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Abstract: A new cyclic hexapeptide, segetalin A, showing estrogen-like activity, has been
isolated from the seeds of Vaccaria segetalis and the structure was elucidated by extensive 2D
NMR, chemical and enzymatic degradations and ESI-MS/MS methods.

Recently a number of cyclic peptides with unique structures and biological activities have been isolated from
natural origin. As part of our ongoing investigation of bioactive cyclic peptides from higher plants,1-3) we have
isolated several cyclic peptides, named segetalins, showing potent estrogen-like activities, from the seeds of
Vaccaria segetalis (Caryophyllaceac) The seeds of V. segetalis have been used to activate blood flow and
promote milk secretion. In addition, it is commonly used to treat amenorrhea and breast infections.4) Extraction
and purification examination of chemical constituents showing
these follicle hormonic activity led us to isolation of a novel
bioactive cyclic peptide. Inthis paper, we describe the
isolation and structure elucidationof a major cyclic
hexapeptide, named segetalin A (1) and its potent estrogen-like
activity.

The methanolic extract of the seeds of V. segetalis was
partitioned between EtOAc and H20. The EtOAc soluble
material was subjected to silica gel column (CH2CI2 - McOH)
and 80% CHpClI2 eluted fraction was further chromatographed
on a ODS HPLC column (35% CH3CN/0.05% TFA) to yield
several peptidic compounds as colorless needles, the major one

of which, showing potent activity, is named as segetalin A (1: Fig. 1 Structure of Segetalin A (1),
0.02% Arrows show some important HMBC
' ) correlations.
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Fig. 2 ESI MS/MS Fragmentations of Segetalin A (1) and 2
Table 1. 1H and 13C NMR Signal Assignments of Segetalin A (1) in pyridine-ds.
assignment 8y (int. mult, ¥(Hz)) 8¢ Sy 8¢
Gly Val?
« 4.12 (1H, dd, 5.8, 16.5) 44.30 a  4.88(lH,t, 10.2) 61.43
4.42 (1H, dd, 5.8, 16.5) 8 238(1H, m) 31.40
NH  8.39(1H,t, 5.8) Y 0.93 (3H, d, 6.5) 19.05
c=0 170.95 0.99 (3H, d, 6.6} 19.51
Val! NH  7.64(1H, d, 10.2)
a 5.19(1H, dd, 4.2, 10.0) 56.31 C=0 174.39
B 272 %lH, m) 30.88 Tip
Y 1.28 (3H, d, 6.9) 17.92 @  4.92(1H, ddd,5.7,7.5,8.6) 57.02
1.58 (3H, d, 6.8) 20.09 B 3.27 (1H, &4, 7.5, 14.2) ~ 26.42
NH 8.9 (1H, d, 10.0 3.43 (1H, dd, 8.6, 14.2)
C=0 172.40 NH 946(1H,4d,5.7)
Pro 1(NH) 11.91 (1H, s
a 4.96 (1H, d, 8.3) 61.25 2 7.14 (1H, d, 2.2) 124.39
B 1.96 (1H, m) 32.26 3 109.94
2.13 {1H, 44,16.2, 12.2) 4 7.56 (1H, d, 8.0) 118.86
Y 1.62 (2H, m) 22.17 5 7.27 (1H, t, 8.0) 121.92
8 2.65 (1H, br t, 10.0) 47.57 6 7.08 (1H, t, 8.0) 119.33
3.46 (1H, m) 7 7.59 (1H, d, 8.0) 112.01
Cc=0 172.97 8 137.47
9 127.88
C=0 175.16
Ala
a  3.99(1H, m) 50.96
B 1.72(3H, d, 7.1) 16.05
NH 10.55(1H, d, 6.9)
C=0 171.86
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Segetalin A (1)) colorless ncedles, mp.183.0 - 185.0 °C, [a]p -73.4° (¢ 0.41, McOH), showed a
molecular formula, C31H43N70¢, which was permitted by HR FAB MS spectrum, indicating 14 degrees of
unsaturation. The IR absorptions at 3315 and 1657 cm ! were attributed to amino and amide carbonyl groups,
respectively, and the UV absorptions at 272 (e 6070), 280 (6470), 289 (5660) to an indole skeleton. Amino
acid analysis of 1 showed the presence of Gly, Ala, Val x 2, Pro and Trp, which were confirmed to be all L~
configuration by Marfey's derivatization,0) followed by HPLC analysis.

In 1H NMR spectrum (pyridine-ds), existing in a single stable conformational state, the presence of five
amide protons was clearly observed. Therefore, the other amino acid was assumed to belong to Pro and 1 was
hexapeptide, which was also suggested by the presence of six carbon signals due to amide carbonyl. Since this
composition accounted for 14 degrees of unsaturation, the other degree of unsaturation for 1 suggested cyclic
nature of the peptide.

Extensive 2D NMR analyses, including COSY and HMOQC7) spectra, were used to determine the identity of
the six amino acids and to assign the 1H and 13C signals. The sequence of the cyclic peptide was established
based on data from HMBC experiment8) As can be seen from Fig. 1, which showed some important
correlations, the whole structure was deduced to be Cyclo(Gly-Val-Pro-Val-Trp-Ala} and was confirmed by
ESI-MS/MS experiment, as shown below.

ESI is a very soft ionization technique, which generates chiefly ions related to the molecular wcight.g) We
have already reported that the possibility of using ESI MS/MS techniques as a tool for sequence determination of
the peptides was tested.3) The ESI MS spectra of 1 and 2 which is a comesponding acyclic peptide generated
by digestion of 1 with a-chymotrypsin,! 0) produced (M+H)* ion, which was then analyzed in a second mass
spectrometer. As can be seen from fragmented ions of 1 and 2 (Fig. 2), the sequence of 1 was surely
confirmed to be Gly-Val-Pro-Val-Trp-Ala.

From the examination of the effects of segetalin A on reproductive organs in female rats without ovary, 1
showed potent estrogen-like activity as follows. Following the administration of 1 (2.5 mg/kg, s.c., for
consecutive 14 d from day 1 to 14), the weight of uterus was significantly increased (3.7 times against control
uterus). The presence of many cyclic peptides, showing hormonic activities like oxytocin, vasopressin and so
on, is well known. However, the presence of cyclic peptides as non-steroidal estrogens, showing estrogen-like
activity, is not known yet. Furthermore, It is interesting that this estrogen-like activity well reflects the medicinal
usage of the sceds of V. segetalis.

Studies on the structure analyses and biological evaluations of a series of segetalins are in progress and
conformational informations will be described in a following paper as well as more detailed biological activity.
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