagents
The established rat mesangial cell line (RMC) HBZY-1 was

obtained from The Chinese Center for Type Culture Collection
(Wuhan, China). The cells were cultured in DMEM supplemented
with 10% fetal calf serum, 2 mM glutamine, 100 U/mL penicillin,
and 100 μg/mL streptomycin at 37 1C in an atmosphere containing
5% CO2. RMC cells between passages 3 and 10 were used for
experiments. After pre-incubation in DMEM supplemented with
0.1% fetal calf serum for 24 h, cells were then treated with normal
glucose group (NG, 5.6 mM glucose), high glucose group (HG,
25 mM glucose) or mannitol group (MN, 5.6 mM glucose and
19.4 mM mannitol). DMEM (5.6 mM or 25 mM glucose) was
purchased from GIBCO BRL (GIBCO/Invitrogen Corp, Carlsbad, CA,
USA). Mannitol was from Sigma (St. Louis, MO, USA).

Fig. 1. Chemical structures of compounds 1–22 isolated from the fruits of Cornus officinalis.
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2.4.2. Inhibition of collagen IV, FN, and IL-6 secretion
The Inhibition Col IV, FN, and IL-6 Secretion assay was per-

formed as previously described (Yang et al., 2013). Rat mesangial
cells were grown in Dulbecco's modified Eagle's medium (Invitro-
gen, Carlsbad, CA) containing 5.6 mM D-glucose (pH 7.4; Sigma
Chemical Co., St. Louis, MO), supplemented with 20% fetal calf
serum (FCS; Invitrogen), 100 U/mL penicillin, 100 μg/mL streptomy-
cin, and 10 mM HEPES. After the mesangial cells reached 80%
confluence, their growth was arrested in 0.5% FCS for 24 h. Exposure
of the mesangial cells to medium containing high-concentration
glucose induced the overproduction of FN, collagen IV, and IL-6, as
described in the previous reports. To determine whether the
selected compounds inhibited the collagen IV, FN, and IL-6 over-
production triggered by high glucose, the mesangial cells were
pretreated with 1 or 10 μM of each compound for 1 h and then
stimulated with high-concentration glucose for 24 h. The levels of
supernatant collagen IV, FN, and IL-6 were measured with a solid-
phase quantitative sandwich enzyme-linked immunosorbent assay
(ELISA) kit for FN, IL-6, and collagen IV (Uscn Life Science Inc.). The
concentration in the culture supernatant was normalized to the
total amount of cell protein, quantified with the BCA method.

2.4.3. MTT assay
The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bro-

mide (MTT) assay was used to measure cell proliferation. Briefly,
cells were seeded at 104 cells/well in 96-well plates. Before experi-
ments, the medium was removed and replaced with serum-free
medium for 24 h incubation. Cells were incubated in the presence
or absence of compounds for 48 h. Then, 50 μL of MTT (5 mg/mL)
was added to each well and incubation continued at 37 1C for
additional 4 h. The medium was then carefully removed, so as not
to disturb the formazan crystals formed. Dimethyl sulphoxide
(DMSO,150 μL), which solubilized the formazan crystals, was added
to each well and the absorbance of solubilized blue formazan was
read at wavelength of 570 nm using a microplate reader. The
reduction in optical density was used as a measurementof cell
proliferation, normalized to cells incubated in control medium.

2.4.4. Statistical analysis
The differences were tested using ANOVA. All values were

expressed as mean7S.D., and statistical significance was defined
as Po0.05.

3. Results and discussion

3.1. Structure elucidation of compounds

The known compounds were identified as loganin (3) (Jeong et
al., 2012), loganic acid (4) (Yin and Hu, 2005), cornuside (5)
(Hatano et al., (1990)), secoxyloganin (6) (Qin et al., 2008), 7-α-
morroniside (7) and 7-β-morroniside (8), 7-α-O-methylmorroni-
side (9), 7-β-O-methyl morroniside (10), 7-α-O-ethyl- morroniside
(11) and 7-β-O-ethyl morroniside (12) (Han et al., 2004), caffeic
acid (13) (Duan et al., 2010), 3, 5-dihydroxy-2-(2-methoxy-2-
oxoethyl) phenyl 4-hydroxy- benzoate (14) (Yang et al., 2011),
(1'S, 2'R)-guaiacyl glycerol 3'-O-β-D-gluco-pyranoside (15) (Takara
et al., 2007), tachioside (16) (Inoshiri et al., 1987), kaempferol-3-O-
β-D-galactopyranoside (17) (Zhang, et al., 2008), kaempferol-3-O-
β-D-rutinoside (18) (Wang et al., 2009), quercetin (19) (Qin et al.,
2008), quercetin-3-O-β-D-glucuronide methyl ester (20) (Zhang, et
al., 2009), quercetin-3-O-β-D-glucopyranoside (21) and quercetin-
3-O-β-D-galactopyranoside (22) (Datta, et al., 2002) (Fig. 1).

Logmalicid A (1) exhibited a [M–H]� ion peak at m/z 505.1557
in the high-resolution ESI-MS, corresponding to the molecular
formula C21H30O14, and its IR spectrum displayed absorptions due
to hydroxyl groups at 3435 cm�1, carbonyl groups at 1735 and
1707, and a conjugated double bond at 1633 cm�1. The NMR
spectral data (Table 1) of 1 were closely similar to those of loganin
(3) (Jeong et al., 2012), except for the presence of a malate group
[δH 4.42 (dd, J¼6.5, 4.6 Hz, H-2'), 2.83 (dd, J¼16.3, 4.0 Hz, Ha-3'),
2.69 (dd, J¼15.7, 7.5 Hz, Hb-3'); δC 172.4 (C-1'), 69.2 (C-2'), 41.0
(C-3'), 177.7 (C-4')]. The NMR spectral data of 1 also showed the
presence of a β-glucopyranose unit (δC 100.3, 74.9, 78.2, 71.8, 78.5,
62.9; δH 4.65 (d, J¼7.9 Hz, Glc.H-1)), a methyl ester moiety (δH
3.69; δC 51.9, 169.5), which was confirmed by an HMBC correlation
between the singlet olefinic proton at δH 7.41 and the ester
carbonyl resonance at δC 169.5. In addition, a partial structure,
C(10)H3–C(8)H–C(H)7–C(6)H2–C(H)5–C(H)9–C(H)1–O–, was gen-
erated from the analysis of the COZY and HMQC spectral data. The
HMBC correlations of the H-1 signal at δH 5.30 to the anomeric
carbon of glucose at δC 100.3 and the C-3 olefinic carbon at δC
152.6 indicated that a β-glucopyranose unit was attached to C-1,
which was further linked to C-3 through an ether bond. The
linkage position of the malate was determined to be at the C-7
position on the basis of characteristic downfield shift for the C-7 as
well as the HMBC correlation between H-7 (δH 5.20) and an ester

Scheme 1. Possible biosynthetic pathways of compounds 1 and 2 from compound 3.
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carbonyl (δC 172.4) of the malic acid group. The relative stereo-
chemistry of 1 was founded to be the same as 3 on the basis of not
only the J value (4.4 Hz) for H-1 but also the following NOESY
correlations: H-5/H-9, H-5/H-6β, H-7/H-6α, H-7/H-8, and H-8/H-1.
Accordingly, logmalicid A (1) was assigned as loganin-7-O-1'-
malate (Fig. 1).

Logmalicid B (2) had the same molecular formula C21H30O14 as
1, obtained from high-resolution ESI MS at m/z 505.1557 [M–H]� ,
and exhibited physio-chemical and NMR data (Table 1) very
similar to those of compound 1 except for the NMR data
assignable to the malic acid group. Specifically, the chemical
shifts for two ester carbonyls of the malic acid group in 1 and 2
were different, which could be explained by the hypothetical
biosynthetic pathways for compounds 1 and 2 from malic acid
and loganin (3) (Scheme 1). Compound 1 was formed through the
esterification dehydration reaction of 1-COOH of malic acid and
7-OH, and 2 was likely to be formed from the esterification
reaction of 4-COOH of malic acid and 7-OH under an acid

condition. The other NMR data including the 1H–1H COZY, HMBC
and NOESY spectra for 2 were consistent with those of 1. Thus,
the structure of logmalicid B (2) was determined to be loganin-7-
O-4'-malate (Fig. 1).

3.2. Anti-diabetic nephropathy activity

Shanzhuyu is traditionally used for the treatment of kidney
diseases, including diabetic nephropathy (DN). The anti-diabetic
nephropathy activity of the fractions from Shanzhuyu was eval-
uated by inhibition on the expression of Col IV, FN, and IL-6 in
high-glucose-stimulated mesangial cells. It was noticed that not all
the fractions displayed anti-diabetic nephropathy activity. At
concentration of 50 μg/mL, fractions A, D and E could significantly
inhibit the expression of Col IV; fractions A and C could signifi-
cantly inhibit the expression of FN and IL-6 in the high-glucose-
stimulated mesangial cells, respectively (Fig. 2). These results
suggested that different components in Shanzhuyu might prevent
DN via diverse targets and pathways, which was consistent with
the Traditional Chinese Medicine (TCM) theory of multiple com-
ponents and targets (Hao et al., 2009).

The activity of the isolated compounds 1–22 were also
detected, among them, only loganin (3) and its derivatives (1
and 2) markedly decreased the expression of FN and IL-6 at the
concentration of 10 μΜ in the high-glucose-stimulated mesangial
cells (Fig. 3). Loganin (3), the main iridoid glucoside in Shanzhuyu,
was newly reported to have protective effect against streptozoto-
cin (STZ)-induced experimental DN by Inhibition of connective
tissue growth factor (CTGF) through ERK pathway (Jiang et al.,
2012); morroniside, another iridoid glucoside in Shanzhuyu, was
also reported to possess anti-diabetic nephropathy activity by
preventing oxidative stress (Jiang et al., 2011); however, no
inhibitory effects on Col IV, FN, and IL-6 from morroniside and

Fig. 2. Inhibitory effects of fractions from fruits of Cornus officinalis on Col IV, FN
and IL-6. nPo0.05 versus normal glucose; #Po0.05 versus high glucose.

Fig. 3. Inhibitory effects of compounds 1–3 on FN and IL-6. nPo0.05 versus normal
glucose; #Po0.05 versus high glucose.
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other compounds were observed in our experiments. In addition,
cell viability assay was carried out, and the result showed that all
the samples exhibited no toxic effects in mesangial cells at 50 μg/
mL or 10 μM (data not shown).

In conclusion, the above findings suggested that the multiple
components in Shanzhuyu could synergistically decrease the
accumulation of extracellular matrix (ECM) in mesangial cells by
inhibiting the expression of Col IV, FN, and IL-6. This study
provided partial evidences for the clinic practices of Cornus
officinalis fruit (Shanzhuyu) in DN therapy, and further work is
needed to promote the reasonable usage and development of this
fruit as a drug for kidney diseases.
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