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Abstract The continued advance of HIV-AIDS

makes the development of relatively inexpensive,

freely accessible, and mechanistically more diverse

antiviral therapies an urgent need. Natural products

are, directly or indirectly, an important potential

source of compounds meeting these conditions. A

review of the recent literature indicates that some

hemisynthetic triterpenoid derivatives, particularly

belonging to the lupane, oleanane and ursane series,

may be nearing a stage where they can be used to

complement existing therapeutic approaches. On the

other hand, although some natural derivatives of

tetracyclic terpenoid families have revealed many

novel structures and some promise as anti-HIV

substances, their chemical modification to improve

their potency and selectivity remains practically

untouched. While ongoing work with the more

‘classical’ pentacyclic triterpenoids will continue to

be a fertile field for HIV-AIDS drug discovery, the

other structural groups offer unprecedented opportu-

nities for the development of additional substances

with useful properties and for the discovery of novel

targets for antiviral therapy.
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Introduction

As of 2007, about 33 million people worldwide were

estimated to be living with HIV-1 infection, of which

22 million inhabited Sub-Saharan Africa and more

than 4 million were in South and South-East Asia.

Globally, only 27–34% of those in need of antiretro-

viral therapy were receiving it (WHO 2009). In

addition to these tragic figures, the cost of this therapy

in most countries and the rapid development of viral

resistance to drugs in current use underline the need for

less expensive, preferably non-patented, and mecha-

nistically more diverse antivirals is a pressing concern.

Aside from the nucleoside analogue reverse trans-

criptase inhibitors (Zidovudine, Didanosine, Stavu-

dine, and so on), many classes of natural products and

some of their analogues and hemisynthetic deriva-

tives have been tested with varying success for

anti-HIV-1 activity. As early as 1989 soybean
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saponins were shown to inhibit the infectivity of

HIV-1 in vitro (Nakashima et al. 1989), and a number

of other saponins have exhibited similar activities

over the years. Although such compounds can be

useful to limit transmission of the virus, their

pharmacokinetics and the fact that they are generally

unacceptable for parenteral use set practically

impassable limits to their wider application. From a

medicinal chemical viewpoint one would wish for

‘druglike’ molecules that satisfy Lipinski’s ‘rule of

five’ or its extensions, which would be met by most

triterpenoid aglycones.

In 1992 a friedo-triterpene, salaspermic acid, was

reported to inhibit HIV-1 replication in H9 lymphocytes

with EC50 = 5 lg/ml (10 lM), while its antiprolifera-

tive activity in uninfected cells gave an IC50 = 53 lM

(Chen et al. 1992). A major breakthrough occurred

2 years later, when betulinic acid, dihydrobetulinic acid,

and platanic acid were shown to be potent and

moderately selective HIV inhibitors and that, among

various betulinic acid derivatives esterified at C3, the

hemisuccinate retained similar potency (Fujioka et al.

1994). This led to the development of the extremely

potent 3-O-(30,30-dimethylsuccinyl)betulinic acid,

which inhibited HIV replication with EC50 \ 0.35 nM

and a selectivity index of 20,000 (Hashimoto et al. 1997)

(Bevirimat, PA-457, MPC-4326), and which is now in

Phase II clinical studies:
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O
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Two important reviews published just before the

period we are covering are those of Sun et al. (2003)

and Baglin et al. (2003), the latter concentrating on

triterpenoids and more specifically betulinic, ursolic

and echinocystic acid derivatives. A short paper on

the HIV-1 antiviral activity of betulinic acid deriv-

atives is one by Aiken and Chen (2005). An extensive

review of the literature up to 2004 on anti-HIV

activity of naturally derived compounds is frustrat-

ingly brief regarding triterpenoids (Asres et al. 2005).

The structure–activity relationships of oleanane- and

ursane-derived triterpenoids as anti-HIV agents,

covering the literature until 2002, were briefly

reviewed (together with several other activities) in

2006 (Sun et al. 2006a). Another recent review

presents diverse classes of natural products with anti-

HIV activities (Yu et al. 2007a). Most recently, plant

anti-HIV agents were considered in the framework of

their putative mechanisms of action but, as far as

triterpenoids are concerned, the only current devel-

opment mentioned is one of the papers discussed

below on Schisandra lancifolia constituents (Cos

et al. 2008; Xiao et al. 2006c). Finally, a review has

just appeared providing a welcome summary of what

is known of the structure–activity relationships of

hemisynthetic lupane, ursane and oleanane deriva-

tives, as well as a listing of most of the other anti-

HIV natural triterpenoids discussed here (Kuo et al.

2009).

Pentacyclic triterpenoid derivatives

Lupanes

The previously known lup-20(29)-ene-3b,30-diol,

3b-hydroxylup-20(29)-en-30-oic acid and betulinic

acid were isolated, together with a series of inactive

compounds and a couple of moderately active

xanthones, from leaves and twigs of Cratoxylum

arborescens (Vahl) Blume (Clusiaceae or Guttiferae).

The anti-HIV activity of betulinic acid was con-

firmed, and that of the lupenediol and lupenoic acid

was demonstrated by inhibition of the viral reverse

transcriptase (IC50 = 10.8, 14.0, and 8.7 lg/ml,

respectively), and of syncytium formation by HIV-

infected 1A2 cells (EC50 values \3.9, 6.4, and

23.8 lg/ml) with a more favorable therapeutic index

versus cytotoxicity (TI = 11.7) in the case of the

lupenediol (Reutrakul et al. 2006).

lup-20(29)-ene-3β,30-diol
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It has been pointed out that hydrogen bond donors

on the isopropenyl side chain of betulinic acid result

in a severalfold reduction of anti-HIV activity, while

diverse ether substituents at this position can be used

to improve solubility without affecting antiviral

activity (Qian et al. 2009). The results obtained with

the Cratoxylum metabolites mentioned above suggest

that, in lupene derivatives lacking a C-28 carboxylic

acid function, hydrogen bond donors at C-30 may be

better tolerated, pointing to an alternative to C-28 for

functionalization in the quest for novel AIDS drugs.

A total of fourteen triterpenoids, three of them

previously undescribed, were isolated from the stems

of Stauntonia obovatifoliola Hayata subsp. interme-

dia (Y. C. Wu) T. Chen (Lardizabalaceae) (Wei et al.

2008). Of the previously known compounds of this

plant, two lupanes (lupeol and lupenone) were

inactive and resinone, lup-20(29)-ene-3b,16b-diol,

and betulin, showed modest activity with IC50 =

29.4, 33.0, and 53.0, respectively (Wei et al. 2008).

It seems worth pointing out that some of the active

Cratoxylum and Stauntonia lupenes have an unoxi-

dized (C-28) methyl group at C-17. Although these

compounds are not highly active, they clearly show

that, at least in the lupane series of ‘classical’

pentacyclic triterpenes, a C-28 acid function or some

of its extensions is not a prerequisite. If a polar group

is necessary near the D/E ring junction, the effect of

functionalization at positions not far removed from

C-28 such as C-30 or C-16 should be explored

further.

Oleananes

Papyriogenin A, isolated from the aerial parts of

Tetrapanax papyriferus (Hook) K. Koch (Araliaceae)

inhibited p24 antigen production in the H9 T

lymphocyte cell line acutely infected with HIV-1IIIB,

showing EC50 \ 0.8 lg/ml. Although this compound

proved to be fairly toxic to infected cells

(IC50 = 8.91 lg/ml), its selectivity index ([11.1)

was considered promising (Ho et al. 2007).
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O
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It should be pointed out that papyriogenin A

differs from most oleananes (and ursanes) in having a

conjugated D11,12,13,18 diene moiety. This not

only offers uncommon opportunities for modification

(both ‘chemical’ and in vivo enzymatic), but also

changes the stereochemistry of the C/D and D/E ring

junctions, which may have important consequences

for antiviral activity.

Among the previously known compounds iso-

lated from Stauntonia obovatifoliola (vide supra),

two noroleananes: 3b-hydroxy-30-noroleana-12,20

(29)-dien-28-oic acid and 3a,24-dihydroxy-30-nor-

oleana-12,20(29)-dien-28-oic acid, inhibited HIV-1

protease with IC50 = 35.0 and 40.8 lg/ml, respec-

tively; and three oleananes: 3-O-acetyloleanolic

acid, mesenbryanthemoidgenic acid, and 3b,23-

dihydroxyolean-12-en-28-oic acid were also active

with IC50 = 38.0, 28.0, and 36.0 lg/ml, respec-

tively. In this assay, the previously studied

H

OH

O

H
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resinone lup-20(29)-ene-3 ,16 -diol
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oleanolic acid exhibited IC50 = 24.8 lg/ml (Wei

et al. 2008).

Maslinic acid, which can be isolated on an

industrial scale from the wastes of olive oil produc-

tion, has been shown to inhibit HIV protease (Xu

et al. 1996).

Recent work demonstrated that coupling with an

amino acid or peptide residue at C-28 in most cases

reduces the ability of maslinic acid to inhibit HIV

replication (though not necessarily via protease

inhibition) in MT-2 cells infected with the pNL4-3

HIV-1 clone. Nevertheless, two of these derivatives

were at least as potent as maslinic acid itself,

inhibiting viral replication by 33–57% at 10 lM

(Parra et al. 2009):

Glycyrrhizic acid, the main saponin of liquorice

(Glycyrrhiza glabra L.) root extracts, was shown to

have anti-HIV activity more than 20 years ago (Ito

et al. 1987), although its selectivity (versus cytotox-

icity) is poor:

HO HO

3 -hydroxy-30-noroleana-12,20(29)-
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3α,24-dihydroxy-30-noroleana-12,20(29)-
dien-28-oic acid
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Recent publications describe the synthesis of

several amino sugar conjugates, heterocyclic and

carbocyclic amides of glycyrrhizic acid and their

assay in HIV-1-infected MT-4 cell cultures. Some of

these new compounds exhibited promising selectivity

indices (Kondratenko et al. 2004, 2009).

Moronic acid, isolated from a southern Brazilian

propolis (believed to originate primarily from the local

Myrceugenia euosma (O. Berg) Legrand, Myrtaceae),

had been shown to significantly inhibit p24 antigen

release from H9 cells infected with HIV-1IIIB

(EC50 \ 0.1 lg/ml) with a good therapeutic index

([186) relative to its cytotoxicity (Ito et al. 2001).

Structural modification of this natural product led to

compounds with more potent anti-HIV activity than

the betulinic acid analogue Bevirimat (PA-457,

MPC-4326), and HIV maturation inhibitor which is

currently in Phase 2 clinical trials. The more promising

analogue ‘‘20’’ (EC50 values of 0.0085, 0.021, and

0.13 lM against different viral strains, the latter

resistant to Bevirimat) is depicted below (Yu et al.

2006).

Moronic acid has an unusual double bond

between C-18 and C-19 instead of the common

D11,12 arrangement. This clearly modifies the geom-

etry of the ring-D/ring-E system as compared to the

widespread olean-12-enes (and urs-12-enes), which

might be related to the potent antiviral activity of

moronic acid derivatives. The similar orientation of

the C-28 carboxyl group of 3b-hydroxymoronic and

betulinic acids has been noted as a possible

explanation (Yu et al. 2006). A simple model of

oleanolic or ursolic acid also places the C-28

carboxyl group in a similar position (Huang et al.

2007c), but a rigorous conformational comparison of

D11,12, D18,19, and D11,12,13,18 oleanane/ursane

derivatives with the lupane skeleton is still clearly

necessary.

A paper that seems to have been overlooked by

the recent reviews is one by Ma et al. (2002),

describing the synthesis, viral protease inhibition

and anti-HIV assay (in MT-4 cells) of a series of

oleanolic acid derivatives conjugated with the

nucleoside analogue reverse transcriptase inhibitor

zidovudine or azidothymidine (AZT). Although

AZT has no effect on the protease, these compounds

inhibited the enzyme with IC50 values in the 1.2–

20 lM range, and showed anti-HIV-1 activity in the

0.370–18.4 lM range, with no obvious correlation

between both activities. It should be pointed out that

the immediate precursors of the AZT conjugates, i.e.

before attaching the nucleoside analogue, also

inhibited the viral protease in the 3.0–7.5 lM range.

The three most potent anti-HIV-1 AZT conjugates,

designated as ‘‘5b’’, ‘‘6b’’ and ‘‘7b’’ with IC50

values of 0.589, 0.370, and 0.469 lM, respectively,

and selectivity indices of 200 or more, are depicted

below.
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Ursanes

Out of 12 Rosaceae extracts, one prepared from Rosa

rugosa Thunb. roots inhibited HIV-1 protease at a

concentration that warranted further study. Fraction-

ation of this extract led to the isolation of rosamultin,

which only inhibited the enzyme by 53% at a

concentration of 100 lM (Park et al. 2005).

HO

HO

HO

O

O

O

HO
OH

OH

HO

rosamultin

2,3-Seco-lupanes, -oleananes, and -ursanes

Exploiting the common presence of a C-3 hydroxyl

group (which allows the preparation of 2,3-seco-2,3-

dioic acid derivatives) and a C-28 carboxyl group on

the betulinic, oleanolic, and ursolic acid skeletons,

Wei et al. (2009c) prepared a series of thirty

derivatives with different A ring modifications and

with the C-28 carboxyl incorporated into a methyl

ester or an L- or D-valine peptide. Aside from two

compounds which were practically inactive toward

HIV-1 protease, most of the derivatives were mod-

erate to weak inhibitors with IC50 values in the 10–

90 lM range, and two of them, ‘‘3c’’ and ‘‘3e’’,

among the least elaborate structures, were more

potent, with IC50 = 5.7 and 3.9 lM, respectively.

HOOC

HOOC
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The authors note that free carboxyl groups or

‘multi-hydrogen bonding capacity’ of the A-ring,

together with a free carboxyl group at C-28 or C-

30, seem to favor HIV-1 protease inhibition, as also

pointed out in Kuo et al. (2009). In general, all

compounds were very weak inhibitors of hepatitis

C virus protease, renin, and trypsin (IC50 [
80 lM).

Two of the new compounds from Stauntonia obovat-

ifoliola (vide supra) 16b-hydroxy-2,3-secolup-20

(29)-ene-2,3-dioic acid, and 16b-hydroxylupane-1,20

(29)-dien-3-one, inhibited HIV-1 protease with IC50 =

8.7 and 25.0 lg/ml, respectively (Wei et al. 2008):

H

OH

OHO

O

HO

H

OH

O

16β -hydroxy-2,3-secolup-20(29)-
ene-2,3-dioic acid

16β-hydroxylupane-1,20(29)-
dien-3-one

16

Here again the more potent compound is a 2,3-

seco derivative, presumably formed via a 2,3-

dihydroxylupene.

3b-HydroxynorlupA(1)-20(29)-en-2b,28-dioic acid

was isolated from a methanol extract of the thorns

of Gleditsia sinensis Lam. (Fabaceae, Caesalpinoi-

deae):

H

HO
O

OHO
OH

This unusual compound, which inhibited syncytia

formation by HIV-1-infected C8166 cells with the

unusually potent EC50 \ 0.064 lg/ml (Li et al.

2007), can be viewed as derived from a 2,3-

dihydroxylupene by oxidation to a seco derivative

followed by reclosure of the A-ring, e.g.
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The presence of a neighboring hydroxyl and carboxyl

group on ring A suggests that the ‘multi-hydrogen

bonding capacity’ in this region of the molecule

might be a general feature of triterpenoids with

enhanced anti-HIV activity. In fact, this might also be

extended to less highly modified triterpenoids such as

the 2,3-dihydroxylated maslinic acid (2a,3b-dihy-

droxyolean-12-en-28-oic acid) which is a well doc-

umented, fairly potent inhibitor of HIV protease (Xu

et al. 1996).

Hopanes

An 80% methanol extract of the rhizome of Dryop-

teris crassirhizoma Nakai (Dryopteridaceae, formerly

Aspidiaceae) gave a total of eighteen secondary

metabolites, of which two were previously unre-

corded diastereomeric triterpenes, dryopteric acids A

and B. Of the isolated compounds, ursolic acid and

dryopteric acids A and B inhibited HIV-1 protease

with IC50 values of 8.9, 26.5, and 44.5 lM. It is

noteworthy that acetylation of the dryopteric acids

increased their inhibitory activities to IC50 = 1.7 and

10.8 lM, respectively (Lee et al. 2008).

dryopteric acid A

HO

H

H H

dryopteric acid B

HO

H

H H

O
HO

O
OH

It may be significant that in these compounds two

hydrogen-bonding functions are placed in close

proximity (particularly in the more potent dryopteric

acid A and its acetate) on ring A, a feature vaguely

reminiscent of the situation pointed out for moronic

acid, the hemisynthetic and natural 2,3-seco-

compounds mentioned above, and the unusual 3b-

hydroxynorlupA(1)-20(29)-en-2b,28-dioic acid of

Gleditsia sinensis.

Serratanes

3a-Methoxyserrat-14-en-21b-ol and 3b-methoxyser-

rat-14-en-21b-ol are abundant triterpenoids in Picea

species (Pinaceae), accounting for more than

one-third of the chloroform extract of the bark of

P. jezoensis (Sieb. et Zucc.) Carr. var. jezoensis,

P. jezoensis (Sieb. et Zucc.) Carr. var. hondoensis

(Mayr) Rehder, and P. glehni (Fr. Schm.) Masters

(Tanaka et al. 2000).

3α-methoxyserrat-14-en-21 β-ol

H

O

3β-methoxyserrat-14-en-21 β-ol

H

O
H3C H3C

H H

OHOH

HH

The 3a-methoxy isomer has been recently shown to

decrease the size of adenomas and other tumors in a rat

carcinogenesis model (Yamaguchi et al. 2008), and the

abundance of these two compounds seems to have

prompted the synthesis of a collection of eighteen of

their conjugates with the antioxidant natural products

curcumin, kojic acid, quercetin, and baicalein, using

malonic and succinic acids as linkers, and their assay as

HIV-1 reverse transcriptase inhibitors. The natural

HO

O
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products were inactive (and non-cytotoxic) in the

C8166-CCR5 cell line, as was the case for all the

curcumin derivatives synthesized, but some of their

kojic acid derivatives and, to a smaller measure,

quercetin and baicalein derivatives, were of interest.

Kojic acid linked through its 5-hemisuccinate to the a-

and b-methoxyserrat-14-en-21b-ols gave products

‘‘11’’ and ‘‘12’’, with EC50 = 4.13 and 6.75 lg/ml,

respectively, and low selectivities.

Kojic acid linked through its bis-hemisuccinate to

the 3b-methoxy compound (‘‘13’’) was of particular

interest, being quite highly potent (EC50 = 0.12 lg/

ml) although with modest selectivity (SI = 35). The

3a-methoxy analogue of ‘‘13’’ (‘‘14’’) was less

potent (EC50 = 5.94 lg/ml SI [ 17 (Tanaka et al.

2009).

Tetracyclic triterpenoid derivatives

Dammaranes

An acid hydrolysate of a methanol extract of Panax

ginseng C. A. Meyer (Araliaceae) roots was frac-

tionated to afford the presumed artefacts (20R)-

20,25-epoxydammar-2-en-6a,12b-diol (1), (20R)-20,

25-epoxy-3-methyl-28-nordammar-2-en-6a,12b-diol

(2), and isodehydroprotopanaxatriol (3), along with

(20R)-panaxadiol, (20R)-panaxatriol, and oleanolic

acid. Panaxadiol and -triol were inactive as inhib-

itors of HIV-1 protease, but the new compounds

exhibited IC50 values in the narrow 10.3–12.3 lg/

ml range, being somewhat less potent than olean-

olic acid (6.3 lg/ml) in the current assay (Wei et al.

2009a).

A methanol extract of Alnus firma Sieb. et Zucc.

(Betulaceae) leaves yielded, among a series of inactive

compounds and reverse transcriptase-inhibiting flavo-

noids, the secodammarane alnustic acid methyl ester,

which inhibited HIV-1 protease with IC50 = 15.8 lM.

This triterpenoid did not inhibit the viral reverse

protease or a-glucosidase (Yu et al. 2007b).
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Acutissimatriterpenes D and E, isolated from the

aerial parts of Phyllanthus acutissimus Miq. (Phyl-

lanthaceae, formerly Euphorbiaceae), inhibited syn-

cytia formation in 1A2 cells with EC50 = 5.1 and

\3.9 lg/ml, respectively, the former with negligible

selectivity versus cytotoxicity, but the latter with a

promising selectivity index (SI) [8.1. Acutissimatri-

terpene D inhibited HIV-1 reverse transcriptase by

only 37.8% at 200 lg/ml, and acutissimatriterpene E

was inactive in this assay, suggesting that these

compounds act by a mechanism other than RT

inhibition (Tuchinda et al. 2008).

O

H

acutissimatriterpene D

OH

H

H

OO

O

OCH3

O

H

acutissimatriterpene E

OH

H

H

OO

O

O

OHH

O

OCH3

In what appears to be a first effort to discover

hemisynthetic tetracyclic triterpene derivatives with

anti-HIV-1 activity, Wei et al. (2009b) used (20R)-

panaxadiol and (20R)-panaxatriol from a Panax gin-

seng extract hydrolysate to prepare various 2,

3-seco, A-nor, and 30,30-dimethylsuccinyl derivatives.

Although the latter were reasonably potent inhibitors of

HIV-1 protease, with IC50 values in the 2-7-10.9 lM

range, several other compounds prepared by these

authors inhibited the enzyme with IC50’s in the 10.0–

42.3 lM range and very few were practically inactive.

Some of these products were also potent-to-moderate

inhibitors of hepatitis C virus protease. The more highly

anti-HIV-1 active esters are depicted below (DMS =

30,30-dimethylsuccinyloxy) with their IC50 values (lM).

R3

H

R3 = DMS; R6 = H, H; R11 = H, β-OH                 2.7

R3 = DMS; R6 = H, H; R11 = O                           6.5

R3 = DMS; R6 = H, α−OH; R11 = H, β-OH         3.9

R3 = OH; R6 = H, α-DMS; R11 = H, β-OH          2.7

R3 = DMS; R6 = H, α−DMS; R11 = H, β-OH       5.4

R3 = DMS; R6 = H, α−DMS; R11 = O                10.9

H

H
O

R6

R11

Cucurbitanes

Hemsleya is a genus of Cucurbitaceae that is widely

distributed in China, used in traditional Chinese

medicine, and an extensively studied source of cucur-

bitane derivatives. The antibacterial activities of 23,24-

dihydrocucurbitacin F (hemslecin A) and its 25-acetate

(hemslecin B) were demonstrated more than two

decades ago, and the effectiveness of the former was

demonstrated in clinical trials (Nie and Chen 1986).

Hemslecins A and B, now isolated from the tubers of

Hemsleya pengxianensis L. T. Shen et W. J. Chang var.

jinfushanensis have been shown to inhibit syncytia

formation in C8166 cells induced by HIV-1IIIB with

EC50 = 3.09 and 2.53 lg/ml, respectively, inhibit p24

antigen production in acutely infected C8166 and MT2

cells, and also inhibit cell-to-cell fusion of C8166 cells

with chronically infected H9/HIV-1IIIB cells. Hemsle-

cin A was severalfold more potent in all these assays.

The hemlecins had no effect on viral protease and

reverse transcriptase (Tian et al. 2008).

H
OH

OH

HO

alnustic acid methyl ester

H3CO
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HO

HO

H

O

OH

hemslecin B: R = Ac

O
OH

Two new octanorcucurbitacins and six previously

described cucurbitacins, isolated from the tubers of

Hemsleya endecaphylla C. Y. Wu, were tested for the

inhibition of syncytia formation in HIV-1-infected

C8166 cells. All compounds were at least moderately

active, but cucurbitacin B showed very potent anti-

HIV-1 activity (EC50 = 0.09 lg/ml) with a selectiv-

ity index of 16.7 and the somewhat less potent 23,

24-dihydrocucurbitacin D and cucurbitacin I (EC50 =

0.13 and 0.70 lg/ml, respectively) were more selec-

tive (SI = 20.6 and 50.0, respectively) (Chen et al.

2008a).

Momordica charantia L. (Cucurbitaceae) is widely

distributed in tropical and subtropical Africa and

Asia, its fruit (ku gua, karela, bitter melon, bitter

gourd, African cucumber or balsam pear) is a popular

vegetable in China, India and Pakistan, and is well

documented as a source of drugs that improve

glucose tolerance. This plant is known to contain

more than 50 cucurbitacins and cucurbitane glyco-

sides. Two recent studies on the roots and aerial parts

of this plant led to the isolation and structure

elucidation of 19 new members of this structural

class, kuguacins A–S. Of these, only kuguacins C, E,

Q and S showed moderate to strong activities in

preventing cell death in HIV-1-infected C8166 cells

(EC50 values of 8.45, 25.62, 7.2, and 3.7 lg/ml,

respectively). Kuguacins C and E exerted minimal

cytotoxicity against uninfected cells (IC50 [ 200 lg/

ml), pointing to selectivity indices [23.68 and 7.81,

respectively, while the corresponding indices of

kuguacins Q and S were 7.6 and 13.3, respectively.

Six previously known cucurbitacins were also tested,

endecaphyllacin A

O

O

O

HO

endecaphyllacin B

O

O

O

HO
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23.24-dihydrocucurbitacin E

22-deoxocucurbitacin D: R 1 = H2, R2 = H

23,24-dihydrocucurbitacin B: R = Ac

Phytochem Rev

123



of which 3b,7b,25-trihydroxycucurbita-5,(23E)-

diene-19-al and momordicine I showed promising

activities, with EC50 values of 5.67 and 5.37 lg/ml,

respectively, but also with low selectivity (Chen et al.

2008b, 2009).

Some of these results have been briefly reviewed

by Lee et al. (2009).

Lanostanes

Several lanostane triterpenes named colossolac-

tones have been isolated from the fruiting bodies

of the white rot (wood-decaying) fungus Gano-

derma colossum (Fr.) C. F. Baker (Ganodermat-

aceae) (Kleinwächter et al. 2001; El Dine et al.

2008). A number of these were tested for

inhibition of HIV-1 protease, and several showed

IC50 values in the 5–39 lg/ml range, with colos-

solactone G, schisanlactone A, and colossolactone

V exhibiting values below 10 lg/ml (El Dine

et al. 2008). An IC50 = 20 mg/ml had been

reported earlier for schisanlactone A (Sun et al.

2006b).
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HO
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OEt
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Five new and six previously known lanostane-type

triterpenoids were isolated from the fruiting body of

Ganoderma sinense and tested for inhibition of HIV-

1 protease (Sato et al. 2009). Of these, the new

ganoderic acid GS-2, and the previously described

20-hydroxylucidenic acid N, 20(21)-dehydrolucide-

nic acid N, and ganoderiol F, were active in the 20–

40 lM range:

Nortriterpenoids of the Schisandraceae

The Schisandraceae constitute a small ‘‘primitive’’

angiosperm family with only two or three genera:

Schisandra (25 species), Kadsura (22 species), and

Illicium (42 species), the latter placed by some in the

separate family Illiciaceae. Most of the Schisandra

species are used in traditional Chinese medicine, for a

H

H COOH
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HO
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wide variety of ailments and conditions, and many of

these plants have been studied from a chemical

viewpoint, including some bioassays, mainly by

Chinese investigators. Since the isolation of schisan-

lactone A from an unnamed Schisandra species

almost three decades ago (Liu et al. 1983), these

medicinal herbs have yielded a very considerable

number of unusual nortriterpenoids, several of which

have documented anti-HIV-1 activity.

The earliest example of these HIV-active com-

pounds, nigranoic acid, from the stems of Schisandra

sphaerandra Stapf. was shown to inhibit the viral

reverse transcriptase with IC50 = 74.1 lg/ml (Sun

et al. 1996).

H

H

H COOH

HOOC

nigranoic acid

In 2003 the structure of the highly oxygenated

nortriterpenoid micrandilactone A with a norcycloar-

tane-derived skeleton and an unusual eight-mem-

bered ring, isolated from the stems and leaves of

Schisandra micrantha A. C. Smith, was described

(Li et al. 2003b).

micrandilactone AO

O

H

O O

H
OH

H O

O

O

OH

HO

O

H

OHH

Shortly thereafter its analogues micrandilactones

B and C were isolated from this plant. Micrandilac-

tone C exhibited an EC50 value of 7.71 lg/ml

(SI [ 25.94) against HIV-1 with minimal cytotoxic-

ity, and this relatively potent anti-HIV-1 activity and

its unique structural features and potency suggested it

as a promising lead for therapeutic development

(Li et al. 2005). On the other hand, micrandilactone B

proved to be a weak inhibitor of HIV-1-induced

syncytium formation, with EC50 [ 50 lg/ml (Huang

et al. 2007a). The absolute configuration of micran-

dilactone B has been determined (Huang et al.

2007a), and in this review all the compounds with

analogous structures are assumed to have the same

stereochemistry in the conserved moieties.

micrandilactone BO

O

H

O

H

H

O

H

HO

OH

O

O

H

Lancifodilactone A was isolated from a 70%

acetone extract of the stems and leaves of the

Chinese medicinal plant Schisandra lancifolia (Rehd.

et Wils) A. C. Smith in 2003, but it does not seem to

have been assayed against HIV-1 (Li et al. 2003a).

lancifodilactone A
O

O

H

O

H OH
H

O
AcO

HO

O

H

O

This work was followed by the isolation of lancifodi-

lactones B–E, structurally related to the micrandilactones

(Li et al. 2004a). Subsequently, lancifodilactone F was

isolated and shown to exert minimal cytotoxicity against

C8166 cells (CC50 [200 lg/ml) while showing moder-

ate anti-HIV activity with EC50 = 20.69 ± 3.31 lg/ml

and a possibly low selectivity index ([6.62). (Xiao et al.

2005a). Lancifodilactone G, with a spirocyclic moiety,

was also isolated from this plant. It exerted minimal

cytotoxicity against C8166 cells (CC50 [200 lg/ml)

and showed weak anti-HIV activity with EC50 =

95.47 ± 14.19 lg/ml (Xiao et al. 2005b).
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The isolation of six additional new nortriterpenoids,

lancifodilactones I–N, closely related to lancifodilac-

tone G, as well as nine known ones, was described a

year later. All the new compounds were tested for anti-

HIV-1 activity exhibiting EC50 values against C8166

cells in the 77–100 lg/ml range and low cytotoxicity

(Xiao et al. 2006d). Structurally similar compounds

(henridilactones A–D) were isolated from the leaves

and stems of Schisandra henryi var. yunnanensis A. C.

Smith, but apparently were not assayed against HIV-1

or for cytotoxicity (Li et al. 2004b).

The less profoundly modified trinorcycloartane

triterpenoid lancifodilactone H, and the A ring-

secocycloartane triterpenoid lancifoic acid A, as well

as the previously known nigranoic acid, were isolated

later from the same S. lancifolia extract. These three

exhibited moderate anti-HIV-1 activity (cytopathic

effect in HIV-1-infected C8166 cells: EC50 = 16.6,

16.2, 10.3 lg/ml; CC50—same cell line—greater than

200, 104.9, 88.0 lg/ml) (Xiao et al. 2006c).

These results are generally disappointing when com-

pared with the activity of lancilactone C, from an ether

extract of the related plant Kadsura lancilimba How.

(cytopathic effect in H9 cells: EC50 = 1.4 lg/ml; CC50

[100 lg/ml) (Chen et al. 1999).

H

lancilactone C
HOOC

H

O
O

Kadsura heteroclita (Roxb.) Craib (=Schisandra

crassifolia Pierre ex Finet et Gagnep.) was studied

quite recently, leading to the isolation of sixteen

compounds from an acetone extract of the stems,

mainly dibenzocyclooctadiene lignans, but including

the triterpenoid named longipedlactone J (Pu et al.

2008). This compound possesses a novel skeleton

found originally in leaves and stems of K. longipe-

dunculata Finet et Gagnep., but the previously

described longipedlactones A–I were only examined

for cytotoxicity (Pu et al. 2006). Longipedlactone J

exhibited moderate cytotoxicity (against C8166 cells)

and inhibition of the cytopathic effects of HIV-1 with

CC50 = 7.3 lg/ml and EC50 = 3.8 lg/ml, respec-

tively, while the most active and selective compounds

H
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proved to be the flavonoids taxifolin and quercetin

(Pu et al. 2008).

longipedlactone J

O
O

HO

OAc

H

O

H

H

H
H

O

Longipedlactones A, B, C, F, and H, with the same

a, b, v, d unsaturated moiety conjugated with the

seven-membered lactone as in longipedlactone J,

exhibited fairly potent cytotoxicity against the A549,

HT-29, and K562 cell lines, but apparently were not

tested for anti-HIV-1 activity (Pu et al. 2006). The

cytotoxicity of these compounds could well be

associated with low therapeutic indices, making them

relatively uninteresting as HIV drugs.

Two highly oxidized nortriterpenoids with a novel

skeleton, sphenadilactones A and B, were isolated

from leaves and stems of Schisandra sphenanthera

Rehd. et Wils. Both compounds were tested for their

cytotoxicities against K562, A549, and HT-29, and

found to be inactive at 100 lg/ml. Sphenadilactone A

was also shown to have very weak anti-HIV-1 activity,

with EC50 = 137.0 lg/ml (Xiao et al. 2006b).
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Sphenalactones A–D are additional representatives

of this class of nortriterpenoids, showing anti-HIV-1

activity in the EC50 range 35.5–89.2 lg/ml (Xiao

et al. 2007b).
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B: R1 = H, R2 = OH

C: R1 = OH, R2 = OH

D: R1 = H, R2 = H

A: R1 = OH, R2 = H

Sphenadilactone C, with a skeleton related to the

sphenalactones, and sphenasin A, structurally similar

to the trinorcycloartane lancifodilactone H, together

with four known dibenzocyclooctadiene lignans,

were subsequently isolated from S. sphenanthera.

Sphenadilactone C, which features a partial enol

moiety and an acetamide group in its structure,

exhibited weak anti-HIV-1 activity with EC50 =

29.5 lg/ml and a therapeutic index of 6.68. The four

lignans were more potent than sphenadilactone C and

marginally more selective (Xiao et al. 2008).

sphenadilactone C
O

O
O

O
O

O

H
OHHH

H

HO

OH

H

O

NH

O

H

O

Rubriflordilactones A and B, two novel highly

unsaturated rearranged bisnortriterpenoids, were

isolated from leaves and stems of S. rubriflora.

Neither compound was cytotoxic toward K562 cells

at 200 lg/ml. Rubriflordilactone B exhibited an EC50

value of 9.75 lg/ml in an assay determining the

inhibition of HIV-1-induced syncytium formation in

C8166 cells, while rubriflordilactone A was some-

what less potent. Both showed 60–80% protective

activity against HIV-1-induced lysis of MT-4 cells at

40 lg/ml (Xiao et al. 2006a).
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The same plant yielded rubriflorins A–C, together

with the related micranthidilactone A, lancifolidilac-

tones C and D, henridilactones A and B, and

micranthidilactone G. The rubriflorins differ from

the previously recorded compounds of this class by

having an opened A ring. The cytopathic activities of

the new compounds in HIV-1-infected C8166 cells

were determined as (EC50 values) 10.0, 16.2, and

81.3 lg/ml, respectively, but the two more potent

analogues were also found to be more cytotoxic, with

CC50 values of 89.1 and 100.3 lg/ml (Xiao et al.

2007a).

Extraction of Schisandra chinensis (Turcz.) Baill.

(known in traditional Chinese medicine and cooking

as ‘‘wu wei zi’’) allowed the isolation and structure

elucidation of two additional compounds belonging

to this group of nortriterpenoids, named pre-schisan-

artanin and schindilactone A, the former with an

unprecedented carbon skeleton. Pre-schisanartanin

showed anti-HIV-1 activity with EC50 = 13.81 lg/

ml, while the corresponding value for schindilactone

A was [50 lg/ml (Huang et al. 2007a).
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This plant also afforded two nortriterpenoids

that constitute a spontaneously interconverting

diastereomeric pair, designated as schintrilactones

A and B. These compounds inhibited HIV-1-

induced syncytium formation with EC50 = 17.9

and 36.2 lg/ml, respectively (Huang et al.

2007b).
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Concluding remarks

An outstanding feature of recent research is the

abundance of papers on the structure elucidation and

anti-HIV-1 activity of highly oxygenated, rearranged,

nortriterpenoids. Although this activity has been

demonstrated in many cases, it is rather disappoint-

ingly low compared with that of the more classical

lupanes, oleananes and ursanes and, in particular,

some of their hemisynthetic derivatives. The complex

structures of these triterpenoids, generally isolated

from plants belonging to the traditionally appreciated

Schisandraceae, pose very attractive synthetic chal-

lenges, but at the same time might be an obstacle to

the rapid development of compounds that could

become clinically useful.

In this sense, less profoundly modified derivatives

of the tetracyclic terpenoid families, i.e. lanostanes,

cucurbitanes, cycloartanes, dammaranes, ergostanes,

etc., appear to be more promising. The anti-HIV-1-

active natural products belonging to these types should

be examined more closely in an attempt to discover

structural patterns associated with this activity and,

hopefully, its specific mechanisms. Unfortunately, the

different screens used make it very risky to compare

results from different laboratories and develop any-

thing resembling structure–activity relationships.

Nevertheless, there seems to be a trend toward higher

anti-HIV activity in compounds with two or more

oxygenated functions on ring A and the biogenetically

related A-seco derivatives. Thus, the possibility of

oxidizing, opening or even doing away with ring A of

these skeletons should be considered, and also perhaps

exploring the synthesis of analogues derived from

steroids, making use of the extensively studied

chemistry of these substances. In the next few years

the numerous opportunities offered by these almost

unexploited chemical types should open up an abun-

dance of avenues of research, hopefully leading to new

families of compounds exhibiting useful antiviral

activities and possibly revealing novel targets for the

therapy of HIV infection.
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