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One of the rich sources of lead compounds is the Angiosperms. Many of these lead
compounds are useful medicines naturally, whereas others have been used as the basis
for synthetic agents. These are potent and effective compounds, which have been
obtained from plants, including anti-cancer (cytotoxic) agents, anti-malaria (anti-
protozoal) agents, and anti-bacterial agents. Today, the number of plant families that
have been extensively studied is relatively very few and the vast majorities have not
been studied at all. The Annonaceae is the largest family in the order Magnoliales. It
includes tropical trees, bushes, and climbers, which are often used as traditional
remedies in Southeast Asia. Members of the Annonaceae have the particularity to
elaborate a broad spectrum of natural products that have displayed anti-bacterial, anti-
fungal, and anti-protozoal effects and have been used for the treatment of medical
conditions, such as skin diseases, intestinal worms, inflammation of the eyes, HIV, and
cancer. These special effects and the vast range of variation in potent compounds make
the Annonaceae unique from other similar families in the Magnoliales and the
Angiosperms in general. This paper attempts to summarize some important
information and discusses a series of hypotheses about the effects of Annonaceae
compounds.
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1. Introduction

The order Magnoliales consists of six

families (Annonaceae, Degeneriaceae,

Eupomatiaceae, Himantandraceae, Mag-

noliaceae, and Myristicaceae), approxi-

mately 160 genera, and about more than

3000 species. Members of the Magnoliales

include woody shrubs, climbers, and trees.

Along with the orders Laurales, Piperales,

and Canellales, Magnoliales forms the

Magnoliid, which is an early evolutionary

branch in the angiosperm tree [1,2].

Among all these families, the Annonaceae

and Magnoliaceae have been the most

studied. The family of Degeneriaceae

consists of a single genus Degeneria,

which has one or two species found in Fiji

[3]. The family of Eupomatiaceae consists

of the single genus, Eupomatia, including

three species, found in New Guinea and

eastern Australia [4]. The family Himan-

tandraceae consists of the single genus,

Galbulimima, which consists of two

species found in the tropical Southeast

Asia and Australia [5]. The Myristicaceae

family consists of about 20 genera, with

several 100 species, of trees and shrubs,

found in the tropical areas across the world

[6,7]. The Magnoliaceae family has

approximately 225 species divided into
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seven genera. This family is distributed

across eastern North America, Mexico,

Central America, the West Indies, tropical

South America, southern and eastern

India, Sri Lanka, Indochina, Malaysia,

China, Japan, and Korea [8]. The barks of

Magnolia species are highly aromatic on

account of magnolol and honokiol, two

polyphenolic compounds, which have

demonstrated both anti-anxiety and anti-

angiogenic properties. It has also been

shown that these compounds are proven to

have anti-inflammatory [9] and anti-

oxidant [10] effects. The flower buds of

Magnolia plants mainly contain mono-

terpenes and sesquiterpenes, which are

decongestant, anti-inflammatory, and are

used for commercial and domestic

use [11]. In this family, compounds like

lignans, neolignans, phenylpropanoids,

terpenes, and some alkaloids, such as

liriodenine, aporphine, and benzylisoqui-

noline alkaloids [12], have been isolated

and they showed several biological

activities [13–19].

The Annonaceae also called the

custard apple family is the largest family

in the Magnoliales order, with about 135

genera and 2500 species. The family is

mainly concentrated in the tropical zones,

with few species found in temperate

regions [20]. One of the most important

reason for focusing on Annonaceae is that

there are different categories of chemicals

such as alkaloids, non-alkaloids constitu-

ents, and acetogenins, which have dis-

played a broad array of pharmacological

effects and are being clinically evaluated

for the treatment of Parkinson’s disease,

cardiovascular disease, and viral infec-

tions [21,22]. Notwithstanding the exist-

ence of some other non-alkaloid

compounds such as some sesquiterpenes

like yingzhaosu A and yingzhaosu B with

anti-malaria activity [23,24], there has

been much more focus on flavonoids [25].

The occurrence of acetogenins in Anno-

naceae has turned this family on the

spotlight to discover new anti-cancer

agents. The aim of this study is to

demonstrate that the family Annonaceae

offers a vast array of leads to tomorrow’s

drug discovery.

2. Phytochemistry and pharmacology

2.1 Alkaloids

There are 150 alkaloids of the isoquinoline

types, in which protoberberines and

aporphines, which are structurally similar

to each other, were isolated from different

genera of Annonaceae [25]. Many phar-

macological studies have indicated that

bisbenzylisoquinolines that are derived

from simple isoquinolines are important

bioactive components existing in the

family of the Annonaceae [26–32]; more-

over, the tetrahydrobenzylisoquinoline

alkaloids, which have a fully saturated

and comparable structure to bisbenzyliso-

quinolines, perform an important function

in biomedicine semi-synthetic pro-

ductions. In addition, protoberberines

and aporphine can be mentioned as the

simplest derivatives of the bisbenzyliso-

quinolines and tetrahydrobenzylisoquino-

line, respectively [33]. Therefore, we have

described them in the following order:

simple isoquinolines, benzyltetrahydroiso-

quinolines, bisbenzylisoquinolines, proto-

berberines, and aporphine.

2.1.1 Simple isoquinolines

Among the most promising simple iso-

quinolines isolated so far are salsolinol

(Figure 1) from the leaf and stem of

Annona reticulata [34], and corydaldine

(Figure 2) from the stem bark of Enantia

polycarpa [35]. Salsolinol had a consider-

able effect on the balance between

HO

HO
NH

Figure 1. Chemical structure of salsolinol.
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dopamine and acetylcholine by impairing

the cholinergic system as well as the

dopaminergic system. It is likely that the

disruption of balance between dopamine

and acetylcholine plays a critical role in

the pathogenesis of neurotoxin-induced

Parkinson’s disease [36]. To sum up the

previous studies, it is clear that salsolinol

not only affects the dopaminergic system

by inhibiting the related enzymes in the

synthesis or metabolism of dopamine but

also impairs the cholinergic system by

inactivating acetylcholinesterase. Both

phenomena would lead to the disruption

of balance between dopamine and acetyl-

choline and contribute to the development

of Parkinson’s disease [37].

2.1.2 Benzyltetrahydroisoquinolines

Most benzyltetrahydroisoquinoline alka-

loids (Figure 3) were isolated from some

species of the genera Annona and

Xylopia. One such compound is reticuline

(Figure 4), which reduces heart rate and

blood pressure in rats, inhibits phenyle-

phrine- and KCl-elicited contractions of

rat aortic rings, and antagonizes Ca2þ-

induced contractions [38,39]. The reticu-

line inhibits the smooth muscle L-type

Ca2þ channels. Reticuline elicits vasor-

elaxation via a probable blockade of the

L-type voltage-dependent Ca2þ current in

rat aorta [39].

2.1.3 Bisbenzylisoquinolines

These compounds have mostly been

isolated from the genera Crematosperma,

Guatteria, Isolona, Phaeanthus, Popowia,

and Uvaria, and are very variable in

structure (Figure 5) [40,41]. Bisbenzyliso-

quinolines are mainly Ca2þ antagonists,

which have some effects on the vascular

smooth muscle, the vascular endothelium,

and the adrenal glands. They are also shown

to have pro-apoptotic, anti-oxidant, and

anti-inflammatory activities [42]. The most

valuable characteristic of these compounds

is their anti-plasmodial effect [43].

2.1.4 Protoberberines

Most protoberberine alkaloids have the

basic skeleton as shown in Figure 6 [44].

These alkaloids have displayed an impress-

ive array of pharmacological properties and

are known for their anti-bacterial, anti-viral,

N

OH

O

HO

O

Figure 4. Chemical structure of reticuline.

HN

Figure 3. Structure of benzyltetrahydro-
isoquinoline.

NH

O

O

O

Figure 2. Chemical structure of corydaldine.

N

OMe

OMe

OMe

O

HO

HO

O
N

O

MeO

NN

OMe

OMe

OMe

H H
MeO

Figure 5. Structures of bisbenzylisoquinolines
from Annonaceae.
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and cytotoxic activity. Palmatine and

berberine inhibited the enzymatic activity

of reverse transcriptase in vitro [45].

Furthermore, palmatine, berberine, jatror-

rhizine, and dihydroberberine inhibited the

growth of Babesia gibsoni in vitro at doses

ranging from 1 to 100mg/ml [46]. Proto-

berberine inhibited the growth of 38 human

cancer cell lines [47].

2.1.5 Aporphines

An interesting feature of aporphines is their

planar stereochemistry. One such com-

pound is anonaine, which is the most

frequently cited aporphine in the Annona-

ceae. Figures 7 and 8 illustrate the general

structure of aporphines alkaloids and

anonaine, respectively [48,49]. 7-Hydroxy-

dehydrothalicsimidine, thalicsimidine,

norpurpureine, lirinidine, and N-methylasi-

milobine from the leaves of Annona

purpurea exhibited significant inhibition of

arachidonic acid, collagen, and platelet-

activating factor-induced platelet aggrega-

tion [50]. It is worth mentioning that

aporphine alkaloids, especially those con-

taining a 1,2-methylenedioxy group, are

more potent against cancer cell lines [51].

2.2 Flavonoids

More than 70 types of flavonoids have

been reported from Annonaceae. In the

flavanonol types, taxifoline has been

reported frequently [52–54]. Among ca.

50 flavonols found in this family, quercetin

types have broad pharmacological activities

[55,56]. In addition, in the approximately

10 flavones, which have been isolated and

studied, the O-glycosides of apigenin are

common [54,56]. Therefore, in this study,

the structures and bioactivities of taxifolin,

apigenin-7-O-apiosyl (1 ! 2) glycoside,

and quercetin are discussed.

2.2.1 Taxifolin

Taxifolin or dihydroquercetin is a flavano-

nol (Figure 9). It is widespread in the

Annonaceae [57]. Taxifolin is common in

the Angiosperms and is known to be a

potent anti-oxidant [58,59], anti-diabetic

[60,61], anti-tumor [62–64], and anti-

inflammatory [65] agent. Taxifolin provides

reliable protection against environmental

factors that cause arteriosclerosis, cardiac,

hepatic, and pulmonary diseases. Taxifolin

has also been proven to benefit cardiovas-

cular health, the skin, cognitive function,

inflammation, allergies, and immunodefi-

ciency conditions, as well as the health of

diabetics [66,67].

N+

Figure 6. Basic skeleton of protoberberine
alkaloids.

N

Figure 7. General structure of aporphine
alkaloids.

HN

O

O
H

Figure 8. Structure of anonaine.

O

OH

OOH

HO

OH

OH

Figure 9. Structure of taxifolin.
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2.2.2 Apigenin-7-O-apiosyl (1 ! 2)

glucoside

Apigenin-7-O-apiosyl (1 ! 2) glucoside

is a flavone found in Artabotrys hexape-

talus, as shown in Figure 10 [56]. This

flavonoid scavenges reactive oxygen

species. Results obtained from in vivo

and in vitro tests indicate that apigenin-7-

O-apiosyl (1 ! 2) glucoside is hepatopro-

tective. To sum up, further studies on the

pharmaceutical functions and immuno-

logical responses of apigenin-7-O-apiosyl

(1 ! 2) glucoside may help its clinical

application [68].

2.2.3 Quercetin

Quercetin (Figure 11) is a common

flavonol in fruits, vegetables, leaves, and

grains. It is used as an ingredient in

supplements, beverages, or foods. In the

Annonaceae, quercetin occurs in the leaves

of Annona glabra, Asimina triloba [69],

and Annona senegalensis [70]. Quercetin

has demonstrated significant anti-inflam-

matory activity because of direct inhibition

of several initial processes of inflam-

mation. For instance, it easily inhibits

both the manufacture and release of

histamine and other allergic/inflammatory

mediators. In addition, it exerts potent anti-

oxidant activity and vitamin C-sparing

action. Quercetin also has anti-tumor

properties. A study in the British Journal

of Cancer showed that, when treated with a

combination of quercetin and ultrasound at

20 kHz for 1 min duration, skin and

prostate cancers show 90% mortality

within 48 h with no visible mortality of

normal cells [71]. Recent studies have

supported that quercetin can help men with

chronic prostatitis, and both men and

women with interstitial cystitis, possibly

because of its action as a mast cell inhibitor

[72]. Quercetin may have positive effects

in combating or helping to prevent cancer,

prostatitis, heart disease, cataracts, aller-

gies/inflammations, and respiratory dis-

eases such as bronchitis and asthma. It also

has demonstrated anti-depressant proper-

ties [73]. Moreover, quercetin 3-rhamno-

side (Figure 12) abrogates the replication

of the influenza A virus by decreasing the

synthesis of viral mRNAs [74]. Flavonoids

of Annonaceae are extremely reactive

toward free radicals and further investi-

gations are warranted [75].

2.3 Acetogenins

The Annonaceae acetogenins are a unique

class of secondary metabolites in plants.

A literature survey indicated that more

than 400 Annonaceae acetogenins have

been isolated so far. This class of natural

product displayed anti-cancer, cytotoxic,

OO

OH

OH

O

O

OH
HO

HO

O

O

OHHO

HO

Figure 10. Structure of apigenin-7-O-apiosyl
(1 ! 2) glucoside.

O

OH

O

OH

OH

HO

OH

Figure 11. General structure of quercetin.

O

OH

O

O-Rhamnoside

OH

HO

OH

Figure 12. Structure of quercetin-3-O-
rhamnoside.
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anti-parasitic, insecticidal, and immuno-

suppressive effects and is regarded as

a likely source for the development of

potential drugs [76,77]. Therefore, it is

vital to focus on the novel acetogenins such

as montalicin G, asimicin, annonacine,

uvaricin, purpuracenin, and annoglaucin.

2.3.1 Montalicin G

This acetogenin has been found exclu-

sively in Annona montana (Figure 13).

Montalicin G inhibited the growth of

human tumor cell lines: MCF-7 (breast

cancer), HCT-8 (ileocecal cancer), SK-

MEL-2 (melanoma cancer), KB (epider-

moid nasopharyngeal carcinoma), KB-

VIN (vincristine-resistant KB), U-87-MG

(glioblastoma cancer), CAKI (renal can-

cer), PC-3 (prostate cancer), as well as

1A9 (ovarian cancer), and PTX10 (ovarian

cancer cell line with b-tubulin mutation),

with ED50 values of 4.8, 11.5, 5.8, 12.7,

12.8, 9.2, 2.0, 3.5, 1.3, and 4.6mg/ml,

respectively [78].

2.3.2 Asimicin

Asimicin (Figure 14) was extracted from

Annona cornifolia, Annona bullata and A.

triloba, respectively [79]. This acetogenin

showed anti-oxidant capacity comparable

to vitamin C [80].

2.3.3 Annonacin

Annonacin (Figure 15) is found in the

fruits of Annona muricata (soursop) [81].

Recent reports have shown that daily

consumption in rats caused brain lesions

leading to Parkinson’s disease [82,83].

Along with other acetogenins, annonacin

is reported to block mitochondrial com-

plex I (NADH dehydrogenase), which is

responsible for the conversion of NADH–

NAD and the build-up of a proton gradient

over the mitochondrial inner membrane.

This effectively disables a cell’s ability to

generate ATP via an oxidative pathway,

ultimately forcing a cell into apoptosis or

necrosis [84].

2.3.4 Uvaricin

In 1982, a bis(tetrahydrofuranoid) fatty

acid lactone called uvaricin (Figure 16)

was isolated from Uvaria accuminata [85].

Uvaricin was the first in the cytotoxic

acetogenins found in the Annonaceae. It

kills cells by inhibiting NADH dehydro-

genase in the mitochondrion [86].

2.3.5 Purpuracenin and annoglaucin

Purpuracenin (cis) and annoglaucin (trans)

(Figure 17) have been isolated from

A. purpurea. Purpuracenin and annoglau-

cin showed strong cytotoxic activity

in vitro against MCF-7 (human breast

carcinoma) and A-549 (human lung

carcinoma) cell lines with ED50 10, 1.56

32

O

OO
HO

OH OH

OHHO

20R 15R

9
7

4

35

Figure 13. Structure of montalicin G.

O
O

HO

O
HO

O

OH

Figure 14. Structure of asimicin.
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and 4.8 £ 1022, 1.08mg/ml, respectively

[87].

3. Future development

Below are some hypotheses that are

mentioned in three separated parts includ-

ing alkaloids, flavonoids, and acetogenins,

and they can be useful to feature new

progressions in drug discovery.

3.1 Alkaloids

Salsolinol shares some chemical simi-

larities with selegiline and has been

modified in order to develop anti-Parkin-

son disease agents. Such compounds

(Figure 18) are 1-methyl-1,2,3,4-tetrahy-

droisoquinoline (1-MeTIQ), 1,3-dimethyl-

1,2,3,4-tetrahydroisoquinoline (1,3-diMe-

TIQ), and 1,3-dimethyl-N-propargyl-1,2,

3,4-tetrahydroisoquinoline (1,3-diMe-N-

proTIQ) [88]. Also based on the above

review and the other original researches

[89], it can be concluded that reticuline

can be mentioned as a chemical model for

designing and subsequent developing of

new drugs with cardiovascular-protective

properties. In bisbenzylisoquinolines, the

two moieties are usually bound by one or

more diaryl ether bridges, although

carbon–carbon bridges or a methylene-

oxy bridge may also be present. Many

studies show that the anti-plasmodial and

cytotoxic effects of bisbenzylisoquinoline

alkaloids are influenced by the configur-

ation at chiral centers and by substituents

on the aromatic rings. However, it was

observed that a decrease in lipophilicity,

as in quaternarized or N-oxide derivatives,

resulted in the loss of both toxicity and

anti-plasmodial activity. This loss was

probably a consequence of altered mem-

brane permeability [90]. A modification of

the aromatic rings with lipophilic moieties

should increase the anti-plasmodial

effects of the drug. The ability of the

protoberberines to act as a poison against

topoisomerase-I (Topo-I) and topoisome-

rase-II (Topo-II) has been related to their

anti-tumor activity [91,92]. Inhibitors of

the enzyme Topo-II have been studied

more frequently than those of Topo-I and

the principal mechanisms of inhibition of

Topo-II have been discovered. However,

the role of the drug–DNA interactions in

Topo-I inhibition is still unclear, although

the binding of the protoberberine to DNA

has been considered to be responsible for

this activity. Three principal noncovalent

modes of binding small ligands to

oligonucleotides can be distinguished:

(a) external binders, often polyamines

that make nonspecific electrostatic con-

tacts with the DNA backbone; (b) minor

groove binders, the most sequence-selec-

tive class, regards to a network of specific

H-bonds to base-pairs and backbone

functions; and (c) base-pair intercalators

that establish extended and partly specific

van der Waals contacts with the floors of

aromatic pairs [93]. Therefore, it is

anticipated that by considering these

issues and using molecular modeling

O

O

O

OH

OH

H

H

OH

OH

Figure 15. Structure of annonacin.

HO

O

H

OO

O
H

H

O

O

H

Figure 16. Structure of uvaricin.
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(simulation of the obtained alkaloids with

these structures to Topo I and II

enzymes), we can design novel semi-

synthetic medicines. Previous studies on

aporphines suggest that it may be possible

to modulate the biological activities of

some agents such as liriodenine through

some modifications to improve the DNA

intercalation (Figure 19) [94].

3.2 Flavonoids

The apigenin-7-O-apiosyl (1 ! 2) gluco-

side and derivatives are potent hepatopro-

tective agents in vitro, but no data are

available in vivo. Based on the modeling

and docking studies between apigenin-7-

O-apiosyl (1 ! 2) glucoside and human

serum albumin (the main transporter in

blood), hydrophobic and electrostatic

forces play important role in the interaction

between apigenin-7-O-apiosyl (1 ! 2)

glucoside and human serum albumin [95].

Also regarding the interactions, it is clear

that by modifying the lipophilic groups, the

charge transfer interaction between api-

genin-7-O-apiosyl (1 ! 2) glucoside and

human serum albumin will improve and

hydrogen bonding can also be stronger by

adding some polar groups such as hydroxyl

and amine [95]. To sum up, these studies

provide some valuable information for the

transportation and distribution of apigenin-

7-O-apiosyl (1 ! 2) glucoside in vivo

and are helpful for clarifying toxicity and

dynamics of apigenin-7-O-apiosyl (1 ! 2)

glucoside. Influenza viruses are enveloped

RNA viruses that belong to the family

orthomyxoviridae causing significant mor-

bidity and mortality in humans through

epidemics or pandemics. Influenza virus

spreads from person to person via the

aerosol route, which is generally highly

efficient and often difficult to control as

evident from the recent swine flu outbreak.

Anti-viral agents can prevent and treat

influenza infection, even in the event that

O R2O
OR1 OR1

OR1(CH2)9

10
1516192023

24
34

O

O

OR1
37

35

14R2=A=

      H         A
R1 R2

Cis(1)

Trans(2) Trans(2)

Cis(1)

1, 2:

Threo
Erythro Threo

Figure 17. Structures of purpuracenin and annoglaucin.

N NH

NH N

Selegiline 1-MeTIQ

1,3-diMeTIQ 1,3-diMe-N-proTIQ

Figure 18. The structures of selegiline, 1-
MeTIQ, 1,3-diMeTIQ, and 1,3-diMe-N-proTIQ.

N

O

O

O

Figure 19. Chemical structure and the space-
filling model of planar conformation of
liriodenine.
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an epidemic strain has undergone a

significant change in its antigenic structure

that is no longer covered by the current

vaccine. So it is worth noticing that

quercetin-3-rhamnoside has superior anti-

influenza activity over oseltamivir (Tami-

flu) [74]. Therefore, it is expected that

using rational drug design method, we can

produce its heterocyclic analogues as

potential new classes of anti-influenza

compounds.

3.3 Acetogenins

The Annonaceae acetogenins represent a

class of compounds with diverse bioactiv-

ities, including promising cytotoxicities

[96]. The Annonaceae acetogenins have

been shown to be potent inhibitors of

complex I (NADH: ubiquinone oxido-

reductase) of mitochondrial electron trans-

port systems (ETS) [97–99]. It is believed

that they cause tumor cell inhibition by

blocking oxidative phosphorylation, and

therefore limiting the level of ATP,

inducing a type of suffocation (ATP

deprivation) at the cellular level. Recently,

it has been shown that the acetogenins

selectively inhibit the NADH oxidase

activity of plasma membrane vesicles

derived from HeLa (human cervical

carcinoma), HL-60 (human promyelocytic

leukemia), and HL-60/Adr (human pro-

myelocytic leukemia resistant to adriamy-

cin) cells while not affecting those derived

from normal rat liver cells. This second

mode of action also lowers intracellular

ATP levels by blocking NAD regeneration

and, thus, inhibiting glycolytic (substrate

level) phosphorylation in the cytosol;

these combined modes of action likely

lead to apoptosis (programed cell death)

[100,101]. The selectivity of the acetogen-

ins for tumor cells could then be explained

both by the higher activities of the NADH

oxidase that are peculiar to tumor cells as

well as the increased ATP demands that are

inherent due to their uncontrolled growth.

Studies have hypothesized that since

acetogenins lower intracellular ATP levels,

they may be effective in circumventing

multi-drug resistance (MDR) [100,101].

Taken together, these results suggest that

acetogenins show considerable promise for

the development of new anti-neoplastic

agents, with excellent potential for the

treatment of multi-drug resistance tumor.

In another study, 14 acetogenins were

tested in a rat liver mitochondrial oxygen

uptake assay to probe additional structure–

activity relationships. In this subcellular

assay, the activity of nonadjacent bis-

tetrahydrofuran ring acetogenins depends

on the distance between the two tetrahy-

drofuran rings; the activity decreases to

that of a monotetrahydrofuran ring acet-

ogenin if the distance is too long. When one

tetrahydrofuran ring is replaced with a

tetrahydropyran ring, the activity remains

comparable. The configuration of the

tetrahydrofuran ring, in mono-ring com-

pounds, seems to be more important than

stereo-chemical differences in the rings of

adjacent bis-tetrahydrofuran ring com-

pounds [96]. In conclusion, it is anticipated

that novel acetogenins structures may play

a key role in chemotherapy.

4. Conclusion

The above review indicates that the

literature on Annonaceae has grown con-

siderably in the last decade and a vast field is

now open for in-depth investigations. All in

all, among the alkaloids, isoquinolines are

reminded to be crucial agents. They possess

anti-bacterial and anti-protozoal activity. In

addition, alkaloids have the anti-inflamma-

tory effect. Totally, Annonaceae alkaloids

play key roles in folk treatments. About the

flavonoids, the anti-oxidant activity is the

most noticeable part. Regarding acetogen-

ins, it is undoubtedly true that these agents

give the Annonaceae its unique character-

istics. Acetogenins have exhibited anti-

cancer, anti-oxidant, and anti-HIV activities

at very low concentrations and, therefore,

these agents can cause less side effects.
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It is possible that chemical modification of

these lead compounds may soothe the way

to new pharmacologically selective and

therapeutically potent ideal medicines. The

discovery of leads from the Annonaceae is

most probable.
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M.J. Alcaraz, Free Rad. Biol. Med. 15,
159 (1993).

[20] J.E. Richardson, L.W. Chatrou, J.B.
Mols, R.H.J. Erkens, and M.D. Pirie, in
Flowering Plants of the Neotropics,
edited by N. Smith, S.A. Mori, A.
Henderson, D.W. Stevenson, and S.V.
Healdet (Princeton University Press,
Princeton, NJ, 2004).

[21] M. Cuendet, C.P. Oteham, R.C. Moon,
W.J. Keller, P.A. Peaden, and J.M.
Pezzuto, Pharm. Biol. 46, 3 (2008).

[22] A. Suedee, I.O. Mondranondra, A.
Kijjoa, M. Pinto, N. Nazareth, M.S.J.
Nascimento, A.M.S. Silva, and W. Herz,
Pharm. Biol. 45, 575 (2007).

[23] X.T. Liang, D.Q. Yu, W.L. Wu, and H.C.
Deng, Acta Chim. Sin. 37, 215 (1979).

[24] X.T. Liang, D.Q. Yu, and W.D. Pan,
Acta Chim. Sin. 37, 231 (1979).

[25] M. Leboeuf, A. Cave, P.K. Bhaumik,
B. Mukherjee, and R. Mukherjee, Phyto-
chemistry 21, 2783 (1982).

[26] A. Fournet, A.A. Barrios, V. Muı́ioz,
R. Hocquemiller, and A. Cave, Phyto-
ther. Res. 7, 281 (1993).

[27] C.P. Munshi, P.M. Vaidya, J.J. Buran-
puri, and O.D. Gulati, J. Indian Med.
Assoc. 59, 287 (1972).

[28] A.R. de Arias, A. Inchausti, M. Ascurrat,
N. Fleitas, E. Rodriguez, and A. Fournet,
Phytother. Res. 8, 141 (1994).

[29] K. Likhitwitayawuid, C.K. Angerhofer,
G.A. Cordell, and J.M. Pezzuto, J. Nat.
Prod. 56, 30 (1993).

[30] A. Valentin, F. Benoit-Vical, C. Moulis,
E. Stanislas, M. Mallié, I. Fouraste, and
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