Anti-HIV Lignans from Schisandra micrantha
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ABSTRACT

AIM : To find new naturd compounds with anti- HIV activity from Schisandra micrantha. METHORD :

The chemicd condituents of Schisandra micrantha were ilated by various column chromatographic methods. Their gructures
were assigned by ectrosoopic methods including 2D NMR experiments, and their anti- HIV-1 activities and cytotoxicities were
tested by microtiter syncytium formation irfectivity asssy. RESUL T: Four lignans, micrantherin A (1) , gomisn K3 (2) ,
gmisn G (3) , and viadinol F (4) were ilaed from the leaves and dems of Schisandra micrantha. Vladirol F (4) was
found to show potert anti- HIV-1 activity with IGs value of 3. 514 ¢/ nl. and a sective index of 27.45. CONCL USION: Mi-

crantherin A (1) was a new lignan.
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1 Introduction

In the pag two decades, a worldnide search has
been made for new chenotherapeutic agents targeting the
human immunodeficiency virus (HIV) , the causative a
gent for acquired immune deficiency syndrome (AIDS) .
Twenty-five drugs, including nucleod de/ nucleotide vi-
ral reverse transcriptase inhibitors (NRTIS) [, ron-nu-
deosde RT inhibitors (NNRTIs) 121 protease inhibitors
(P19) 1?1 andfuson (or entry) inhibitors (Fls) !, are
now gpproved for clinicd use in the US. However,
these drugs dficiency is actually limited by the toxicity
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asociated to such thergpies and the gopearance of HIV-
1 ressancel*®!. Therdfore, current searches for new
anti- HIV agents are focused on disoovering cormpounds
with novel dructures and different mechanism of action.
Many compounds with inhibitory HIV-1 activity have
been screened out from natural products and provided a
large reservoir for screening of anti- HIV-1 agents for
their diversties'®l.

The plants of the genus Schisandra are a rich
urce o lignans. Previous phytochemicad gsudies on
Schisandra ecies have reaulted in the iglation of
about 170 such compounds!”.
gation, a cycloartane triterpenoid , nigramic acid , was
found to show remarkable inhibitory fect on severa an-
ti-HIV reverse transcriptase and polymerase assays'®!.
In addition, schisantherin D dermmondrated potent anti-
HIV activity with ECsp value of 0. 54 ¢/ mL , and a ther-
gpeutic index (TI) of 50. 6, while the EGs; and Tl va-
uesof interiotherin A were 3. 1M g/nL and 13.2, re-
pectively!® . Lancilactone C, ilated from Kadsura

In our previous invedi-
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lancilimba, was found to shown arti- HIV activity with
ECs =1.4p g/ nL and a TL of greater than 71. 4. A
further examination of the 70 % acetone extract of S.
micrantha has led to the purification of a new lignan,
micrantherin A (1) , along with three known ones,
opmisn Kg(2) ™| oomisin G (3) | and viadimol F
(4) ). Detailsof the iolation , sructure determination
o 1, and inhibitory HIV-1 activity of compounds 1 4
are presented here.

2 Reaults & Discussion

Micrantherin A (1) , was obtained as a yelow
gum, and had the nolecular formula CgHzsOs as re-
veded by its HRESMS ([M + Na]®, m/z
523.2306, cacd for 523.2307) . The UV ectrum,
with maximum absorption a 241 (4.24) nm, and the
IR ectrum, with bands at 3448 (OH) , 1735 (eger) |,
and 1647 , 1598 cm™ * (arometic) , suggested that 1 was
a dibenzocyclooctadiene lignan posesing a hydroxy
gow and an eger linkage!™!. The *H and ®C NMR
goectra reveded that 1 possessed five methoxyls and one
pherolic hydroxyl group (Fedsin BOH, green) on the
arometic rings, an angeloyl group , and d 9 a secondary
methyl , atertiary methyl and two methyleneson the cy-
clooctadiene ring!*. The mass gectrum , with peaks at
m/ z 400 [M-MeCH = C(Me) COOH] * and 83 [MeCH
=C(Me) O0] * supported the presence of an angeloyl
goup on 1. The chemical shift of the angdoyl group
01.76,3H,d,J = 6.5 Hz; 1.77, 3H, s; 5.97,
1H, m) inthe *H NMR sectrum indicated that it was
mot shielded by the aronetic ring, suggeging it being
attached to G-7 or G-8 of the cyclooctadiene ring ™ 5.
In HMBC spectrum (Fgure 1) , H6 @4 2.73, d,
J =14.1Hz;2.48,dd,J = 7.8, 14.1 Hz) corre-
lated to the secondary methyl (Me-18,0¢ 16.4) , G4
0c113.9) and G16 ©c 124.5) ; H9 O 4 2.38,
2.77,d, J = 13.7 Hz) oorrdated to the tertiary
methyl (Me17,0:29.7) , C11 ©c112.2) and CG15
0c123.3) , H7 04 1.86, m) corrdated to G5 O ¢
136. 0) , which egablished the angeloyl group being lo-
cated a C-8. In NOESY sectrum, the NOE correlation
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between H-3 and H-7 further supported the above as
sgnment (Fig 2).

The pherolic hydroxyl group in 1 was located at G
1 postion , which was supported by the presence of two
upfield methoxyl sgndsa G3 © 56.6) and CG12 ©
56. 4) in the *C NMR gectrum!*! | and by comparion
with that of isoschisandrin (5) 8™, In the ®C NMR
gectrum, the dgnas a the G10 C15 regon in 1
gopeared a the same chemica shifts asthose of 5, but
the sgna of G1 © 151.7) in5was upfidd shifted tod
143.3in1. The C4, G5 and G 16 sgnal swere down-
field shifted fromd 110.6, 133.7 and 122.9 in 5 t0d
113.9, 136.0 and 124.5 in 1, regpectively. These
findings suggesed that the 1-OCH; in 5 was replaced by
1-OH in 1. This asignment was d< supported by the
HMBC correlations between H4 © 6.88, s)/ G2 ©
140.5) , 220CH; © 3.84)/C2 6 140.5) , 30OCH; ©
3.9)/CG3 © 152.3) , 120CH; ® 3.87)/C12 ©
153.5) , 13-OCH: © 3.84)/CG13 © 141.1) , and 14-
OCH;© 3.54)/C14 6 152.9) , regpectively.

The gereochemical assgnments in the cyclooctadi-
ene ring were grengthened by the NOESY gpectrum.
The H4 had NOE corrdations with H-@ , 3-OCH;s ,
and 18- CHsz[which was d 9 corrdlated with H-® ] ; the
H11 with H® and 12-OCHs ; the HPB with Me-18
indicating a twis-hboat-chair corformation (Fg 2) [*°.

To determine the abolute oorfiguration of the
biphenyl group of 1, the circular dichroism (CD) ab-
omtion vaues were examned. The CD gectrum
showed postive Qotton efect around 225-255 nm, sug
geding micrantherin A (1) possesed an R-biphenyl
corfiguration as gomian A , whose absol ute sructure has
been egablished by X-ray andyds and shown to have
R-corfiguration of biphenyl part!®: 2.

The potencies of micrantherin A (1) , gomindn K;
(2) , gomindn G (3) , and Viadinol F (4) in preventing
the cytopathic efectsaf HIV-1 in C8166 cdls, as well
as conpound-induced cytotoxicity in C8166 cdlsin par-
ald with the antiviral activity were evaluated. The re-
sults from the cell-based assys are summarized in
Table2. Anpng these conpounds, 4 possessed cytotoxi-
city with CCs value of 96. 36U ¢/ mi. on tesed human T
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cel leukemia cell line C3166 & the assayed doses, and
denongrated potent anti- HIV-1 activity with ECs, value
of 3.51U ¢/ mL and a sHlectivity index (SI) of 27.45.
Micrantherin A (1) showed weak anti- HIV activity.

0
R, R, Ry Ry R i CH,
H H CH, CH; OAng Ang = 273
H

1
§ CH, CH, OH H CH, CH,

OCH,

Fg2 Key NOESY corrdaions assgned for 1

3 Experimental

3.1 GCenerd

Optical rotations were measured in Horiba SEPA-
300 High Senstive Polarimeter. The CD ectra were
recorded on a JASOO J-810 sectropolarimeter. IR
goectra were obtained in KBr disc on aBio-Rad Win in-
frared goectrophotometer. ESFMS were measured on a
VG Auo Pec-3000 MS pectrometer. *H, BCNMR
and 2D NMR sectra were recorded on Bruker AM-400
and DRX-500 ingruments with TMS as interna gan-
dard. Golumn chromatography was performed on dlica
ol (200-300 mesh) , or on dlicagd H (10 40um,
Qingdao Marine Chemicd Inc. , China) . Fractions were
nonitored by TLC and gpots were visudized by heating
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dlica gd plates grayed with 10 % H,S0, in BOH.
3.2 Pant material

The leaves and gems of S. micrantha were ool-
lected in Dai , Yunnan, PR China, in November 2001.
A woucher pecimen (No. KIB 01-11-05) was deposited
in the Sate Key Laboratory of Phytochemigry , Kunming
Inditute of Botany , and was identified by Prof. Wu Sur
@&ng.
3.3 Extraction and Isolation

The air-dried and powdered leaves and gemsof S.
micrantha (6.8 kg) were extracted with 70 % aqueous
MeQ0 (20L x 3, 24 h) a room terperature and the

extract was partitioned successvely with petroleum ether
BL x2) and BOAC (5L x3), repectivdy. The
petroleum ether extract (75 g) was sgparated into Sx
fractions (F.
(CC) over dlica gd duting with petroleum ether conr
taining amountsof acetone (1 0,191,91,8 2,7

3). F. (19 g, duted with 10 % acetone) was chro-
matographed on dlica gl usng cyclohaxane-i sopropanol
(100:1) as dution to dford 1 (285 mg) and 2 (24
mg) . The BOAC extract (170 g) was subjected to CC
over dlica gd duting with a CHO-Me;QO (1 00 1,
180 L) gradient sydem to gve fractions 1-5. F. 2
(CHA3) was chromatographed on CC (dlica od
petrol-Me,C0 19 1) to gve 3 (48 mg). F. 3 (CHAx
Me,Q0 10 1, 11.5 g) was further purified by CC on
dlica gd duted with petrol- BOAc-Me,CO (10 1 1) to
vidd 4 (175 mg) .

3.3.1 Micrantherin A (1)  Yelow gum. [a ]5° +
16.2° (¢ 0.43, CHd3) ;IR (KBr) V s 3448 (br) ,
2935, 1735, 1647, 1598, 1578, 1494, 1456, 1401,
1321, 1225, 1127 cm ', UV (MeOH) A (loge )
241 (4.24) nm. @D (¢ = 0.015, CHO3) AODuss 4
+80.049, AODp s - 16.136, AODsx7 g + 30. 257,
AODyp - 27.315 (mdeg) . EFMS m/ z 500 (M*,
100) , 482 (8) , 432 (6) , 418 (42) , 400 (8) , 386
(15) , 375 (8) , 345 (15) , 315 (40) , 299 (15) , 271
(5) ,241 (4) ,181 (1) , 83 (42). HRES-FMS (posi-
tive ion node) m/ z: found 523.2306 [M + Na]”*

) through column chromatography
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cdc. 523.2307) . H (400 MHz, CD; OD) and

BC NMR (100 MHz , CD;OD) data e Table 1.

Table1 'Hand ®C NMR Spectral Data for micrantherin A (1) in CD;OD?

Postion O y(mut, J, Ho) dc postion O y(mut, J, Hz) dc
1 143.3 s 14 152.9's
2 140.5's 15 123.3s
3 152.3's 16 124.5s
4 6.88 (9 113.9d 17 1.25 (9 29.7q
5 136.0's 18 0.89 (d, 7.1) 16.4 q
[ 2.48 (dd, 7.8, 14.1) 36.2t 1 166.9 s
® 2.73(d, 14.1) 2 128.7 s
7 1.86 (m) 42.1d 3 5.97 (m) 138.6d
8 73.5s 2-Me 1.77 (9 20.6 g
@« 2.77 (d, 13.7) 42.6t 3-Me 1.76 (d, 6.5) 15.7 q
® 2.38 (d, 13.7) 2-OCHs 3.84 (9 61.3q
10 135.7 s 3-OCHs 3.91 (9 56.6 q
1 6.73 (9 112.2d 12-0OCH3 3.87 (9 56.4q
12 153.5 s 13-OCHs 3.84 (9 61.2q
13 141.1s 14-OCHs 3.54 (9 61.0q

Data were recorded on Bruker DRX-400 MHz ectrometer ; asignmerts were corfirmed by HVBC and ROESY.

Table 2 Anti- HIV-1 activity, cytotoxicity, sdective index
for 1 4.
rmpound Cytotoxity Syncytium
Cpligm) ™ ECougn)@  gld
1 99.02 24.54 4.04
2 30.76 3.83 8.03
3 56.01 5.74 9.57
4 96. 36 3.51 27.45

Pata are expresed as means of three dependert measurements.

b Gncentration required to reduce C3166 cdll's viahility by 50 %.
“Concentretion required to reduce HIV-1 g induced syncytium formetion by
50 % on C8166 cdls.

I ectivity index (1) : ratio OCsy/ ECsp.
3.3.2 (2241 Qytotoxicity
assy. The cdlular toxicity of compounds on CB8166
cdls was asesed by MTT oolorinetric assay as de-
<cribed previoudy. Bridly, 100UL of Vero cdls was
seeded onto a microtiter plate, 100U L of various conr
centrations of conpounds was added and incubated at 37
in a humidified amophere of 5% QO, for 72 h.
Discard 100M L supernatant , MTT reagent was added
and incubeted for 4 h, 100ML 50 % DMF10 % S
was added. After the formazum was dislved conmplete-
ly , the plates were read on a Bio- Tek B_x 800 erzyme-
linked immurosorbent assay (BLISA) reader at 595
nn/ 630 nm. The results were shown by absorbance val-
ues.

HIV-1 Inhibition assays

Inhibition assay for the cytopathic dfects of HIV-
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1. Antimicrobia peptides serialy diluted with RFMI-
1640 medium were added to triplicate wellsof a 96-well
flatbottomed microtiter plate , then 4 x 10* C8166 cells
and 200 TCIDs (50 % tissue culture irfectious dose) of
HIV-1 g dock 2lution were added immediately to each
well. After incubation at 37  for 72 h without chang-
ing medium, syncytia cells from five different fields of
each well were examined and counted under an inverted
microsoope (100 x ). The inhibition percentage of syn-
cytia cdl formetion was cdculated by percentage of
gyneytia cell number in the saple treated culture to
that inirfected control culture. The concentration of the
antiviral sample reducing HIV-1 replication by 50 %
(BECx) was determined from the dose regoonse curve.
The sdlectivity index (Sl) was caculated from the ratio
o CCsy/ ECsp.
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