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Three new cyclic peptides, namely duanbanhuains A–C (1–3), were isolated from the roots of
Brachystemma calycinum which is a traditional medicine used to treat rheumatic diseases. Their struc-
tures were identified by means of a suite of MS and NMR experiments. These compounds were purposely
evaluated for their inhibitory effects on the release of MCP-1, IL-6, collagen IV and reactive oxygen spe-
cies (ROS) against high-glucose-stimulated mesangial cells. The results showed that compounds 1 and 2
exhibited potent inhibition on the production of IL-6, collagen IV and ROS at the concentration of 10 lM.

� 2011 Elsevier Ltd. All rights reserved.
Cyclic peptides (CPs) are a fascinating family of compounds.
Many antibiotics, antimycotics, toxins, ion-transport regulators,
protein binding inhibitors, enzyme inhibitors, and immunosup-
pressants in nature are present in CPs.1–5 Due to the restricted con-
formation and the lack of flexibility, CPs are also useful in studying
interaction between small molecules and receptors. However, so
far there have not been more CPs examples for clinic application
apart from cyclosporin A, a well-known metabolite produced by
Tolypocladium inflatum. In the last decades, more CPs have been
found in plants, fungi, and marine organisms. Their potential for
drug development remained to be further explored.

Increasing evidence showed that inflammation and immune re-
sponse has been implicated in the pathogenic processes of rheu-
matic diseases such as osteoarthritis and rheumatoid arthritis.6

Thus, herbs with therapeutic effects on rheumatoid arthritis are
rationally hypothesized to possess possible anti-inflammatory or
immunosuppressive substances. Brachystemma calycinum D. Don
(Caryophyllaceae) is a Chinese folk medicine for the treatment of
rheumatoid arthritis, limb numbness, impotence, and gonorrhea.7

The extract of the whole plant was recently found to reduce dis-
ease symptoms and the development of cartilage lesions in exper-
imental dog osteoarthritis via inhibition of protease-activated
receptor 2.8 Our previous study revealed a novel immunosuppres-
sive alkaloid from the roots of this plant. Cyclic peptides have also
All rights reserved.
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been characterized from the title plant, however, their biological
functions remained unknown. As our continuous study for diabetic
nephropathy, a disease related with inflammation,9 we re-
investigated the plant roots and isolated three new CPs (Fig. 1).
Their biological effects on inhibition of IL-6, MCP-1, Collagen IV,
and ROS were evaluated.

Compound 110 was isolated11 as a white powder. Its molecular
formula was assigned as C43H58N8O11 by the positive ion HR-ESI-
MS peak at m/z 885.4042 ([M+Na]+, calcd for 885.4123). The IR
absorptions at 3432, 1727, 1701, 1638 cm�1 were ascribable to ami-
no, amide carbonyl and aromatic groups. The 1H NMR spectrum
showed six amide NH signals, and the 13C NMR exhibit eight amide
carbonyls, eight a-amino acid carbons (Table 1), indicative of 1
being a peptide. A negative response to ninhydrin reagent but posi-
tive after hydrolyzed by 6 N aq HCl implied that 1 is a cyclic peptide.
Detailed interpretation of 2D NMR data including COSY, HSQC, and
HMBC spectra assigned the 1H and 13C NMR resonances of 1. The
individual amino acid residue was elucidated as Pro (2�), Ser
(2�), Ile, Ala, Tyr, and Phe. The sequence of amino acid residues of
1 was deduced mainly by MS analysis because of the lack of HMBC
correlations between NHi and C@Oi+1 when measured in pyridine-
d5 or DMSO-d6 (at 8 or 4 Hz). The protonated molecular ion
[M+H]+ of 1 (m/z 863) was subjected to MALDI/CID analysis, and
gave a series of adjacent bn(+1) ions at m/z 776, 704, 558, 470,
358, and 261, corresponding to the successive loss of Ser, Ala, Phe,
Ser, Ile, Pro, and the terminal dipeptide ion Pro-Tyr. In addition, a
series of an(+1) ions at m/z 136, 233, 330, 443, 529, 677, 748, 835
was also observed, in accordance with the interpretation result from
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Table 1
1H (600 MHz) and 13C NMR (150 MHz) data of 1 in DMSO-d6

1

dH dC dH dC

Pro1 a 4.14, overlap 58.8 NH 8.48, overlap
b 2.16, m 27.9 C@O 170.6

1.68, m Phe5 a 3.96, overlap 57.7
c 1.90, overlap 24.3 b 3.10, overlap 35.4

1.83, overlap 1 137.8
d 3.42, overlap 46.6 2,6 7.20, overlap 129.1

3,5 7.28, t, 7.4 128.2
C@O 170.1 4 7.20, overlap 126.4

Pro2 a 4.31, overlap 60.0 NH 8.48, overlap
b 1.83, overlap 30.8 C@O 171.2

Ala6 a 4.14, overlap 50.1
c 1.54, m 20.9 b 1.21, d, 7.2 17.4

0.77, t, 7.0 NH 8.00, d, 5.9
d 3.24, m 46.2 C@O 171.8

3.10, overlap Ser7 a 4.51, dd, 7.6, 12.8 52.5
C@O 170.8 b 3.71, dd, 7.1, 16.7 60.2

Ile3 a 4.14, overlap 57.8 3.42, overlap
b 1.83, overlap 36.2 NH 7.47, d, 6.7
c 1.50, m 24.5 C@O 168.2

1.05, m Tyr8 a 4.31, overlap 56.5
0.87, d, 6.7 15.1 b 2.98, m 35.4

d 0.84, t, 7.4 10.6
NH 7.44, d, 7.9 1 127.7
C@O 172.6 2,6 7.02, d, 8.4 129.7

Ser4 a 3.95, br s 56.9 3,5 6.66, d, 8.4 114.9
b 3.61, overlap 60.6 4 155.9

3.43, overlap
NH 8.18, br s

OH 5.20, br s C@O 171.5
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Figure 1. The structures of duanbanhuains A–C.
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b series of ions. The sequence obtained from MS was confirmed by
the HMBC correlation of Ser4-aH/Ile3-CO and the following ROESY
correlations: Pro1-bH/Pro2-aH, Pro1-aH/Tyr8-H-2 (weak), Tyr8-H-
3/Ser7-aH, Phe5-aH/Ala6-bH, Ala6-bH/Ser7-NH (weak). Taken to-
gether, the sequence of 1 was elucidated as cyclo(Pro1-Pro2-Ile3-
Ser4-Phe5-Ala6-Ser7-Tyr8). Furthermore, the 13C NMR chemical shift
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difference of Pro1 (DdCb-Cc = 3.6 ppm) and Pro2 (DdCb-Cc = 9.9 ppm)
indicated the amide bond in the Pro1 residue was trans, and that
in the Pro2 was cis.12,13

Compound 214was obtained as an amorphous solid. It had
molecular formula C45H57N10O9 deduced from its HR-ESI-MS spec-
trum, requiring 22 degrees of unsaturation. HPLC analysis indi-
cated that compound 2 was isolated as a pure form. However,
poor resolved 1H and 13C NMR spectra recorded either in pyri-
dine-d5 or DMSO-d6 made it difficult to assign its NMR signals.
Whereas, the resolution of NMR spectra were much improved
when recorded in methanol-d4 at the cost of the disappearance
of NH signals. The NMR signal assignments of 2 were thus per-
formed according to the spectra measured in methanol-d4. Due
to the scarce of useful HMBC and ROESY correlations, the structure
of 2 was mainly identified by MS experiments. The sequence of 2
was determined by MALDI/CID sequence analysis, which gave a
bn(+1) series of ions at m/z 769, 582, 512, 415, 358, and 210, corre-
sponding to the successive loss of Asp, Trp, Ala, Pro, Gly, Phe, and
the terminal dipeptide ion Pro-Leu. In addition, two series of
yn(+1) ions at m/z 301, 372, 469, 526, 673, and 770, and m/z 169,
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Figure 2. Key HMBC and ROESY correlations of duanbanhuain C.

H-Tyr--Pro--Pro--Ile--Ser--Phe--Ala--Ser

bn(+1) 261 358 470 558 704 776 863

an(+1) 136 233 330 443 529 677 748 835

1

H-Leu--Pro--Phe--Gly--Pro--Ala--Trp--Asp

bn(+1) 210 358 415 512 582 769 884

yn(+1) 770 673 526 469 372 301

2

H-Phe--Gly--Gly--Ala--Gly--Trp--Thr--Thr

778

3

H-Trp--Asp--Leu--Pro--Phe--Gly--Pro--Ala

yn(+1) 698 583 470 226 169

yn(+1) 630 573 516 445 388 202 101

H-(Gly,Gly,Ala)--Gly--Trp--Thr--Thr--Phe

bn(+1) 242 428 529 630

Figure 3. Peptide sequence ions (m/z) of protonated molecular ions of compounds
1–3.
226, 470, 583, and 698 confirmed the peptide sequence. This con-
clusion was also in accordance with the observed HMBC correla-
tions of Gly3-aH/Phe2-CO and Trp6-aH/Ala5-CO. Unfortunately,
HMBC correlation of OH/Asp-bC or ROESY correlation of Asp7-
aH/Leu8-NH were not observed in the present experiments, which
made it difficult to differentiate which carboxylic acid of Asp being
linked with Leu-NH. However, the most possible linkage between
Asp and Leu should be as indicated from the biogenetic pathway.
Indeed, the chemical shift of cC of Asp7 is also in consistence with
literature data.15,16 Thus the structure of 2 was identified as cyclo
(Pro1-Phe2-Gly3-Pro4-Ala5-Trp6-Asp7-Leu8).

The molecular formula of compound 317 was established as
C37H47N9O10 by HR-ESI-MS, which showed a pseudomolecular
ion peak at m/z 778.3575 ([M+H]+, calcd for 778.3524). The peptide
nature of 3 was suggested from the observation of eight amide pro-
tons and eight amide carbonyl signals in the 1H and 13C NMR spec-
tra. It was noted that the NMR spectra of 3 were much better
resolved in DMSO-d6 than in pyridine-d5, Thus the NMR signal
assignments were carried out by analysis of COSY, HSQC and HMBC
spectra in DMSO-d6, which revealed the amino acid residues as
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Figure 4. Inhibitory effects of the compounds 1–3 on MCP-1, IL-6 and collagen IV
secretion (⁄P <0.05 vs NG, #P <0.05 vs HG).
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Figure 5. Inhibition of ROS production in mesangial cells by duanbanhuains A and
B (⁄P <0.05 vs NG, #P <0.05 vs HG).
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Figure 6. Cytotoxicity of duanbanhuains A–C against mesangial cells.

Table 2
1H (500 MHz) and 13C NMR (125 MHz) data of 2 in methanol-d4

2

dH dC

Pro1 a 4.27, dd, 8.7, 5.6 63.9
b 2.24, m 31.0

1.88, m
c 2.04, m 25.8

1.96, m
d 3.80, m 48.7

3.69, m

C@O 176.1
Phe2 a 4.62, overlap 56.3

b 3.33, overlap 39.3
2.75, d, 12.1

1 139.0
2,6 7.34, d, 7.4 130.6
3,5 7.29, t, 7.6 129.4
4 7.18, overlap 127.5
C@O 172.9

Gly3 a 4.62, overlap 45.0
3.47, d, 15.3

C@O 169.7
Pro4 a 4.05, overlap 61.3

b 1.18, overlap 29.8
0.29, br s

c 1.58, m 26.5
1.47, m

d 3.35, overlap 48.7

a Signals with the same superscripts are interchangeable.
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Phe, Gly (3�), Ala, Trp, Thr (2�). HMBC correlations between Gly2-
aH/Phe1-CO, Gly3-aH/Gly2-CO, Gly5-aH/Ala4-CO, Phe1-NH/Thr8-
CO (weak), and ROESY correlations between Gly5-aH/Trp6-aH,
Ala4-aH/Gly5-NH (Fig. 2) were observed, which suggested the pep-
tide sequences of Thr8-Phe1-Gly2-Gly3 and Ala4-Gly5-Trp6. Further,
HMBC correlations between Gly3-NH/Gly2-CO and Thr8-NH/Thr7-
CO were detected when recorded in pyridine-d5, showing the
peptide fragments of Gly2-Gly3 and Thr7-Thr8. Taken the above
data together, the peptide sequence could be determined as
Phe1-Gly2-Gly3-Ala4-Gly5-Trp6-Thr7-Thr8. MALDI/CID sequence
analysis gave yn(+1) ions at m/z 101, 202, 388, 445, 516, 573, and
630, and bn(+1) ions at m/z 630, 529, 428, and 242 (Fig. 3), indica-
tive of a peptide sequence of Phe-Gly-Gly-Ala-Gly-Trp-Thr-Thr,
agreed well with the conclusion from NMR spectra. Thus, the struc-
ture of 3 was elucidated as cyclo(Phe1-Gly2-Gly3-Ala4-Gly5-Trp6-
Thr7-Thr8).

The absolute configurations of the amino acid residues of com-
pounds 1–3 were determine by acid hydrolysis followed by Mar-
fey’s method.18,19 The Marfey’s derivatives of authentic amino
acids (L- and DL-configurations) were prepared as standards and
compared with those of the hydrolysates by their injection onto
an HPLC apparatus. The results showed that all the amino acids
had L-configurations, except Gly, in consistent with those of natu-
rally occurring amino acids from higher plants.

Considering the traditional uses of B. calycinum for the treat-
ment of rheumatic diseases, which are considered to be closely re-
lated with immune and inflammation response, the isolated
compounds were purposely screened for their anti-inflammatory
effects by observing their inhibition on the secretion of IL-6,
MCP-1, and collagen IV in high-glucose-stimulated mesangial
cells.20–23 The results showed that compounds 1 and 2 could signif-
icantly inhibit the secretion of IL-6 and MCP-1 at 10 lM. Especially,
compound 1 is most active on collagen IV inhibition at 1 lM
(Fig. 4). Oxidative stress are implicated in the progression of dia-
betic nephropathy, further investigation on ROS inhibitory effects
dH dC

C@O 175.7
Ala5 a 3.93, q, 7.2 53.1

b 1.41, d, 7.3 16.9
C@O 175.3a

Trp6 a 4.62, overlap 55.5
b 3.58, dd, 14.7, 3.8 26.3

3.26, dd, 14.7, 5.3
2 7.13, s 125.3
3 109.0
3a 129.0
4 7.61, d, 7.6 118.7
5 7.18, overlap 120.8
6 7.18, overlap 123.0
7 7.43, d, 7.8 112.9
7a 138.1
C@O 173.4

Asp7 a 4.96, overlap 50.9
b 2.69, dd, 11.9, 3.7 40.0

2.52, br d, 14.1
c 177.5
C@O 172.4

Leu8 a 4.05, overlap 55.4
b 1.53, m 40.7

1.18, overlap
c 1.47, overlap 25.9
d 0.89, d, 6.5 23.0

0.79, d, 6.5 21.8
C@O 175.2a



Table 3
1H (600 MHz) and 13C NMR (150 MHz) data of 3 in DMSO-d6

3

dH dC dH dC

Phe1 a 4.51, overlap 54.5 C@O 168.9
b 3.13, dd, 13.7, 3.9 36.6 Trp6 a 4.51, overlap 53.8

2.95, dd, 13.7, 10.8 b 3.21, dd, 14.8, 5.6 26.9
1 137.3 3.06, dd, 14.6, 8.6
2,6 7.25, overlap 129.1 2 7.12, d, 1.9 123.2
3,5 7.25, overlap 128.1 3 109.9
4 7.19, m 126.3 3a 127.1
NH 8.06, overlap 4 7.54, d, 7.9 118.2
C@O 171.9a 5 6.97, t, 7.3 118.2

Gly2 a 3.82, dd, 16.3, 6.2 42.8 6 7.06, t, 7.5 120.9
3.63, overlap 7 7.31, d, 8.1 111.3

NH 8.18, overlap 7a 136.0
C@O 169.2 NH 7.70, overlap

Ar-NH 10.83, d, 1.9
Gly3 a 3.73, overlap 42.2 C@O 171.8a

3.46, overlap Thr7 a 4.00, overlap 59.5
NH 8.06, overlap b 4.00, overlap 65.7
C@O 170.1 c 0.96, d, 6.3 20.1

Ala4 a 4.17, m 48.9 OH 5.07, d, 5.4
b 1.22, d, 7.1 17.2 NH 7.70, overlap

CO 169.5
NH 8.18, overlap Thr8 a 4.22, br s 58.8
C@O 172.9 b 4.10, m 66.1

Gly5 a 3.73, overlap 42.4 c 1.05, d, 6.3 19.5
3.63, overlap OH 5.22, br s

NH 7.99, br s
NH 8.24, br s CO 170.5

a Signals with the same superscripts are interchangeable.
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of compounds 1 and 2 in mesangial cells indicated that they could
significantly decrease ROS production (Fig. 5).24–27 The significant
inhibition of IL-6, MCP-1, collagen IV, and ROS in high-glucose-
stimulated mesangial cells and without cytotoxicity (Fig. 6)28,29

at 10 lM of peptide 1 may suggest its potential for the develop-
ment of diabetic nephropathy therapeutic drugs, which may arise
further interest of medicinal chemists.
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