nntlbacterlal I.ignans and [10], [11], [12], 113, However, so far there have been no atl

. to study the antibacterial activities of chemical co 2|

Triterpennlds from Rostellularia procumbens, although this herb is most impressive for fts

membe"j tiveness in the treatment of infectious diseases |3]. In this

we describe the isolation, structural characterization

pound 1, and antimicrobial activities of compounds 1-9
from R. procumbens.

Yongli Zhang' , Fukai Bao', juanjuan Hu*, Shengwang Liang?,
Yu Zhang?, Guanhua Du?, Caijun Zhang®, Yongxian Cheng'

Rostellulin A (1) was obtained as a white amorphous powdeg]
Abstract molecular formula was assigned as C,sH,50, by HR-ESI-MS

z = 4951629 [M+Nal* calcd. for CyqHys0uNa: 495.1631) &
One new lignan, rostellulin A (1), four known lignans, justin B(2), NMR spectra. The "C-NMR and DEPT spectra showed 22 signg
justicidin C (3), cilinaphthalide A (4), and justicidin A (5), and for 25 carbons, which were attributable to two meths
four known triterpenoids, ursolic acid (6). euscaphic acid (7), methoxy groups, four sp’ methylenes, including a dioxymet
2ee-hydroxyursolic acid (B), and tormentic acid (9), have been  lene (& = 100.6) and two oxygen-bearing  substity
isolated from the whale plants of Rostellularia procumbens. Their (5 = 66.5, 63.7), three sp’ methines, four sp® methines,
structures were established on the basis of spectral data, includ-  quaternary olefinic carbons, and two carbonyl groups. f;_
ing extensive NMR experiments. To our knowledge, compounds  data suggested that 1 was an arylnaphthene-type lignan w
6-9 are known compounds but not previously isolated from R.  one symmetrical unit in the structure. The symmetrical mois
procumbens, 4 was previously reported from other Rostellularia  was readily identified as a 4-hydroxy-3,5-dimethoxybenzi
species. Antibacterial activities of 1-9 were evaluated against ring by the interpretation of the "H-NMR spectrum. U '_
eight bacterial strains with the agar dilution method, and they data comparison between 1 and 2 revealed that 2 met
were found to possess antimicrobial activity with MIC values in (6 = 35.5) and a methine signal (§ = 122.3) in 2 were repla
the range of 1.56- 100 ug/mL. None of the lignans exhibited cyto- by an sp® methine signal (§ = 48.2) and a quatermary cary
toxic activity against HCT-8 and Bel-7402 cells at concentrations (& = 128.6) in 1. This difference implied that a ring was form
up to 5 ug/ml via a (-6 to C-7"bond in 1, which was evident from HMBC cof
lations of H-5 to C-7 and H-7"to C-6. The relative stereochen
try at C-7; C-8", and C-8 in 1 was determined by means of RE
The widespread use of antibiotics in human diseases and agricul-  and selective 1D NOE irradiation experiments. ROESY i
ture leads to a serious problem of bacterial resistance |1). Cur-  tions of H-7* and H-8 indicated that these two protons are §
rently, there is a growing interest to search for antimicrobial sub-  tially vicinal. Upon irradiation of H-8°, no Overhauser effé
stances from natural sources [2]. Traditional Chinese medicine, were detected between the signals of H-7° and H-8', and §
having been used for the treatment of infectious disorders for  and H-8. In combination with ROESY interactions, this ese
centuries, may serve as a rich source for new classes of antibio-  lished the relative configurations for H-7; H-8 and H-8
tics. Rostellularia procumbens (Justicia procumbens), belongingto  R*, 5°, and R*, respectively. Hence, the structure of rosteliull
the family of Acanthaceae, is a commonly used folk medicine for  was deduced as shown (Fig. 1).
the treatment of lumbago, fever, cough, and especially for the
treatment of infections of the urinary systems in China [3]. The By comparison of their spectral data with those reported in
abundance of lignans in the genus Rostellularia (Justicia) and  literature, compounds 2-9 (Fig. 1) were identified to be just
their broad biological effects has made it a research topic of con-  (2) [10], justicidin C (3) [ 14), cilinaphthalide A (4) | 15], justig
siderable interest in recent years. To date, a broad spectrum of A (5)[15], ursolic acid (6) | 16], euscaphic acid (7) |17], 20 -
bioactivities including cytotoxicity, antiplatelet activity, antiviral  xyursolic acid (8) |17, and tormentic acid (9) [16]. To the b '
property, TNF-e inhibitory effect. and the apoptosis inducible ef-  our knowledge, compound 4 has been previously reported ‘I'
fect of justicidin A have been well studied [4],|5],[6].[7].[8],9). other Rostellularia species, and compounds 6-9 were Isol

from R. procumbens for the first time. m

hi
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able 1 Antimicrobial activities of compounds 1-9 (MIC values, ugjml)
Pathogen 1 2 | 4 5 [ 7 B ] Stondards®
Reference strains
5 ourvus CWMCC G001 > 100 2.5 » | [0 25 50 =0 &0 100 a5 15 1.5
| £ ool OMCCHATE > 100 > 100 * 100 125 > 50 50 50 % » 100 75 15
5 typhimurium CMCCEBO0RT 25 » 100 25 Wl 50 ER[IY] 1.12% 125 25 1.5 1.5
| 5. Neener CMCCS1335 1] > 100 25 50 100 100 = 100 125 * 100 1% 1.5
Clinically isolated strains
5. epiderimidn 50 > 1040 =100 * 100 » 50 50 > 100 1.56 » 1K) 325 75
B suabeiie » 100 = 100 T 50 5 » 1000 = 100 =100 » 1060 1.5 115
| 5. partlyphi A * 100 > 100 F e * 50 > 50 > 100 * 100 =100 a5 31.25 .35
5 porotyphi § 50 = 100 12.5 LT S0 100 = 100 = 100 » 10d 125 1.5
[ Left column iy b cofradine and right & bor gemtarmypr

L for HCT-8 and Bel-7402 cells, respectively ). all the lignans ex-
ibited no cytotoxic effects against HCT-8 and Bel-7402 cells at
oncentrations up to 5 pg/mb The isolation of antibacterial com-

unds from K procumbens lends supports to the traditional use
f this herb in infectious diseases. The identification of the anti-

cterial principles provides a rational basis for guality control of
rbal remedies derived from R. procumbens.

|
Materials and Methods

General: Melting paoint was determined on an XRC-1 micro-
melting apparatus. Optical rotation was determined on a JASCO-
h’lI.' digital polarimeter. UV spectrum was recorded on a Shimad-
P LIV-2401PC spectrophotometer. IR spectrum was obtained

th a Bruker Tensor 27 FT-IR spectrophotometer with KBr pel-

lets. "H-NMR (400 MHz) and "'C-NMR (100 MHz) spectra were
recorded at 300 K on a Bruker AM-400 spectrometer with TMS
as an internal reference. 'H-"H COSY, HMQC, HMBC, and ROESY
spectra were measured with a DRX-500 spectrometer. EI-MS
(70 eV] were recorded on a VG Auto Spec-3000 spectrometer,
HR-ESI-MS was carried our with an APl QSTAR Pulsar | spectro-
meter. Silica gel (200- 300 mesh and 10-40 um) for column
chromatography and GF,y, for TLC were obtained from Qingdao
Marine Chemical Factory (Qingdao, P. R. China). Sephadex LH-20
was obtained from Amersham Pharmacia Biotech (Upsala, Swe-
den). Fractions were monitored by TLC and spots were visualized
after spraying with 10% H,50, in ethanol followed by heating

Plant material: The whole plants of R procumbens were collected
in Malong. Yunnan Province, in july 2005. The plant material was

identified by Prol. Heng Li, and a voucher specimen (No.

Letter... Planta Med 2007; 73: 1596 - 1599
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CHYXD354) is deposited at the State Key Laboratory of Phyto
chemistry, Kunming Institute of Botany, The Chinese Academy
ol Sciences

Extraction and isolation: The air-dried and powdered whole
plants of R. procumbens (17 kg ) were extracted with 80% ethanol
<25 L). After removal of the solvent by evapora
1700 g

under reflux
1 L), and
x3 L), suc

cessively. The EbDAC extract { 160 g) was subjected to silica gel

were suspended in H;0
and n-Bu0OH (3

ton, the residues
then partitioned with EtDAc [3=3 |

column chromatography (CC) (8.5=120cm, 200-300 mesh, 3.0
Me,CO (4:1, 20 L
A (14 g) was further fractio

kg) eluted with petroleum ether (60 -90
Frs. A- D) Fr
<70 cm, 200

o give four fractions
nated by silica gel CC (5 300 mesh, 600 g) with in

S0°Cy-EtDAC(4:1,.3:1,
Frs. Al - A3). Fr.

15 subjected to vacuum liquid chromatography (VLC)

creasing polarity of petroleum ether (G0

2:1,1:1,0:1, each 1.5 L) to vield three fractions
A3 (5 g) wa

1.5= 10cm, 10-40 pm) eluted with CHCl,-Me,CO(20: 1.2 L) to
give four fractions A3.1 - Ad.4. Final purification of fr, A3.1 by VLC

40 pm) with petroleum ether (60-90" C)-EtOAL

2=7¢m, 10
5:1, 400 mL) as solvents, and Sephadex LH-20 (1.5=70 cm
with CHCl;-MeOH (6:4, 200 mL) afforded compounds 2 [ 19 mg
and 3 (27 mg). Fr. A 3.3 was repeatedly chromatographed by VLT
[(2x5cm, 10-40 ym) eluted with petroleum ether (60-90 C)-
Me,CO (5:1, 200 mi 1.5=70 cm) with
MeDH to yield compound 6 {10 mg
to silica gel CC (7.5=70cm, 200
CHCl-MeOH-H-,0 (B0

/0 cm, 200

and Sephadex LH-20
Fr. B (75 g) was subjected
eluted with

300 mesh. 1.5 kg

18:2,15 L) to yield six fractions (Frs. B1 -
100 mesh, 900 g) of fr. B1 (31 g)
with gradient CHCl,-Me,CO as eluent (15: 1 —0: 1, each 800 mL)
B1.8. Compounds 1 (8 mg)and 4 (7
mg ) were obtained from fr. B1.1 (500 mg) by VLC (2x5cm, 10-40
um) with CHCl;-Me,CO (15: 1, 300 mL] and Sephadex LH-20 gel
filtration with CHCl,. Repeated chromatography of fr. B1.2 (700
mg) by VLC (2= 7 cm, 10-40 um) with CHCl-Me,CO (10: 1, 400
mL) and Sephadex LH-20 with CHCl,-MeOH (6 : 4, 200 mL) affor
ded 512 mg)and 7 . From fr. B1.4 (3 g), compounds 8
60 mg) and 9 (70 mg) were purified by VLC (3.5x10cm, 10-40
pm ) using increasing polanty of CHCl;-Me,CO[10:1
100 mL} followed by gel filtration on Sephadex LH-20 with
MeOH as eluent

B6), Silica gel CC (5=

to afford eight fractions B1.1

120 mg

1511, each

Rostellulin A (1); CysHy505, white amorphous powder, m.p, 175-
177°C; Rf0.58, silica gel GFysy, CHC-MesCO (5:1); |all’; +43.94
¢ 011, CHCly ); UV (CHCL ) Ayax (lOg £) = 241 (3.85), 293 (3.45)
nm; IR (KBr): v, = 3441, 2923, 1729, 1609, 1484, 1262, 1240,
1116, H-NMR (400 MHz, CDCl,): § = 6.60 (1H
S, H-1), 622 (1H, s, H-5), 279 (ZH, m,. H-7), 2.24 (1H, m, H-B),
4.19 (1H, dd, [ = 11.5, 3.5 Hz, H-9a), 404 (1H, m. H-9b), 2.0
(each 3H, each s, H-11 and H-117, 6.31 (each 1H, each s, H-2
and H-6", 3.70(1H. d.J = 10,5 Hz, H-79, 1.97 [1H, m. H-81, 4.05
IH,dd, ] = 11.5, 3.5 Hz, H-9%), 3.98 (1H. dd, ] = 11.5,3.5 Hz. H
9%), 5.80 (2H, 5, OCH.0), 3.80 (each 3H, each s, 2=x0Me); C
NMRE (100 MHz, CDCly): & = 1324 (C-1), 1079 (C-2), 146.0 (C-3),

1038, 936 cm™!

145.8 (C-4), 109.3 (C-5), 128.6 (C-6), 32.8 (C-7), 35.5 (C-8), 665
C-9), 1708 {C-10 or C-107, 20.8 (C-11, C-117,133.7 (C-11, 106.0
C-2°C-67). 1472 [C-3,C-5"), 1348 (C-4", 48.2 (C-71,43.5 (C-B

63.7 (C-97, 1709 (C-10" or C-10), 100.6 (OCH,0), 56.4 (2=x0Me):
HR-ESI-MS: myfz = 485.1629 |[M + Na|® (calcd, for CycHseOoNa

495.1631

1599
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Antimicrobial assay: Antibacterial properties were tested WI
the agar dilution method [18]. The bacterial strains employe
were Staphylococcus aureus CMCC26001 (CMCC; National Centses
for Medical Culture Collections: Beijing. China), Escherichia il
CMCC44103, Salmonelle typhimurium CMCCS0087, and Shigslih
flexneri CMCCS51335, and the following clinically isolated straing
staphylococcus epidermidis, Bacllus subtilis, Salmonella parntyphi
A, Salmonella paratyphi-B. Cefradine and gentamycin (both (e
Sigma; Shanghai, China) were used as reference standards, pl.lli
comtaining only MHA medium and 1% DMSO in MHA nmdfﬁ
served as negative and solvent controls. The tests were perfommes

n triplicate and repeated once

Cyrotoxic assay: The cytotoxic effects against human HCT-8 (Gl
Center, Institute of Basic Medical Science, Chinese Academijii
Medical Science, Beijing Union Medical College, Beijing, China
and Bel-7402 cell lines [Cell Center, Wuhan University, Wik
China) were assayed in vitro by MTT [3-{4,5-dimethylthiazolSe
yl)-2,5-diphenyltetrazolium bromide| method |19)], with SRl
(Muorouracil; Shanghai Hualian Pharm. Inc.: HI1.'-|:L',II-1|.L'Illrllrl.
of each tested come

mL. All experiments were run in triplicate;

a positive control. The final concentration

pound was 5 ug
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