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Five compounds have been isolated from the dried whole plants of Selaginella uncinata, two of them were
new chromone glycosides, 5-hydroxy-2,6,8-trimethylchromone 7-O-f-p-glucopyranoside (uncinoside A) and 5-
acetoxyl-2,6,8-trimethylchromone 7-O-f-p-glucopyranoside (uncinoside B). Their structures were elucidated by
spectroscopic methods including one- and two-dimensional NMR techniques. The other three compounds were
identified as 8-methyl eugenitol, amentoflavone and hinokiflavone. Uncinoside A and B showed potent antiviral
activities against respiratory syncytial virus (RSV) with IC,; value of 6.9 and 1.3 ug/ml, moderate antiviral activ-
ities against parainfluenza type 3 virus (PIV 3) with IC, value of 13.8 and 20.8 ig/ml, respectively.
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Viruses are the leading cause of respiratory infections in
children and adults and are a major cause of morbidity and
mortality worldwide. Respiratory viral infections contribute
to be leading cause of morbidity, mortality, and economic
loss throughout the world.” Respiratory syncytial virus
(RSV) is a major cause of pneumonia and bronchiolitis in in-
fants, in children, and even in adults.” Ribavirin and im-
munoglobulin preparations with high titers of RSV-specific
neutralizing antibodies are currently approved for use to treat
and prevent RSV infections. However, neither of these is
cost-effective and simple to administer.” Parainfluenza type 3
virus (PIV 3) is another respiratory virus caused infections in
children. No chemotherapy agents and vaccine have been
used to treat PIV 3 infections.” Therefore, the development
of new antiviral agents with different mechanisms is most de-
sirable. Traditional medicines utilizing natural products have
been shown to contain antiviral compounds.”® The screen-
ing of plants as a possible source of antiviral has led to the
discovery of potent inhibitors of in vitro viral growth and the
use of the ethnopharmacological approach enhances the
probability of identifying new bioactive plant compounds.'”
Our interest has focused on the treatments for respiratory
viral infections. In order to find more potent inhibitors of
RSV and PIV 3, we have been looking for some inhibitory
substances from natural sources.!' 7

Selaginella uncinata SPRING is a Chinese herb medicine
widely distributed in south China, which has been used to
treat infectious diseases and tumors. Previous phytochemical
studies on the constituents of genus Selaginella led to the
discovery of many compounds, including flavonoids and lig-
nans.'®!” As part of our continuous searching for novel an-
tivial agents from medicinal plants, ethanol extract of the
whole plants of S. uncinata was found to show significant in-
hibitory activities against RSV. The active extract led to the
isolation and characterization of two new compounds, named
uncinoside A (1) and uncinoside B (2)*” together with three
known compounds. Here we report the isolation and struc-
ture elucidation of the two new chromone glycosides and
their antiviral activities against RSV, PIV 3, and influenza
type A virus (Flu A).
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Results and Discussion

An EtOH extract of the whole plant of S. uncinata was
concentrated and partitioned with CHCI; and EtOAc. The
CHCI, fraction was separated by silica gel column chro-
matography to yield two new chromone glycosides unci-
noside A (1) and uncinoside B (2), and one known 5,7-dihy-
droxy-2,6-8-trimethylchromone (8-methyleugenitol) (3). The
EtOAc fraction was separated by silica gel and polyamide
column chromatography and prepared thin-layer chroma-
tography (TLC) to afford two known biflavonoids:
amentoflavone (4)!'*" and hinokiflavone (5)*'?? (Chart 1).
The structure of the compound 3 was determined by the X-
ray diffraction analysis and spectral data. The structures of
the other two known biflavonoids were confirmed by compar-
ison of the physical and spectral data with those reported.

Uncinoside A (1), yellow powder, obtained from the
ethanol extract of this plant, mp 263—264 °C; positive result
of Molisch’s reaction; UV A, (MeOH)nm. 217, 263, 300;
IR (KBryem™!' 3477 (OH), 2931 (CH), 1669 (C=0) and
1610 (C=C) indicated the presence of OH, C=0 and C=C
functionalities. Compound 1 exhibited a [M+H]" ion at m/z
383 in positive FAB-MS corresponding to a molecular for-
mula of C,¢H,,0,. Complete acid hydrolysis of 1 afforded
glucose, identified by comparison with authentic samples by
TLC. The FAB-MS data 383 [M+H]", 221 [M—Glc+H]",
confirmed above conclusion. The 'H- and *C-NMR spectra
(Table 1) of 1 clearly showed the presence of chromone
skeleton, and there were three methyl and one hydroxyl sub-
stitutions on aglycon respectively, which was identified by
comparison of it’s NMR and IR data with those reported in
the literatures.”> 2% The sugar residue was clearly indicated
by an anomeric carbon signal at d. 104.4, and the corre-
sponding anomeric proton signal at &y 4.63 (1H, d,
J=7.0Hz). The D-configuration has been assumed for the
glucoses in keeping with Massiot and Lavaud’s assertion re-
garding the D-sugars commonly found in the plant kingdom:
“The enantiomers of these sugars (glucose, galactose, etc.)
are not found in plants, a fact used as a clue in the determina-
tion of these sugars.”?” Evaluation of the spin—spin couplings
and chemical shifts allowed the identification of 3-p-glucose.
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Chart 1. Structures of Compounds 1—5

The connectivity of the methyl, hydroxyl and glucose at
the chromone skeleton of 1 was determined by an analysis of
the heteronuclear multiple bond correlation spectroscopy
(HMBC) (Fig. 1). In HMBC spectrum of 1, correlation peaks
were observed between H-1' (0 4.63) of glucose and C-7
(6 158.75) of the aglycon, also between H-11 of 8-methyl
(04 2.29) and C-8 (6. 109.79), C-8a (. 152.57), C-7 (I
158.75). The correlation peaks between H-10 (& 2.17) of 6-
methyl and C-6 (. 114.28), C-5 (8. 155.93) were also ob-
served. It was concluded that the glucose was bonded to the
hydroxyl at C-7 position of aglycon, and at the positions of
C-6 and C-8, there were two methyl substitutions respec-
tively. Moreover, the HMBC spectrum revealed the correla-
tion peaks between H-9 (Jy 2.42) of C-2 methyl and C-2 (J.
168.42), C-3 (8. 108.03), which conformed the substitution
of methyl at C-2 position. The correlation peaks were ob-
served between H-3 (9, 6.28) and C-4a (6. 106.52), C-2 (6.
168.42) and C-9 (6 20.05) . The correlation peaks between
5-OH (6 12.94) and C-5 (S 155.93), C-6 (S 114.28) and
Cda (6. 106.52) were also observed. Thus, the structure
of compound 1 was established to be 5-hydroxy-2,6,8-
trimethylchromone7-O-§-p-glucopyranoside, named uncina-
side A.

Uncinoside B (2), white powder, also obtained from the
ethanol extract of this plant, mp 165—167 °C; positive result
of Molisch’s reaction; UV A,,, (MeOH)nm. 215, 260, 302;
IR (KBr)em ™! 3365 (OH), 2916 (CH), 1747 (C=0), 1657
(OC=0) and 1620 (C=C) indicated the presence of OH,
C=0, OC=0 and C=C functionalities. Compound 2 exhib-
ited a [M+H]" ion at m/z 425 in positive FAB-MS corre-
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Table 1. 'H- and 3C-NMR Spectral Data of Compounds 1 and 2
Compound 19 Compound 2%
C
5Cb) 5Hc') 5Ch) 5Hc)
2 168.4 170.0
3 108.0 6.28 (1H, s) 109.1 6.09 (1H, s)
4 182.7 185.0
4a 106.5 108.2
5 155.9 12.94 (1H, s, 5-OH) 157.8
6 114.3 116.3
7 158.8 160.2
8 109.8 111.6
8a 152.6 154.6
9 20.1 242 3H, 5) 20.5 237 (3H, s)
10 9.0 2.17 3H, s) 8.9 2.17 3H, s)
1 9.1 229 (3H, s) 9.5 224 (3H, 5)
5-OAc 172.5 (C=0)
20.4 (Me)
1 104.4 4.63 (1H, d, J=17.0) 105.7 1.85 (3H, s)
2! 74.1 75.3 4.65 (1H, d,
J=15)
3 76.3 75.6
4! 69.9 71.7
5 77.0 71.7
6 61.0 64.3

a) Measured in 500 MHz.
Hz) are in parentheses.

b) Measured in 125 MHz. ¢) Coupling constants (J in

Fig. 1. Selected HMBC Correlation of Compound 1

sponding to a molecular formula of C,H,,0,,. Complete
acid hydrolysis of 2 afforded glucose, identified by compari-
son with authentic samples by TLC. The 'H- and *C-NMR
spectra (Table 1) of 2 are very similar to 1, except that there
were two added carbon signals of acetyl in 2. The chemical
shifts were 8. 172.51, 8. 20.38 in *C-NMR and &, 1.85
(3H, s) in 'H-NMR respectively. The FAB-MS data 425
[M+H]*, 263 [M—Glc+H]", 220 [M—Glc—Ac]* con-
firmed above conclusion. The connectivity of the glucose,
methyl and acetyl at the chromone skelten was determined
by HMBC spectrum. The acetyl group is connected at 5-OH
position of aglycone. This was also confirmed by the fact that
the absence signal of 5-OH in 'H-NMR spectrum, which was
clearly observed in 1. Thus, the structure of compound 2 was
determined to be 5-acetyoxyl-2,6,8-trimethylchromone 7-O-
B-p-glucopyranoside, named uncinaside B.

Compound 3 was obtained as yellow crystals, mp 282—
284°C. Its electron ionization-mass spectroscopy (EI-MS)
gave the [M]" peak at m/z 220, corresponding to the molecu-
lar formula C,,H,,0,. Compared its IR, 'H- and "*C-NMR
spectral data and analyzed by acid hydrolysis experiment, 3
was the aglycone of 1. An X-ray crystallographic study was
performed to confirm the structure of 3. A view of the solid
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Fig. 2. Stereoview of 3 from X-Ray Diffraction Analysis

Table 2. Inhibitory Effects of Compounds 1 and 2 Isolated from Se-
laginella uncinata on RSV and PIV 3-Induced Cytopathogenicity in HEp 2
Cells

RSV PIV 3
Compound
P Icso TCso T Icso Tcso TI®
(ug/mb* (ug/ml)” (ug/ml)® (ug/ml)”
1 6.9 82.5 12.0 13.8 82.5 6.0
2 1.3 83.3 64.0 20.8 83.3 4.0
Ribavirin® 2.6 62.5 24.0 5.2 62.5 12.0

a) 1Cy, is the concentration of the sample required to inhibit virus-induced CPE
50%. b) TC,, is the concentration of the 50% cytotoxic effect. ¢) TI=TC,y/ICs,.
d) Ribavirin, an approved drug for the treatment of RSV infections.

state conformation is provided in Fig. 2. The bond lengths
were in accord with expectations. Thus, 3 was determined as
5,7-dihydroxyl-2,6,8-trimethylchromone (8-methyleugeni-
tol).

The inhibitory activities of 1 and 2 against RSV, PIV 3 and
Flu A (H|N,) were determined using the method described in
the Experimental section. Uncinoside A (1) and uncinoside B
(2) isolated from S. uncinata did not show any antiviral activ-
ities against Flu A (H,N,). The in vitro antiviral activities of
the compounds 1 and 2 against RSV and PIV 3 are summa-
rized in Table 2. Uncinoside B (2) showed potent anti-RSV
activity with an ICy, value of 1.3 ug/ml and a TI value of
64.0, a large therapeutic index comparable to that of ribavirin
with a TI value of 24.0, an approved drug for the treatment of
RSV infections in human. 1 and 2 also showed moderate an-
tiviral activities against PIV 3 with IC;, values of 13.8 and
20.8 ug/ml, TI values of 6.0 and 4.0, respectively.

Amentoflavone (4) had been recently reported to have po-
tent antiviral activity against RSV with ICy, values of
5.5 ug/ml."Y It also showed significant activity against Flu A
and B viruses and exhibited moderate anti-herpes simplex
virus (HSV)-1 and anti-HSV-2 activities with IC,, values of
17.9 ug/ml (HSV-1) and 48.0 ug/ml (HSV-2).*® 1t also
demonstrated moderate activity against human immunodefi-
ciency virus (HIV)-1 reverse transcriptase (RT), with an ICs
value of 119 ug/ml*® Amentoflavone were also isolated
from the whole herbs of S. sinensis and the leaves of Celaen-
odendron mexicanum, Cupressocyparis leylandii, Ginkgo
biloba, Rhus succedanea and Garcinia multiflora.''=°—33 Hi-
nokiflavone (5) did not show any antiviral activities against
RSV, PIV 3, and Flu A and B*Y

Experimental

General Melting points were determined using Kofle instrument and
are uncorrected. Optical rotations were measured with a JASCO DIP-370
digital polarimeter. UV spectra were recorded using a SHIMADZU UV-
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2100PC spectrophotometer. IR absorption spectra were obtained with Nico-
let Impact 420 FT-IR instrument as a film on KBr disk. FAB-MS were
recorded on VG Autospec 3000 system, and ESI-MS on Finnigan TSQ
7000. 'H and "*C spectra were obtained with INOVA 500 instrument operat-
ing at 500 MHz for 'H, 125 MHz for *C, respectively. X-ray intensity of
compound 3 was measured on a Bruker SMART 1000 CCD diffractometer.
Chemical shifts are reported in parts per million on the § scale with TMS as
the internal standard, and coupling constants are in Hertz. Column chro-
matographies were performed with silica gel (Qingdao Haiyang Chemical
Group Co. Ltd., China). TLC were performed on precoated Silica 60 F,s,
plates (0.2 mm thick, Merck) with CHCl,-MeOH system and spots were de-
tected by UV illumination and by spraying with 10% ethanolic H,SO,
reagent.

Plant Material Herb of S. uncinata was collected at Yunan Province, P.
R. China, in September 1998. A voucher sample is preserved in the Museum
for Materia Medica, National Institute for the Control of Pharmaceutical and
Biological Products, Beijing.

Extraction and Isolation The dried whole herbs (6 kg) of S. uncinata
were extracted with 90% EtOH (10 1X3). The ethanol solution was filtered
and evaporated under reduced pressure to give a brownish ethanol extract
(150 g). The EtOH extract was dissolved in water containing 0.5~ HCl and
filtered. The acid solution was adjusted to pH 9—10 with NH;H,O and fil-
tered. The basic solution was further extracted with CHCI; and ethyl acetate
to give a chloroform extract (8.5g), an ethyl acetate extract (5.0 g) and
the residue. A part (8.5 g) of CHCI; extract was chromatographied on silica
gel with CHCl;-MeOH gradient system to give 6 fractions. The 6 fractions
were combined into three fractions, Frs. 1—3, based on silica TLC
(CHCl;-MeOH, 90 : 10) results. 5,7-dihydroxyl-2,6,8-trimethylchromone (8-
methyleugenitol) (3) (5mg) was obtained from Fr. 1 by re-crystallization.
Fraction 2 was purified by silica gel eluting with CHC1;-MeOH to give un-
cinoside B (2) (16 mg). The Fr. 3 was purified by CHCl;-MeOH to give un-
cinoside A (1) (40mg). A part (5.0g) of ethyl acetate extract was chro-
matographied on silica gel with CHCl,-MeOH gradient system to give 4
fractions. Fraction 2 was purified by silica gel eluting with CHCl,-MeOH
(10: 1) to give amentoflavone (4) (15 mg) and hinokiflavone (5) (12 mg).

Uncinoside A (1): Slight-yellow powder, mp 273—274°C. UV A,
(MeOH) nm: 207, 243, 256, 336. IR v, cm™': 3477, 1649, 1610—1500.
FAB-MS m/z: 383 [M+H]". 'H- and '>*C-NMR data of 1 are shown in Table
1.

Uncinoside B (2): White powder, mp 165—167°C. UV A,,,, (MeOH) nm:
203, 226, 243, 256. IR V,,, cm™': 3365, 1747, 1620—1500. FAB-MS m/z:
425 [M+H]". 'H- and *C-NMR data of 2 are shown in Table 1.

5,7-Dihydroxy-2,6,8-trimethylchromone(8-methyleugenitol) (3): Molecu-
lar formula C,,H,,0,, M.W. 220.22. Crystal size 0.20X0.20X0.60 mm,
space group P2, unit cell parameters a=7.150(1), b=17.817(1), c=
8.155(1)A, B=95.16(4)°, ¥=1034.6(2)A°, Z=4. D ,=1414g-cm >
The diffraction data were collected on the MAC DIP-2030K Imaging Plate
diffractometer with MoK« radiation, 26, ,, 50.0°. 1708 independent reflec-
tions, observed 1691 were used to the refinement. Structure was solved by
direct methods and refinement by the full matric least square methods, the
final Rf=0.056, Rw=0.054 (w=1/0?F)).

Acid Hydrolysis of Compounds 1 and 2 A solution of 1 or 2 (3 mg) in
50% MeOH (5 ml) containing 2NHCI (3 ml) was refluxed for 3 h, concen-
trated under reduced pressure, and diluted with H,O (6 ml). It was extracted
with CHCI; and the residue was recovered from the organic phase. The
aqueous phase was concentrated and glucose was identified by the TLC with
a standard using CHCl;-MeOH (8: 2).

Materials Dulbecco’s modified Eagle’s medium (DMEM) and phos-
phate buffered saline (PBS) were purchased from Sigma Co. (U.S.A.).
Trypsin—-EDTA (X 10) and trypsin (1:250) were from Gibco Co. (U.S.A.).
Fetal bovine serum (FBS) was from Biofluids Inc. (U.S.A.). Ribavirin
(Sigma Chemical Co.)

Viruses and Cells RSV strain Long, PIV 3, MDCK cells and HEp 2
cells were obtained from American Type Culture Collection. Flu A (H|N,)
strain was obtained from Guangzhou province, P. R. China.

Cytotoxicity Assay The cytotoxicity of test sample on virus was mea-
sured by the cytopathic effect assay (CPE).!>!> Cell toxicity was monitored
by determining the effect of the natural products on cell morphology and
cell viability. Serial twofold dilutions of the natural products were added to
confluent cell monolayers and the cells were cultivated at 37 °C for 2—5d.
The morphology of the cells was inspected daily and observed for micro-
scopically detectable alterations, including the loss of monolayer, rounding,
shrinking of the cells, granulation, and vacuolisation in the cytoplasm. The
cytopathic effect was scored (scores: 0=0% CPE, 1=0—25% CPE, 2=25—
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50% CPE, 3=50—75% CPE, 4=75—100% CPE). The 50% toxic concen-
tration (TCj,), the concentration required to cause visible changes in 50% of
intact cells, was estimated from graphic plots. The maximal non-cytotoxic
concentration (MNCC) was determined as the maximal concentration of the
natural products that did not exert toxic effect detected by microscopic mon-
itoring.

Cytopathic Effect Reduction Assay The antiviral activity of test sam-
ples against viruses was measured by the CPE inhibition assay.'>!>'®3% Two-
fold serial dilutions of natural products were seeded into cells monolayers
cultivated in 96-well culture plates, using the MNCC as the higher concen-
tration. An infection control was made in the absence of natural products.
An equal volume of virus suspension (100 TCIDs/ml) was added to the
cells monolayers. The plates were incubated at 37 °C in a humidified CO, at-
mosphere (5% CO,) for 2—5 d. After that, CPE was observed. The virus in-
duced CPE was scored as described above in cytotoxicity assay. The reduc-
tion of virus multiplication was calculated as % of virus control (%virus
control=CPE, /CPE ;s conro’< 100). The concentration reducing CPE by
50% with respect to virus control was estimated from graphic plots and was
defined as 50% inhibited concentration (ICs,) expressed in (ug/ml). The
therapeutic index (TT) was calculated from the ratio TC,,/ICs,
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