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The success of the antimalarial drug quinine and the
discovery of artemisinin, the most potent antimalarial
drug, both from plant sources, has led to the study of
plants as antimalarial agents. The ethnopharmaco-
logical approach for the search of new antimalarial
agents from plant sources has proved to be more pre-
dictive. This article gives a critical account of crude
extracts, essential oils and secondary plant metabo-
lites with diverse chemical structure possessing anti-
malarial activity against different malarial parasites.
The major leads have been highlighted and some re-
ported structure—activity relationships and their pos-
sible modes of action discussed.

MALARIA is the most prevalent among the insect-borne
diseases. Every year it kills between one and two million
people, with as many as 300-500 million people being
infected. It is estimated that nearly half the world popula-
tion is at risk, with fatal rates being extremely high
among young children below 5 years of age. Malaria is a
classic example of a disease that affects the productivity
of individuals, families and the whole society. It is com-
mon in the poorer and less-developed countries of the
world. Africa faces its greatest impactl’z. The other hard-
hit tropical areas include East Asia, China and India. Ex-
perts estimated that as many as 40% of India’s malaria
cases is caused by Plasmodiumfalciparum3.

The first antimalarial drug was quinine, isolated from
the bark of Cinchona species (Rubiaceae) in 1820. It is
one of the oldest and most important antimalarial drugs,
that is still used today4. In 1940, another antimalarial drug
chloroquine was synthesized and until recently, this was
the only drug, used for the treatment of malaria’. Unfor-
tunately, after an early success, the malarial parasite es-
pecially P. falciparum became resistant to chloroquine6.
Treatment of chloroquine-resistant malaria was done with
alternative drugs or drug combinations, which were
rather expensive and sometimes toxic. Furthermore, these
combinations were not always based on pharmacokinetic
principles due to inadequate knowledge of metabolism
and mechanism of action of most antimalarial drugs.

Hence several research groups are now working to deve-
lop new active compounds as an alternative to chloro-
quine, especially from artemisinin®®, a plant-based
antimalarial drug isolated from the Chinese plant Arte-
misia annua'®. Therefore, plants may well prove to be the
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source of new antimalarial drugs in view of the success
with the two important chemotherapeutic agents, quinine
and artemisinin, both of which are derived from plants.
This article gives a critical account of crude extracts, esse-
ntial oil and active constituents with diverse chemical
structures from higher plants possessing significant anti-
malarial activity, reported during last ten years.

Crude extracts

In 1991, Carvalho er al® studied the antimalarial activity
of aqueous or organic extracts of forty-eight Brazilian
plants selected on the basis of their use in folk medicine.
Six plants, Vernonia brasiliana (Compositae), Eupato-
rium squalidum (Compositae), Acanthospermum australe
(Compositae), Esenbeckian febrifuga (Rubaceae), Lisian-
thus speciosum (Gentianaceae) and Tachia quianensis
(Gentianaceae), were partly active against rodent malaria.
The remaining forty-two plants exhibited no antimalarial
activity.

An aqueous decoction of the root bark of Uapaca
nitida (Euphorbiaceae) is used in Tanzania to treat mala-
ria. Alcoholic extract of the root bark showed anti-
malarial activity against P. berghei in mice'".

Hernandia voyroni (Hernandiaceae) is another example
of plant species traditionally used in Madagascar as a
substitute for chloroquine. Neutral and basic alkaloidal
extracts of this plant exhibited intrinsic in vitro antima-
larial activity and chloroquine-potentiating action against
chloroquine-resistant P. falciparum strain, FCM-29 (ref.
12).

In 1995, Valsaraj et al® evaluated Garcinia gummi-
gutta (Guttifereae) and Mammea longifolia (Guttiferae)
against malarial parasite at a concentration of 100 mg/ml.
The percentage of growth inhibition induced by Gari-
cinia and Mammea was found to be 99.5 and 86%, res-
pectively.

The antiplasmodial activities of organic and aqueous
extracts from the West African plant Picralima nitida
(Apocynaceac) were examined in an in vitro model,
against asexual erythrocytic forms of P. falciparum. The
highest activity was found in roots, stem bark and fruit
rind extracts with IC50 wvalues of 0.188, 0.545 and
1.581 pg/ml, respectively”.

The in vivo antiplasmodial activity of total alkaloidal
extract of Golipea longiflora has been confirmed in mice
infected with P. vinckei patteri, when the infected mice
were treated orally with a single dose of 50 mg/kg of the
extract’’.
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Naphthylisoquinoline alkaloid-containing extracts of
four plants of the family Ancistrocladeceae (Ancistrocladus
barteri, A. heyneanus, A. robertsoniorum and A. tectorius),
and Triphyllum peltatum (family Dioncophyllaceae) have
been examined for their antiplasmodial activity against
asexual erythrocytic forms of P. falciparum and P. berg-
hei. Five of the examined extracts displayed high growth-
inhibition activity in the P. falciparum system. Bark extr-
act (CH,CL/NHj3) of T. peltatum, leaf extract (EtOH) of
A. tectorius and leaf extract (CH,Cl) of 7. peltatum
proved to be highly active in the test system. These find-
ings confirmed that the extracts of species belonging to
the family Ancistrocladeceae and Dioncophyllaceae have
considerable antiplasmodial activitym.

The n-hexane extract, the crude and purified fractions
of the stem bark of the plant Khaya grandifoliola exhi-
bited the most active antimalarial activity with about
91% chemo suppression in vivo, with IC50 values of
1.4 pug/ml (for multi-drug-resistant clone) or 0.84 pg/ml
(for Nigerian P. falciparum isolates)!”. The stem bark ex-
tracts of Mangifera indica showed schizontocidal effect
during early infection and also demonstrated repository
activity when evaluated against P. yoelii nigeriensis18
The different fractions of the plant Morinda lucida re-
vealed schizontocidal activity against early infection of
P. berghei in mice". Aqueous extracts obtained from the
stem and root parts of Nauclea latifolia were tested on
two strains of P. falciparum. The aqueous extract of N.
latifolia inhibited P. falciparum (FCBI strain) mainly at
the end of the erythrocytic cycle 32nd to 38th h (ref. 20).

In vitro and in vivo studies revealed that Piper sarmen-
tosum, Andrographis paniculata and Tinospora crispa
produce considerable antimalarial effects. In vivo, A.
paniculata demonstrated higher antimalarial effect than
the other two plant species. Chloroform extract of A.
paniculata in vitro showed better efficacy than the
methanolic extract. The chloroform extract showed com-
plete parasite growth inhibition at a concentration as low
as 0.05 mg/ml within 24 h of incubation period compared
to the methanolic extract, which has a concentration of
2.5mg/ml, but under the incubation time of 48 h (ref.
21).

Essential oil

The essential oil from the leaves and stem of Tetradenia
riparia was tested. Moderate antimalarial activity was
recorded against two strains of P. falciparumzz.

Essential oils of Artemisia vulgaris, Eucalyptus globu-
lus, Myrtus communis, Juniperus communis, Lavandula
angustifolia, Origanum vulgare, Rosmaricus officinalis
and Salvia officinalis were tested against two strains of P.
Sfalciparum FcB1-Columbia and a Nigerian chloroquine-
resistant strain. Concentrations ranging from 150 pg/ml
to 1 mg/ml inhibited 50% of the parasite growth in vitro,
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which is obtained after 24 to 72 h of contact between the
oil and parasite culture. The best results were obtained
with M. communis and R. officinalis oils, which inhibited
P. falciparum at a concentration ranging from 150 to
270 p.g/m123.

Secondary plant substances

Several classes of the secondary plant substances are res-
ponsible for antimalarial activity, but the most important
and diverse biopotency has been observed in alkaloids,
quassinoids and sesquiterpene lactones. We highlight the
various classes of secondary plant substances which have
been assessed either for in vitro activity against P. falci-
parum or in vivo activity against P. berghei. The struc-
ture—activity relationship and mechanism of action of
some compounds reported earlier have also been discus-

sed.

Alkaloids

Alkaloids are one of the major classes of compounds
possessing antimalarial activity. In fact, one of the oldest
and most important antimalarial drugs, quinine, belongs
to this class of compounds and is still relevant. Alkaloids
are the physiologically-active nitrogenous bases derived
from many biogenetic precursors. A number of naturally-
occurring alkaloids belonging to different groups are
arranged in Table 1 (refs 24-57), which have been re-
ported to possess antimalarial activity against different
malarial models.

A new bisbenzylisoquinoline alkaloid named as (+)-2-
N-methyltelobine (13) together with twelve known alka-
loids (14-25) of the same group were isolated from
Stephania erecta (Menispermaceae). All the alkaloids in-
hibited the growth of cultured chloroquine-resistant and
sensitive strains of P. falciparum. With regard to the
structure of these compounds, it is of interest to note that
for each pair of 2-nor-alkaloid and its di-N-Me counter-
part, the 2-nor-alkaloid which has only one Me group on
the 2’-N, was always more active against both susceptible
and resistant strains of Plasmodium as compared to the
di-N-Me derivative, which bears Me groups on both nitro-
gens. For example ED50 value for (+)-2-nor-thalrugosine
(17) was lower than those of (+)-thalrugosine (18). Simi-
lar observations were noted for compounds (15, 16, 22—
25)%.

It was observed that augustine (27) exhibited signifi-
cant antimalarial activity, which might be due to presence
of epoxide functionality that can result in the formation
of adducts with nucleophiles in the biological system
thereby leading to non-selective toxicity. While some other
naturally occurring substances, which lack the oxirane
ring in their structure were not active. However,
(+)-crinamine (28) deferring from (27) in its absolute
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Table 1. Antimalarial activity of alkaloids against P. falciparum

Compound (Structure no.) Plant (plant parts) Activity In vitro (strain) Reference
Oxyacanthine (1) Dehaasia incrassata (L, Bk) IC 50 pg/ml 0.31** (KI) 24
7-Methoxy-[3-carboline-1-propionic acid (2) Eurycoma longifolia (Rt) IC 50 ng/ml 2978** (W-2) 25
314.4* (D-6)
Alstonerine (3) Alstonia angustifolia (Rt) ED 50 uM 46.3* (KI) 26
Alstophylline (4) Alstonia angustifolia (Rt) 82.5%* (KI) 26
Macrocarpamine (5) Alstonia angustifolia (Rt) 9.36*%* (KI) 26
11-Methoxyakuammicine (6) Alstonia angustifolia (Rt) 41.3** (KI) 26
nor-Fluorocurarine (7) Alstonia angustifolia (Rt) 129** (KI) 26
Pleiocarpamine (8) Alstonia angustifolia (Rt) 20.5%* (KI) 26
Villastonine (9) Alstonia angustifolia (Rt) 2.92*%* (KI) 26
Vincamajine (10) Alstonia angustifolia (Rt) 138** (KI) 26
7-0O-Demethyltetraandrine (11) Strychnopsis thouarsii (L) IC 50 nM 740** (FCM-29) 27
Limacine (12) Spirospermum penduliflorum (St,Rt) ED 50 ng/ml 789** (FCM-29) 27
Cyclea barbata (Rt) 164%* (W-2)
52.7* (D-6) 28
(+)-2-N-Methyltelobine (13) Stephania erecta (T) 255.7%* (W-2) 29
97.4*% (D-6)
(+)-1,2-Dehydrotelobine (14) Stephania erecta (T) 256.4%* (W-2) 29
306.7* (D-6)
(+)-2-nor-Isotetrandrine (15) Stephania erecta (T) 45.3%*% (W-2) 29
66.1* (D-6)
(+)-Isotetrandrine (16) Stephania erecta (T) 54.6%* (W-2) 29
165.1* (D-6)
(+)-2-nor-Thalrugosine (17) Stephania erecta (T) 125.1*%*% (W-2) 29
68.6* (D-6)
(+)-Thalrugosine (18) Stephania erecta (T) 229.7*%* (W-2) 29
120.6* (D-6)
Cyclea barbata (Rt) 78.0%* (W-2) 28
65.1* (D-6)
(+)-Homoaromoline (19) Stephania erecta (T) 288.3%* (W-2) 29
104.6* (D-6)
Cyclea barbata (Rt) 451%* (W-2) 28
232% (D-6)
(+)-Stephibaberine (20) Stephania erecta (T) 310.0%* (W-2) 29
130.0* (D-6)
(+)-Dephnandrine (21) Stephania erecta (T) 223.2%* (W-2) 29
63.0* (D-6)
(+)-2-nor-Cepharanthine (22) Stephania erecta (T) 129.4** (W-2) 29
46.6* (D-6)
(+)-Cepharanthine (23) Stephania erecta (T) 294 .8%* (W-2) 29
140.4* (D-6)
(+)-nor-Obaberine (24) Stephania erecta (T) 93.7%*% (W-2) 29
45.9*% (D-6)
(+)-Obaberine (25) Stephania erecta (T) 216%* (W-2) 29
231* (D-6)
(—)-Lycorine (26) Crinum amabile (B) ED 50 ng/ml 300%* (W-2) 30
320% (D-6)
Brunsvigia littoralis (B) IC 50 pg/ml 0.7*%* (FAC-8) 31
0.62* (D-10)
Brunsvigia radulosa (B) IC 50 pg/ml 0.7** (FAC-8) 32
0.6* (D-10)
(—)-Augustine (27) Crinum amabile (B) ED 50 ng/ml 180%* (W-2) 30
140* (D-6)
(+)-Crinamine (28) Crinum amabile (B) IC 50 pg/ml 2520*%* (W-2) 30
2180* (D-6)
Brunsvigia radulosa (B) 3.4** (FAC-8) 32
. 2.8* (D-10)
(—)-Asimilobine (29) Stephania pierrei (T) 470%* (W-2) 33
950* (D-6)
(-)-Anonaine (30) Stephania pierrei (T) 1900** (W-2) 33
1290* (D-6)
(—)-Isolaureline (31) Stephania pierrei (T) 1610** (W-2) 33
2560* (D-6)
(—)-Xylopine (32) Stephania pierrei (T) 2270%* (W-2) 33
440* (D-6)
Contd ...
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Table 1. (Contd...)

Compound (Structure no.) Plant (plant parts) Activity In vitro (strain) Reference
(—)-Roemeroline (33) Stephania pierrei (T) 1780** (W-2) 33
3150* (D-6)
(—)-Dicentrine (34) Stephania pierrei (T) 2550*%* (W-2) 33
1260* (D-6)
(—)-nor-Dicentrine (35) Stephania pierrei (T) 1030** (W-2) 33
470% (D-6)
(—)-Phanostenine (36) Stephania pierrei (T) 2880** (W-2) 33
2010* (D-6)
(—)-Cassythicine (37) Stephania pierrei (T) 2260*%* (W-2) 33
2290%* (D-6)
(—)-Capaurine (38) Stephania pierrei (T) 1910** (W-2) 33
4340* (D-6)
(—)-Thaicanine (39) Stephania pierrei (T) 550%* (W-2) 33
1610* (D-6)
(—)-Corydalmine (40) Stephania pierrei (T) 840** (W-2) 33
2840* (D-6)
(—)-Tetrahydrostephabine (41) Stephania pierrei (T) 1940** (W-2) 33
2230 (D-6)
(+)-Tetrandrine (42) Cyclea barbata (Rt) 160** (W-2) 28
179* (D-6)
(—)-Cycleapeltine (43) Cyclea barbata (Rt) 40.6%* (W-2) 28
29.0 (D-6)
Dehatrine (44) Beilschmiedia madang (W) IC 50 uM 0.17** (K-1) 34
Bruceacanthinoside (45) Brucea javanica (St) IC 50 uM 25%* (K-1) 35
Thalifaberidine (46) Thalictrum faberi (Rt) ED 50 ng/ml 122%* (W-2) 36
880* (D-6)
Thalifaberine (47) Thalictrum faberi (Rt) 441%* (W-2) 36
5090* (D-6)
Thalifasine (48) Thalictrum faberi (Rt) 49.3%* (W-2) 36
238% (D-6)
Strychnobrasiline* (49) Strychnos myrtoides (Stbk) 37
Malagashanine* (50) Strychnos myrtoides (Stbk) 37
Korupensamine-A (51) Ancistroclacdus korupensis (L, T) IC 50 pg/ml 0.31 38
0.56°
Korupensamine-B (52) Ancistroclacdus korupensis (L, T) 0.18 38
0.41°
Cryptolepine (53) Cryptolepis sanguinolenta (Rt) 0.031** (K-1) 39
Tubulosine (54) Pogonopus tubulosus (Bk) 0.011** (Indo) 40
0.006* (2087)
Psychotrine (55) Pogonopus tubulosus (Bk) 0.39*%* (Indo) 40
0.14* (2087)
Cephaeline (56) Pogonopus tubulosus (Bk) 0.011** (Indo) 40
0.027* (2087)
Isocryptolepine (57) Cryptolepis sanguinolenta (Rt) IC 50 uM 0.8% 41
Ancistroheynine A (58) Ancistrocladus heyneanus IC pg/ml 2.1 42
Korupensamine E (59) Ancistrocladus korupensis 2.0 31
1,2-Di-O-acetyl-lycorine (60) Brunsvigia littoralis (B) 1.0*¥* (FAC-8) 43
1.0* (D-10)
Korundamine A (61) Ancistrocladus korupensis 1.1 44
Febrifugine (62) Dichroafebrifuga (Rt) EC 50 M 7.0 x 107'% (FCR-3) 45

Isofebrifugine (63)

Dichroafebrifuga (Rt)

1.2 x 107%%* (K-1)
3.4 x 107°* (FCR-3) 45
1.8 x 107%#* (K-1)

10’-Hydroxyusambarensine (64) Strychnos usambarensis (Rt) IC pg/ml 0.480* (FCA-20) 46
0.160** (W2)

Hadranthine A (65) Duguetia hadrantha (Stbk) IC ng/ml 120* (D6) 47
120%* (W2)

Sampangine (66) Duguetia hadrantha (Stbk) 420* (D6) 47
68%* (W2)

3-Methoxysampangine (67) Duguetia hadrantha (Stbk) 280* (D6) 47
95%* (W2)

Ancistrolikokine A (68) Ancistrocladus likoko (Rtbk) IC ng/ml 191* (NF 54) 48
140%* (K1)

Ancistrolikokine B (69) Ancistrocladus likoko (L) 538* (NF 54) 48
208%* (K1)

Contd ...
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Table 1. (Contd...)

Compound (Structure no.) Plant (plant parts) Activity In vitro (strain) Reference
Ancistrolikokine C (70) Ancistrocladus likoko (L) 6232% (NF 54) 48
924** (K1)
Korupensamine A (71) Ancistrocladus likoko (Rtbk) 24* (NF 54) 48
72%% (K1)
(—) Roemrefidine (72) Sparattanthelium amazonum (Stbk) IC 50 uM 0.71* (2087) 49
0.58** (INDO)
Talcarpine (73) Alstonia macrophylla (Stbk, Rtbk) IC 50 uM 40.3** (K1) 50
Pleiocarpamine (74) Alstonia macrophylla (Stbk, Rtbk) 6.44** (K1) 50
Alstoumerine (75) Alstonia macrophylla (Stbk, Rtbk) 13.1** (K1) 50
20-epi-Antirhine (76) Alstonia macrophylla (Stbk, Rtbk) 7.51%* (K1) 50
Alstonerine (77) Alstonia macrophylla (Stbk, Rtbk) 9.67** (K1) 50
Alstophylline (78) Alstonia macrophylla (Stbk, Rtbk) 12.7** (K1) 50
Macralstonine (79) Alstonia macrophylla (Stbk, Rtbk) 8.92** (K1) 50
O-Methylmacralstonine (80) Alstonia macrophylla (Stbk, Rtbk) 0.85%* (K1) 50
Alstomacrophylline (81) Alstonia macrophylla (Stbk, Rtbk) 1.10** (K1) 50
Villalstonine (82) Alstonia macrophylla (Stbk, Rtbk) 0.27** (K1) 50
0.94* (T9-96)
Villastonine M,-oxide (83) Alstonia macrophylla (Stbk, Rtbk) 10.7** (K1) 50
Alstomacroline (84) Alstonia macrophylla (Stbk, Rtbk) 1.12*%* (K1) 50
10.2* (T9-96)
Macrocarpamine (85) Alstonia macrophylla (Stbk, Rtbk) 0.36%* (K1) 50
32.6* (T9-96)
Corynanthine (86) Corynanthe pachyceras (Stbk) IC 50 uM >200* (3D7) 51
oY ohimbine (87) Corynanthe pachyceras (Stbk) >200* (3D7) 51
Dihydrocorynantheine (88) Corynanthe pachyceras (Stbk) 66.4* (3D7) 51
Corynantheine (89) Corynanthe pachyceras (Stbk) 81.1* (3D7) 51
Corynantheidine (90) Corynanthe pachyceras (Stbk) 41.1* (3D7) 51
(—) Curine (91) Isolona guesquiereina (Stbk) IC 50 uM 353** (FCM 29) 52
Isochondodendrine (92) Isolona guesquiereina (Stbk) 892** (FCM 29) 52
N,-Methylaffinisine (93) Peschiera fuchsiaefolia (Stbk, Rtbk, S) IC 50 ng/ml >5000* (D6) 53
>5000%* (W2)
12-methoxy-N,-methylvoachalotine (94) Peschiera fuchsiaefolia (Stbk, Rtbk, S) >5000* (D6) 53
>5000%* (W2)
16-epi-Affinine (95) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 2157* (D6) 53
1502** (W2)
Affinisine (96) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 1135* (D6) 53
960** (W2)
Vobasine (97) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 471* (D6) 53
816** (W2)
Voachalotine (98) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 2589* (D6) 53
>5000%* (W2)
Voacamine (99) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 238* (D6) 53
290%* (W2)
Conopharyngine (100) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 2214* (D6) 53
1337** (W2)
Coronaridine (101) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 498* (D6) 53
276%* (W2)
Voacangine (102) Peschiera fuchsiaefolia (Stbk, Rtbk, S) 1810* (D6) 53
1323** (W2)
Icajine (103) Strychnos icaja (Rt) IC 50 uM Inactive at 80* 54
(FCA 20)
95%* (W2)
Vomicine (104) Strychnos icaja (Rt) Inactive at 30* 54
(FCA 20)
Isostrychnine (105) Strychnos icaja (Rt) Inactive at 20* 54
(FCA 20)
14** (W2)
Bisnordihydrotoxiferine (106) Strychnos icaja (Rt) 3.826* (FCA 20) 54
4.480** (W2)
Sungucine (107) Strychnos icaja (Rt) 7.816* (FCA 20) 54
10.139%* (W2)
Isosungucine (108) Strychnos icaja (Rt) 1.315* (FCA 20) 54
0.265** (W2)
18-Hydroxysungucine (109) Strychnos icaja (Rt) 3.985% (FCA 20) 54
1.003** (W2)
18-Hydroxyisosungucine (110) Strychnos icaja (Rt) 0.847* (FCA 20) 54
0.140** (W2)
Contd ...
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Table 1. (Contd...)
Compound (Structure no.) Plant (plant parts) Activity In vitro (strain) Reference
Cryptolepinoic acid (111) Cryptolepis sanguinolenta (Rt) IC 50 uM >181** (K1) 55
>181* (T9-96)
Ethyl cryptolepinoate (112) Cryptolepis sanguinolenta (Rt) 3.76%* (K1) 55
Cryptolepine (113) Cryptolepis sanguinolenta (Rt) 0.23** (K1) 55
0.059* (T9-96)
Hydroxycryptolepine (114) Cryptolepis sanguinolenta (Rt) 102** (K1) 55
76.6% (T9-96)
Quindoline (115) Cryptolepis sanguinolenta (Rt) >229%* (K1) 55
>229%* (T9-96)
Cryptoheptine (116) Cryptolepis sanguinolenta (Rt) 0.801** (K1) 55
1.18* (T9-96)
Cryptoquindoline (117) Cryptolepis sanguinolenta (Rt) 34.6%* (K1) 55
9.05* (T9-96)
1-O-acetylnorpluviine (118) Brunsvigia radulosa (B) IC 50 pg/ml 34.2%* (FAC-8) 32
28.3* (D-10)
Anhydrolycorin-6-one (119) Brunsvigia radulosa (B) 6.4%* (FAC-8) 32
6.1* (D-10)
3-Hydroxy-6"-desmethyl-9-O- Thalictrum faberi (Rt) IC 50 ng/ml 112* (D6) 56
methylthalifaboramine (120) 24.2%*% (W2)
3-Hydroxythalifaboramine (121) Thalictrum faberi (Rt) 176* (D6) 56
10.2%* (W2)
6’-Desmethylthalifaboramine (122) Thalictrum faberi (Rt) 152* (D6) 56
11.2%* (W2)
Ancistrobrevine B (123) Ancistrocladus robertsoniorum (St, L) IC 50 pM 4.7* (NF 54) 57
2.0%* (K1)
Ancistrobertsonine A (124) Ancistrocladus robertsoniorum (St, L) >23.7* (NF 54) 57
15.9%* (K1)
Ancistrobertsonine B (125) Ancistrocladus robertsoniorum (St, L) >23.0% (NF 54) 57
9.0%* (K1)
Ancistrobertsonine C (126) Ancistrocladus robertsoniorum (St, L) 10.1* (NF 54) 57
4.5%% (K1)
Ancistrobertsonine D (127) Ancistrocladus robertsoniorum (St, L) 4.8% (NF 54) 57

Rt, Roots; Bk, Bark; St, Stem; Stbk, Stem bark; W, Wood; T, Tuber; L, Leaves; Rtbk, Root bark; S, Seeds; B, Bulb; 221, Strain susceptible to chloro-
quine; **, Strain resistant to chloroquine; 22. [0, Showed significant chloroquine-potentiating action; 22. O, Tested in vitro against P. berghei.

Note: Structures (1-127) are available from the authors on request.

configuration and also lacking oxirane ring showed mod-
erate antimalarial activity. Therefore, it was concluded
that epoxide functionality is not an essential requirement,
other elements of the structure may come into play30.

A Dbisbenzylisoquinoline alkaloid dehatrine (44) isola-
ted from the wood of Beilschmiedia madang (Lauraceae),
exhibited potent inhibitory activity (IC50 0.017 uM)
against the proliferation of malaria pathogen P. falci-
parum, which was comparable to quinine34

Cryptolepine (53) is an indolisoquinoline antimalarial
alkaloid with IC50 value approximately half that of chlo-
roquine. In view of this high degree of in vitro activity, it
was surprising that the isolated alkaloid proved to be in-
active in mouse against the P. berghei model. It was
shown that the alkaloid might interact with DNA, and it
appeared that two nitrogen atoms N and N-CHj of crypto-
lepine interact with adenine—thymine base pair. There is
also a possibility of formation of 7e-7t charge transfer
complex between purine—pyrimidine bases and cryptole-
pine39.

Another interesting antimalarial compound tubulosine
(54) was found active in vitro against both sensitive and
resistant strains of P. falciparum. The structure of this

CURRENT SCIENCE, VOL. 85, NO. 9, 10 NOVEMBER 2003

compound may be regarded as a mixed isoquinoline—
indol analogue of the emetine group. Studies on mole-
cular modelling showed that this type of alkaloid could
not take the planar conformation as proposed previously.
The indol moiety in tubulosine enhances the affinity for
protozoan receptor, when compared with psychotrine
(55) and cephaeline (56). The relative in vitro inactivity
of (55) in comparison with (56) can be explained by its
double bond in ring C, which enhances the coplanar con-
formation and electron environment™’.

Quassinoids

The quassinoids are heavily oxygenated lactones with
majority of Cyg basic skeleton named as picrasane. How-
ever, Cig, Ci9 and C,5 quassinoids are also known. They
have varying numbers of different oxygen-containing
groups. With the exception of carbons C-5, C-9 and the
methyl groups at C-4 and C-10, these oxygenated fun-
ctions have been found on all the other carbon atoms. A
wide spectrum of biological properties was reported for
this class of compounds, of which antineoplastic and
antimalarial have equal and parallel importancesg. Plant-

1319



REVIEW ARTICLES

Table 2. Antimalarial activity of quassinoids against P. falciparum
Compound (structure no.) Plant (plant part) Activity In vitro (strain) Reference
Bruceine A (128) Brucea javanica (Ft) ED 50 pg/ml 0.011%* (K-1) 59, 60
Bruceine B (129) Brucea javanica (Ft) 0.011%* (K-1) 59, 60
Bruceine C (130) Brucea javanica (Ft) 0.005%* (K-1) 59, 60
Bruceantin (131) Brucea javanica (Ft) 0.0008** (K-1) 59, 60
Bruceolide (132) Brucea javanica (Ft) 0.451%* (K-1) 59, 60
Brusatol (133) Brucea javanica (Ft) 0.003** (K-1) 59, 60
Bruceine D (134) Brucea javanica (Ft) 0.015%* (K-1) 59, 60
Eurycomanone (135) Erycoma longifolia (Rt) EC 50 ng/ml 48.1%* (W-2) 25
47.7*% (D-6)
Gutolactone (136) Simaba guianensis (Bk) IC 50 ng/ml 4.0%* (W-2) 61
4.1* (D-6)
Simalikalactone-D (137) Simaba guianensis (Bk) 1.6%* (W-2) 61
1.5% (D-6)
Cedronin (138) Simaba cedron (St, Bk) IC 50 pg/ml 0.25** (FZR-8) 62
0.23* (FCC-2)
Eurycomanol (139) Eurycoma longifolia (Rt) IC 50 uM 1.231-4.897** 63
Eurycomanol-2-O-3-D-glucopyranoside (140) Eurycoma longifolia (Rt) 0.389-3.498** 63
13-3,18-Dihydroeurycomanol (141) Eurycoma longifolia (Rt) 0.504-2.343%** 63
Samaderines X (142) Quassia indica (St) 0.015 (K-1) 64
Samaderines Z (143) Quassia indica (St) 0.071%* (K-1) 64
Samaderines B (144) Quassia indica (St) 0.071%* (K-1) 64
Samaderines E (145) Quassia indica (St) 0.21*%* (K-1) 64
Rt, Roots; Ft, Fruit; Bk, Bark; St, Stem; 22. [0, Strain susceptible to chloroquine; **, Strain resistant to chloroquine.
Table 3. Antimalarial activity of sesquiterpenes against P. falciparum
Compound (structure no.) Plant (plant parts) Activity In vitro (strain) Reference
Artemisinin (146) Artemisia annua EC 50 pg/ml 0.01 (FCH-5) 65
osPeroxyachifolid (147) Achillea millefolium 1.0 (FCH-5) 65
(148) Anthemis nobilis 5.0 (FCH-5) 65
(149) Anthemis nobilis 5.0 (FCH-5) 65
1 3-Hydroperoxyisobilin (150) Anthemis nobilis 1.0 (FCH-5) 65
trans-Pinocarveyl-hydroperoxide (151)  Anthemis nobilis 5-10 (FCH-5) 65
Arteinculton (152) Artemisia martima 5-10 (FCH-5) 65
A. Pontica
A. abrotanum
(153) A. abrotanum 5-10 (FCH-5) 65
(154) A. abrotanum (L) >1 (FCH-5) 65
(155) A. absinthium (L) 1.0 (FCH-5) 65
(156) Heterothalamus psiadioides <1 (FCH-5) 65
Nardosinon (157) Nardostachys chinensis 1.4 (FCH-5) 65
Rugosal A (158) Rosa rugosa 1.0 (FCH-5) 65
10,12-Peroxycalamenene (159) Cyperus rotundus (T) EC 50 M 2.33 x 107%%* (K-1) 69
Patchoulenone (160) Cyperus rotundus (T) 1.08 x 107*#* (K-1) 69
Caryophyllene-16-csoxide (161) Cyperus rotundus (T) 3.45 x 107"* (K-1) 69
Neurolenin A (162) Neurolaena lobata (Wp) IC 50 uyM. 0.92 (NF-54) 70
Neurolenin B (163) Neurolaena lobata (Wp) 0.62 (NF-54) 70
Neurolenin C/D (8:2) (164/165) Neurolaena lobata (Wp) 0.62 (NF-54) 70
Nardoperoxide (166) Nardostachys chinensis (Rt) EC 50 M 1.5x10°¢ 71
Isonardoperoxide (167) Nardostachys chinensis (Rt) 6.0x1077 71
Sipandinolide (168) Siparuna andina (L) IC 50 pg/ml 46.2* (poW) 72

Rt, Roots; T, Tuber; L, Leaves; Wp, Whole plant.
*_ Strain susceptible to chloroquine; **, Strain resistant to chloroquine.

derived antimalarial quassinoids are presented in Table 2

(refs 59-64).

The quassinoids brusatol (133), bruceantin (131) and
brucein A, B and C (128-130) differ only in the nature of
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the ester moiety. The 3-,15-ester was supposed to be res-
ponsible for antimalarial activity. Bruceantin (131)
showed most potent activity, while (128) and (129) were
the least potent. The introduction of rigid alkyl groups
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such as gem-dimethyl, gem-methyl and isopropyl at C-23
also contributed to the enhancement of antimalarial acti-
vity, as seen in (131) and (133)59’60.

Cedronin (138) belongs to the few quassinoids with a
Cio skeleton. Its IC50 values were similar for chloro-
quine-resistant and sensitive strains, suggesting that
quassinoids may act upon malarial parasites by means of
a fundamentally different mechanism from that of chlo-
roquine. Cedronin possesses some of the structural re-
quirements for cytotoxic activities, as an A-ring with
unsaturated ketol at position 1 and 2, Slactone, and an

oxide bridge between C-8 and C-15. The results also
suggested that Cj;¢9 quassinoid cedronin exhibits lower
selective toxicity against Plasmodium than against
mammalian cells. The compound also exhibited in vivo
activity against P. vinkei petteri with ED50 value of
1.8 mg/l(g/day62.

Sesquiterpenes

The discovery of Qinghaosu (146) (artemisinin), a novel
sesquiterpene lactone endoperoxide antimalarial cons-

Table 4. Antimalarial activity of triterpenoids against P. falciparum

Compound (structure no.) Plant (plant parts) Activity In vitro (strain) Reference
Gedunin (169) Azadirachta indica (L), IC 50 pg/ml 0.72%* (K-1) 73
Cedrela odorata,
Guarea multiflora, 1.25%* (W-2) 74
Khaya grandifoliola (Bk, Sd)
Nimbinin (170) Azadirachta indica (L)
Cedrela odorata 0.77%* (K-1) 73
Guarea multiflora
11-B-Acetoxygedunin (171) -do- 3.11%* (K-1) 73
Nimbolide (172) -do- 1.74%* (K-1) 73
Dihydrogedunin (173) -do- 2.63*%* (K-1) 73
Bruceajavanin A (174) Brucea javanica (St) 1.1*¥* (K-1) 35
Dihydrobruceajavanin A (175) Brucea javanica (St) 2.5%* (K-1) 35
Ursolic acid# (176) Spathodea campanulata (St, Bk) 34-97% sup. at dose of 75
15-16 mg/kg/day
Tomentosolic acid* (177) Spathodea campanulata (St, Bk) 0-82% sup. dose 75
5-40 mg/kg/day
3320B-Dihydroxyurs-12-en-28-oic Spathodea campanulata (St, Bk) 11-53% sup. dose 75
acid* (178) 20-80 mg/kg/day
Betulinic acid (179) Triphyophyllum peltatum (Rt, Bk) IC 50 pg/ml 10.46 (NF-54) 76
Ancistrocladus heyneanus 19.6%* (K-1)
Uapaca nitida (Rt, Bk) 25.9%* (T9-96)
Lupeol (180) Vernonia brasiliana (L) 45% at conc. 25 pg/ml 77
28-nor-Isoiguesterin-17-carbaldehyde Salacia kraussii (Rt) IC 50 ng/ml 94.0%* (K-1) 78
(181) 79.9% (NF-54)
17-(methoxycarbonyl)-28-nor- Salacia kraussii (Rt) 27.6%* (K-1) 78
Isoiguesterin (182) 37.1* (NF-54)
28-Hydroxyisoiguesterin (183) Salacia kraussii (Rt) 114.4** (K-1) 78
140.2* (NF-54)
Isoiguesterol (184) Salacia kraussii (Rt) 22.9%* (K-1) 78
54.1* (NF-54)
Pristimerin (185) Salacia kraussii (Rt) 190.4** (K-1) 78
270* (NF-54)
Celastrol (186) Salacia kraussii 180.9** (K-1) 78
254.2 (NF-54)
Meldenin (187) Azadirachta indica (L) IC 50 pg/ml 5.23*%* (K-1) 79
Isomeldenin (188) Azadirachta indica (L) 50.0%* (K-1) 79
Nimocinol (189) Azadirachta indica (L) 50.0%* (K-1) 79
Nimbandiol (190) Azadirachta indica (L) 50.0%* (K-1) 79
Methylangolensate (191) Khaya grandifoliola (Bk, Sd) 5.39%* (W-2) 74
7-Deacetylkhivorin (192) Khaya grandifoliola (Bk, Sd) 5.08*%* (W-2) 74
1-Deacetylkhivorin (193) Khaya grandifoliola (Bk, Sd) 9.63%* (W-2) 74
6-Acetylswietenolide (194) Khaya grandifoliola (Bk, Sd) 7.46%* (W-2) 74
16-0-(B-arabinopyranosyl)-3-oxo-12, Glinus oppositifolius (Ap) IC 50 pg/ml 42, 30* (3D7) 74

163,21 3,22-tetrahydroxyhopane
(Glinoside A) (195)

39, 42%* (W2)

Rt, Roots; Bk, Bark; St, Stem; T, Tuber; L, Leaves; Sd, Seed.
*, Strain susceptible to chloroquine; **, Strain resistant to chloroquine; *, Compounds (109-111) tested in vivo against P. berghei.
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tituent from the Chinese plant ‘Qinghao’ (Artemisia an-
nua), prompted the investigation of some other naturally
occurring peroxides for their schizonticidal activitylo.
Table 3 (refs 65-72) gives a brief account of various ses-
quiterpenoids reported for their antimalarial activity.
Artemisinin is a new class of antimalarials, where the
endoperoxide moiety plays an important role. Its 12,4
trioxane ring is unique in nature and is essential for the
activity. The definitive mode of action of this series of
drugs is still not known. After being opened in the Plas-
modium it liberates singlet oxygen and forms a free radi-
cal, both being strong cytotoxins. In vitro-testing using
the inhibition of radio-labelled hypoxanthine uptake as an
index of drug effect on parasite growth suggests that arte-
misinin causes a marked diminution of nucleic acid syn-
thesis. The drug effect on this process is, however, rather
slow; well-defined concentration response curves being
generated only after a 6-8h incubation period“. Dihy-
droartemisinin is over 200 times more effective than arte-
misinin in reducing 3H-hypoxanthine uptake. The inhi-
bitory action of artemisinin on the incorporation of 3H-
leucine into the parasite protein is much more rapid than
that of hypoxanthine, which has led some researchers to
hypothesize that protein synthesis may be one of the

prime targets of drug action®”. Unlike chloroquine, arte-
misinin does not directly cause malaria parasite haemo-
zoin to clump, but it does inhibit clumping caused by
subsequent exposure to chloroquine. It has also been re-
ported that one of the mechanisms of action is due to its
inhibition of cytochrome oxidase, which occurs at the
plasma, the nuclear and the food vacuole-limiting mem-
branes as well as in the mitochondria of the trophozoites
of P. berghei68.

The endoperoxide sesquiterpene: 10,12-peroxycal-
amenene (159) exhibited strongest effect of EC50 2.33 x
10°M (ref. 69). It was demonstrated in neurolenin B
(163), that oyBunsaturated keto function is one of the
structural requirements for high in vitro antiplasmodial
activity. Additionally, a free OH function at C-8 in-
creases and at C-9 decreases the activity70.

The two guaiane-type endoperoxides: nardoperoxide
(166) and isonardoperoxide (167) isolated from the roots
of Nardostachys chinensis, showed strongest antimalarial
effects. It is noteworthy that activity and selectivity of
isonardoperoxide (167) was comparable to those of qui-
nine, a clinically used drug. Nardoperoxide and isonar-
doperoxide seem to be the promising lead compounds for
antimalarial drugs71 .

Table 5. Antimalarial activity of flavonoids and xanthones against P. falciparum

Compound (structure no.) Plant (plant parts) Activity In vitro (strain) Reference
7-Hydroxy-3"-4"-(methylenedioxy) Terminalia bellerica (Ft rind) IC 50 pM >50% (3D-7) 82
flavan (196)
Exiguaflavone A (197) Artemisia indica (St) IC 50 M 1.08 x 107°%* (K-1) 83
Exiguaflavone B (198) Artemisia indica (St) 1.60 x 107°%* (K-1) 83
7-O-Methylgarcinone E (199) Garcinia cowa (Bk) IC 50 pg/ml 2.50 84
Cowanin (200) Garcinia cowa (Bk) 3.00 84
Cowanol (201) Garcinia cowa (Bk) 1.60 84
Cowaxanthone (202) Garcinia cowa (Bk) 1.50 84
B-Mangostin (203) Garcinia cowa (Bk) 3.00 84
1,7-Dihydroxyxanthone (204) Garcinia dulcis (Bk) 3.88 83
123-Hydroxy-des-D-garcigerrin-A (205)  Garcinia dulcis (Bk) 2.08 85
1-O-Methylsymphoxanthone (206) Garcinia dulcis (Bk) 3.71 85
Symphoxanthone (207) Garcinia dulcis (Bk) 3.75 85
Garciniaxanthone (208) Garcinia dulcis (Bk) 0.96 85
(-)-cis-3-acetoxy-4',5,7-trihydroxy- Siparuna andina (L) IC 50 pg/ml 24.3* (poW) 72
flavanone (209)
6-Hydroxyluteolin-7-0O-(1"-0% Vriesea sanguinolenta (L) IC 50 pM 2.13** (K-1) 86
rhamnoside) (210) 3.32* (NF-54)
Formononetin (211) Andira inermis (St, L) IC 50 pg/ml >50% (poW) 87
>50** (Dd2)
Prunetin (212) Andira inermis (St, L) 27.8% (poW) 87
>50** (Dd2)
Biochanin A (213) Andira inermis (St, L) 46.8* (poW) 87
>50** (Dd2)
Calycosin (214) Andira inermis (St, L) 4.2% (poW) 87
9.8** (Dd2)
Genistein (215) Andira inermis (St, L) 2.0% (poW) 87
4.1** (Dd2)
Pratensein (216) Andira inermis (St, L) 45% (poW) 87

>50%* (Dd2)

Ft, Fruit; Bk, Bark; St, Stem; L, Leaves.
*, Strain susceptible to chloroquine; **, Strain resistant to chloroquine.
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Triterpenoids Gedunin (169) possessed activity about three times
higher than chloroquine, but twenty-times lower than
quinine. Comparison of activities of gedunin (169) and
dihydrogedunin (173) suggested that the reduction of the

double bond in ogBunsaturated keto function lead to a

Twenty-six triterpenoids isolated from different medici-
nal plants exhibiting antimalarial property are compiled
in Table 4 (refs 73—80).

Table 6. Antimalarial activity of quinones against P. falciparum

Compound (structure no.) Plant (plant parts) Activity In vitro (strain) Reference
Digitolutein (217) Morinda lucida (Stbk, Rtbk) IC 50 pg/ml 12.92 90
Rubiadin-1-methylether (218) Morinda lucida (Stbk, Rtbk) 8.10 90
Damnacanthal (219) Morinda lucida (Stbk, Rtbk) 9.20 90
1-Hydroxybenzoisochroman (220) Psychotria camponutans (Wd) 2.66** (K-1) 91
Benz-(g)-isoquinoline-5,10-dione (221)  Psychotria camponutans (Wd) 0.84** (K-1) 91
5 and 8-Hydroxy-2-(1"-hydroxy)-ethyl-  Tabebuia ochracea (inner Stbk) IC 50 M 1.67x107° 92
naphtho-(2,3-pB)-furan-4,9-dione 6.77 x 1077%* (FcB2)
(222/223 mix)
Plumbagin (224) Nepenthes thorelii (Rt) IC 50 uyM. 0.27 93
2-Methylnaphthazarin (225) Nepenthes thorelii (Rt) 5.79 93
Rtbk, Root bark; Stbk, Stem bark; Wd, Wood; Rt, Roots.
*_ Strain susceptible to chloroquine; **, Strain resistant to chloroquine; ¥, Tested in vifro against P. berghei.
Note: Structures (217-225) are available from the authors on request.
Table 7. Antimalarial activity of miscellaneous compounds against P. falciparum
Compound (structure no.) Plant (plant parts) Activity In vitro (strain) Reference
osCyperone (226) Cyperus rotundus (T) IC 50 pg/ml 5.5%*% (K-1) 81
N-Isobutyldeca-2,4-dienamide (227) Zanthoxylum gilletii (Rt) 5.37%% (K-1) 81
Securinine (228) Margaritaria discoidea (Rtbk) 5.35%* (K-1) 81
Phloroglucinol derivative (229) Hypericum calycinum (Ap) 0.88** (K-1) 94
Hazaleamide (230) Fagara rhetza (Bk) IC 50 uyM. 43.0%* (K-1) 95
3-0O-Benzoylhosloppone (231) Hoslundia opposita (Rtbk) IC 50 pg/ml 0.4*%* (K-1) 96
4,7-Dimethyl-1-tetralone (232) Cyperus rotundus (T) EC 50 M 8.62 x 107%* (K-1) 69
Diterpeneperoxide (233) Amomum krervanh (St) EC 50 uM 0.017 97
Myrtenal (234) Amomum krervanh (Ft) 5-50 97
Myrtenol (235) Amomum krervanh (Ft) 5-50 97
trans-Pinocarveol (236) Amomum krervanh (Ft) 5-50 97
Termilignan (237) Terminalia bellerica (Ft rind) IC 50 uyM. 9-6* (3D7) 82
Thannilignan (238) Terminalia bellerica (Ft rind) >50* (3D7) 82
Anolignan B (239) Terminalia bellerica (Ft rind) 20.5% (3D7) 82
Tomentosrin (240) Xanthium strumarium (Ap) IC 50 pg/ml 7.8%* (K-1) 98
8-epi-Xanthatin-13-5B-epoxide (241)  Xanthium strumarium (Ap) 7.8%* (K-1) 98
Kanthumin (242) Xanthium strumarium (Ap) 31** (K-1) 98
8-epi-Xanthin (243) Xanthium strumarium (Ap) 125** (K-1) 98
Muzanzagenin (244) Asparagus africanus (Rt) IC 50 uyM. 61* (K-39) 99
23* (3D7)
163** (V1/Sd)
16** (Dd2)
(+)-Nyasol (245) Asparagus africanus (Rt) 12** (Dd2) 99
12* (3D7)
5,7-Dimethoxy-8-(3-hydroxy-3"-methyl- Toddalia asiatica (Rt) IC 50 pg/ml 8.8%* (VI/S) 100
1-butene)-coumarin (246) 16.2* (K39)
Heptaphylline (247) Clausena harmandiana (Rt) IC 50 pg/ml 3.2-6.4%*% (K-1) 101
Dentatin (248) Clausena harmandiana (Rt) 8.5-12.3** (K-1) 101
Clausarin (249) Clausena harmandiana (Rt) 0.1-0.7** (K-1) 101
Ophiobolin A (250) Cochliobolus heterostrophus IC 50 ng/ml <528.8% (D6) 102

(Cul F))

580%* (W2)

Glinus oppositifolius (Ap).

Rt, Roots; Bk, Bark; St, Stem; T, Tuber; Rtbk, Root bark; Ap, Aerial parts; Cul fl, Cultural filterates; L, Leaves.
*, Strain susceptible to chloroquine; **, Strain resistant to chloroquine.
Note: Structures (226-250) are available from the authors on request.

CURRENT SCIENCE, VOL. 85, NO. 9, 10 NOVEMBER 2003

1323



REVIEW ARTICLES

[128] R = ~A [134] Ry = OH, R, =H
[129] R = Me [136] R1=H, Rz =
[137]Ri=H, R. =

\)\K
[130] R = o
A A

¥

[131]R= [132]R =

[133] R = C-15 B-OH

[135]R=(=0) [138] R=0OH
[139] R = OH [144]R= (= O)
[140] R = OGlc
OH
HO, I ™
HO
R1
O; Ro
O

[141] [142] Ry = H, R, = OAc

[143] Ry = H, Rz = OH
[145] Ry = OH, Ra=H

[150] [151]

1324

+ 5H
[157] [158] [159]
; u . Y
- (0}
}
[160] [161] [162]

[163] Ry = Ac, Ra =ival [166] [167]
[164] Ry =ival, R2.=H

[165] Ry =H, Rz =iival

Ac = Acetate

Ival = isovalerianyloxy

Z YV N—oH
o d

[168]

Co

CO
1
1 o i )
o
wOCOMe OCOMe

[169] R = H [170]
[171] R = OCOMe

CURRENT SCIENCE, VOL. 85, NO. 9, 10 NOVEMBER 2003



REVIEW ARTICLES

CH3COO*"

[191] [192] Ry = OH, Ro = COOCH;
[193] Ry = COOCHs, Rz = OH

OH
~<0H

ot i OH

OAc

[174] [175]

N 1
COOH COOH
i i o
HO HO o o>

[176])R=H [177] \Oij

[178] R = OH
[196] [197]R = H
[198] R = CHs
Rs O OR,
R7 R
R O R3
5 4
[179] R = COOH [181] R = CHO - N " R n .
[180] R = Me [182] R = COOMe R :
[183] R = CH.OH e8] H ~A - H A~ ow ~N
Ro R, @0 0 H “~ H H oH  OMe ~AAAA
o~ OH
i [201] H ~K oH H H OH OMe ~AAN
3 P2 H  A~AAKN o oH  OMe H
o [203] H ~A OCH, H H oH  OMe ~A
voxs 204 H H H H H H oH H
HO bR, [205] H X H oH oH H H H
206) Me OH H e oH o4 H H
[184] Ry = H, Rz = CH.OH [187] Ry = Ac, Ra = H 1208 Me
[185] R1 = Me, R: = COOMe [188] Rs = H, Rz = Ac @7 H O H S TR H
[186] R1 = Me, R, = COOH 08 H o H o " T S A

COOMe

" [e]
b " OH O ¢ OH O

[189] [190] [209] [210] rh = rhamnose

o]
T

CURRENT SCIENCE, VOL. 85, NO. 9, 10 NOVEMBER 2003 1325



REVIEW ARTICLES

2111 Ry =H
[214] Ry = OH

[212] R =H, Rz = H, Rs = Me
[213] R1 = H, Rz = Me, Rs = H
[215]R1=H,R2=H,Rs =H
[216] Ry = OH, Rz = Me, Rs = H

decrease of antimalarial activity and increase in toxicity.
It was already established that otf3-unsaturated keto func-
tion is an important feature for antimalarial activity in
quassinoids. Gedunin is a limonoid, an oxidized triter-
pene closely related to the quassinoids. It has also been
reported that treatment of gedunin with alkali results in
the formation of quassinoid-like structures >, Gedunin
was also shown to exhibit an additive effect when combi-
ned with chloroquine74’81.

Flavonoids and xanthones

The antimalarial activity from these classes of com-
pounds has not been described earlier, although it consti-
tutes one of the most characteristic classes of compounds
in higher plants. Some recent reports of antimalarial acti-
vity from these classes of compounds are presented in
Table 5 (refs 8§2—87).

Flavonoids isolated from Artemisia annua were not
found active against P. falciparum, but demonstrated a
marked and selective potentiating effect on the antiplas-
modial activity of artemisinin®®.

The ethanol extract of the bark of Garcinia dulcis
(Guttiferae) furnished five xanthones (204-208); garcini-
axanthone (208) showed inhibitory effects on the growth
of P. falciparum with IC 50 value of 0.96 p.g/mlgs.

Quinones

Chemically, quinones are compounds with a 1,4-diketo-
cyclohexa-2,5-dienoid or a 1,2-diketocyclohexa-3,5-die-
noid moiety. The structure of many naturally-occurring
quinones is based on the benzoquinone, naphthoquinone
or anthraquinone ring system. Napththoquinones are
rather promising as blood schizonticides, since they are
highly active against P. falciparum in vitro® . Some of
the naturally occurring quinones tested for antimalarial
activity are presented in Table 6 (refs 90-93).

Roots of Nepenthes thorelii yielded plumbagin (224)
and 2-methylnaphthazarin (225) both of which were
evaluated against P. falciparum. The quinone structure was
regarded essential for the activity of naphthoquinones
like plumbagin (224).
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Miscellaneous compounds

Various compounds with different chemical structures
possessing antimalarial activity are presented in Table 7
(refs 81, 94-102).

The most active constituents isolated from the tubers
of Cyperus rotundus (Cyperaceae), the root bark of
Zanthoxylum gilletii (Rutaceae) and the root bark of Mar-
garitaria discoidea (Euphorbiaceae) were otcyperone
(226), N-isobutyldeca-2,4-dienamide (227) and secur-
inine (228), respectively. All these compounds were
shown to possess significant antimalarial activity due to
the presence of o [Bunsaturated carbonyl moiety. The
oyBunsaturated carbonyl moiety was suspected to un-
dergo a Michael reaction with nucleophilic sites in the
parasite DNA molecule, thereby inhibiting the growth of
P. falciparumgl’%.

Conclusion

Several plants are used in traditional medicine for the
treatment of malaria and fever in many parts of world.
These require further detailed investigation with ethno-
pharmacological approach. It therefore seems worthwhile
to study such plants, which have been used over the cen-
turies for medicinal purposes. The ethnopharmacological
approach used in the search for new antimalarial com-
pounds from plants appears to be predictive compared to
the random screening approach. The recently developed
new isolation and characterization techniques together
with development of new pharmacological testing have
led to interest in plants as a source of new drugs. How-
ever, a promising approach is needed to use these agents
as templates for designing new derivatives with improved
properties. The search for additional antimalarials from
higher plants must continue to fight the disease.
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