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Abstract—Actein (1), a tetracyclic triterpenoid from the rhizome of Cimicifuga racemosa (black cohosh), and 82 related triterpenoid
and steroidal saponins isolated from higher plants were evaluated for anti-HIV activity as a continuing study to discover potential
anti-AIDS agents from natural products. Actein showed potent activity and another twelve saponins showed moderate activity. The
active compounds included two steroidal, seven tetracyclic triterpenoid, and four pentacyclic triterpenoid compounds.
# 2003 Elsevier Ltd. All rights reserved.
In our continuing search for novel anti-HIV agents
from natural products, we found that a methanol
extract from the rhizome of Cimicifuga racemosa, com-
monly known as black cohosh, exhibited anti-HIV
activity. In Europe and the United States, this herb is
gaining popularity as a phytoestrogen for menopausal
symptoms;2 and in Japan and China, some Cimicifuga
spp. are used as antipyretic and analgesic agents in tra-
ditional Chinese medicine.3 The terpenoid saponin
actein (1) was identified as the anti-HIV principle of C.
racemosa by bioactivity-directed fractionation and iso-
lation. As our group has been interested in the anti-HIV
activity of various natural products,4,5 including a
recent investigation of triterpene derivatives of betulinic
acid6 and ursolic acid,7 we also evaluated 83 related
saponins (1–83), which are isolated from various plant
species, including Ranunculaceae,3,8 Liliaceae,9 Legmi-
noseae,10 Caryophyllaceae,11 Myrsinaceae,12 and Hip-
pocastanaceae,13 (Tables 1–3, Supporting Information),14

for inhibition of HIV replication in H9 lymphocytes.

Saponins are classified into several structural types: S
series are steroidal saponins, T series are tetracyclic
triterpenes, and G series are oleanane-type triterpenes.
Our study included 32 T-type (1–32), 5 S-type (33–37),
and 46 G-type (38–83) saponins. T-type and S-type
saponins have fewer sugar moieties than G series sapo-
nins, which are glycosylated at C-3 and C-28 and con-
tain one to three geranyl moieties. Some T- and S-type
saponins contain spiroketal moieties.

Thirteen out of the 83 tested saponins showed activity
against HIV replication in H9 lymphocytes.15 The data
are shown in Table 4 and the active structures are given
in Figure 1. The most promising compounds were T-
type saponins, with actein (1) being the most potent
compound with an EC50 of 0.375 mg/mL and TI of 144.
Six additional T type saponins (2, 3, 4, 6, 14, 22) had TI
values ranging from 10.5 to 30.2. Compounds 1–4 and 6
were isolated from Cimicifuga racemosa and are 9,19-
cyclolanostanol xylosides.8 Compound 14 was obtained
by acetylation of acetylshengmanol xyloside, which was
isolated from the rhizome of Cimicifuga dahurica.3

Compound 22, scillacilloside D-2, was isolated from
Scilla perviana.9 Two steroidal saponins (3316 and 3417)
had EC50 values <0.25 mg/mL, but were also quite
cytotoxic (IC50 �0.5 mg/mL). Four G type saponins
(38–41)11 showed only moderate activity and had low TI
values. The remaining saponins showed no HIV sup-
pression. Actein (1) appears to be a promising lead
compound for future structure modification studies.
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Figure 1.
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Figure 1 (continued).
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