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RESUMO

LUCIO, Ana Silvia Suassuna Carneiro. ALCALOIDES DE ANNONACEA:
Ocorréncia e compilacdo de suas atividades biolégicas & Avaliacdo quimica e
biologica de Anaxagorea dolichocarpa SPRAGUE & SANDWITH (Annonaceae).
Tese (Doutorado em Produtos Naturais e Sintéticos Bioativos) — Instituto de
Pesquisa em Farmacos e Medicamentos, Universidade Federal da Paraiba, Jodo
Pessoa, 2015.

Este trabalho consta de quatro capitulos. O Capitulo 1 descreve uma revisdo dos
alcaloides relatados na literatura para a familia Annonaceae e suas atividades
biol6gicas. Foram relatados 934 alcaloides em publicac6es no periodo de 1929 a
2012. O Capitulo 2 trata do Isolamento e identificacdo de alcaloides da espécie da
familia Annonaceae, Anaxagorea dolichocarpa. Através de métodos cromatograficos
e espectroscopicos foi possivel isolar e identificar os alcaloides azafenantrenos:
eupolauramina, sampangina e imbilina 1 ja relatados para Anaxagorea dolichocarpa,
sendo reportados para as raizes pela primeira vez, o alcaloide 3-metoxisampangina
isolado pela primeira vez para Anaxagorea dolichocarpa e o alcaloide Imbilina 4,
relatado pela primeira vez na literatura. O Capitulo 3 relata os estudos
farmacologicos nas atividades antitumorais, antileishmania e imunomoduladora dos
alcaloides isolados. O alcaloide imbilina 1 destacou-se por apresentar significativa
atividade antitumoral e também foi efetiva na atividade imunomoduladora frente a
inibicAo da producdo de oOxido nitrico. Para a atividade antileishmania, todas as
substancias apresentaram atividade, com destaque para a sampangina. O Capitulo
4 refere-se a um estudo tedrico dos alcaloides aporfinicos relatados na reviséo
publicada dos alcaloides de Annonaceae e alcaloides azafenantrenos de
Annonaceae. O estudo foi realizado por maquina de aprendizagem utilizando
descritores moleculares e docking molecular para a atividade antileishmania.

Palavras-chave: Annonaceae, alcaloides, Anaxagorea dolichocarpa.

Ana Silvia Suassuna Carneiro Lucio



ABSTRACT

LUCIO, Ana Silvia Suassuna Carneiro. Alkaloids of the Annonaceae: Occurrence
and Compilation of Their Biological Activities & Chemical and biological
evaluation of Anaxagorea dolichocarpa Sprague & Sandwith (ANNONACEAE)
Tese (Doutorado em Produtos Naturais e Sintéticos Bioativos) — Instituto de
Pesquisa em Farmacos e Medicamentos, Universidade Federal da Paraiba, Jodo
Pessoa, 2015.

This work consists of four chapters. The Chapter 1 describes a review of all alkaloids
reported in the literature for the Annonaceae family, with its botanical occurrence and
biological activities. 934 alkaloids have been reported in publications in the period
from 1929 to 2012. Chapter 2 this is the isolation and identification of alkaloids
Annonaceae family species, Anaxagorea dolichocarpa. By chromatographic and
spectroscopic methods could be the isolation and identification of azaphenanthrenes
alkaloids: eupolauramine, sampangine and imbiline 1 already reported to
Anaxagorea dolichocarpa, the roots being reported for the first time, the 3-
metoxisampangina alkaloid first isolated Anaxagorea dolichocarpa and the alkaloid
Imbiline 4, first reported in the literature. The Chapter 3 reports the pharmacological
studies on activities antitumor, Leishmanial and immunomodulatory of the isolated
alkaloids. The imbiline 1 stood out by presenting significant antitumor activity and
was also effective in immunomodulatory activity against inhibition of nitric oxide
production. For Leishmanial activity, all substances were active, especially the
sampangine. Chapter 4 refers to a theoretical study of the reported aporphines
alkaloids in the review of published alkaloids Annonaceae and azaphenanthrenes of
Annonaceae alkaloids. The study was performed by machine learning using
molecular docking and molecular descriptors for Leishmanial activity.

Keywords : Annonaceae, alkaloids, Anaxagorea dolichocarpa
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HMBC Heteronuclear Multiple Bond Correlation
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Hz Hertz
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MHz Megahertz
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MTT Brometo de 3- (4,5-dimetiltiazol-2-il) -2,5-difenil-tetrazdlio
NOESY Nuclear Overhauser Enhancement Spectroscopy
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ppm Partes por milh&o

RMN C Ressonancia Magnética Nuclear de Carbono 13
RMN *H Ressonancia Magnética Nuclear de Hidrogénio
S Simpleto
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SBF Soro bovino fetal

SRB Sulforradamina B

TCA Acido tricloroacético
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1. INTRODUCAO

Grande parte dos medicamentos encontrados no mercado € derivado
direta ou indiretamente de vegetais, micro-organismos, organismos marinhos,
vertebrados e invertebrados terrestres. Analisando 0s medicamentos
disponibilizados no mercado entre 1981 e 2002, observa-se que 28 % destes
possuem principios ativos isolados de produtos naturais ou semi-sintéticos, ao
passo que 24 % sao sintéticos com grupos farmacofdricos baseados em
estruturas de produtos naturais. Portanto, mais da metade dos novos
medicamentos lancados sao derivados de produtos naturais, 0 que mostra a
importancia dessa fonte nos estudos de desenvolvimento de novos
medicamentos (BRANDAO et al., 2010).

As grandes companhias farmacéuticas multinacionais ainda encontram
na descoberta e desenvolvimento de moléculas o seu faturamento e com isso
vendem mais de um bilhdo de dolares por ano. Entretanto Contudo o namero
de novos farmacos aprovados tem diminuido ao mesmo tempo em que 0s
custos tém aumentado nos ultimos anos (LAUFER; HOLZGRABE;
STEINHILBER, 2013).

Com base nessas informacdes, os laboratérios farmacéuticos tém
investido em estratégias e métodos modernos de quimica medicinal buscando
unir a ela varias areas de interacdo da ciéncia e tecnologia, conectando
conhecimentos em quimica, fisica e biologia, entre outros (SANTOS;
ANDRICOPULO, 2013).

Dentro da busca incessante por novos candidatos a farmacos, 0s
grandes laboratorios farmacéuticos demonstram um interesse especial pelos
produtos naturais. Embora existam, nos dias atuais, diversas estratégias e
metodologias disponiveis para que se possa sintetizar e descobrir novos
farmacos, a Quimica de Produtos Naturais representa uma destas alternativas
de sucesso historicamente privilegiada. Muitos metabdlitos secundarios ou
especiais se notabilizaram como matérias-primas valiosas para a producao de
inimeros medicamentos contemporaneos (BARREIRO; BOLZANI, 2009).

Apesar dos muitos desafios enfrentados nas ultimas décadas, a Quimica

de Produtos Naturais tem tido avancos importantes com a interseccdo de areas
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afins como Bioquimica, Biologia Molecular, Etnofarmacologia, Imunologia,
tecnologias inovadoras de andlise e também a area de elucidac&o estrutural
através de métodos espectroscépicos (FERREIRA ; PINTO, 2010).

No processo de embasamento cientifico de uma medicina alternativa, a
guimica de produtos naturais se destaca ao permitir o conhecimento estrutural
dos metabdlitos secundarios responsaveis pelos efeitos farmacoldgicos das
plantas medicinais. Em suas inUmeras atribuicdes, estdo o isolamento e a
identificacdo dos constituintes quimicos bioativos, atuando como fonte de
novos farmacos, direcionados a estudos farmacolégicos com intuito de valida-
los como de medicamentos de origem vegetal (SOUZA; SILVA, 2006).

Esse estudo ainda tem como principal fonte o uso de plantas medicinais
como uma op¢do medicamentosa bem aceita e acessivel aos povos, e no caso
do Brasil é adequada para as necessidades locais de centenas de municipios
no atendimento primario a saude. (BRAZ FILHO, 2010).

Dessa forma a quimica medicinal e consequentemente as industrias
farmacéuticas foram e continuam sendo beneficiadas pelos conhecimentos
populares sobre o uso medicinal das plantas. (VEIGA-JUNIOR;
PINTO;MACIEL, 2005).

Diante desse contexto, o isolamento e a determinacdo estrutural de
substancias orgéanicas produzidas pelo metabolismo secundario de organismos
vivos representam importancia fundamental para a fitoterapia e o
desenvolvimento cientifico da prépria quimica de produtos naturais,
contribuindo para o avanco de outras atividades cientificas e tecnolégicas no
pais, unido a busca de novos agentes farmacologicamente ativos através da
triagem de fontes naturais que levam a descoberta de muitos farmacos Uteis
clinicamente e que podem desempenhar um importante papel no tratamento de
varias doencas ainda sem tratamento ou com poucas opcles de terapias
medicamentosas (LEMOS et al., 2007; LIU et al., 2009).

Considerando a riqueza de alcaldides em espécies da familia
Annonaceae, o0 presente trabalho vem a confirmar a predominédncia dessa
classe de metabdlitos secundarios nessa familia e contribuir com a grande
diversidade de estruturas e atividades biolégicas desses alcaloides. Além de
contribuir com o conhecimento quimiotaxondémico do género Anaxagorea

através do estudo de Anaxagorea dolichocarpa.
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2. OBJETIVO GERAL

Contribuir com o estudo fitoquimico e farmacolégico do género

Anaxagorea, familia Annonaceae, por meio do estudo da espécie Anaxagorea

dolichocarpa Sprague & Sandwith.

2.1. Objetivos Especificos

Realizar uma revisdo geral dos alcaloides isolados na familia

Annonaceae, relatando suas estruturas, ocorréncia e atividade bioldgica;

Extrair, isolar, purificar e identificar os biometabdlitos da espécie

Anaxagorea dolichocarpa Sprague & Sandwith;

Avaliar as atividades in vitro antitumoral, antileishmania e
imunodoluladora na producédo de 6xido nitrico, das substancias isoladas
de Anaxagorea dolichocarpa Sprague &Sandwith, para verificar a
possibilidade de aproveitamento destas espécies pelo setor

farmacéutico.

Realizar um estudo tedrico dos alcaloides aporfinicos e azafenentrenos
de annonaceae por maquina de aprendizagem utilizando descritores

moleculares e docking molecular.
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Abstract

This chapter presents an overview of the chemistry and pharmacology of the alka-loids
found in species of the Annonaceae family. The occurrence of alkaloids from
Annonaceae species, as well as their chemical structures and pharmacological activ-ities
are summarized in informative and easy-to-understand tables. Within the Anno-naceae
family, the genera Annona, Duguetia, and Guatteria have led to many important
publications. Valuable and comprehensive information about the structure of these
alkaloids is provided. The alkaloids of the aporphine type represent the predominant
group in this family. Many of the isolated alkaloids exhibit unique struc-tures. In addition
to the chemical structures, the pharmacological activities of some alkaloids are also
presented in this chapter. Thus, the leishmanicidal, antimicrobial, antitumor, cytotoxic,
and antimalarial activities observed for these alkaloids are high-lighted. The chapter is

presented as a contribution for the scientific community, mainly to enable the search for
alkaloids in species belonging to the Annonaceae family.

1. INTRODUCTION

The Annonaceae family was catalogued in 1789 by Jussieu.' Accord-
ing to Chatrou et al.,” the family comprises 135 genera and 2500 species.
Phytogeographically it is entirely tropical, with 39 genera being represented
in tropical America. In South America, the family is represented by 39
genera,” with the genera Annona L., Duguetia St. Hil., Guatteria Ruiz et
Pavan, Rollinia St. Hil., and Xylopia L. In Brazil this family comprises ¢.30
genera and 270 species, all genera have been found in Amazon region.”
Economically, the family is of appreciable importance as a source of edible
fruits; the pawpaw (Asimina), cherimoya, sweetsop, soursop, custard apple,
and ilama (Annona); and plants of the genera Cananga and Rollinia are grown
for their edible fruits.” Oils from seeds of some plants may be used for the
production of edible oils’ and soap’; woods of some Annonaceous plants
have been employed for alcohol production.” Fragrant flowers of ylang-
ylang (Cananga odorata) are an important raw material for perfumery.’
Finally, many members of this family are used in folk medicine for various
purposes.

Chemical studies—and to lesser extent pharmacological studies—on
Annonaceous plants have been intensified in the last decade, though pio-
neering work started long ago. It is striking, however, as recently pointed
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out by Waterman,'” that “for its size the Annonaceae is perhaps one of the
chemically least known families.” Most investigations have centred upon
alkaloids, but Annonaceae also produce a wide range of nonalkaloidal
compounds belonging to various phytochemical groups. It is clear that
the family now requires thorough phytochemical investigations in the
search of medicinally important as well as chemically interesting
compounds.

The known chemistry of the Annonaceae is mainly based on the work
of Cavé and Leboeuf on the benzylisoquinoline alkaloids.'" After this work,
several papers were published which evidenced the presence of alkaloids
derivatives of isoquinolines. Approximately 800 alkaloids of the types iso-
quinolines, protoberberine, aporphine, and others were isolated from
different genera of the Annonaceae. Previous chemical and pharmacological
investigations have indicated that bisbenzylisoquinolines are important
bioactive components existing in plants of the Annonaceae family. Other
terpenes, flavonoids, lignans, acetogenins, and some aromatic compounds
are also found in the family but the alkaloids are the major chemical
constituents.

2. BOTANICAL FEATURES OF THE ANNONACEAE

Herein only the main botanical features will be described that are
characteristics of the family Annonaceae.” ~

2.1 Distribution and Origin

The Annonaceae are a large family of aromatic trees, shrubs, or climbers,
which occur in tropical and subtropical regions. In the tropics of
the Old World, they are usually of climbing or straggling habit and
occur in lowland dense evergreen forest, but in tropical America they
are nearly all shrubby or arboreal and grow mostly in the open grassy
plains. The only genus extending into the temperate zone is Asimina,
which occurs in North America.’

According to Takhtajan, 51 genera and ¢.950 species are confined to Asia
and Australasia, whereas in Africa and Madagascar there are 40 genera with
¢.450 species, and in the American continent 38 genera and 740 species'”'”;
thus, Asia together with Australasia is the center of the distribution of the

Annonaceae. Takhtajan regards this part of the world as the native region
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of Annonaceae,’” whereas Walker and Le Thomas hypothesize,
fromphytogeographical and palynological data, a South American or an
African origin for the family."’

2.2 Diagnostic Features

On the basis of morphology and habitat, the Annonaceae is a very homo-
eneous plant family."” All but one species are trees or shrubs, sometimes
climbing, usually evergreen, with resin canals and septate pith in the
stems.” The leaves are alternate, entire, and exstipulate. They are often

recognizable in the field by a glaucous or metallic sheen. The fragrant

flowers frequently open before all the parts are fully
develope. They  are terminal, leaf-opposed or axillary, solitary or

crowded, hermaphrodite or rarely unisexual, regular, mostly trimerous.
The perianth is usually in the three whorls of three sepals persistent or
deciduous. Petals generally six in two series, rarely in two series of two or
the inner series absent. The sta-mens are usually numerous, hypogenous,
spirally arranged. The carpels are generally numerous and free, very rarely
united in a one-celled ovary with parietal placentas. Fruiting carpels are
sessile or stipitate, mostly inde-hiscent; the fruit is usually an aggregate of
berries, but in a few genera, especially Annona, the berries coalesce with
an edible fleshy receptacle and the fruits are worth eating. The seeds have
a copious, ruminate endo-sperm and a minute embryo; some of the seeds
develop an aril after fertilization.

Briefly, Annonaceous plants are recognized, in tropical and subtropical

regions, by the alternate, exstipulate leaves, mostly trimerous flowers,

numerous and often truncate-free stamens, free carpels, and seeds with

. 5,14-1¢
ruminate endosperm.’ ’

2.3 Classification
The Annonaceae are characterized by a great variety of extremely primitive

and archaic features (i.e., primitive flowers with indefinite numbers of free

floral parts and spirally arranged stamens, free carpels, etc.), they are what
Darwin called “living fossils,” which, through some favourable

circumstance, have scaped extinction and survived to the present day.'”
According to Takhtajan, Annonaceae are included within the order
Magnoliales (Annonales), with the most primitive families of angiosperms:
Wainteraceae, Magnoliaceae, Degen-eriaceae, Himantandraceae,
Eupomatiaceae, Canellaceae, and Myristicaceae.
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The Annonaceae are related to the Magnoliaceae, but are notably more
advanced. The order Magnoliales itself is allied to more advanced orders:
Laurales, Piperales, Aristolochiales, Ranunculales, Papaverales.12 The Anno-
naceae represent one of the largest families of the Magnoliales. As will be
seen later, these phylogenetic relationships are in many cases correlated by

chemotaxonomic connections. The significance of pollen characters for the
phylogeny of the Annonaceae has been discussed.

Although its limits are well defined, the Annonaceae is notoriously

difficult to divide into natural groupings of genera."'>'>"” Two African
genera, Monodora and Isolona, have syncarpous ovaries and are separable

as the subfamily Monodoroideae. The other subfamily, Annonoideae, in-
cludes all other genera and is divided wvariously into tribes and
subtribes.' >

Table 1 shows an alphabetical list of all 130 accepted genera of Annona-
ceae, as understood at present””'; for each genus the approximate number
of species and the geographic distribution of Annonaceae in the world.

Classification is still not clear, since delimitation of genera varies in different
treatments. Not all synonyms are included, but in a few cases important

synonyms are given.

3. ALKALOIDS OF THE ANNONACEAE

There are two previous reviews of the literature on alkaloids

from the Annonaceae. The first was published by Leboeuf et al.'
and the second by Saito.”” The fact that the last review was published

some 18 years ago presented an obvious challenge, given the large
volume of publications on alkaloids of the Annonaceae that have appeared
in the ensuing years. The number of papers discussed by each of the pre-
vious reviews and the number of papers reviewed in this work are seen in
Table 2. In this chapter, the 130 genera shown in Table 1 were surveyed.
Among those genera, only 61 had bibliographic citations. The search
was carried out using Chemical Abstracts, Biological Abstracts, Web of
Sciences, and the database of the University of Illinois at Chicago, NAP-
RALERT (Acronym for NAtural PRoducts ALERT), updated to
December 2012.
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Table 1 Genera (accepted name in bold and synonym in italic), number of species and geographic distribution of annonaceae in the

world®

Genus
Accepted name & synonym

Geographic distribution

Number of species South America Central America North America

Africa Asia Oceania

Afroguatteria Boutique
Alphonsea Hook.f. & Thomson
Ambavia Le Thomas
Anaxagorea A. St. Hil.

= Eburopetalum Becc.

= Pleuripetalum T. Durand

= Rhopalocarpus Teijsm. & Binn
Ancana F. Muell
Annickia Setten & Maas

= Enantia Oliv.
Annona L.

= Guanabanus Mill.
Anomianthus Zoll.
Anonidium Engl. & Diels
Artabotrys R. Br.

= Ropalopetalum Grift.
Asimina Adans.

= Asimia Kunth

= Pityothamus Small

= Orchidocarpum Michx

v

v
v

v
v
v
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Asteranthe Engl. & Diels.

= Asteranthopsis Kuntze
Balonga Le Thomas
Bocagea A. St. Hil.
Bocageopsis R. E. Fr.
Boutiquea Le Thomas
Cananga (DC.) Hook.f. &

Thomson

= Catanga Steud.

= Canangium Baill.

= Fitzgeraldia F. Muell.
Cardiopetalum Schltdl.

= Stormia S. Moore
Chieniodendron Tsiang &

P.T.Li
Cleistochlamys Oliv.
Cleitopetalum H. Okada
Cleistopholis Pierre ex Engl.
Crematosperma R.E.Fr.
Cyathocalyx Champ. Ex Hook.f.

& Thomson

= Drepananthus Maingay ex

Hook.

= Soala Blanco
Cyathostemma Griff.
Cympopetalum Benth.
Dasoclema J. Sinclair
Dasymaschalon (Hook.f. &

Thomson) Dalla Torre & Harms

SRS S SN

10
23
42

18
35

19

AN

ANAN

S

(Continued)
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Table 1 Genera (accepted name in bold and synonym in italic), number of species and geographic distribution of annonaceae in the
world®—cont'd
Geographic distribution

Genus
Accepted name & synonym Number of species South America Central America North America Africa Asia Oceania
Deeringothamus Small 2 v
Dendrokingstonia Rauschert 1 v
= Kingstonia Hook.f. &
Thomson
Dennettia Baker f. 1 v
Desmopsis Saff. 20 v
Desmos Lour. 54 v v
Diclinanona Diels 3 v
Dielsiothamnus R.E.Fr. 1 v
Disepalum Hook.f. 10 v
= Enicosanthellum Ban
Duckeanthus R _E.Fr. 1 v
Duguetia A. St. Hil. 120 v
= Alemene Urb.
= Geanthenum (R.E.Fr.) Saft.
Ellipeia Hook.f. & Thomson 15 v
Ellipeiopsis R.E.Fr. 2 v
Enantia Oliv. 9 v
Enicosanthum Becc. 19

= Griffithia Maingay ex King
= Griffithianthus Merr.
= Henicosanthum Dalla Torre &
Harms
= Marcuccia Becc.
Ephedranthus S. Moore 6 v
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Eupomatia
Exellia Boutique 1
Fissistigma Griff. 80

= Melodorum (Dunal) Hook.f. &
Thomson

Fitzalania F. Muell. 1
Friesodielsia Steenis 56
Froesiodendron R .E.Fr. 4
Fusaea (Baill.) Saft.

Gilbertiella Boutique 1

Goniothalamus (Blume) Hook.f. 124
& Thomson
= Atrategia Bedd. ex Harms f
= Beccariodendron Warb.

Greenwayodendron Verdc 2

Guamia Merr. 1

Guatteria Ruiz & Pav. 390
= Aberemoa Aubl.

= Cananga Aubl.
Guatteriella R .E.Fr.
Guatteriopsis R .E.Fr.
Haplostichanthus F. Muell.
Heteropetalum Benth.
Hexalobus ADC.
Hornschuchia Nees

= Mosenodendron R_.E.Fr.
Isolona Engl. 28
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Table 1 Genera (accepted name in bold and synonym in italic), number of species and geographic distribution of annonaceae in the
world®—cont'd
Geographic distribution

Genus
Accepted name & synonym Number of species South America Central America North America Africa Asia Oceania
Letestudoxa Pellegr. 3 v
Lettowianthus Diels 1 v
Malmea R E.Fr. 22 v v
Marsypopetalum Scheft. 2 v
Meiocarpidium Engl. & Diels 2 v
Meiogyne Migq. 20 v
= Ararocarpus Sheft.
Melodorum Lour. 87 v v
= Rauwenhoffia Scheff.
Mezzettia Becc. 8 v
= Lonchomera Hook f. &
Thomson
Mezzettiopsis Ridl. 2 v
Miliusa Lesch. Ex ADC. 40 v v
= Hyalostemma Wall. Ex Meisn.
= Saccopetalum Benn.
Mischogyne Exell 2 v
Mitrella Miq. 8 v
= Kentia Blume
= Schnittspahnia Rchb.
Mitrephora (Blume) Hook.f. & 40 v v

Thomson
= Kinginda Kuntze


Pc
Retângulo


Mkilua Verdc.
Monanthotaxis Baill.

= Atopostema Boutique

= Clathrospermum Planch.

Ex Benth

= Enneastemon Exell
Monocarpia Migq.
Monocyclanthus Keay
Monodora Dunal
Neostenanthera Exell

= Stenanthera Engl. & Diels
Neo-Uvaria Airy Shaw
Oncodostigma Diels
Onychopetalum R_.E.Fr.
Ophrypetalum Diels
Oreomitra Diels
Orophea Blume
Oxandra A. Rich.
Pachypodanthium Engl. & Diels
Papualthia Diels
Petalolophus K. Schum.
Phaeanthus Hook.f. & Thomson
Phoenicanthus Alston
Piptostigma Oliv.

= Brieya De Wild.
Platymitra Boerl.

= Macania Blanco

56

— U1 3NN

101
35

22

30

17

150

AN

AN NANRN

<

s

v

(Continued)

34


Pc
Retângulo


35

Table 1 Genera (accepted name in bold and synonym in italic), number of species and geographic distribution of annonaceae in the

world®—cont'd

Genus
Accepted name & synonym

Geographic distribution

Number of species South America Central America North America Africa Asia Oceania

Polyalthia Blume

= Fenerivia Diels

= Sphaerothalamus Hook f.
Polyaulax Backer
Polyceratocarpus Engl. & Diels

= Alphonseopsis Baker f.

= Dielsina Kuntze
Popowia Endl.
Porcelia Ruiz & Pav.
Pseudartabotrys Pellegr.
Pseudephedranthus Aristeg.
Pseudoxandra R .E.Fr.
Pseuduvaria Miq.
Pyramidanthe Migq.
Raimondia Saff.
Rhodosphaera Engl.
Richella A. Gray
Rollinia A. St. Hil.

= Rolliniopsis Saft.
Ruizodendron R .E.Fr.
Sageraea Dalzell
Sanrafaelia Vendcourt

AN

134

AN

10
40 v v

24
105
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Sapranthus Seem.
Schefferomitra Diels
Sphaerocoryne (Boerl.)

Scheft. Ex Ridl.
Stelechocarpus Hook.f. &

Thomson
Stenanona Standl.

= Reedrollinsia J. W. Walker
Tetrameranthus R.E.Fr.
Tetrapetalum Miq.
Toussaintia Boutique
Tridimeris Baill.
Trigynaea Schltdl.

= Trigyneia Rchb.
Trivalvaria (Miq.) Miq.
Unonopsis R.E.Fr.
Uvaria L.

= Armenteria Thouars ex Baill.

= Pyragma Noronha

= Waria Aubl.

= Marenteria Thouars

= Narum Adans

= Naruma Raf.

= Uvariella Ridl
Uvariastrum Eng].
Uvariodendron (Engl. & Diels)

R.E.Fr.
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Table 1 Genera (accepted name in bold and synonym in italic), number of species and geographic distribution of annonaceae in the

world®—cont'd

Genus

Accepted name & synonym Number of species

Geographic distribution

South America Central America

North America Africa Asia Oceania

Uvariopsis Engl. 17
= Tetrastemma Diels
ex H. Winkl.
= Thonnera De Wild.
Woodiellantha Rauschert 1
= Woodiella Merr.
Xylopia L. 150
= Parabotrys Mull. Arg.
= Parartabotrys Miq.
= Pseudannona (Baill.) Saft.
= Xylopiastrum Roberty
= Xylopicron P. Browne
= Unona L 1.

v

*Adapted from Ref. 21.
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Table 2 Plants of the family annonaceae studied, number of alkaloids described,
and number of bibliographic citations

Plants Alkaloids Number of
Data obtained from studied described citations
Leboeuf et al., 1982 68 168 109
Saito, 1995 135 415 181
This work 254 934 450

(up to December 2012)

S 4. ORGANIZATION OF THE DATA

The data are organized in alphabetical order of alkaloid names, skel-
eton type, number of substance, with a list of botanical species from which
they were isolated as well as the part of plant, geographical distribution, and
references. These data are shown in Table 3. The biological activities
reported for this type of alkaloid are shown in Table 4, organized by the
alkaloid name, followed by the type of activity reported. The present
compilation includes data from most of the papers published between
1929 and 2012. Among the 934 alkaloids described in the literature during
this period, about 99 alkaloids isolated from Annonaceae species have shown
biological activities.

S 5. CLASSIFICATION OF THE ALKALOIDS OF THE
ANNONACEAE

Most of the alkaloids containing an isoquinoline structure that
are considered are presented in the following order: simple isoquinolines,
isoquinolones, and phenethylammonium compounds; benzyltetrahydroi-
soquinolines; bisbenzylisoquinolines and bisbenzyltetrahydroisoquino-
lines; protoberberines and tetrahydroprotoberberines; proaporphines;
aporphinoids; dehydroaporphines; 7-substituted aporphines; oxoapor-
phines; phenanthrenes; miscellaneous isoquinoline-type alkaloids; and
nonisoquinoline alkaloids.

5.1 Simple Isoquinolines, Isoquinolones, and
Phenethylammonium (Type 1)

[soquinoline alkaloids are formed by the reaction of phenylethylamine and

glyoxylic acid and subsequent decarboxylation, followed by cyclization. In

the Annonaceae, only 18 representatives were found. Salsolinol (I.18), a

simple tetrahydroisoquinoline, was reported in Annona reticulata together
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Table 3 Alkaloids isolated from plants of the family annonaceae

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
(+)-N-acetylnornuciferine VIII 1 Cananga odorata Seed Taiwan 23
(—)-N-acetylnorstephalagine VIII Artabotrys uncinatus Root Taiwan 24
(—)-N-acetylxylopine VIII 142 Fissistigma glaucescens Leaf Taiwan 25
N-acetylpachypodanthine X 1 Paclypodanthium confine Bark Gabon 26
N-acetylpolyveoline X1V 211 Polyalthia suaveolens Stem bark Cameroon 27
3-O-acetyl greenwayodendrin X1V 210 Polyalthia suaveolens Stem bark Cameroon 27
Actinodaphine VIII 3 Guatteria scandens Flowers Guyana 28
Actinodaphnine VIII 3 Guatteria scandens Fruit Guyana 28
Aequaline VI 1 Mitrella kentii Bark New Guinea 29
Schefferomitra subaequalis Entire plant Australia 30—32
Allantoic acid XIvV 1 Desmos chinensis Seed China 33
Allantoin XIv 2 Polyalthia longifolia Root Pakistan 34
Alkaloid Y X1V 3 Schefferomitra subaequalis Bark Not stated 30
10-Amino-3,8-dimethoxy- X1V 4 Goniothalamus cheliensis Bark China 35
4-hydroxyphenanthrene-
1-carboxylic acid lactam
10-Amino-4,8-dihydroxy- X1V 5 Goniothalamus cheliensis Bark China 35
3-methoxyphenanthrene-
1-carboxylic acid lactam
Anaxagoreine X 2 Anaxagorea dolichocarpa Root bark Guyana 36
Stem bark Guyana 36
Fruit Guyana 36
Anaxagorea prinoides Root bark Guyana 36
Stem bark Guyana 36
Fruit Guyana 36
(—)-Anaxagoreine X 2 Cananga odorata Leaf Taiwan 23
Annocherine A II.6 1 Annona cherimola Stem Taiwan 37
Annocherine B II.6 2 Annona cherimola Stem Taiwan 37
Annolatine XI 1 Annona montana Leaf Taiwan 38
Annomontine X1V [3 Annona montana Root bark French Guyana 39
Annona foetida Bark Brazil 40
Twig Brazil 41
Annonamine XI.14 1 Annona muricata Leaf Japan 42
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Annonelliptine
Annonidine A
Annonidine B
Annonidine C
Annonidine D
Annonidine E
Annopholine
Annoretine
Anolobine

(—)-Anolobine

Anomuricine

(+)-Anomuricine
Anomurine

(+)-Anomurine
Anonaine

1I

XIvV
X1V
XIvV
X1V
XIvV
X1V
VIII

VIII

I

I
I

I
VIII

O 00 N =

11
12
13

Annona elliptica
Annonidium mannii
Annonidium mannii
Annonidium mannii
Annonidium mannii
Annonidium mannii
Annona hayesii
Annona montana
Guatteria tonduzii
Monodora tenuifolia

Schefferomitra subaequalis
Xylopia papuana
Anomianthus dulcis
Duguetia obovata
Fissistigma glaucescens
Fissistigma oldhamii

Gauatteria goudotiana
Guatteria sagotiana
Guatteria scandens

Guatteria schomburgkiana
Polyalthia acuminate
Uvaria acuminata

Uvaria lucida

Xylopia parviflora
Xylopia viellardii
Annona muricata

Xylopia parviflora
Annona muricata

Xylopia parviflora
Alphonsea sclerocarpa

Leaf

Stem bark
Stem bark
Stem bark
Stem bark
Stem bark
Wood

Leaf

Leaf

Wood

Stem

Bark

Trunk bark
Stem

Stem bark
Entire plant
Entire plant
Stem wood
Bark

Trunk bark
Trunk bark
Root bark
Bark

Bark + leaf
Root

Root

Root + bark
Trunk bark
Not specified
Leaf

Root + bark
Not specified
Leaf

Root + bark
Trunk bark

Cuba
Ghana
Ghana
Ghana
Ghana
Ghana
Colombia
Taiwan
Costa Rica
Nigeria
Nigeria
Not stated
New Caledonia
Thailand
Guyana
Taiwan
Taiwan
Taiwan
Colombia
French Guyana
Guyana
Guyana
Brazil

Sri Lanka
Kenya
Kenya
Kenya
New Caledonia
Guyana
Not stated
Kenya
Guyana
Not stated
Kenya

Sri Lanka

43

44,45
44,45
44,45
44,45
44,45
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance name

Skeleton type

Substance
number

Species
name

Part of plant

Geographical
distribution

41

References

Annona montana

Annona muricata

Annona paludosa
Annona purpurea
Annona salzmannii

Annona senegalensis
Annona squamosa
Anomianthus dulcis
Artabotrys odoratissimus
Artabotrys uncinatus
Cananga odorata

Desmos yunnanensis
Enantia polycarpa
Fissistigma oldhamii
Guatteria oliviformis
Guatteriopsis blepharophylla
Hexalobus crispiflorus
ILsolona campanulata
Isolona maitlandii

Isolona pilosa

Mitrella kentii

Monodora tenuifolia
Oncodostigma monosperma
Oxandra major

Polyalthia emarginata
Polyalthia longifolia
Polyalthia oliveri

Rollinia leptopetala

Wood
Fruit
Leaf
Root bark
Wood
Bark

Bark
Leaf
Leaf + stem
Leaf
Stem bark
Fruit
Stem bark
Stem bark
Not specified
Bark + leaf
Entire plant
Leaf
Stem
Stem bark
Bark
Stem bark
Trunk bark
Bark
Wood
Bark
Stem bark
Trunk bark
Leaf
Leaf
Root

French Guyana
Not stated
Japan
French Guyana
Costa Rica
Brazil
Brazil

East Guinea
India
Thailand
Bangladesh
Taiwan
Madagascar
Taiwan
China
Africa
China
Costa Rica
Brazil
Ghana

Not stated
Ghana
Gabon
New Guinea
Nigeria
Malaysia
Colombia
Madagascar
Taiwan
Ivory Coast
Brazil

65
66
42
67
68
69
70
71
72
51
73
74
75
76
77
78
79
47
80
81
82
83
82
29
48
84
85
86
87
88
89
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(—)-Anonaine

VIII

Rollinia mucosa

Rollinia ulei
Schefferomitra subaequalis
Trivalvaria macrophylla
Xylopia aethiopica
Xylopia brasiliensis
Xylopia buxifolia
Xylopia emarginata
Xylopia frutescens
Xylopia papuana
Annona cherimolia
Anomianthus dulcis
Artabotrys brachypetalus
Artabotrys maingayi
Artabotrys monteiroae
Artabotrys uncinatus
Artabotrys venustus
Cananga odorata
Cardiopetalum calophyllum
Desmos tiebaghiensis
Disepalum pulchrum
Duguetia spixiana
Fissistigma glaucescens
Fissistigma oldhamii
Goniothalamus amuyon
Guatteria oliviformis
Guatteria schomburgkiana
Monodora grandidiera
Monodora junodii
Monodora tenuifolia
Oncodostigma monosperma
Polyalthia longifolia
Rollinia emarginata
Uvaria acuminata
Xylopia parviflora

Root

Fruit

Stem

Bark

Stem bark
Not specified
Bark

Leaf

Leaf

Stem bark
Trunk bark
Leaf

Stem

Stem bark
Stem bark
Root
Root, stem
Stem bark
Seed, leaf
Trunk bark
Aerial parts
Stem bark
Twig
Entire plant
Entire plant
Entire plant
Leaf

Bark

Twig

Stem bark + twig
Stem bark
Leaf

Stem bark
Root

Root

Root + bark

Brazil
Taiwan
Peru

Not stated
Malaysia
Not stated
Not stated
Madagascar
Brazil
French Guyana
New Caledonia
Spain
Thailand
Zimbabwe
Malaysia
Kenya
Taiwan
Malaysia
Taiwan
Bolivia
Caledonia
Malaysia
Bolivia
Taiwan
Taiwan
Taiwan
Costa Rica
Brazil
Kenya
Kenya
Nigeria
Malaysia
Taiwan
Argentina
Kenya
Kenya

90

91
92
30,93
94

95

96

97

98

99

50
100
51
101
102
103

57
109
110
48
111
112
113
59
60

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Antioquine v.1 1 Pseudoxandra lucida Stem bark Colombia 114
(—)-Antioquine v.1 1 Guatteria boliviana Stem bark Bolivia 115
(4)-Apateline Iv.2 1 Guatteria guianensis Stem bark Guyana 116
N-arachidoyltryptamine X1V 14 Rollinia mucosa Seed Mexico 117
Argentinine XI1 1 Annona montana Leaf Taiwan 38
Gauatteria discolor Stem bark Guyana 118
Gauatteria_foliosa Stem bark Bolivia 119
Guatteria goudotiana Bark Colombia 55
Monocyclantus vignei Stem bark Ghana 120
Monodora grandidiera Twig Kenya 109
Oxymitra velutina Twig Ghana 121
Phaeanthus vietnamensis Leaf Vietnam 122
Popowia pisocarpa Leaf Indonesia 123
Argentinine N-oxide XII 2 Monocyclantus vignei Stem bark Ghana 120
Aristolamide XIv 15 Uvaria grandiflora Leaf + stem China 124
Aristololactam A-I-A X1V 16 Uvaria grandiflora Leaf + stem China 124
Uvaria microcarpa Stem China 125
Aristololactam A-II XIvV 17 Annona cacans Stem Brazil 126
Fissistigma glaucescens Leaf Taiwan 25
Fissistigma oldhamii Stem Taiwan 127
Goniothalamus cheliensis Leaf China 128
Goniothalamus griffithii Root China 129
Goniothalamus sesquipedalis Leaf + twig India 130
Goniothalamus tenuifolius Stem bark Thailand 131
Monocyclantus vignei Stem bark Ghana 120
Orophea hexandra Stem bark Indonesia 132
Uvaria microcarpa Stem China 125

43
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Aristololactam A-III

Aristololactam B-1

Aristololactam B-II

Aristololactam B-III
Aristololactam F-I
Aristololactam F-II

(4+)-Armepavine

(—)-Armepavine

(+)-Aromoline
Artabonatine A
Artabonatine B
Artabonatine C

Artabonatine D
Artabonatine E
Artabonatine F
Artabotrine

Artabotrysine
Artacinatine

X1V

XIvV

X1V
XIvV
X1V

I

I

Iv.3
XIv

XI

XI
VIII.1
VIII.2
XI.1

VIII.2
XI.2

18

19

20
21
22

23

N W

_ e W

15

Goniothalamus borneensis
Goniothalamus cheliensis
Uvaria hamiltonii
Dasymaschalon blumei
Upvaria grandiflora
Uvaria microcarpa
Annona cacans
Fissistigma glaucescens
Fissistigma oldhamii
Uvaria hamiltonii
Uvaria microcarpa
Fissistigma glaucescens
Oxymitra velutina
Fissistigma oldhamii
Goniothalamus amuyon
Artabotrys brachypetalus
Guatteria sagotiana
Uvaria chamae

Xylopia pancheri
Popowia pisocarpa
Xylopia pancheri
Guatteria guianensis
Artabotrys uncinatus
Artabotrys uncinatus
Artabotrys uncinatus
Artabotrys spinosus
Artabotrys uncinatus
Artabotrys uncinatus
Artabotrys uncinatus
Artabotrys stenopetalus
Artabotrys suaveolens
Artabotrys zeylanicus
Abrtabotrys spinosus
Artabotrys spinosus
Artabotrys uncinatus

Bark

Leaf

Stem bark
Leaf + twig
Leaf + stem
Stem

Stem

Leaf

Stem

Stem bark
Stem

Leaf

Twig

Stem

Stem

Stem bark
Leaf

Leaf
Trunk bark
Trunk bark
Trunk bark
Stem bark
Fruit

Fruit

Stem

Root

Stem

Root
Root

Stem bark
Stem bark
Stem bark
Root
Root

Stem

Malaysia
China
Bangladesh
Thailand
China
China

Brazil
Taiwan
Taiwan
Bangladesh
China
Taiwan
Ghana
Taiwan
Taiwan
Zimbabwe
French Guyana
East Guynea
New Caledonia
Indonesia
New Caledonia
Guyana
Taiwan
Taiwan
Taiwan
Thailand
Taiwan
Taiwan
Taiwan
Ghana
Philippines
Sri Lanka
Thailand
Thailand
Taiwan

133
128
134
135
124
125

126

o o =
O

140
141,142
143,144
139

139
24,87

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

45

Species Geographical
Substance name Skeleton type name Part of plant distribution References
(—)-Artavenustine Artabotrys venustus Stem bark Malaysia 104
Asimilobine Anaxagorea dolichocarpa Fruit Guyana 36

Stem bark Guyana 36
Root bark Guyana 36
Anaxagorea prinoides Fruit Guyana 36
Stem bark Guyana 36
Root bark Guyana 36

Annona cacans Stem Brazil 126

Annona montana Wood French Guyana 65

Annona muricata Fruit Not stated 66

Annona paludosa Root bark French Guyana 67

Annona pickelii Leaf Brazil 145

Annona salzmannii Bark Brazil 70

Artabotrys monteiroae Root Kenya 103

Artabotrys odoratissimus Stem bark Bangladesh 146

Artabotrys uncinatus Fruit Taiwan 74

Cymbopetalum brasiliense Bark French Guyana 147

Guatteria scandens Trunk bark Guyana 28

Root bark Guyana 28

Hexalobus crispiflorus Stem bark Ghana 81

Melodorum punctulatum Bark New Caledonia 148

Mitrella kentii Bark New Guinea 29

Monocyclantus vignei Stem bark Ghana 120

Oncodostigma monosperma Bark Malaysia 84

Orophea hexandra Leaf Indonesia 149

Polyalthia suberosa Stem bark Bangladesh 150

Popowia cyanocarpa Bark Not stated 151

Popowia pisocatpa Trunk bark Indonesia 123

Porcelia macrocarpa Branches Brazil 152

Schefferomitra subaequalis Bark Not stated 30

Uvaria chamae Leaf East Guinea 137

Xylopia frutescens Stem bark French Guyana 99
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(—)-Asimilobine

Atemoine
Atheroline

Atherospermidine

VIII

XIvV
XI

XI

24

Anomianthus dulcis

Artabotrys brachypetalus
Artabotrys uncinatus
Artabotrys venustus
Cananga odorata
Cardiopetalum calophyllum
Desmos tiebaghiensis
Disepalum pulchrum
Fissistigma glaucescens
Fissistigma oldhamii
Goniothalamus amuyon
Hexalobus monopetalus
Monodora grandidiera
Monodora junodii
Oncodostigma monosperma
Polyalthia acuminata
Polyalthia insignis
Polyalthia longifolia
Polyalthia stenopetala
Popowia pisocarpa
Rollinia emarginata
Uvaria lucida

Annona atemoya
Guatteria scandens

Annona foetida
Annona purpurea
Annona mucosa
Abrtabotrys grandifolius
Artabotrys maingayi
Artabotrys odoratissimus
Artabotrys uncinatus

Artabotrys zeylanicus

Stem

Stem bark
Root, stem
Stem bark
Seed, leaf
Trunk bark
Aerial parts
Stem bark
Entire plant
Entire plant
Entire plant
Stem bark
Twig

Stem bark + twig
Stem bark
Bark + leaf
Bark

Leaf

Stem bark
Trunk bark
Stem bark
Root

Seed
Trunk bark
Root bark
Twig
Wood
Leaf + seed
Stem

Stem bark
Stem bark
Root, stem
Root

Stem

Stem bark

Thailand
Zimbabwe
Taiwan
Malaysia
Taiwan
Bolivia
Caledonia
Malaysia
Taiwan
Taiwan
Taiwan
Zimbabwe
Kenya
Kenya
Malaysia
Sri Lanka
Malaysia
Taiwan
Malaysia
Indonesia
Argentina
Kenya
Taiwan
Guyana
Guyana
Brazil
Costa Rica
Brazil
Malaysia
Malaysia
Bangladesh
Taiwan
Taiwan
Taiwan
Sri Lanka

51
101
24
104
23
105
106
107
53
53
53
153
109
110
111
58
154
112
107
123
113
59
155
28
28
41
68
156
157
102
73
24
87
158
143,144

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Desmos longiflorus Stem bark Bangladesh 159
Duguetia calycina Stem bark Guyana 160
Duguetia furfuracea Stem bark Brazil 161
Enantia polycarpa Bark + leaf Africa 78
Fissistigma glaucescens Leaf Taiwan 25
Fissistigma latifolium Entire plant Vietnam 162
Guatteria_foliosa Stem bark Bolivia 119
Gauatteria psilopus Not specified Not stated 95
Polyalthia cauliflora Trunk bark Indonesia 163
Pseuduvaria indochinensis Stem bark China 164
Rollinia sericea Root Brazil 165
Xylopia ferruginea Stem bark Malaysia 166
Atherospermine XI1 3 Fissistigma glaucescens Wood Taitwan 167
Root bark Taiwan 168
Phaeanthus vietnamensis Leaf Vietnam 122
Atherospermine N-oxide XTI 4 Fissistigma glaucescens Root bark Taiwan 168
Atherosperminine XII 3 Annona montana Wood French Guyana 65
Annona muricata Leaf Not stated 63
Duguetia spixiana Trunk bark Colombia 169
Fissistigma glaucescens Entire plant Taiwan 53
Fissistigma oldhamii Entire plant Taiwan 53
Goniothalamus amuyon Entire plant Taiwan 53
Gauatteria discolor Stem bark Guyana 118
Oxymitra velutina Twig Ghana 121
Atherosperminine N-oxide XII 4 Duguetia spixiana Trunk bark Colombia 169
Guatteria discolor Stem bark Guyana 118
Oxymitra velutina Twig Ghana 121
1-Aza-4-methylanthraquinone X1V 25 Annona dioica Wood Brazil 170
1-Aza-4-methyl-2-oxo- X1V 26 Polyalthia longifolia Leaf Taiwan 112

1,2-dihydro-
9,10-anthracenedione


Pc
Retângulo


1-Aza-5,9,10-trimethoxy-

4-methyl-2-oxo-

1,2-dihydroanthracene
Backebergine
Beccapoline

Beccapolinium

Beccapolydione
N-Behenoyltryptamine
Belemine
Berbamunine
Berberine

Bidebiline A

Bidebiline B
Bidebiline C
Bidebiline D
Bidebiline E
Bipowine

Bipowinone

3,6-Bis-(y, y-dimethyl-allyl)-

indole
(—=)-Bisnorargemonine
Boldine

(4)-Boldine
Bracteoline

Buxifoline
(—)-Buxifoline

XI1v 27
I 1
VIIL.3 1
VIIL.4 1
XI.3 1
XIvV 28
IX.1 1
v 1
A\ 1
VIII.2 2
VIII.2 3
VIII.2 4
VIII.2 5
VIII.2 6
VIII.2 7
VIIL.5 1
X1V 29
I 2
VIII 7
VIII 7
VIII 8
VIII 9
VIII 9

Annona dioica

Xylopia vieillardi
Polyalthia cauliflora
Polyalthia beccarii
Polyalthia cauliflora
Polyalthia beccarii
Polyalthia cauliflora
Annona atemoya
Guatteria schomburgkiana
Pseudoxandra sclerocarpa
Rollinia mucosa
Xylopia macrocarpa
Xylopia polycarpa
Polyalthia debilis
Artabotrys spinosus
Polyalthia debilis
Polyalthia debilis
Polyalthia debilis
Polyalthia cerasoides
Popowia pisocarpa
Popowia pisocatpa
Uvaria elliotiana

Xylopia parviflora
Artabotrys lastoursvillenses
Trivalvaria macrophylla
Desmos tiebaghiensis
Polyalthia cauliflora
Xylopia parviflora
Artabotrys lastoursvillenses
Xylopia buxifolia
Duguetia obovata

Wood

Trunk bark
Trunk bark
Stem bark
Trunk bark
Stem bark
Trunk bark
Seed

Bark
Trunk bark
Fruit

Stem bark
Stem bark
Root
Root
Root
Root
Root
Root
Trunk bark
Trunk bark
Stem bark

Root + bark
Bark

Stem bark
Aerial parts
Trunk bark
Root + bark
Bark

Leaf

Stem bark
Leaf

Brazil

New Caledonia
Indonesia
Philippines
Indonesia
Phillipines
Indonesia
Taiwan
Brazil
Colombia
Taiwan
Not stated
Not stated
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Indonesia
Indonesia
Africa

Kenya
Gabon
Malaysia
Malaysia
Indonesia
Kenya
Gabon
Madagascar
Guyana
Guyana

61

163
172
163
172
163
155

173
91

174
174
175
139
175
175
175
176
123
123
177

60
178
94
106
163
60
178

[S e
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Caaverine VIII 10 Isolona pilosa Trunk bark Not stated 179
Isolona zenkeri Leaf Not stated 179
Neostenanthera gabonensis Root + stem Ghana 180
(—)-Caaverine VIII 10 Polyalthia acuminata Bark + leaf Sri Lanka 58
N-trans-cafeoyltyramine X1v 63 Porcelia macrocarpa Branches Brazil 181
Calycinine VIII 11 Duguetia calycina Leaf Guyana 160
Duguetia flagellaris Leaf Brazil 170
Fissistigma oldhamii Entire plant Taiwan 182
Root Taiwan 183
Stem Taiwan 184
(—)-Calycinine VIII 11 Duguetia flagellaris Leaf + stem bark Brazil 185
Duguetia obovata Stem bark Guyana 52
Fissistigma glaucescens Entire plant Taiwan 53
Fissistigma oldhamii Stem bark Taiwan 54
Goniothalamus amuyon Entire plant Taiwan 53
Xylopia parviflora Root + bark Kenya 60
Xylopia vieillardii Trunk bark New Caledonia 61
Canangine XIv 30 Cananga odorata Stem bark Madagascar 75
Cananodine X1V 31 Cananga odorata Fruit Taiwan 186
Candicine I 3 Alphonsea sclerocarpa Trunk bark Sri Lanka 64
(—)-Cannabisin B X1V 32 Xylopia aethiopica Seed Nigeria 187
(—)-Cannabisin D XIv 33 Xylopia aethiopica Seed Nigeria 187
Capaurimine VI 3 Anomianthus dulcis Stem Thailand 51
3-Carbaldehydeindole X1V 34 Piptostigma fugax Root Ghana 188
Stem bark Ghana 188
N-carbamoylanonaine VIII 12 Hexalobus crispiflorus Stem bark Ghana 81
N-carbamoylasimilobine VIII 13 Hexalobus crispiflorus Stem bark Ghana 81
Caseadine VI 4 Dasymaschalon sootepense Leaf Thailand 189
Caseamine VI 5 Anomianthus dulcis Stem, leaf Thailand 51
Cassamedine XI 6 Annona putpurea Entire plant Puerto Rico 190
Caulindole A X1V 35 Isolona cauliflora Stem + root bark Tanzania 191
Caulindole B X1v 36 Lsolona cauliflora Stem + root bark Tanzania 191
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Caulindole C

Caulindole D
Cepharanone B

Cerasodine
Cerasonine
N-cerotoyltryptamine

Cheliensisamine
Cheliensisine
Cherianoine
Cherimoline
Chondrodendrine
Chondrofoline

N-cis-feruloyltyramine
(—)-Cissaglaberrimine
Cleistopholine

V.1
V.1
XIvV

XIvV
XIvV

Iv.4
IV.5

XI1v
VIII
XI1v

37
38

39

40
41

i A

42
14
25

Lsolona cauliflora

Lsolona cauliflora
Fissistigma balansae
Goniothalamus andersonii
Goniothalamus borneensis
Goniothalamus griffithii
Goniothalamus malayanus
Goniothalamus marcanii
Goniothalamus tenuifolius
Goniothalamus velutinus
Schefferomitra subaequalis
Uvaria hamiltonii
Polyalthia cerasoides
Polyalthia cerasoides
Annona atemoya
Rollinia mucosa
Goniothalamus cheliensis
Goniothalamus cheliensis
Annona cherimolia
Annona cherimolia
Cleistopholis staudtii
Uvaria ovata

Isolona ghesquieri

Uvaria ovata
Cleistopholis staudtii
Monodora grandidiera
Artabotrys uncinatus
Annona atemoya
Annona cherimolia
Annona hayesii

Annona salzmannii
Cananga odorata
Duguetia vallicola
Hornschuchia obliqua

Meiogyne virgata
Oncodostigma monosperma
Porcelia macrocarpa

Stem + root bark

Stem —+ root bark
Twig

Root

Bark

Root

Stem bark
Stem bark
Stem bark
Stem bark
Bark

Stem bark
Stem bark
Stem bark
Seed

Seed

Bark

Stem bark
Stem

Stem

Stem bark
Leaf

Stem bark
Leaf

Stem bark
Twig
Stem, leaf
Seed

Twig
Wood
Bark

Seed

Stem bark
Root + stem
Bark + leaf
Trunk bark
Stem bark
Branches

Tanzania
Tanzania
China
Malaysia
Malaysia
China
Malaysia
Malaysia
Thailand
Malaysia
Australia
Bangladesh
Papua New Guinea
Papua New Guinea
Taiwan
Mexico
China
China
Taiwan
Taiwan
Cameroon
Thailand
Madagascar
Ghana
Cameroon
Kenya
Taiwan
Taiwan
Spain
Colombia
Brazil
Taiwan
Not stated
Brazil
Brazil
Malaysia
Malaysia
Brazil

191
191
127
192
193
129
194
193
131
195
32

134
196
196
155
117
197
198
37

199
200
201
202
203
200
109
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Coclaurine I 5 Annona cristalensis Not specified Cuba 208
Annona montana Wood French Guyana 65
Annona muricata Leaf Not stated 63
Fissistigma bracteolatum Entire plant China 209
Guatteria poeppigiana Stem Brazil 210
Monodora junodii Stem bark Kenya 110
Polyalthia acuminata Bark + leaf Sri Lanka 58
Porcelia macrocarpa Branches Brazil 152
Xylopia papuana Trunk bark New Caledonia 50
(+)-Coclaurine I 5 Monodora grandidiera Twig Kenya 109
Xylopia parviflora Root + bark Kenya 60
(—)-Coclaurine I 5 Polyalthia macropoda Stem bark Malaysia 107
Popowia pisocarpa Trunk bark Indonesia 123
(+)-Coclobine 1v.6 1 Guatteria guianensis Stem bark Guyana 116
Codamine I 6 Guatteria chrysopetala Stem bark Guyana 211
Polyalthia cerasoides Root Thailand 176
(4)-Codamine I 6 Xylopia parviflora Root + bark Kenya 60
Codamine N-oxide I 7 Duguetia spixiana Trunk bark Colombia 212
Colletine I.1 1 Cymbopetalum brasiliense Bark French Guyana 147
Columbamine v 2 Fissistigma balansae Twig China 213
Cordobimine v.7 1 Crematosperma species Stem bark Colombia 214
(—)-Cordobine Iv.1 1 Crematosperma species Stem bark Colombia 214
Coreximine VI 6 Annona montana Wood French Guyana 65
Annona muricata Leaf Not stated 63
Annona paludosa Root bark French Guyana 67
Cananga odorata Stem bark Taiwan 76
Guatteriopsis friesiana Stem Brazil 215
(—)-Coreximine VI 6 Guatteria foliosa Stem bark Bolivia 119
Guatteria ouregou Leaf Guyana 216
Guatteria schomburgkiana Bark Brazil 57
Monodora grandidiera Twig Kenya 109
Monodora junodii Stem bark Kenya 110
Xylopia vieillardi Trunk bark New Caledonia 61
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Corydaldine
(—)-Corydalmine
Corydine

(4)-Corydine
Corypalline
(—)-Corypalmine

(—)-Corytenchine

Corytuberine
(+)-Corytuberine

N-trans-p-coumaroyltyramine
p-Coumaroyl-B-phenethylamine

Crebanine
(—)-Crebanine

Crotonosine
Crotsparine

VI
VIII

VIII

VIII
VIII

XI1v
XIvV

VIII
VIII

VI

15

15

16
16

195
43

17
17

Enantia polycarpa
Xylopia vieillardi
Annona squamosa
Guatteria amplifolia
Guatteria cubensis
Guatteria moralessi
Guatteria schomburgkiana
Uvaria chamae

Popowia pisocarpa
Xylopia vieillardi
Guatteria discolor
Guatteriopsis friesiana
Pachypodanthium confine

Xylopia vieillardi
Guatteria schomburgkiana
Xylopia vieillardi

Xylopia langsdorffiana
Annona cherimolia
Guatteria goudotiana
Oncodostigma monosperma
Xylopia parviflora
Xylopia vieillardii
Polyalthia suberosa
Anomianthus dulcis
Anomianthus dulcis
Xylopia aethiopica
Fissistigma glaucescens

Fissistigma oldhamii
Goniothalamus amuyon
Uvaria klaineana
Alphonsea sclerocarpa
Monodora brevipes
Monodora junodii
Uvaria klaineana

Bark + leaf
Trunk bark
Leaf 4 stem
Aerial parts
Leaf

Leaf

Leaf

Leaf

Leaf

Trunk bark
Stem bark
Stem

Stem bark
Root
Trunk bark
Bark
Trunk bark
Leaf

Leaf

Leaf

Stem bark
Root + bark
Trunk bark
Stem

Leaf

Leaf

Leaf

Entire plant
Stem bark
Entire plant
Entire plant
Stem
Trunk bark
Seed

Stem bark + twig
Stem

Africa

New Caledonia
India

Colombia
Cuba

Cuba

Brazil

East Guinea
Indonesia

New Caledonia
Guyana

Brazil

Not stated

Not stated
New Caledonia
Brazil

New Caledonia
Brazil

Spain
Colombia
Malaysia

Kenya

New Caledonia
Thailand
Thailand
Thailand

East Guinea
Taiwan
Taiwan

Taiwan

Taiwan

Gabon

Sri Lanka
Cameroon
Kenya

Gabon

78
61
72
95
217
217
218
137
123
61
118
215
219
219
61
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Cryptodorine VIII 18 Guatteria dumetorum Leaf Panama 226
Curine Iv.5 2 Isolona pilosa Trunk bark Gabon 82
Trunk bark Not stated 179
(—)-Curine Iv.5 2 Isolona ghesquieri Stem bark Madagascar 202
Cleistopholis staudtii Stem bark Cameroon 200
Cyathocaline X1V 44 Alphonsea monogyna Not specified China 227
Cyathocalyx zeylanica Stem bark Sri Lanka 228
(—)-Cycleanine Iv.8 1 Lsolona hexaloba Root + stem bark Not stated 179
Cleistopholis staudtii Stem bark Cameroon 200
Danguyelline VIII 19 Xylopia danguyela Trunk bark Madagascar 97
(4)-Daphnandrine v.3 2 Guatteria guianensis Stem bark Guyana 116
(4)-Daphnoline Iv.3 3 Guatteria guianensis Stem bark Guyana 116
Darienine X1V 45 Alphonsea monogyna Not specified China 227
Oxandra major Stem bark Colombia 85
Polyalthia longifolia Stem Taiwan 229
Dasymachaline X 4 Desmos dasymaschalus Leaf Malaysia 230
Root Malaysia 231
(—)-Dasymachaline X 4 Dasymaschalon sootepense Leaf Thailand 189
Dasymachaline N-oxide X 5 Desmos dasymaschalus Root Malaysia 231
Dauricine v 2 Polyalthia nitidissima Leaf New Caledonia 232
Popowia pisocarpa Trunk bark Indonesia 233
Leaf Indonesia 233
(—)-Dauricine v 2 Cardiopetalum calophyllum Trunk bark Bolivia 105
Dauricoline v 3 Popowia pisocarpa Trunk bark Indonesia 233
Leaf Indonesia 233
Daurisoline v 4 Polyalthia nitidissima Leaf New Hebrides 232
Stem bark New Hebrides 232
Dehydroanonaine IX.1 2 Polyalthia debilis Root Thailand 175
(+)-1,2-Dehydroapateline IvV.9 1 Guatteria guianensis Stem bark Guyana 116
Dehydrocoreximine A\ 3 Xylopia parviflora Root + bark Kenya 234
Dehydrocorytenchine v 4 Xylopia vieillardi Trunk bark New Caledonia 61
Xylopia parvifolia Stem bark Sri Lanka 235
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60, 7-Dehydro-1,2-dimethoxy-
7-hydroxyaporphine
60.,7-Dehydro-1,2-dimethoxy-
7-hydroxyaporphine N-
methyl
6a.-7-Dehydro-1,2,3-trimethoxy-
4,5-dioxoaporphine
Dehydrodiscretamine

Dehydrodiscretine

Dehydroformouregine
Dehydroguattescine
Dehydronantenine
Dehydroneolitsine
Dehydronornuciferine
7-Dehydronornuciferinyl-
7’-dehydro- O-methylisopiline
Dehydropredicentrine
1,2-Dehydroreticuline
Dehydroroemerine
Dehydroscoulerine
Dehydrostephalagine
(+)-1,2-Dehydrotelobine
Dehydroxylopine

1-Demethoxy-
4,5-dioxodehydroasimilobine
Demethoxyguadiscine

3-Demethoxyguatterine

(—)-Demethylcoclaurine

IX.1
IX.4
IX.1
IX.1
IX.1
VIII.2

IX.1
1I.2

IX.1
IX.1
v.9
IX.1
XI.4

IX.2

I

@ 00 NN = U

- \0

10

11

12

Enantia chlorantha

Enantia chlorantha

Pseuduvaria macrophylla

Fissistigma balansae
Polyalthia parviflora
Monodora junodii
Xylopia parviflora
Xylopia vieillardi
Guatteria ouregou
Guatteria schomburgkiana
Guatteria goudotiana
Guatteria goudotiana
Guatteria ouregou
Polyalthia bullata

Polyalthia cauliflora
Xylopia parviflora
Guatteria sagotiana
Pseuduvaria indochinensis
Guatteria sagotiana
Guatteria guianensis
Miliusa cuneata

Xylopia vieillardii
Monocyclantus vignei

Hornschuchia obliqua

Guatteriopsis friesiana
Pachypodanthium confine

Xylopia pancheri

Stem bark

Stem bark

Stem bark

Twig

Stem

Stem bark
Root + bark
Trunk bark
Leaf

Bark

Leaf

Leaf

Leaf

Stem bark

Trunk bark
Root + bark
Leaf

Stem bark
Leaf

Stem bark
Stem + leaf’
Trunk bark
Stem bark

Root + stem
Bark + leaf
Stem

Stem bark
Root

Leaf

Cameroon

Cameroon

Malaysia

China
Thailand
Kenya
Kenya
New Caledonia
Guyana
Brazil
Colombia
Colombia
Guyana
Malaysia

Indonesia
Kenya

French Guyana
China

French Guyana
Guyana

China

New Caledonia
Ghana

Brazil

Brazil

Brazil

Not stated

Not stated
New Caledonia

o N Ul Ul Ul N NN
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164
56
116
241
61
120

205
206
215
219
219
138

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance  Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
(+)-12-O-demethylcoclobine V.6 2 Guatteria guianensis Stem bark Guyana 116
N-demethylcolletine I 9 Xylopia pancheri Leaf New Caledonia 138
(—)-10-Demethyldiscretine V1 10 Artabotrys brachypetalus Stem bark Zimbabwe 101
Guatteria discolor Stem bark Guayana 118
(—)-10-O-demethyldiscretine VI 10 Artabotrys uncinatus Root Taiwan 24
Artabotrys venustus Stem bark Malaysia 104
(—)-11-Demethyldiscretine VI 11 Xylopia vieillardi Trunk bark New Caledonia 61
Demethylgrossamide XIv 46 Xylopia aethiopica Seed Nigeria 187
O-demethylpurpureine VIII 20 Annona purpurea Entire plant Puerto Rico 190
10-Demethylxylopinine V1 12 Duguetia calycina Stem bark Guyana 160
(—)-10-Demethylxylopinine VI 12 Guatteria ouregou Stem bark French Guyana 242
(—)-N, O-diacetylanolobine VIII 21 Monodora tenuifolia Stem Nigeria 243
Dicentrine VIII 22 Xylopia poilanei Leaf Taiwan 244
(—)-Dicentrine VIII 22 Dasymaschalon sootepense Leaf Thailand 189
Dicentrinone XI 7 Dasymaschalon blumei Leaf + twig Thailand 135
Desmos dasymaschalus Leaf Malaysia 230
Root Malaysia 231
Duguetia furfuracea Stem bark Brazil 245
Guatteria scandens Flowers Guyana 28
Xylopia championii Stem bark Sri Lanka 144
Xylopia poilanei Leaf Taiwan 244
4,5-Didehydroguadiscine IX.3 1 Hornschuchia obliqua Root + stem Brazil 205
Bark + leaf Brazil 206
Dielsine X1V 47 Guatteria dielsiana Not specified Not stated 246
Twig Brazil 247
Dielsinol X1V 48 Guatteria dielsiana Not specified Not stated 246
Twig Brazil 247
Dielsiquinone X1V 49 Guatteria dielsiana Twig Brazil 247
Goniothalamus marcanii Stem bark Tailand 248
3,5-Di-(2/,3’-epoxy-3'- X1V 50 Hexalobus crispiflorus Stem bark Not stated 249

methylbutanyl)-indole
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6,6a-
Dihydrodemethoxyguadiscine
1,2-Dihydro-6,8-dimethoxy-
7-hydroxy-1-(3,5-dimethoxy-
4-hydroxyphenyl)-N", N*-bis-
[2-(4-hydroxyphenyl)ethyl]-
2,3-naphtalene dicarboxamide
1,2-Dihydro-6,8-dimethoxy-
7-hydroxy-1-
(3,4-dihydroxyphenyl)-
N N*-bis-[2-
(4-hydroxyphenyl)ethyl]
2,3-naphtalene dicarboxamide
3,4-Dihydro-6,7-dimethoxy-
2-methylisoquinolinium
Dihydromelosmine
Dihydropalmatine

(6,7 -Dihydro-8',9’-dihydroxy)-
3-farnesylindole
3,5-Dihydroxy-
2,4-dimethoxyaristolactam
7,8-Dihydro-8-hydroxypalmatine
2 ,3,—Dihydroxyasteranthine

1,9-Dihydroxy-2,11-dimethoxy-
4,5-dihydro-7-oxoaporphine

10,11-Dihydroxy-
1,2-dimethoxynoraporphine

(8',9’-Dihydroxy)-
3-farnesylindole

(2'R,2"8)-3-(2',3'-Dihydroxy-3'-
methylbutyl)-5-(2",3"-epoxy-
3" -methylbutyl)-indole

(2'5)-3-(2',3'-Dihydroxy-3'-
methylbutyl)-6-(3"”-methyl-
2" butenyl)-indole

XI1v

IX.2
V.2

XIv

X1V

V.3

XI.5

VIII

XI1v

XIvV

51

52

53

212

54

23

55

56

57

Guatteriopsis friesiana

Porcelia macrocarpa

Porcelia macrocarpa

Xylopia parviflora

Guatteria ouregou
Annona paludosa

Uvaria pandensis
Dasymaschalon blumei

Enantia chlorantha
Asteranthe asterias

Miliusa cuneata
Xylopia parviflora
Uvaria pandensis

Hexalobus crispiflorus

Hexalobus crispiflorus

Stem

Branches

Branches

Root + bark

Stem bark
Root bark

Root bark
Leaf + twig
Stem bark
Root bark
Stem bark
Stem + leaf
Root + bark

Root bark

Stem bark

Stem bark

Brazil

Brazil

Brazil

Kenya

French Guyana
French Guyana

Tanzania
Thailand
Cameroon
Tanzania
Tanzania
China
Kenya

Tanzania

Ghana

Ghana

o
1

181

234

242
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

57

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
(2’R)-3-(1",3'-Dihydroxy-3'- X1v 58 Hexalobus crispiflorus Stem bark Ghana 253
methylbut-2-yl)-6-(3"-
methyl-2"-butenyl)-indole
(2’R)-3-(2',3'-Dihydroxy-3'- X1V 59 Hexalobus crispiflorus Stem bark Ghana 253
methylbutyl)-5-(3"-
methylcrotonoyl)-indole
(2'8,2"8)-3-(1',3'-Dihydroxy-3'- X1V 60 Hexalobus crispiflorus Stem bark Ghana 253
methylbut-2-yl)-5-(2” 3"~
epoxy-3"-methylbutyl)-indole
(R)-3-(2-,3-Dihydroxy- XI1v 61 Lsolona maitlandii Stem bark Ghana 83
3-methylbutyl)-5-(3-methyl-
1-oxo0-2-butenyl)-indole
2,7-Dihydroxyonychine X1V 62 Piptostigma_fugax Root Ghana 188
5,8-Dihydroxy- XV 208 Mitrephora diversifolia Root Australia 254
6-methoxyonychine
E-3-(3,4-Dihydroxyphenyl)-N- X1V 63 Xylopia aethiopica Seed Nigeria 187
2-[4-hydroxyphenylethyl]-
2-propenamide
3,5-Diisoprenylindole X1V 64 Hexalobus crispiflorus Stem bark Not stated 249
3,6-Diisoprenylindole X1V 65 Hexalobus crispiflorus Stem bark Not stated 249
6,7-Dimethoxycleistopholine X1V 66 Porcelia macrocarpa Branches Brazil 152
2,10-Dimethoxy- v 8 Miliusa cuneata Stem + leaf China 241
3,11-dihydroxy-5,6-dihydro-
protoberberine
5,6-Dimethoxy-2,2-dimethyl-1- 1I.1 2 Desmos yunnanensis Not specified China 77
(4-hydroxybenzyl)-
1,2,3,4-tetrahydroisoquinoline
(+)-1,2-Dimethoxy-3- VIII 24 Xylopia parviflora Root + bark Kenya 60
hydroxy-9,10-
methylenedioxynoraporphine
8,9-Dimethoxyliriodenine XI 8 Upvariopsis guineensis Bark Congo 255
1 9 Xylopia parviflora Root + bark Kenya 234
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6,7-Dimethoxy-
2-methylisoquinolinium

6-(3,3-Dimethyl-allyl)-indole

3,3-Dimethyl-allyl-indole

N,N-dimethylanomurine

O, O-dimethylcoclaurine

O, O-dimethylcurine

(-)-7,7-0,0 -dimethylgrisabine

(—)-(1S,1’R)-0,0/ -
dimethylgrisabine

N, O-Dimethylhernovine

N,N-dimethyllindoldhamine

N, O-dimethylliriodendronine
N,N’-dimethylurabaine
4,5-Dioxoartacinatine
4,5-Dioxoaporphine
4,5-Dioxodehydroasimilobine
Dipterine

(—)-Discoguattine
Discretamine

XIvV
XIvV
1I.1
I

Iv.5
1v.10
v.10

VIII
v

XI.6
VIIIL.2

XI.7
XI.4
XI.4

VIII
VI

67
68

10

69

26
13

Monodora myristiva
Monodora tenuifolia
Xylopia parviflora
Uvaria chamae

Annona muricata
Guatteria megalophylla
Phaeanthus vietnamensis
Phaeanthus vietnamensis

Miliusa cuneata
Polyalthia nitidissima

Guatteria chrysopetala
Oxandra major
Piptostigma_fugax
Artabotrys uncinatus
Oncodostigma monosperma
Goniothalamus cheliensis
Monocyclantus vignei
Uvaria microcarpa
Piptostigma_fugax

Guatteria discolor
Anomianthus dulcis
Artabotrys maingayi
Cyathostemma argentium
Desmos longiflorus
Duguetia calycina
Duguetia gardneriana
Duguetia moricandiana
Duguetia trunciflora
Rollinia leptopetala

Seed

Stem bark
Root + bark
Leaf

Leaf

Stem bark
Leaf

Leaf

Stem + leaf
Stem bark
Leaf
Stem bark
Stem bark
Trunk bark
Root
Stem
Bark

Leaf
Stem bark
Stem
Root
Stem bark
Stem bark
Stem
Stem bark
Root
Stem bark
Stem bark
Stem bark
Fruit

Leaf
Root

Cameroon
Nigeria
Kenya

East Guinea
Japan

Brazil
Vietnam
Vietnam

China

New Caledonia
New Hebrides
New Hebrides
Guyana
Colombia
Ghana
Taiwan
Malaysia
China

Ghana

China

Ghana

Ghana
Guyana
Thailand
Malaysia
Malaysia
Bangladesh
Guyana

Brazil

Brazil

Brazil

Brazil

o= 0NN
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258
122
259

128
120
125
188
188
118
51

102
263
159
160
264
265
266
113
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

59

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Schefferomitra subaequalis Bark Not stated 267
Xylopia buxifolia Leaf Madagascar 97
Xylopia discreta Trunk bark Not stated 174
Xylopia langsdorffiana Leaf Brazil 220
(—)-Discretamine VI 13 Artabotrys venustus Stem bark Malaysia 104
Desmos tiebaghiensis Aerial parts Caledonia 106
Fissistigma bracteolatum Entire plant China 209
Fissistigma glaucescens Entire plant Taiwan 53
Stem bark Taiwan 54
Not specified Taiwan 268
Fissistigma oldhamii Entire plant Taiwan 53
Goniothalamus amuyon Entire plant Taiwan 53
Guatteria discolor Stem bark Guyana 118
Oncodostigma monosperma Stem bark Malaysia 111
Polyalthia parviflora Stem Thailand 238
Polyalthia stenopetala Stem bark Malaysia 107
Uvaria lucida Root Kenya 59
Discretine VI 14 Duguetia obovata Leaf Guyana 52
Pachypodanthium confine Bark Gabon 26
Pachypodanthium staudtii Trunk bark Ivory Coast 269
Xylopia discreta Trunk bark Not stated 174
(—)-Discretine VI 14 Artabotrys brachypetalus Stem bark Zimbabwe 101
Duguetia obovata Stem bark Guyana 52
Guatteria discolor Stem bark Guyana 118
Guatteria scandens Trunk bark Guyana 28
Root bark Guyana 28
Flowers Guyana 28
Xylopia parviflora Root + bark Kenya 60
Xylopia parvifolia Stem bark Sri Lanka 235
Xylopia vicillardi Trunk bark New Caledonia 61
Discretinine VI 8 Xylopia discreta Trunk bark Not stated 174
Dopamine I 10 Annona reticulata Not specified Not stated 270
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Dragabine

Duguecalyne
Duguenaine
Duguespixine

Duguetine
(—)-Duguetine
(—)-Duguetine N-oxy
Duguevalline
Duguevanine
(—)-Duguevanine
Duguexine
(—)-Duguexine
Duguexine N-oxy
(—)-Elmerrillicine

Enterocarpam I

Enterocarpam 1II
2’ 3'_Epoxyasteranthine

(2/8,2"8)-5-(2" 3" -Epoxy-3"-
methylbutyl)-3-
(3'-hydroxy-3'-methyl-1'-

palmitoyloxybut-2/-yl)-indole

(2/8,2"S)-5-Epoxy-3"'-

methylbutyl)-3-(3'-hydroxy-

3’-methyl-1"-oleyloxybut-
2'_yl)-indole

XIII

X.2
X.2
IX.1

ol

I

VIII

VIII

VIII

X1V

XIv

XIvV

XIvV

13

[~}

27

27

10

28

70

71
72

73

74

Guatteria sagotiana

Duguetia calycina
Duguetia calycina
Guatteria sagotiana
Duguetia spixiana

Duguetia flagellaris

Duguetia _furfuracea
Duguetia futfuracea

Dasymaschalon blumei

Duguetia vallicola
Duguetia flagellaris
Duguetia obovata
Duguetia flagellaris
Duguetia obovata
Duguetia spixiana
Duguetia spixiana
Duguetia spixiana
Gauatteria foliosa
Guatteria sagotiana

Fissistigma oldhamii

Orophea enterocarpa
Asteranthe asterias

Hexalobus crispiflorus

Hexalobus crispiflorus

Leaf
Trunk bark
Bark

Leaf

Stem bark
Stem bark
Leaf
Trunk bark
Bark

Leaf

Leaf + stem bark
Stem bark
Stem bark
Leaf 4 twig
Stem bark
Leaf

Leaf
Leaf + stem bark
Stem bark
Trunk bark
Twig
Trunk bark
Stem bark
Leaf
Trunk bark
Stem

Stem bark
Stem bark
Root bark
Stem bark
Stem bark

Stem bark

French Guyana
French Guyana
French Guyana
French Guyana
France

France

French Guyana
Colombia
Colombia
Brazil

Brazil

Brazil

Brazil
Thailand

Not stated
Brazil

Guyana

Brazil

Guyana
Colombia
Bolivia
Colombia
Bolivia

French Guyana
French Guyana
Taiwan
Malaysia
Malaysia
Tanzania
Tanzania

Ghana

Ghana

60

56

56

271

271
160,272
160,272
56

169
273

8o}
w1
(5
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

61

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
(2'S,2" 5)-5-Epoxy-3"- X1V 75 Hexalobus crispiflorus Stem bark Ghana 253
methylbutyl)-3-(3'-hydroxy-
3’-methyl-1"-linoleyloxybut-
2'-yl)-indole
Eupolauramine Anaxagorea dolichocarpa Stem bark Brazil 276
Eupolauridine X1V 30 Cananga odorata Trunk bark Madagascar 277
Cleistopholis patens Root bark Nigeria 278,279
Meiogyne virgata Trunk bark Malaysia 207
Eupolauridine N-oxide X1V 76 Cleistopholis patens Root bark Nigeria 278
3-Farnesylindole X1V 77 Uvaria pandensis Root bark Tanzania 250
Uvaria scheffleri Stem bark Tanzania 280
N-trans-feruloyltyramine X1V 116 Cananga odorata Seed Taiwan 23
Enicosanthum cupulare Twig Japan 281
Fissistigma glaucescens Leaf Taiwan 25
Monodora grandidiera Twig Kenya 109
Piptostigma_fugax Root Ghana 188
Polyalthia suberosa Stem Taiwan 282
Porcelia macrocarpa Branches Brazil 181
Fisoistigine A VIII 11 Fissistigma oldhamii Entire plant China 283
Fissiceine XI 10 Fissistigma glaucescens Leaf Taiwan 25
Fissicesine XII 5 Fissistigma glaucescens Root bark Taiwan 168
Fissicesine N-oxide XII 6 Fissistigma glaucescens Root bark Taiwan 168
Fissilandione XI.8 1 Fissistigma balansae Twig China 284
Fissisaine v 9 Fissistigma balansae Twig China 213
Fissistigine A VIII 11 Fissistigma oldhamii Entire plant China 79,285
Fissistigine B XIIT 2 Fissistigma oldhamii Entire plant China 79,285
Fissistigine C XIII 3 Fissistigma oldhamii Entire plant China 79,285
Fissoldhimine X1V 78 Fissistigma oldhamii Stem Taiwan 286
Fissoldine VIII 11 Fissistigma oldhamii Stem bark Taiwan 182
Flavinantine X1V 79 Artabotrys uncinatus Root, stem Taiwan 24
(—)-Formouregine VIII 29 Guatteria ouregou Leaf Guyana 216
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N-formylanonaine

(—)-N-formylbuxifoline
7-Formyldehydrothalicsimidine
(—)-N-formylduguevanine
3-Formylindole
3-(2-Formyl-2-methylpropyl)-
5-(3-methyl-1-oxo-
2-butenyl)-indole

N-formylnornuciferine
(—)-N-formylputerine

(—)-N-formylxylopine
(+)-Funiferine

Fuseine

Geovanine

Glaucenamide
Glaucine

(4)-Glaucine
Glaziovine
(—)-Glaziovine
Gonioffithine

Goniopedaline

VIII

VIII
IX.1
VIII
XIvV
XIvV

VIII
VIII
VIII
Iv.1
XI.9
XIvV

XIvV
VIII

VIII

VI

XIvV

XIvV

30

31

14

32

34

80

33

34

35

81

82
36

36

22

Hexalobus crispi orus
Hexalobus monopetalus
Rollinia mucosa
Duguetia obovata
Annona purpurea
Duguetia obovata
Monodora brevipes
ILsolona maitlandii

Guatteria ouregou
Piptostigma fugax
Guatteria schomburgkiana
Duguetia obovata
Guatteria guianensis
Fusaea longifolia

Annona ambotay
Annona dioica
Fissistigma glaucescens
Annona squamosa
Artabotrys lastoursvillenses
Phoenicanthus obliqua
Rollinia mucosa

Uvaria chamae
Alphonsea ventricosa
Xylopia parviflora
Annona purpurea

Upvaria chamae

Desmos tiebaghiensis
Guatteria sagotiana
Dasymaschalon blumei
Goniothalamus griffithii
Goniothalamus sesquipedalis
Uvaria hamiltonii

Stem bark
Leaf
Root
Leaf
Leaf
Stem bark
Seed
Stem bark

Leaf

Stem bark
Bark

Leaf

Stem bark
Trunk wood
Trunk wood
Wood

Leaf

Leaf + stem
Bark

Stem bark
Fruit

Fruit

Leaf

Root + bark
Entire plant
Leaf

Aerial parts
Leaf

Leaf + twig
Bark

Leaf 4 twig
Stem bark

Ghana
Zimbabwe
Brazil
Guyana
Taiwan
Guyana
Cameroon
Ghana

Guyana
Ghana
Brazil
Guyana
French Guyana
Brazil
Brazil

Brazil
Taiwan
India
Gabon

Sri Lanka
Taiwan
Senegal
Not stated
Kenya
Puerto Rico
Senegal
Caledonia
French Guyana
Thailand
China

India
Bangladesh

62

216
188
57
52
288
289
290
171
25
72
178,291
292
91
293
294
60
190
293
106
56
135
295
130
134

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Goniothalactam X1v 83 Fissistigma balansae Twig China 127
Fissistigma glaucescens Leaf Taiwan 25
Goniothalamus borneensis Bark Malaysia 133
Goudotianine IX.1 15 Guatteria goudotiana Leaf, bark Colombia 55
Gouregine XIII 4 Guatteria ouregou Stem bark French Guyana 296
Bark Not stated 297
Not specified Not stated 298
Stem bark French Guyana 242
Govanine VI 15 Oxymitra velutina Twig Ghana 121
Pachypodanthium confine Bark Gabon 26
(—)-Granjine Iv.1 3 Crematosperma species Stem bark Colombia 214
Greenwayodendrin-3a.-ol X1V 84 Greenwayodendron suaveolens ~ Stem bark Cameroon 299
Greenwayodendrin-3f-ol X1V 85 Greenwayodendron suaveolens  Stem bark Cameroon 299
Greenwayodendrin-3-one X1V 86 Greenmwayodendron suaveolens ~ Stem bark Cameroon 299
Polyalthia suaveolens Stem bark Camaroon 27
Griftiazanone A X1v 87 Goniothalamus griffithii Rhizome China 300
Griffiazanone B XIvV 88 Goniothalamus griffithii Rhizome China 300
Griffithazanone A X1V 89 Goniothalamus griffithii Root China 129
Griffithdione XI.4 5 Goniothalamus griffithii Rhizome China 300
Root China 133
Griffithnam X1V 4 Goniothalamus griffithii Root China 129
Upvaria hamiltonii Stem bark Bangladesh 134
Grossamide X1v 90 Xylopia aethiopica Seed Nigeria 187
Guacolidine X 1 Gauatteria discolor Stem bark Guyana 118
Guacoline IX 2 Guatteria discolor Stem bark Guyana 118
Guadiscidine I1X.2 3 Guatteria discolor Stem bark Guyana 118
Guadiscine I1X.2 4 Guatteria discolor Stem bark Guyana 118
Not specified New Caledonia 301
Guatteria multivenia Root Peru 302
Guatteria schomburgkiana Bark Brazil 57
Hornschuchia obliqua Root + stem Brazil 205
Bark + leaf Brazil 206
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Guadiscoline

(4)-Guattaguianine
(+)-Guattamine

(4)-Guattaminone
Guatteboline
Guattegaumerine

Guatterine

(—)-Guatterine
Guatterine N-oxide

(—)-Guatterine N-oxide
Guatteriopsiscine
Guattescidine

(—)-Guattescidine

Guattescine
(4)-Guattescine

Guattouregidine
Guattouregine
Hadranthine A
Hadranthine B
N-heptacosanoyl-

4,5-dihydroxytryptamine

v.i
v.7

Iv.11
1v.12
v

ol

IX.5
X

IX

IX
IX

IX
IX
XI.10
XI.10
XIvV

11

11
12

12

N = N

91

Guatteria discolor

Guatteria guianensis
Guatteria guianensis

Guatteria guianensis
Guatteria boliviana
Guatteria gaumeri

Guatteria psilopus
Paclypodanthium confine

Greenwayodendron suaveolens

Polyalthia suaveolens
Guatteria sagotiana
Pachypodanthium confine

Guatteria sagotiana
Guatteriopsis friesiana
Guatteria melosma
Guatteria scandens
Guatteria scandens

Guatteria scandens
Guatteria scandens

Guatteria schomburgkiana
Guatteria ouregou
Guatteria ouregou
Duguetia hadrantha
Duguetia hadrantha
Annona atemoya

Stem bark
Not specified
Stem bark
Stem bark
Not specified
Stem bark
Stem bark
Bark

Stem bark
Not specified
Stem bark
Root
Trunk bark
Trunk bark
Leaf

Stem bark
Root
Trunk bark
Stem

Stem bark
Bark
Trunk bark
Root bark
Bark

Bark
Trunk bark
Root bark
Bark

Stem bark
Stem bark
Stem bark
Stem bark
Seed

Guyana

New Caledonia
French Guyana
French Guyana
Not stated
French Guyana
Bolivia
Mexico

Not stated

Not stated

Not stated

Not stated
Nigeria
Nigeria

French Guyana
Not stated

Not stated
French Guyana
Brazil

Not stated
Not stated
Guyana
Guyana

Not stated
Not stated
Guyana
Guyana

Brazil

French Guyana
French Guyana
Peru

Peru

Taiwan

118
301
288
288
303
288
115
304
305
95
219
219
306
306
56
219
219
56
215
307
28
28
28
308
28,308
28
28
57
242
242
309
309

155

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

65

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Heteropsine VIIL.2 10 Piptostigma_fugax Root Ghana 188
Unonopsis spectabilis Trunk bark Peru 310,311
3,5-Hexalobine A X1V 92 Hexalobus crispiflorus Stem bark Ghana 253
Hexalobus monopetalus Not specified Ghana 45
Not specified Ghana 45
3,6-Hexalobine A X1V 93 Hexalobus crispiflorus Stem bark Ghana 253
Hexalobus monopetalus Stem bark Ghana 253
Isolona maitlandii Stem bark Ghana 83
Uvaria elliotiana Bark Ghana 45
3,5-Hexalobine B X1v 94 Hexalobus crispiflorus Stem bark Ghana 253
Hexalobus monopetalus Not specified Ghana 45
Not specified Ghana 45
3,6-Hexalobine B X1V 95 Hexalobus crispiflorus Stem bark Ghana 253
Hexalobus monopetalus Stem bark Ghana 253
Isolona maitlandii Stem bark Ghana 83
3,5-Hexalobine C X1v 96 Hexalobus crispiflorus Stem bark Ghana 253
Not specified Ghana 45
Hexalobus monopetalus Not specified Ghana 45
Isolona maitlandii Stem bark Ghana 83
3,6-Hexalobine C X1v 97 Hexalobus crispiflorus Stem bark Ghana 253
Hexalobus monopetalus Not specified Ghana 45
Stem bark Ghana 253
ent-3,6-Hexalobine C X1V 98 Isolona maitlandii Stem bark Ghana 83
3,5-Hexalobine D XI1v 929 Hexalobus monopetalus Not specified Ghana 45
Isolona maitlandii Stem bark Ghana 83
2,3-Hexalobine E X1V 100 Hexalobus crispiflorus Stem bark Ghana 253
Not specified Ghana 45
Hexalobus monopetalus Not specified Ghana 45
3,5-Hexalobine E X1V 101 Hexalobus crispiflorus Stem bark Ghana 253
Hexalobus monopetalus Not specified Ghana 45
Isolona maitlandii Not specified Ghana 45
Stem bark Ghana 83
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3,6-(E)-Hexalobine E
3,6-(Z)-Hexalobine E
Higenamine
Homoaromoline
Homomoschatoline

Hordenine

N-hydroxyannomontine
3-Hydroxydehydronuciferine

7-Hydroxy-
dehydrothalicsimidine
5-Hydroxy-
6,7-dimethoxycleistopholine
5-Hydroxy-
6-methoxycleistopholine
3-Hydroxy-
1,2-dimethoxynoraporphine
9-Hydroxy-
1,2-dimethoxynoraporphine
5-Hydroxy-
2,6-dimethoxyonychine

5-Hydroxy-
6,7-dimethoxyonychine

5-Hydroxy-
6,7-dimethoxyonychine N-
oxide

7-Hydroxy-
2,6-dimethoxyonychine

7-Hydroxy-
2,8-dimethoxyonychine

10-Hydroxyliriodenine

11-Hydroxyliriodenine

v.3
XI

XIvV

VIII

VIII

XIvV

XIvV

X1
XI

102

103

11

104

105

16

17

106

107

37

38

108

109

110

111

112

12
13

Isolona maitlandii
Isolona maitlandii
Annona squamosa
Pseudoxandra sclerocarpa
Guatteria saffordiana
Rollinia sericea
Anomianthus dulcis
Fissistigma bracteolatum
Polyalthia acuminata
Annona foetida
Hexalobus crispiflorus
Isolona maitlandii
Annona purpurea

Porcelia macrocarpa
Porcelia macrocarpa
Hexalobus crispiflorus
Mitrephora maingayi

Monantothaxis cauliflora

Alphonsea mollis

Alphonsea monogyna

Alphonsea monogyna

Oxandra xylopioides
Piptostigma fugax

Miliusa banacea
Duguetia eximia

Stem bark
Stem bark
Leaf 4 stem
Trunk bark
Leaf

Root

Stem

Entire plant
Bark + leaf
Bark

Stem bark
Stem bark
Leaf

Branches
Branches

Not specified
Bark

Not specified
Bark

Stem bark

Not specified
Stem

Branches + stem
Stem bark + twig

Stem bark

Root
Trunk wood

Ghana
Ghana
India
Colombia
Venezuela
Brazil
Thailand
China

Sri Lanka
Brazil

Not stated
Ghana
Taiwan

Brazil
Brazil
Ghana
Malaysia
Not stated
China
China
China
China
China
Peru

Ghana

Thailand
Brazil

318
227
319

320

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
5-Hydroxy-6-methoxyonychine X1v 113 Mitrephora diversifolia Root Australia 254
Oxandra xylopioides Stem bark + twig Peru 321
Polyalthia longifolia Leaf Taiwan 112
6-Hydroxy-7-methoxyonychine X1v 114 Polyalthia longifolia Leaf Taiwan 112
7-Hydroxy-2-methoxyonychine XI1v 115 Piptostigma_fugax Stem bark Ghana 188
E-3-(4-Hydroxy- X1V 116 Xylopia aethiopica Seed Nigeria 187
3-methoxyphenyl)-N-2-
[4-hydroxyphenylethyl]-
2-propenamide
3-(2',3’-Hydroxy-3'- X1v 117 Hexalobus crispiflorus Stem bark Not stated 249
methylbutanyl)-
6-isoprenylindole
(2'R)-3-(3'-Hydroxy-1'-(Z,2)- XIvV 118 Hexalobus crispiflorus Stem bark Ghana 253
linoleoyl-3’-methylbut-2'-yl)-
6-(3"-methyl-2"-butenyl)
indole
(2'R)-3-(3'-Hydroxy-3'-methyl- X1V 119 Hexalobus crispiflorus Stem bark Ghana 253
1"-oleoyloxybut-2'-yl)-6-
(3" -methyl-2"-butenyl)-
indole
(2'R)-3-(3'-Hydroxy-3'-methyl- X1V 120 Hexalobus crispiflorus Stem bark Ghana 253
1/-palmitoyloxybut-2/-yl)-6-
(3" -methyl-2"-butenyl)-
indole
(R)-3-(2-Hydroxy-3-methyl- XIvV 121 Isolona maitlandii Stem bark Ghana 83
3-methoxybutyl)-5-
(3-methyl-1-oxo-2-butenyl)-
indole
3-(2-Hydroxy-3-methyl- X1V 122 Isolona maitlandii Stem bark Ghana 83

3-butenyl)-5-
(3-methylbutenyl-1-oxo-
2-butenyl)-indole
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11-Hydroxy-1,2-
methylenedioxyoxoaporphine
3-Hydroxynornuciferine

(—)-3-Hydroxynornuciferine

9-Hydroxynornuciferine
6-Hydroxyonychine

8-Hydroxystephenanthrine
8-Hydroxystephenanthrine
N-oxide
3-Hydroxy-2,9,10-t
rimethoxytetrahydro-
protoberberine
4-Hydroxywilsonirine
Imbiline 1

3-[3-(7-Indolyl)-
1,1-dimethylpropyl]-7-
(3-methylbutyl)-indole
3-[3-(6-Indolyl)-
1,1-dimethylpropyl]-7-
(3-methylbutyl)-indole
Isoboldine

VIII

VIII

VIII

XII

XII

VI

XI.10

XIvV

XIvV

VIII

13

39

39

40
123

13

124

125

41

Duguetia eximia
Duguetia stelichantha
Annona sericea
Artabotrys maingayi
Guateria foliosa
Guatteria goudotiana
Guatteria melosma
Guatteria sagotiana
Hexalobus crispiflorus

Duguetia spixiana
Guatteria ouregou
Guatteria sagotiana
Polyalthia acuminata
Monanthotaxis cauliflora
Oxandra xylopioides
Unonopsis spectabilis
Monocyclantus vignei
Monocyclantus vignei

Duguetia
stelichantha

Popowia pisocarpa
Anaxagorea dolichocarpa
Duguetia hadrantha
Annonidivm mannii

Annonidium mannii

Alphonsea sclerocarpa
Annona montana
Annona salzmannii

Trunk wood
Trunk wood
Leaf

Stem bark
Stem bark
Leaf

Stem bark
Stem bark
Leaf

Stem bark
Twig

Leaf

Leaf

Bark + leaf
Not specified
Stem bark + twig
Trunk bark
Stem bark
Stem bark

Trunk wood

Trunk bark
Stem bark
Stem bark
Stem bark

Stem bark

Wood
Bark
Leaf

Brazil

Brazil

Brazil

Malaysia
Bolivia
Colombia

Not stated
Peru

French Guyana
Ghana

Bolivia
Guyana
French Guyana
Sri Lanka

Not specified
Peru

Peru

Ghana

Ghana

Brazil

Indonesia
Brazil
Peru
Ghana

Ghana

Sri Lanka
French Guyana
Brazil

68
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65
69
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance  Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Annona senegalensis Stem East Guinea 71
Annona sericea Leaf Brazil 325
Anomianthus dulcis Stem Thailand 51
Annona cherimolia Leaf Spain 100
Artabotrys lastoursvillenses Bark Gabon 178
Enantia polycarpa Bark + leaf Africa 78
Guatteria chrysopetala Leaf Guyana 211
Guatteria melosma Stem bark Peru 328
Guatteria schomburgkiana Leaf Brazil 218
Orophea hexandra Leaf Indonesia 149
Schefferomitra subaequalis Bark Not stated 30
Trivalvaria macrophylla Stem bark Malaysia 94
Upvaria chamae Leaf Senegal 293
Xylopia danguyela Trunk bark Madagascar 97
(4)-Isoboldine VIII 41 Cardiopetalum calophyllum Trunk bark Bolivia 105
Desmos tiebaghiensis Aerial parts Caledonia 106
Guatteria goudotiana Bark Colombia 55
Monodora grandidiera Twig Kenya 109
Monodora junodii Stem bark + twig Kenya 110
Xylopia parviflora Root + bark Kenya 60
Polyalthia acuminata Bark + leaf Sri Lanka 58
Xylopia vieillardii Trunk bark New Caledonia 61
(—)-Isocalycinine VIII 42 Gauatteria discolor Stem bark Guyana 118
Isochondodendrine Iv.8 2 Isolona ghesquieri Stem bark Madagascar 202
Isolona hexaloba Root + stem Not stated 179
Isolona pilosa Bark Gabon 82
Trunk bark Not stated 179
Trunk bark
(R,R)-Isochondodendrine 1v.8 2 Guatteria megalophylla Stem bark Brazil 258
(+)-Isococlaurine I 11 Desmos yunnanensis Not specified China 77
Isocoreximine VI 16 Guatteria blepharophylla Bark Brazil 329
Guatteriopsis blepharophylla Stem Brazil 80
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Isocorydine

(—)-Isocorypalmine
Isocorytuberine
Isodaurisoline

(+)-Isodomesticine
Isoguattouregidine
(—)-Isoguattouregidine
(—)-Isolaureline
Isomonodoreindole
Isomoschatoline

Isonorcorydine
Isooncodine
Isopiline

(+)-Isopiline
(—)-Isopiline

VIII

VI

VIII

v

VIII
X
X
VIII
X1V
XI

VIII
XIvV
VIII

VIII
VIII

43

17

44

45

46
126
14

47
127
48

48
48

Annona purpurea
Annona squamosa
Artabotrys suaveolens
Artabotrys uncinatus
Enantia polycarpa
Guatteria oliviformis
Miliusa velutina
Paclypodanthium confine

Guatteria amplifolia
Trivalvaria macrophylla
Polyalthia nitidissima

Guatteria goudotiana
Guatteria melosma
Gauatteria_foliosa
Duguetia obovata
Monodora myristica
Cleistopholis patens
Guatteria blepharophylla
Guatteria dielsiana
Guatteria melosma
Uvaria mocoli

Annona squamosa
Polyalthia longifolia
Artabotrys odoratissimus
ILsolona pilosa

Duguetia flagellaris
Neostenanthera gabonensis
Artabotrys uncinatus
Gauatteria diospyroides
Guatteria ouregou
Polyalthia acuminata

Entire plant
Leaf + stem
Trunk
Root

Bark + leaf
Leaf

Stem bark
Stem bark
Root
Aerial parts
Stem bark
Stem bark
Stem bark
Leaf

Stem bark
Stem bark
Leaf

Seed

Not specified
Bark

Twig

Not specified
Stem bark
Stem bark
Stem bark
Stem bark
Leaf + stem
Stem

Stem bark

Trunk bark
Leaf

Root + stem
Root, stem
Leaf

Leaf

Bark + leaf

Puerto Rico
India

Not stated
Taiwan
Africa
Costa Rica
Bangladesh
Not stated
Not stated
Colombia
Malaysia
New Caledonia
New Hebrides
Colombia
Not stated
Bolivia
Guyana
Bangladesh
Not stated
Brazil
Brazil

Not stated
Not stated
Not stated
Peru
Ghana
India
Taiwan
Bangladesh
Gabon
Brazil
Ghana
Taiwan
Costa Rica
Guyana

Sri Lanka

190

174

2

7

4
8

47

330
219
219
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

71

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Isopolyalthenol X1V 128 Greenwayodendron suaveolens — Bark Congo 337
Polyalthia suaveolens Not specified Not stated 337
Isopycnarrhine I 11 Popowia pisocarpa Trunk bark Indonesia 123
Isoursuline X1V 129 Polyalthia stenopetala Stem bark Malaysia 107
Unonopsis spectabilis Trunk bark Peru 311
Jatrorrhizine v 10 Duguetia trunciflora Leaf Brazil 266
Xylopia parviflora Root + bark Kenya 234
(—)-Juziphine I 12 Guatteria goudotiana Leaf Colombia 55
Kalasinamide X1V 24 Polyalthia suberosa Stem Thailand 221
Kikemanine V1 7 Fissistigma balansae Twig China 213
Guatteria schomburgkiana Leaf Brazil 218
Polyalthia oligosperma Trunk bark Madagascar 86
Schefferomitra subaequalis Bark Not stated 267
(—)-Kikemanine V1 7 Polyalthia acuminata Bark + leaf Sri Lanka 58
Kinabaline X1V 130 Meiogyne virgata Trunk bark Malaysia 207
Miliusa cuneata Stem + leaf China 241
Kuafumine XI 15 Fissistigma glaucescens Entire plant Taiwan 338
Fissistigma poilanei Leaf Taiwan 25
Leaf Vietnam 339
Lanuginosine XI 16 Annona cherimolia Leaf Spain 100
Annona squamosa Leaf India 340
Artabotrys zeylanicus Stem bark Sri Lanka 144
Desmos longiflorus Stem bark Bangladesh 159
Duguetia furfuracea Stem bark Brazil 161
Duguetia glabriuscula Stem bark Brazil 161
Duguetia spixiana Trunk bark Bolivia 108
Trunk bark Colombia 108
Enantia pilosa Stem + root bank Not stated 341
Guatteria chrysopetala Stem bark Guyana 211
Guatteria multivenia Root Peru 302
Guatteria scandens Trunk bark Guyana 28
Root bark Guyana 28
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(+)-Lanuginosine
Lastourvilline
(+)-Laudanidine

Laudanine
Laudanosine
Laurelliptine
(+)-Laurifoline
Laurolitsine

Laurotetanine

XI
VIII
II

II

II

VIII

VIII

VIII

VIII

16
49
13

14

15

50

51

52

53

Guatteria schomburgkiana
Miliusa cuneata
Phaeanthus crassipetalus
Polyalthia emarginata
Polyalthia longifolia
Polyalthia microtus
Polyalthia oliveri
Polyalthia suberosa
Rollinia mucosa

Rollinia papilionella

Xylopia aethiopica
Xylopia buxifolia
Xylopia frutescens
Xylopia lemurica
Xylopia papuana
Xylopia vieillardii
Duguetia glabriuscula
Artabotrys lastoursvillensis
Polyalthia cerasoides
Xylopia parviflora
Xylopia parvifolia
Xylopia pancheri
Guatteria amplifolia
Polyalthia cerasoides
Annona salzmannii
Monodora tenuifolia

Monodora junodii
Annona squamosa
Orophea hexandra
Alphonsea sclerocarpa
Xylopia danguyela
Xylopia frutescens
Xylopia benthamii

Bark

Stem + leaf
Bark
Trunk bark
Stem bark
Bark

Leaf

Stem bark
Bark

Entire plant
Root

Leaf

Leaf

Stem bark
Stem
Trunk bark
Trunk bark
Stem bark
Bark

Root

Root + bark
Stem bark
Leaf

Leaf

Root

Bark
Wood
Wood
Stem bark
Leaf + stem
Stem bark
Leaf

Trunk bark
Stem bark
Bark

Brazil

China

Malaysia
Madagascar
Bangladesh
Malaysia

Ivory Coast
Bangladesh
Brazil

Not stated
Peru

East Guinea
Madagascar
French Guyana
Madagascar
New Caledonia
New Caledonia
Brazil

Gabon
Thailand
Kenya

Sri Lanka

New Caledonia
Panama
Thailand

Brazil

Nigeria

Not stated
Kenya

India

Indonesia

Sri Lanka
Madagascar
French Guyana
Brazil

57
241
342
86
343
154

347
178
176
60
235
138
226
176
69
48
49
239
72
132
64
97
99
348

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
(—)-Laurotetanine VIII 53 Desmos tiebaghiensis Aerial parts Caledonia 106
(4)-Laurotetanine VIII 53 Guatteria goudotiana Leaf Colombia 55
Guatteria scandens Trunk bark Guyana 28
Root bark Guyana 28
Xylopia parviflora Root + bark Kenya 60
Lauterine XI 17 Guatteria elata Stem bark Peru 349
Lettowianthine VIII.6 1 Lettowianthus stellatus Root bark Tanzania 350
N-lignoceroyltryptamine X1v 131 Annona atemoya Seed Taiwan 155
Rollinia mucosa Seed Mexico 117
N-lignoceroyl- X1v 132 Annona atemoya Seed Taiwan 155
4,5-dihydroxytryptamine
Limacine 1v.13 1 Phaeanthus crassipetalus Entire plant Malaysia 351
(—)-Limacine Iv.13 1 Phacanthus crassipetalus Bark Malaysia 342
Lincangenine v 11 Guatteria schomburgkiana Leaf Venezuela 352
Lindoldhamine v 8 Polyalthia nitidissima Stem bark New Caledonia 232
(+)-Lindoldhamine v 8 Xylopia parviflora Root + bark Kenya 60
Linoleic acid (R)-3-hydroxy- XIvV 133 Isolona maitlandii Stem bark Ghana 83
3-methyl-2-[6-(3-methyl-
2-butenyl)indole-3-yl]butyl
ester
Lirinidine VIII 54 Annona purpurea Leaf Taiwan 287
Isolona zenkeri Leaf Not stated 179
(—)-Lirinidine VIII 54 Artabotrys venustus Stem bark Malaysia 104
Guatteria ouregou Leaf Guyana 216
Guatteria sagotiana Leaf French Guyana 57
Neostenanthera gabonensis Root + stem Ghana 180
(+)-Lirinidine VIII 54 Neostenanthera gabonensis Root + stem Ghana 180
Lirinine VIII 55 Guatteria ouregou Leaf Guyana 216
Liriodenine XI 18 Annona glabra Fruit Not stated 353
Annona foetida Bark Brazil 40
Twig Brazil 41
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Annona senegalensis

Alphonsea mollis
Alphonsea monogyna
Alphonsea sclerocarpa

Annona ambotay
Annona cacans
Annona cherimolia
Annona cristalensis
Annona dioica
Annona montana

Annona mucosa
Annona pickelii
Annona purpurea
Annona salzmannii
Artabotrys grandifolius
Artabotrys maingayi
Artabotrys odoratissimus
Artabotrys uncinatus

Artabotrys zeylanicus
Cananga odorata

Cardiopetalum calophyllum
Cleistopholis patens
Cymbopetalum penduliflorum
Desmos longiflorus
Disepalum anomalum
Disepalum pulchrum
Duguetia furfuracea

Enantia pilosa

Leaf

Stem bark
Not specified
Trunk bark
Leaf

Trunk wood
Stem

Leaf

Not specified
Wood

Leaf

Wood

Leaf + seed
Leaf

Wood

Bark

Stem

Stem bark
Stem bark
Stem

Root, stem
Fruit, leaf
Stem bark
Stem bark
Stem bark
Seed, leaf
Leaf

Trunk bark
Root bark
Flowers
Stem bark
Stem bark
Stem bark
Stem bark
Stem + root bark

East Guinea
China
China

Sri Lanka
Sri Lanka
Brazil
Brazil
Spain
Cuba
Brazil
Thailand
French Guyana
Brazil
Brazil
Costa Rica
Brazil
Malaysia
Malaysia
Bangladesh
Taiwan
Taiwan
Taiwan

Sri Lanka
Madagascar
India
Taiwan
Malaysia
Bolivia
Nigeria
Guatemala
Bangladesh
Malaysia
Malaysia
Brazil

Not stated

74

70

157
102
73
87,158
24

24

144
75

354

23

355
105
278,326
356
159
357
107
161
341
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

75

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Enicosanthum cupulare Twig Japan 281
Enantia polycarpa Bark + leaf Africa 78
Fissistigma glaucescens Leaf Taiwan 25
Fissistigma latifolium Entire plant Vietnam 162
Fissistigma oldhamii Leaf Taiwan 53
Fusaea longifolia Trunk wood Brazil 289
Goniothalamus amuyon Trunk wood Taiwan 53
Entire plant Taiwan 54
Goniothalamus andersonii Root Malaysia 192
Goniothalamus cheliensis Stem bark China 128
Goniothalamus scortechinii Wood, root Malaysia 358
Goniothalamus tapis Wood, root Malaysia 358
Guatteria amplifolia Aerial parts Colombia 331
Gauatteria blepharophylla Bark Brazil 329
Guatteria chrysopetala Stem bark Guyana 211
Guatteria cubensis Leaf Cuba 217
Guatteria dielsiana Twig Brazil 247
Guatteria goudotiana Twig Not stated 55
Guatteria melosma Stem bark Not stated 307
Stem bark Peru 326
Stem bark Peru 327
Guatteria modesta Leaf + root Peru 359
Guatteria multivenia Root Peru 302
Guatteria oliviformis Root Guyana 47
Guatteria scandens Leaf Brazil 28
Guatteria schomburgkiana Fruit Brazil 57
Leaf Brazil 218
Guatteriopsis blepharophylla Brazil Stem 80
Guatteriopsis friesiana Stem Brazil 215
Hexalobus crispiflorus Leaf Zimbabwe 249
Hexalobus monopetalus Stem bark Zimbabwe 153
Leaf Malaysia 153
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Hornschuchia obliqua
Isolona campanulata
ILsolona maitlandii
Lettowianthus stellatus
Meiogyne virgata
Melodorum punctulatum
Miliusa cuneata
Miliusa velutina
Mitrella kentii
Mitrephora glabra
Mitrephora maingayi
Monodora junodii
Monodora tenuifolia

Oncodostigma monosperma

Oxandra asbeckii
Oxandra major
Oxandra xylopioides

Oxymitra velutina
Pachypodanthium staudtii
Piptostigma fugax
Polyalthia acuminata
Polyalthia cauliflora

Polyalthia cerasoides
Polyalthia emarginata
Polyalthia insignis
Polyalthia longifolia

Polyalthia nitidissima

Bark + leaf
Trunk bark
Bark

Stem bark
Trunk bark
Bark

Stem + leaf
Stem + leaf’
Stem bark
Stem bark
Stem

Bark

Twig
Wood
Stem

Bark

Stem bark
Stem bark
Leaf

Stem bark
Stem bark
Stem bark
Trunk bark
Trunk bark
Stem bark
Bark + leaf
Stem bark
Trunk bark
Entire plant
Trunk bark
Bark

Stem

Stem bark
Stem bark
Stem bark

Brazil

Ghana
Tanzania
New Caledonia
Malaysia
New Caledonia
China

New Guinea
Kenya
Indonesia
Thailand
Nigeria
Malaysia
Malaysia
Malaysia
Guyana
Colombia
Not stated
Egypt
Ghana

Ivory Coast
Ghana

Ivory Coast
Indonesia
India
Madagascar
Malaysia
Malaysia
Taiwan
Taiwan
Bangladesh
New Caledonia
Bangladesh
Ivory Coast
Malaysia

206
82
83
350
64
148
241
330
29
360
361
110
48
49
84
111
111
362
85
363
363
121
269
188
58
163
364
365
86
154
229
87
343
232
232
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Polyalthia oliveri Stem bark Malaysia 88
Polyalthia microtus Leaf Bangladesh 154
Polyalthia stenopetala Bark Indonesia 107
Polyalthia suberosa Stem bark Indonesia 150
Popowia pisocarpa Stem bark Brazil 123
Trunk bark China 123
Porcelia macrocarpa Branches Brazil 152
Pseuduvaria indochinensis Stem bark China 164
Rollinia emarginata Stem bark Taiwan 366
Rollinia mucosa Leaf Peru 367
Bark Brazil 90
Fruit Taiwan 91
Rollinia papilionella Root Peru 345
Entire plant Not stated 344
Rollinia sericea Root Brazil 165
Sapranthus palanga Stem bark Costa Rica 368
Schefferomitra subaequalis Stem bark Malaysia 30
Trivalvaria macrophylla Bark Brazil 94
Unonopsis buchtienii Stem Bolivia 369
Unonopsis lindmanii Stem bark Brazil 161,370
Unonopsis spectabilis Trunk bark Peru 311
Uvaria mocoli Stem bark Ghana 282
Uvariopsis guineensis Bark Congo 255
Xylopia aethiopica Leaf East Guinea 223
Aerial parts Ghana 322
Xylopia brasiliensis Leaf Not stated 96
Xylopia buxifolia Aerial parts Madagascar 97
Xylopia ferruginea Stem bark Malaysia 166
Xylopia frutescens Bark French Guyana 99
Xylopia pancheri Stem bark New Caledonia 138
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(—)-Liriodenine

Liriotulipiferine
(4)-Liriotulipiferine
(—)-Litcubine
Litseferine
Longifolonine
Lotusine
Luxandrine

Lysicamine

VIII
VIII

VIII
1.7
1I.1
.1
XI

18

56
56
12
57

19

Guatteria sagotiana

Artabotrys lastoursvillensis
Miliusa cuneata

Xylopia parviflora
Annona hayesii

Xylopia parviflora
Xylopia parviflora
Pseudoxandra sclerocarpa
Annona pickelii
Artabotrys maingayi
Cananga odorata

Desmos chinensis

Duguetia spixiana

Enantia polycarpa
Fissistigma latifolium
Goniothalamus amuyon
Greenwayodendron suaveolens
Guatteria amplifolia
Guatteria blepharophylla
Gauatteria chrysopetala
Guatteria lehmanii
Guatteria multivenia
Guatteria ouregou
Guatteria poeppigiana
Guatteria saffordiana
Guatteriopsis blepharophylla
Isolona maitlandii
Oncodostigma monosperma
Oxandra major

Oxymitra velutina
Piptostigma fugax

Polyalthia cauliflora

Leaf

Trunk bark
Bark

Stem + leaf
Root + bark
Wood
Root + bark
Root + bark
Trunk bark
Leaf

Stem bark
Seed

Leaf

Leaf

Twig

Bark + leaf
Entire plant
Stem
Trunk bark
Leaf

Bark

Stem bark
Bark

Root

Leaf

Stem

Leaf

Brazil

Stem bark
Stem bark
Stem bark
Twig

Root

Stem bark
Trunk bark

French Guyana
French Guyana
Gabon
China
Kenya
Colombia
Kenya
Kenya
Colombia
Brazil
Malaysia
Taiwan
Malaysia
China
Bolivia
Africa
Vietnam
Taiwan
Indonesia
Panama
Brazil
Guyana
Colombia
Peru
Guyana
Brazil
Brazil
Stem
Venezuela
Ghana
Malaysia
Colombia
Ghana
Ghana
Ghana

bJ[\)I\)LA)'ilJ
SIS RS RN

W

111
85

121
188
188
163
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Polyalthia suaveolens Trunk bark Nigeria 306
Rollinia mucosa Leaf Nigeria 367
Rollinia papilionella Entire plant Peru 344
Root Not stated 345
Trivalvaria macrophylla Stem bark Peru 94
Unonopsis buchtienii Stem Bolivia 369
Unonopsis lindmanii Stem bark Brazil 361,370
Unonopsis spectabilis Trunk bark Brazil 311
Uvaria mocoli Stem bark Peru 282
Xylopia aethiopica Aerial parts Ghana 322
Xylopia_ferruginea Stem bark Malaysia 166
Macondine X1V 134 Oxandra major Stem bark Colombia 85
Unonopsis spectabilis Trunk bark Peru 311
Magnoflorine VIII 58 Alphonsea sclerocarpa Trunk bark Sri Lanka 64
Cymbopetalum brasiliense Bark French Guyana 147
Enantia polycarpa Bark + leaf Africa 78
Monodora tenuifolia Wood Nigeria 48
Stem Not stated 49
(+)-Magnoflorine VIII 58 Monodora grandidiera Twig Kenya 109
Monodora junodii Stem bark Kenya 239
Xylopia parviflora Root + bark Kenya 234
Xylopia vieillardii Trunk bark New Caledonia 61
Marcanine A X1V 88 Goniothalamus marcanii Stem bark Thailand 248
Marcanine B XIvV 135 Goniothalamus marcanii Stem bark Thailand 248
Marcanine C X1V 136 Goniothalamus marcanii Stem bark Thailand 248
Marcanine D XI1v 137 Goniothalamus marcanii Stem bark Thailand 248
Marcanine E X1V 138 Goniothalamus marcanii Stem bark Thailand 248
Medelline 1vV.14 1 Pseudoxandra lucida Stem bark Colombia 114,374
Bark Not stated 375
Melosmidine X.1 1 Guatteria melosma Stem bark Peru 328
Not specified Not stated 376
Stem bark Peru 377,378


Pc
Retângulo


Melosmine

Menisperine
(+)-Menisperine
Menispermine
Methoxyannomontine

Methoxyatherosperminine

Methoxyatherosperminine
N-oxide

2-Methoxy-
N-carbamoylpyrrolidine

N-methoxycarbonylnornuciferine

6-Methoxycleistopholine
3-Methoxyguattescidine
11-Methoxylettowianthine
7-Methoxylindoldhamine
7'-Methoxylindoldhamine
9-Methoxyliriodenine
10-Methoxyliriodenine

11-Methoxy-
1,2-methylenedioxyoxoa-
porphine

(—)-3-Methoxynuciferine

6-Methoxyonychine

7-Methoxyonychine
8-Methoxyouregidione

3-Methoxyoxoputerine
Methoxypolysignine

VIII
VIII
VIII
XIvV

XI1
XI1

X1V

VIII
XIvV
IX
VIII.6
v

v

XI

XI

XI

VIII
XIvV

XIvV

XI.1

XI
1.4

59
59
60
139

10

140

61
141

[ 8]

10
20
17

21

62
142

143

22

Guatteria melosma

Guatteria ouregou
Enantia polycarpa
Xylopia parviflora
Enantia polycarpa
Annona montana

Duguetia spixiana
Meiocarpidium lepidotum

Piptostigma_fugax

Rollinia mucosa
Porcelia macrocarpa
Gauatteria foliosa
Lettowianthus stellatus
Polyalthia nitidissima
Polyalthia nitidissima
Xylopia brasiliensis
Annona salzmannii
Miliusa banacea
Xylopia nigricans
Duguetia eximia

Polyalthia acuminata
Guatteria dielsiana

Porcelia macrocarpa
Polyalthia debilis
Porcelia macrocarpa
Artabotrys zeylanicus
Guatteria foliosa
Polyalthia insignis

Stem bark
Stem bark
Stem bark
Bark + leaf
Root + bark
Bark + leaf
Root bark
Wood
Trunk bark
Not specified

Root
Stem bark
Stem
Branches
Stem bark
Root bark
Stem bark
Stem bark
Bark

Bark
Root
Root bark
Trunk wood

Bark + leaf
Not specified
Twig
Branches
Root
Branches
Stem bark
Stem bark
Bark

Not stated
Peru

French Guyana
Africa

Kenya

Africa

French Guyana
French Guyana
Colombia

Not stated

Ghana

Ghana

Taiwan

Brazil

Bolivia
Tanzania

New Caledonia
New Caledonia
Not stated
Brazil

Thailand

Sri Lanka
Brazil

Sri Lanka
Not stated
Brazil
Brazil
Thailand
Brazil

Sri Lanka
Bolivia
Malaysia

80

376
377,378
242

78

234

78

39

39

169
379

246
247
152
381
152
144
119
154
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
(—)-3-Methoxyputerine VIII 63 Guatteria_foliosa Stem bark Bolivia 119
3-Methoxysampangine X1V 144 Cleistopholis patens Root bark Nigeria 278
Duguetia hadrantha Stem bark Peru 309
8-Methoxyuvariopsine XII 11 Uvariopsis guineensis Bark Congo 255
N-methylactinodaphnine VIII 64 Annona glabra Not specified Not stated 382
(4)-O-methylarmepavine I 16 Annona squamosa Leaf India 340
Leaf Brazil 383
Xylopia parviflora Root + bark Kenya 60
(—)-O-methylarmepavine I 16 Xylopia pancheri Leaf New Caledonia 138
O-methylarmepavine N-oxide I 17 Xylopia pancheri Leaf New Caledonia 138
N-methylasimilobine VIII 65 Annona purpurea Leaf Taiwan 287
Duguetia spixiana Trunk bark Colombia 169
Monocyclantus vignei Stem bark Ghana 120
Oxymitra velutina Twig Ghana 121
Xylopia buxifolia Leaf Madagascar 97
O-methylatheroline XI 23 Annona purpurea Entire plant Puerto Rico 190
N-methylatherosperminium XII.1 1 Fissistigma glaucescens Entire plant Taiwan 53
Stem bark Taiwan 54
Fissistigma oldhamii Entire plant Taiwan 53
Goniothalamus amuyon Entire plant Taiwan 53
(4)-O-methylbulbocapnine N- VIII 66 Polyalthia longifolia Leaf Taiwan 87
oxide
6-(3-Methylbuta-1,3-dienyl)- XIvV 145 Monodora tenuifolia Seed Nigeria 384
indole
(R)-5-(3-Methyl-1,3-butadienyl)-  XIV 146 Lsolona maitlandii Stem bark Ghana 83
3-(2,3-epoxy-3-methylbutyl)-
indole
7-(3-Methyl-2-butenyl)-indole XIv 147 Annonidium mannii Stem bark Ghana 44
(—)-N-methylbuxifoline VIII 67 Duguetia obovata Leaf Guyana 52
(—)-N-methylcalycinine VIII 68 Duguetia obovata Stem bark Guyana 52
O-methylcassyfiline VIII 69 Annona purpurea Entire plant Puerto Rico 190
N-methylcoclaurine II 18 Artabotrys odoratissimus Stem bark Bangladesh 73
Monodora junodii Stem bark + twig Kenya 110
Polyalthia acuminata Bark + leaf Sri Lanka 58
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(—)-N-methylcoclaurine

(4)-N-methylcoclaurine
4’'-O-methylcoclaurine

N-methylcorydaldine
N-methylcorydine

N-methylcrotonosine
N-methylcrotsparine
(—)-N-methylcrotsparine
12/-O-methylcurine

O-methyldauricine

(—)-O-methyldauricine
O-methyldauricine N-oxy

(—)-O-methyldauricine N-oxy

O-methyldehydroisopiline
O-m ethy1—7,7' ~bis-

dehydroisopiline
N-methyl-

6,7-dimethoxyisoquinoline

(—)-N-methylduguevanine

I

I

I

VIII
viI
VI
VII
Iv.5

v

v
Iv.15

IX.1
VIIL.2

VIII

18

18

19

13
70

11

11

18
11

14

71

Annona sericea

Guatteria sagotiana
Xylopia pancheri
Xylopia parviflora
Xylopia vieillardi
Artabotrys brachypetalus
Desmos tiebaghiensis
Xylopia parviflora
Annona muricata
Phaeanthus vietnamensis
Polyalthia oliveri
Xylopia parviflora
Anomianthus dulcis
Orophea hexandra
Isolona zenkeri
Neostenanthera gabonensis
Xylopia parviflora
Guatteria megalophylla
Popowia cyanocarpa
Popowia pisocarpa
Phaeanthus crassipetalus
Popowia pisocarpa

Popowia pisocarpa
Guatteria ouregou
Phoenicanthus obliqua
Polyalthia bullata

Phaeanthus vietnamensis

Duguetia obovata

Leaf

Leaf

Leaf

Bark + root
Trunk bark
Stem bark
Aerial parts
Root + bark
Leaf

Leaf

Leaf

Root + bark
Leaf

Leaf

Leaf

Root + stem
Root + bark
Stem bark
Bark

Trunk bark
Bark

Trunk bark
Leaf

Trunk bark
Leaf

Leaf

Stem bark
Stem bark
Leaf

Stem bark

Brazil

French Guyana
New Caledonia
Kenya

New Caledonia
Zimbabwe
Caledonia
Kenya

Japan

Vietnam

Ivory Coast
Kenya
Thailand
Indonesia

Not stated
Ghana

Kenya

Brazil

Not stated
Indonesia
Malaysia
Indonesia
Indonesia
Indonesia
Indonesia
Guyana

Sri Lanka
Malaysia
Vietnam

Guyana

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

83

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
1,2-Methylenedioxy- X1V 148 Annona dioica Wood Brazil 171
6a,7-dehydroaporphine-4(S)-
(4-hydroxy-
3,5-dimethoxyphenyl)-
3,4-dihydro-2(1 H)-pyridinone
9,10-Methylene X1 24 Annona spraguei Not specified Colombia 385
dioxyhomomoschatoline
N-methylelmerricilline VIIL 72 Guatteria sagotiana Trunk bark French Guyana 56
O-methylflavinantine X1V 149 Fissistigma glaucescens Entire plant Taiwan 53
Goniothalamus amuyon Entire plant Taiwan 53
(4)-O-methylflavinantine XI1v 149 Fissistigma oldhamii Entire plant Taiwan 53
Stem bark Taiwan 54
(—)-7-O-methylgrisabine 1v.10 2 Phacanthus vietnamensis Leaf Vietnam 122
N-methylheteropsine VIIIL.2 12 Piptostigma _fugax Root Ghana 188
7-O-methylisochondodendrine Iv.8 3 Isolona hexaloba Root + stem bark Not stated 179
(+)-N-methylisococlaurine I 20 Desmos yunnanensis Not specified China 77
N-methylisocorypalmine VI.1 1 Cymbopetalum brasiliense Bark French Guyana 147
N-methylisopiline VIII 73 Guatteria ouregou Leaf Guyana 216
(4)-N-methylisopiline VIII 73 Neostenanthera gabonensis Root + stem Ghana 180
(—)-N-methylisopiline VIII 73 Artabotrys uncinatus Root Taiwan 24
O-methylisopiline VIII 74 Duguetia spixiana Twig Bolivia 108
Guatteria ouregou Leaf Guyana 216
Guatteria scandens Flowers Guyana 28
Polyalthia acuminata Bark + leaf Sri Lanka 58
(—)-O-methylisopiline VIII 74 Duguetia flagellaris Leaf Brazil 170
Guatteria diospyroides Leaf Costa Rica 336
Neostenanthera gabonensis Root + stem Ghana 180
N-methyllaurotetanine VIIL 75 Annona purpurea Leaf Taiwan 287
Anomianthus dulcis Stem Thailand 51
Enantia polycarpa Bark + leaf Africa 78
Orophea hexandra Leaf Indonesia 287
Xylopia frutescens Stem bark French Guyana 99
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(4)-N-methyllaurotetanine

(—)-N-methyllaurotetanine
N-methyllindcarpine
O-methyllirinine
O-methylmoschatoline

VIII

VIII
VIII
VIII
XI

75

75
76
77
11

Desmos tiebaghiensis
Guatteria goudotiana
Gauatteria scandens
Xylopia parviflora
Dasymaschalon sootepense
Miliusa cuneata

Guatteria ouregou
Annona ambotay
Annona foetida

Artabotrys spinosus
Artabotrys uncinatus
Duguetia eximia
Duguetia glabriuscula
Duguetia spixiana
Duguetia vallicola
Enantia polycarpa
Enicosanthum cupulare
Fissistigma oldhamii
Fusaea longifolia
Guatteria amplifolia
Guatteria blepharophylla
Guatteria dielsiana
Guatteria diospyroides
Guatteria ouregou
Guatteria poeppigiana
Guatteria tonduzii
Polyalthia microtus
Neostenanthera gabonenses
Xylopia ferruginea
Xylopia parvifolia
Piptostigma _fugax
Polyalthia acuminata
Polyalthia cauliflora
Polyalthia insignis

Aerial parts
Leaf

Fruit

Root + bark
Leaf

Stem + leaf’
Leaf

Trunk wood
Bark

Twig

Root

Root, stem
Trunk wood
Stem bark
Twig

Stem bark
Bark + leaf
Twig

Entire plant
Stem

Aerial parts
Bark

Twig

Leaf

Stem bark
Stem

Leaf

Bark

Root + stem
Stem bark
Stem bark
Stem bark
Bark + leaf
Trunk bark
Bark

Caledonia

Colombia
Guyana
Kenya
Thailand
China
Guyana
Brazil
Brazil
Brazil
Thailand
Taiwan
Brazil
Brazil
Bolivia
Not stated
Africa
Japan
Taiwan
Brazil
Colombia
Brazil
Brazil
Costa Rica
French Guyana
Brazil
Costa Rica
Malaysia
Ghana
Malaysia
Sri Lanka
Ghana

Sri Lanka
Indonesia
Malaysia

106
55

28

60

189
241
216
290
40

41

139
24

323
161
108
274
78

281
53

386
331
329
247
336
242
210
47

154
180
166
235
188
58

163
154

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Pseuduvaria macrophylla Stem bark Malaysia 237
Unonopsis buchtienii Stem Bolivia 369
Xylopia brasiliensis Branches Brazil 387
Xylopia championii Stem bark Sri Lanka 144
Xylopia aethiopica Aerial parts Ghana 322
(4)-N-methylnandigerine VIII 78 Polyalthia longifolia Leaf Taiwan 87
N-oxide
(—)-O-methylnorlirinine VIII 79 Artabotrys uncinatus Stem Taiwan 24
N-methylouregidione XI.1 3 Pseuduvaria macrophylla Stem bark Malaysia 237
N-methylpachypodanthine X 14 Pachypodanthium staudtii Trunk bark Ivory Coast 269
N-methylpachypodanthine X 15 Polyalthia oliveri Leaf Ivory Coast 88
N-oxide
O-methylpallidine X1V 149 Guatteria multivenia Root Peru 302
N-methylphoebine VIII 80 Xylopia parviflora Root + bark Kenya 234
N-methylpseudolaudanine 1I.1 6 Popowia pisocarpa Trunk bark Indonesia 123
O-methylpukateine VIII 81 Guatteria discolor Stem bark Guyana 118
(—)-O-methylpukateine VIII 81 Guatteria sagotiana Trunk bark French Guyana 56
N-methylpurpuerine VIII 82 Xylopia parviflora Root + bark Kenya 234
N-methylputerine VIII 83 Duguetia calycina Stem bark Guyana 160
(—)-N-methylputerine VIII 83 Guatteria schomburgkiana Bark Brazil 57
N-methylsecoglaucine X1V 150 Phoenicanthus obliqua Stem bark Sri Lanka 292
(—)-N-methylstenantherine VIII 84 Neostenanthera gabonensis Root + stem Ghana 180
N-methyltetrahydropalmatine VI.1 2 Duguetia_furfuracea Stem bark Brazil 245
N-methylurabaine VIII.2 13 Oxandra major Trunk bark Colombia 260
Piptostigma_fugax Root Ghana 188
Trivalvaria macrophylla Stem bark Malaysia 94
Michelalbine X 16 Annona cacans Stem Brazil 126
Desmos tiebaghiensis Aerial parts Caledonia 106
Melodorum punctulatum Bark New Caledonia 148
(—)-Michelalbine X 16 Xylopia parviflora Root + bark Kenya 60
Mocrispatine X1V 151 Monodora crispata Not specified Ivory Coast 388
Monodoreindole X1V 152 Monodora myristica Seed Bangladesh 332
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Monomargine
(—)-Monterine
Nantenine
(4)-Neolitsine
Neopolyalthenol

N-nitrosoanonaine
N-nitrosoxylopine

N-nonadecanoyltryptamine

(—)-Norannuradhapurine

(—)-Norargemonine
Noraristolodione

N-noratherosperminine

(—)-Norboldine

Norcepharadione
Norcepharadione A
Norcepharadione B

(—)-Norcepharadione B
Norcepharanone

v.1
VIII
VIII
XIvV

VIII
VIII
XIvV
VIII

VIII

XI.4
XI.1
XI.1

XI.1
X1V

153
85
86

154
87
88

155
89

15

12

52

156

Monocarpia marginalis
Crematosperma species
Uvaria chamae
Guatteria goudotiana

Greemwayodendron suaveolens

Polyalthia suaveolens
Duguetia_furfuracea
Duguetia_furfuracea
Annona atemoya
Fissistigma glaucescens

Fissistigma oldhamii

Goniothalamus amuyon
Polyalthia acuminata
Xylopia parviflora
Fissistigma balansae
Fissistigma glaucescens
Fissistigma glaucescens

Fissistigma oldhamii
Goniothalamus amuyon
Polyalthia longifolia
Xylopia parviflora
Oxymitra velutina
Oncodostigma monosperma
Fissistigma balansae
Fissistigma glaucescens
Goniothalamus tenuifolius
Guatteria ouregou
Oxymitra velutina
Fissistigma bracteolatum
Oncodostigma monosperma

Goniothalamus griffithii

Bark

Stem bark
Leaf

Leaf

Bark

Not specified
Aerial parts
Aerial parts
Seed

Entire plant
Stem bark
Entire plant
Stem bark
Entire plant
Bark + leaf
Root + bark
Twig

Leaf

Entire plant
Stem

Entire plant
Entire plant
Leaf

Root + bark
Twig

Bark

Twig

Leaf

Stem bark
Leaf

Not specified
Entire plant
Bark

Stem bark
Root

Malaysia
Colombia
East Guinea
Colombia
Congo
Not stated
Brazil
Brazil
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Sri Lanka
Kenya
China
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Kenya
China
Malaysia
China
Taiwan
Malaysia
Guyana
Not specified
China
Malaysia
Malaysia
China

389
214
137
55

337
337
390
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112
60

121
262
127
25

131
216
121
209
84

111
129

(Continued)

86


Pc
Retângulo


Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Norcorydine VIII 90 Annona squamosa Leaf + stem India 72
Guatteria schomburgkiana Leaf Brazil 218
Miliusa velutina Stem bark Bangladesh 330
Popowia cyanocarpa Bark Not stated 151
Trivalvaria macrophylla Stem bark Malaysia 94
Xylopia danguyela Trunk bark Madagascar 97
Xylopia pancheri Leaf New Caledonia 138
(4)-Norcorydine VIII 90 Artabotrys venustus Stem bark Malaysia 104
Popowia pisocarpa Trunk bark Indonesia 123
Leaf Indonesia 123
Annona muricata Leaf Japan 42
Norcycleanine Iv.8 3 Isolona hexaloba Root + stem bark Not stated 179
Nordicentrine VIII 91 Miliusa cuneata Stem + leaf China 241
Xylopia poilanei Leaf Taiwan 244
Xylopia parvifolia Stem bark Sri Lanka 235
(+)-Nordicentrine VIII 91 Guatteria scandens Flowers Guyana 28
(—)-Nordicentrine VIII 91 Goniothalamus laoticus Flowers Thailand 391
(+)-Nordomesticine VIII 92 Annona hayesii Wood Colombia 46
Nordragabine XIII 5 Guatteria sagotiana Bark French Guyana 271
Norfissilandione XI.8 2 Fissistigma balansae Twig China 284
(+)—2’—Norﬁmifcrine V.1 5 Guatteria guianensis Stem bark French Guyana 288
Not specified Not stated 303
Norglaucine VIII 93 Alphonsea ventricosa Leaf Not stated 294
(+)-Norglaucine VIII 93 Xylopia parviflora Root + bark Kenya 60
Xylopia vieillardii Trunk bark New Caledonia 61
Norgorchacoine I 22 Monodora junodii Stem bark + twig Kenya 110
(+)-2",2-Norbisguattaguianine vai 6 Guatteria guianensis Stem bark French Guyana 288
(+)-2'-Norguattaguianine v.1 7 Guatteria guianensis Stem bark French Guyana 288
Not specified Not stated 303
(+)-Norguattevaline VIIL 94 Guatteria_foliosa Stem bark Bolivia 119
(+)-Norisoboldine VIII 50 Artabotrys monteiroae Root Kenya 103
Norisocorydine VIII 95 Xylopia danguyela Trunk bark Madagascar 97
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(4)-Norisocorydine
Norisocorytuberine

Norisodomesticine
(+)-Norisodomesticine
Norjuziphine

(—)-Norjuziphine
Norlaureline

(—)-Norlaureline
(—)-Norliridinine
(4)-Norlirioferine

N-nor-O-methylarmepavine

Nornantenine

(+)-Nornantenine

Norneolitsine
Nornuciferidine
Nornuciferine

VIII

VIII
VIII
VIII
II
II
VIII

VIII
VIII
VIII
I

VIII

VIII

VIII

VIII

95

96

97
97
23

23
98

98
99
100
21

101

101

18
17
102

Artabotrys uncinatus
Xylopia parviflora
Miliusa cuneata
Trivalvaria macrophylla
Xylopia danguyela
Guatteria goudotiana
Polyalthia acuminata
Porcelia macrocarpa
Artabotrys brachypetalus
Dasymaschalon sootepense
Guatteria elata

Guatteria sagotiana
Polyalthia acuminata
Polyalthia longifolia
Xylopia buxifolia
Xylopia pancheri
Annona cherimolia
Annona sericea
Guatteria dumetorum
Uvaria chamae
Xylopia benthamii
Xylopia danguyela
Xylopia frutescens
Xylopia parviflora
Xylopia vieillardii
Guatteria lehmanii
Duguetia spixiana
Annona muricata
Annona pickelii
Annona sericea
Anomianthus dulcis
Artabotrys maingayi
Artabotrys uncinatus
Dasymaschalon sootepense

Root, stem

Root + bark
Stem + leaf
Stem bark
Trunk bark
Leaf, bark
Bark + leaf
Branches
Stem bark
Leaf

Stem bark
Stem bark
Trunk bark
Bark + leaf
Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Bark
Trunk bark
Stem bark
Root + bark
Trunk bark
Bark

Twig

Fruit

Leaf

Leaf

Stem

Stem bark
Root, leaf
Leaf

Taiwan

Kenya

China
Malaysia
Madagascar
Colombia

Sri Lanka
Brazil
Zimbabwe
Thailand

Not stated
Peru

French Guyana
Sri Lanka
Taiwan
Madagascar
New Caledonia
Spain

Brazil

Panama

East Guinea
Brazil
Madagascar
French Guyana
Kenya

New Caledonia
Colombia
Bolivia

Not stated
Brazil

Brazil

Thailand
Malaysia
Taiwan
Thailand

60
241

97
138
100
325
226
137
348
97
99
60
61
373
108
66
145
325
51
102
24
189

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

89

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Duguetia flagellaris Leaf Brazil 170
Enantia polycarpa Bark + leaf Africa 78
Guatteria amplifolia Leaf Panama 226
Guatteria blepharophylla Bark Brazil 329
Guatteria chrysopetala Stem bark Guyana 211
Guatteria lehmanii Bark Colombia 373
Gauatteriopsis blepharophylla Stem Brazil 80
Hexalobus crispiflorus Stem bark Not stated 393
Isolona campanulata Bark Not stated 82
Isolona pilosa Trunk bark Not stated 179
Oncodostigma monosperma Stem bark Malaysia 111
Orophea hexandra Leaf Indonesia 149
Oxandra major Stem bark Colombia 85
Piptostigma_fugax Stem bark Ghana 188
Root Ghana 188
Rollinia ulei Stem Peru 92
Trivalvaria macrophylla Stem bark Malaysia 94
Xylopia buxifolia Leaf Madagascar 97
Xylopia frutescens Stem bark French Guyana 99
(—)-Nornuciferine VIII 102 Artabotrys venustus Stem bark Malaysia 104
Duguetia _flagellaris Leaf 4 stem bark Brazil 185
Duguetia spixiana Twig Bolivia 108
Guatteria diospyroides Leaf Costa Rica 336
Guatteria ouregou Leaf Guyana 216
Guatteria sagotiana Leaf French Guyana 56
Monodora junodii Stem bark + twig Kenya 110
Oncodostigma monosperma Stem bark Malaysia 111
Polyalthia acuminata Bark + leaf Sri Lanka 58
Popowia pisocarpa Trunk bark Indonesia 123
(+)-Nornuciferine VIII 102 Cananga odorata Seed Taiwan 23
Isolona pilosa Trunk bark Gabon 82
Noroconovine VIII 103 Polyalthia oligosperma Trunk bark Madagascar 86


Pc
Retângulo


(4)-Noroconovine

Noroliveridine

(—)-Noroliveridine
Noroliverine

Noroliveroline
(—)-Noroliveroline

Norpachyconfine
Norpachystaudine
(—)-Norpallidine
2'-Norpisopowiaridine
Norpredicentrine

Norpurpureine
Norstephalagine

(—)-Norstephalagine

2'_Nortiliageine

N-nor-2,3,6-trimethoxy
morphinadien-7-one

Norushinsunine

VIII

lie

ol

ol

XIvV
Iv.16
VIII

VIII
VIII

VIII

vai

103
18

18
19

20
20

21

22

157

104

105
106

106

158

16

Xylopia parvi ora

Duguetia spixiana

Polyalthia oliveri

Duguetia spixiana
Greenwayodendron suaveolens
Polyalthia suaveolens
Polyalthia longifolia
Guatteria sagotiana

Polyalthia acuminata
Duguetia spixiana
Pachypodanthium staudtii
Polyalthia longifolia
Popowia pisocarpa
Guatteria juruensis
Guatteria scandens
Orophea hexandra
Annona purpurea
Artabotrys grandifolius
Artabotrys maingayi
Artabotrys odoratissimus
Hexalobus crispiflorus

Lsolona maitlandii
Xylopia buxifolia
Artabotrys uncinatus
Artabotrys venustus
Guatteria_foliosa
Monodora junodii
Guatteria guianensis
Fissistigma oldhamii

Alphonsea sclerocarpa
Artabotrys uncinatus
Cardiopetalum calophyllum
Cymbopetalum brasiliense

Root + bark
Trunk bark
Leaf

Twig

Trunk bark
Trunk bark
Stem

Leaf

Trunk bark
Bark + leaf
Trunk bark
Trunk bark
Leaf

Trunk bark
Leaf

Fruit

Stem bark
Leaf

Stem

Stem bark
Stem bark
Stem bark
Root bark + stem bark
Stem bark
Leaf

Root, stem
Stem bark
Stem bark
Stem bark + twig
Not specified
Stem

Trunk bark
Fruit

Stem bark
Bark

Kenya
Colombia
Ivory Coast
Bolivia
Nigeria
Nigeria
Taiwan
French Guyana
French Guyana
Sri Lanka
Colombia
Ivory Coast
Taiwan
Indonesia
Brazil
Guyana
Indonesia
Taiwan
Malaysia
Malaysia
Bangladesh
Ghana
Ghana
Ghana
Madagascar
Taiwan
Malaysia
Bolivia
Kenya

Not stated

Taiwan

Sri Lanka
Taiwan

Bolivia

French Guyana

81,314
314
83

97

24

104
119
110
303
184

64
74
105
147
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Oncodostigma monosperma Bark Malaysia 111
Polyalthia nitidissima Leaf New Caledonia 232
Fruit New Caledonia 232
Porcelia macrocarpa Branches Brazil 152
(—)-Norushinsunine X 16 Artabotrys uncinatus Root Taiwan 24
Artabotrys venustus Stem bark Malaysia 104
Cananga odorata Seed Taiwan 23
Desmos tiebaghiensis Aerial parts Caledonia 106
Oncodostigma monosperma Stem bark Malaysia 111
Polyalthia acuminata Bark + leaf Sri Lanka 58
Popowia pisocarpa Leaf Indonesia 123
Noruvariopsamine XII 13 Uvariopsis guineensis Bark Congo 255
N-norxylopine VIII 107 Fissistigma oldhamii Entire plant Taiwan 182
(—)-Nouciferidine X 23 Guatteria sagotiana Trunk bark French Guyana 56
(—)-Nuciferine VIII 108 Artabotrys venustus Stem bark Malaysia 104
Guatteria ouregou Leaf Guyana 216
Hexalobus monopetalus Stem bark Zimbabwe 153
Obaberine 1v.3 5 Pseudoxandra sclerocarpa Trunk bark Colombia 173
(—)-Oblongine 1.3 1 Xylopia parviflora Root + bark Kenya 234
(+)-Oblongine 1.3 1 Monodora junodii Stem bark Kenya 239
Obovanine VIII 109 Duguetia calycina Stem bark Guyana 160
(—)-Obovanine VIII 109 Guatteria sagotiana Leaf French Guyana 56
Trunk bark French Guyana 56
Ocoteine VIII 110 Annona purpurea Entire plant Puerto Rico 190
N-octacosanoyltryptamine XIvV 159 Annona atemoya Seed Taiwan 155
Oleamide X1V 160 Desmos cochinchinensis Stem Not stated 395
Oleic acid (R)-3-hydroxy- X1V 161 Isolona maitlandii Stem bark Ghana 83
3-methyl-2-[6-(3-methyl-
2-butenyl)-indole-3-yl]butyl
ester
Oliveridine X 24 Duguetia flagellaris Leaf + stem bark Brazil 185
Leaf Brazil 170
Duguetia glabriuscula Stem bark Brazil 347
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(—)-Oliveridine
Oliveridine N-oxide

Oliverine

Oliverine N-oxide

Oliveroline

(—)-Oliveroline

o le

24
25

26

27

Duguetia spixiana

Enantia pilosa
Greemwayodendron suaveolens
Isolona campanulata
Polyalthia oliveri

Polyalthia suaveolens
Duguetia vallicola

Duguetia spixiana

Enantia pilosa
Greenwayodendron suaveolens
Enantia pilosa
Greenwayodendron suaveolens
Isolona campanulata

Pachypodanthium staudtii
Polyalthia oliveri

Polyalthia suaveolens

Enantia pilosa
Greenwayodendron suaveolens
Isolona campanulata
Duguetia flagellaris
Greenwayodendron suaveolens
Polyalthia oliveri

Polyalthia suaveolens
Duguetia flagellaris
Duguetia vallicola
Guatteria sagotiana
Polyalthia macropoda

Trunk bark

Stem + root bark
Trunk bark

Bark

Leaf

Trunk bark
Trunk bark

Stem bark

Twig

Stem + root bark
Cameroon

Stem + root bark
Trunk bark

Stem bark

Bark

Stem bark

Leaf

Trunk bark

Stem bark

Trunk bark

Stem + root bark
Stem bark

Bark

Leaf

Trunk bark

Leaf

Trunk bark
Trunk bark

Leaf + stem bark
Stem bark

Leaf

Trunk bark

Stem bark

Colombia

Not stated
Nigeria
Not stated
Ivory Coast
Ivory Coast
Nigeria
Not stated
Bolivia
Not stated
Trunk bark
Not stated
Nigeria
Cameroon
Not stated
Cameroon
Ivory Coast
Ivory Coast
Ghana
Nigeria
Not stated
Cameroon
Not stated
Brazil
Nigeria
Ivory Coast
Ivory Coast
Nigeria
Brazil

Not stated
French Guyana
French Guyana
Malaysia

56
107

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Oliveroline N-oxide X 28 Duguetia flagellaris Leaf Brazil 170
Guatteria sagotiana Leaf French Guyana 56
Trunk bark French Guyana 56
Polyalthia longifolia Stem Taiwan 229
Leaf Taiwan 87
Polyalthia oliveri Leaf Ivory Coast 88
(—)-Oliveroline N-oxide X 28 Duguetia flagellaris Leaf + stem bark Brazil 185
Polyalthia macropoda Stem bark Malaysia 107
Oncodine X1V 162 Oncodostigma monosperma Stem bark Malaysia 111
Onychine X1V 163 Cleistopholis patens Root bark Nigeria 279
Guatteria dielsiana Twig Brazil 247
Onychopetalum amazonicum Not specified Brazil 398
Trunk wood Brazil 399
Polyalthia debilis Root Thailand 381
Unonopsis spectabilis Trunk bark Peru 311
Ouregidione XI.1 6 Artabotrys zeylanicus Stem bark Sri Lanka 144
Goniothalamus malayanus Stem bark Malaysia 194
Goniothalamus marcanii Bark + leaf + twig Malaysia 193
Guatteria ouregou Leaf Guyana 216
Mitrephora maingayi Bark Malaysia 315
Oureguattidine VIII 111 Guatteria ouregou Stem bark French Guyana 242
(—)-Oureguattine VIII 112 Guatteria ouregou Leaf Guyana 216
Oxandrine 1v.17 1 Pseudoxandra lucida Bark Colombia 114
Oxandrinine 1v.17 2 Pseudoxandra lucida Bark Colombia 114
Oxoanolobine X1 25 Guatteria melosma Stem bark Peru 400
Guatteria sagotiana Trunk bark French Guyana 56
Pseuduvaria indochinensis Stem bark China 164
Xylopia poilanei Leaf Taiwan 244
Uvaria microcarpa Stem China 125
Oxoasimilobine XI.11 1 Artabotrys uncinatus Leaf Taiwan 24
Oxobuxifoline X1 26 Artabotrys zeylanicus Stem bark Sri Lanka 144
Desmos longiflorus Stem bark Bangladesh 159
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Oxocrebanine

7-Oxodehydroasimilobine

Oxodiscoguattine
Oxoglaucine

(—)-8-Ox0-2,10-dihydroxy-
3,9,10-trimethoxyberberine
(—)-8-Ox0-2,11-dihydroxy-
3,10-dimethoxyberberine
(—)-8-Ox0-10-hydroxy-
2,3,9-trimethoxyberberine
(—)-8-Oxo0-11-hydroxy-
2,3,9,10-tetramethoxy

berberine
Oxoisocalycinine
Oxolaureline
Oxonantenine
Oxonuciferine
Oxophoebine
(—)-8-Oxopolyalthiaine
Oxopukateine
Oxopurpureine

XI

X1
X1

V.4

V.4

V.4

V.4

XI
XI
XI
XI
XI
V.4
XI
XI

27

28

34
23

29
17
30
19
24

31

Duguetia glabriuscula
Duguetia obovata

Artabotrys zeylanicus
Fissistigma glaucescens

Fissistigma latifolium
Fissistigma poilanei
Fissistigma oldhamii
Goniothalamus amuyon
Xylopia aethiopica
Dasymaschalon rostratum
Monocyclantus vignei
Dasymaschalon blumei
Rollinia mucosa
Xylopia aethiopica
Xylopia vieillardii
Polyalthia longifolia

Polyalthia longifolia
Polyalthia longifolia

Polyalthia longifolia

Guatteria discolor
Guatteria sagotiana
Annona sericea
Annona sericea
Xylopia aethiopica
Polyalthia longifolia
Duguetia eximia
Annona purpurea
Rollinia mucosa
Xylopia parvifolia

Stem bark
Stem bark
Stem bark
Entire plant
Stem

Leaf

Entire plant
Leaf

Entire plant
Entire plant
Leaf

Entire plant

Stem bark
Leaf + twig
Fruit
Aerial parts
Trunk bark
Stem

Stem

Stem

Stem

Stem bark
Trunk bark
Leaf

Leaf

Aerial parts
Leaf

Trunk wood
Entire plant
Fruit

Stem bark

Brazil
Guyana

Sri Lanka
Taiwan
Taiwan
Taiwan
Vietnam
Vietnam
Taiwan
Taiwan
East Guinea
China
Ghana
Thailand
Taiwan
Ghana
New Caledonia
Taiwan

Taiwan
Taiwan

Taiwan

Guyana

French Guyana
Brazil

Brazil

Ghana

Taiwan

Brazil

Taiwan
Taiwan

Sri Lanka

161,347
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

95

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Oxoputerine XI 21 Duguetia calycina Stem bark Guyana 160
Guatteria calva Leaf Venezuela 403
Guatteria schomburgkiana Bark Brazil 57
Leaf Brazil 218
Gauatteria elata Stem bark Peru 349
Guatteria sagotiana Trunk bark French Guyana 56
Oxostephanine XI 32 Alphonsea mollis Bark China 317
Enicosanthum cupulare Twig Japan 281
Goniothalamus scortechinii Wood, root Malaysia 358
Goniothalamus tapis Wood, root Malaysia 358
Greenwayodendron suaveolens  Trunk bark Nigeria 306
Guatteria calva Leaf Venezuela 403
Mitrephora maingayi Stem Thailand 361
Polyalthia cauliflora Trunk bark Indonesia 163
Polyalthia insignis Bark Malaysia 154
Polyalthia microtus Bark Malaysia 154
Polyalthia stenopetala Stem bark Malaysia 107
Polyalthia suaveolens Trunk bark Nigeria 306
Polyalthia suberosa Stem bark Bangladesh 150
Trivalvaria macrophylla Stem bark Malaysia 94
Xylopia ferruginea Stem bark Malaysia 166
Oxoushinsunine XI.11 2 Cananga odorata Stem bark Taiwan 23
Oxoxylopine XI.11 3 Fissistigma glaucescens Leaf Taiwan 25
Guatteria calva Leaf Venezuela 403
Polyalthia longifolia Leaf Taiwan 112
Xylopia nigricans Root bark Sri Lanka 235
Oxylopidine X1V 164 Oxandra xylopioides Stem bark Egypt 404
Not specified Not stated 405
Not specified Not stated 406
Oxylopine XIvV 165 Oxandra xylopioides Stem bark Not stated 363
Stem bark Egypt 404
Not specified Not stated 405
Not specified Not stated 406
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Oxylopinine

Oxypalmatine
Pachyconfine

(—)-Pachyconfine
Pachyconfine N-6xido
Pachypodanthine

(+)-Pachypodanthine
Pachystaudine
Pallidine

(—)-Pallidine

Palmatine

Palmitic acid (R)-3-hydroxy-
3-methyl-2-[6-(3-methyl-
2-butenyl)-indole-3-yl]butyl
ester

i

N

XIvV

X1V

166

29

29
30
31

31
32
167

167

12

168

Oxandra xylopioides

Enantia polycarpa
Duguetia spixiana
Paclypodanthium confine

Guatteria sagotiana

Duguetia spixiana
Greenwayodendron suaveolens
Pachypodanthium confine
Pachypodanthium staudtii

Polyalthia oliveri
Polyalthia suaveolens
Duguetia flagellaris
Pachypodanthium staudtii
Guatteria melosma

Monodora crispata

Rollinia mucosa
Cardiopetalum calophyllum
Desmos tiebaghiensis
Guatteria goudotiana
Annona paludosa

Enantia chlorantha
Fissistigma glaucescens
Fissistigma oldhamii
Goniothalamus amuyon

Xylopia parviflora
Lsolona maitlandii

Stem bark

Not specified
Not specified
Bark + leaf
Trunk bark
Stem bark
Root

Leaf

Trunk bark
Trunk bark
Bark

Trunk bark
Root bark
Leaf

Trunk bark
Leaf

Trunk bark
Stem bark
Stem bark
Stem bark
Not specified
Bark

Trunk bark
Aerial parts
Leaf

Root bark
Stem bark
Entire plant
Entire plant
Entire plant
Stem bark
Root + bark
Stema bark

Egypt

Not stated
Not stated
Africa
Colombia
Not stated
Not stated
French Guyana
Colombia
Nigeria
Gabon
Ivory Coast
Ivory Coast
Ivory Coast
Nigeria
Brazil

Ivory Coast
Not stated
Not stated
Peru

Ivory Coast
Brazil
Bolivia
Caledonia
Colombia
French Guyana
Cameroon
Taiwan
Taiwan
Taiwan
Taiwan
Kenya
Ghana

404
405
406
78

169
219
219
56

169
306
26

269
407
88

306
185
269
307
326
327
388
90

105
106

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
N-palmitoyltryptamine X1v 169 Rollinia mucosa Seed Mexico 117
Pancoridine XI.12 1 Popowia pisocarpa Trunk bark Indonesia 123
(4)-Parvinine I 24 Xylopia parviflora Root + bark Kenya 60
(+)-Pecrassipine A I 25 Phacanthus crassipetalus Bark Malaysia 342
(—)-Pecrassipine B I 26 Phaeanthus crassipetalus Bark Malaysia 342
Pellitorine X1V 170 Isolona maitlandii Stem bark Ghana 83
Pendulamine A V.4 6 Polyalthia longifolia Root Pakistan 34
Pendulamine B V.1 4 Polyalthia longifolia Root Pakistan 34
Penduline X1V 171 Polyalthia longifolia Root Pakistan 34
N-pentacosanoyltryptamine X1V 172 Rollinia mucosa Seed Mexico 117
N-pentacosanoyl- XIvV 173 Annona atemoya Seed Taiwan 155
4,5-dihydroxytryptamine
Pentouregine X.3 1 Guatteria ouregou Leaf Guyana 216
Leaf French Guyana 216
Leaf Guyana 408
(—)-Pentouregine X.3 1 Guatteria ouregou Leaf Guyana 216
Pessoine VI 18 Annona spinescens Aerial parts Brazil 409
Petalinemethine X1V 174 Alphonsea sclerocarpa Trunk bark Sri Lanka 64
Phaeanthus vietnamensis Leaf Vietnam 122
Phaeantharine III 1 Phaeanthus ebracteolatus Not specified Not stated 174
Stem bark Not stated 95
Entire plant Philippines 410
Leaf Philippines 411
Phaeanthine V.13 2 Phaeanthus crassipetalus Entire plant Malaysia 351
Phaeanthus ebracteolatus Bark Philippines 411
(4)-Phaeanthine Iv.13 2 Phaeanthus ebracteolatus Not specified Not stated 174
Phanostenine VIII 113 Annona glabra Leaf Mexico 412
(—)-Phellodendrine VI.1 3 Monodora junodii Stem bark Kenya 239
Xylopia parviflora Root + bark Kenya 234
Phenethyltrimethylammonium I 16 Alphonsea sclerocarpa Trunk bark Sri Lanka 64
Philogaline IV.18 1 Guatteria boliviana Stem bark Bolivia 115
Phlebicine IvV.1 9 Crematosperma polyphlebum Bark Brazil 413
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Phoenicanthusine

Piperolactam A

Piperolactam C

Pisopowamine
Pisopowetine
Pisopowiaridine
Pisopowiarine
Pisopowidine
Pisopowine
Polyalthenol

Polyalthine

Polyavolensin

Polyavolensinol

Polyavolensinone

Polybeccarine
Polycarpine
Polyfothine
Polygospermine
Polylongine
Polysignine

VIIL.7

XIvV

Iv.16
Iv.16
Iv.16
Iv.16
Iv.16
Iv.16
XIvV

XIvV

XIvV

XIvV

XI.3
II.5.1
XIvV
VIII
XIvV
1.4

21

175

NS A W

176

33

177

178

179

180
114
181

Phoenicanthus obliqua

Fissistigma balansae

Fissistigma glaucescens

Fissistigma oldhamii
Fissistigma balansae

Goniothalamus amuyon

Uvaria hamiltonii
Popowia pisocarpa
Popowia pisocarpa
Popowia pisocarpa
Popowia pisocarpa
Popowia pisocarpa
Popowia pisocarpa

Greenwayodendron oliveri

Polyalthia oliveri

Duguetia glabriuscula

Greemwayodendron suaveolens

Polyalthia suaveolens

Greemwayodendron suaveolens

Polyalthia suaveolens

Greenmwayodendron suaveolens

Polyalthia suaveolens

Greemwayodendron suaveolens

Polyalthia suaveolens
Polyalthia cauliflora
Enantia polycarpa
Polyalthia longifolia

Polyalthia oligosperma

Polyalthia longifolia
Polyalthia insignis

Stem bark

Twig

Leaf

Not specified

Twig

Stem

Stem bark

Leaf

Leaf

Leaf

Trunk bark

Trunk bark

Trunk bark

Stem bark

Leaf

Trunk bark

Stem bark
Entire plant

Stem bark

Trunk bark

Trunk bark

Entire plant

Stem

Not specified

Stem

Not specified

Stem

Stem

Stem

Trunk bark

Bark + leaf

Stem

Trunk bark

Leaf

Bark

Sri Lanka
China
Taiwan
China
China
Taiwan
Bangladesh
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Nigeria
Ivory Coast
Ivory Coast
Ghana
Africa
Brazil
Nigeria
Nigeria
Nigeria
Nigeria
Not stated
Nigeria
Not stated
Nigeria
Nigeria
Nigeria
Indonesia
Africa
Taiwan
Madagascar
Taiwan
Malaysia

154

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

99

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Polysin X1V 209 Polyalthia suaveolens Stem bark Cameroon 27
Polysuavine X 34 Greenwayodendron suaveolens ~ Trunk bark Nigeria 306
Polyalthia suaveolens Trunk bark Nigeria 306
Polyveoline X1V 182 Greenmwayodendron suaveolens ~ Trunk bark Zaire 417
Trunk bark Africa 418
Stem bark Cameroon 299
Polyalthia suaveolens Trunk bark Nigeria 306
Trunk bark Nigeria 299
Trunk bark Nigeria 306
Stem bark Cameroon 27
Popidine v 12 Popowia pisocarpa Trunk bark Indonesia 233
Leaf Indonesia 233
Popisidine v 13 Popowia pisocarpa Trunk bark Indonesia 233
Popisine v 14 Popowia pisocarpa Trunk bark Indonesia 233
Popisonine v 15 Popowia pisocarpa Trunk bark Indonesia 233
Leaf Indonesia 233
Popisopine v 16 Popowia pisocarpa Trunk bark Indonesia 233
(—)-Predicentrine VIII 115 Polyalthia cauliflora Trunk bark Indonesia 163
3-Prenylindole X1V 68 Monodora tenuifolia Not specified Nigeria 419
6-Prenylindole XIv 67 Monodora tenuifolia Not specified Nigeria 419
Probovatine XIII 6 Duguetia obovata Trunk bark Guyana 52
Promucosine VII 5 Annona purpurea Stem Taiwan 420
Pronuciferine Vi 6 Anomianthus dulcis Stem, leaf Thailand 51
Isolona pilosa Trunk bark Not stated 179
Orophea hexandra Leaf Indonesia 149
Uvaria chamae Leaf Senegal 293
(4)-Pronuciferine vIiI 6 Isolona pilosa Trunk bark Gabon 82
Protosinomenine X1V 183 Polyalthia nitidissima Leaf New Caledonia 232
Pseudocolumbamine v 13 Miliusa cuneata Leaf + stem China 241
Phoenicanthus oblique Stem bark Sri Lanka 292
Pseudopalmatine v 14 Enantia polycarpa Bark + leaf Africa 78
Xylopia vieillardi Trunk bark New Caledonia 61
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Pseudoxandrine
Pseudoxandrinine
Pseuduvarine A
Pseuduvarine B
Puertogaline A
Puertogaline B
(—)-Pukateine
Purpureine

Puterine

(—)-Puterine

Pycnarrhine

Reticuline

v.19
v.20
XI.1
XI.1
Iv.21
Iv.21
VIII
VIII

VIII

VIII

I

N = 00 = =

116
117

118

118

17

27

Pseudoxandra lucida

Pseudoxandra lucida
Pseuduvaria rugosa
Pseuduvaria rugosa
Guatteria boliviana
Gauatteria boliviana
Guatteria sagotiana
Annona purpurea
Rollinia mucosa
Duguetia calycina
Guatteria elata

Guatteria schomburgkiana
Guatteria discolor
Guatteria sagotiana
Guatteria schomburgkiana

Xylopia parviflora
Xylopia vieillardi
Annona montana
Annona muricata
Annona paludosa

Annona salzmannii
Anomianthus dulcis
Cananga odorata
Cymbopetalum brasiliense
Duguetia trunciflora
Gauatteria chrysopetala
Guatteria juruensis
Guatteria poeppigiana
Guatteria schomburgkiana
Miliusa velutina

Orophea hexandra
Oxandra major

Bark

Bark

Stem bark
Stem bark
Stem bark
Stem bark
Trunk bark
Entire plant
Fruit

Stem bark
Stem bark
Stem bark
Leaf

Stem bark
Leaf
Trunk bark
Bark

Root + bark
Trunk bark
Wood
Leaf

Root bark
Bark

Bark

Leaf

Stem bark
Bark

Leaf

Stem bark
Leaf

Stem

Leaf

Stem bark
Leaf

Stem bark

Colombia

Colombia
Malaysia
Malaysia
Bolivia

Bolivia

French Guyana
Puerto Rico
Taiwan
Guyana

Not stated
Peru

Brazil

Guyana
French Guyana
French Guyana
Brazil

Kenya

New Caledonia
French Guyana
Not stated
French Guyana
Brazil

Brazil

Thailand
Taiwan

French Guyana
Brazil

Guyana

Brazil

Brazil

Brazil
Bangladesh
Indonesia
Colombia

100

114,421

234
61
65

147
266
211
394
210
218
330
149
85
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd
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Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Polyalthia cerasoides Root Thailand 176
Polyalthia nitidissima Leaf New Caledonia 232
Xylopia_frutescens Stem bark French Guyana 99
(+)-Reticuline I 27 Annona cherimolia Leaf Spain 100
Artabotrys monteiroae Root Kenya 103
Artabotrys uncinatus Root Taiwan 24
Stem Taiwan 24
Leaf Taiwan 24
Artabotrys venustus Stem bark Malaysia 104
Cananga odorata Seed, leaf Taiwan 23
Desmos tiebaghiensis Aerial parts Caledonia 106
Monocyclantus vignei Stem bark Ghana 120
Monodora grandidiera Twig Kenya 109
Monodora junodii Stem bark + twig Kenya 110
Polyalthia acuminata Bark + leaf Sri Lanka 58
Xylopia parviflora Root + bark Kenya 60
Xylopia nigricans Root bark Sri Lanka 235
Porcelia macrocarpa Branches Brazil 152
Rollinia emarginata Stem bark Argentina 113
Uvaria acuminata Root Kenya 59
Uvaria lucida Root Kenya 59
Xylopia pancheri Trunk bark New Caledonia 138
Leaf New Caledonia 138
Xylopia papuana Trunk bark New Caledonia 50
Xylopia vieillardii Trunk bark New Caledonia 61
(—)-Reticuline I 27 Annona sericea Leaf Brazil 325
Anomianthus dulcis Stem Thailand 51
Guatteria goudotiana Leaf Colombia 55
Roemerine VIII 119 Annona squamosa Leaf + stem India 72
Hornschuchia obliqua Root + stem Brazil 205
Isolona pilosa Bark + leaf Brazil 206
Trunk bark Gabon 82
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(—)-Roemerine

Roemerolidine
(—)-Roemeroline
Rollipyrrole
Romucosine
Romucosine A
Romucosine B
Romucosine C
Romucosine D
Romucosine F
Romucosine G
Romucosine H
Rurrebanidine
Rurrebanine
Salsolinol
Salutarine
Samoquasine A
Sampangine

Saxoguattine

VIII

VIII

VIII
VIII
VIII
VIII
VIII
VIII
VIII
VIII

XIvV
XI1v
X1V

XIIT

119

35
120
184
121
122
123
124
125
126
127
128

36

37

18
185
186
187

Rollinia leptopetala
Rollinia ulei
Xylopia aethiopica

Xylopia pancheri
Annona senegalensis
Anomianthus dulcis
Artabotrys uncinatus
Cananga odorata
Guatteria modesta
Guatteria oliviformis
Guatteria sagotiana

Hexalobus monopetalus

Monodora junodii
Duguetia spixiana
Guatteria tonduzii
Rollinia mucosa
Rollinia mucosa
Rollinia mucosa
Rollinia mucosa
Rollinia mucosa
Rollinia mucosa
Annona purpurea
Annona purpurea
Annona cherimolia
Duguetia spixiana
Duguetia spixiana
Annona reticulata
Miliusa cuneata
Annona squamosa
Cananga odorata
Duguetia hadrantha

Anaxagorea dolichocarpa

Guatteria discolor

Trunk bark

Root

Stem

Leaf
Trunk bark
Leaf

Stem

Stem

Stem bark
Leaf + root
Leaf

Leaf

Leaf

Stem bark + twig
Twig

Leaf

Leaf

Fruit

Stem

Stem

Stem

Stem

Stem

Stem

Stem

Twig
Twig

Not specified
Stem + leaf
Seed

Stem bark
Stem bark
Stem bark
Stem bark
Stem bark

Not stated
Brazil
Peru
East Guinea
New Caledonia
Zimbabwe
Thailand
Taiwan
Madagascar
Peru
Costa Rica
French Guyana
Zimbabwe
Kenya
Bolivia
Costa Rica
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Bolivia
Bolivia
Not stated
China
Not stated
Not stated
India
Peru
Brazil
Guyana

179
113
92

223
138

47
424
91

380
380
380
380
420
420
37

108
108
270
241
425
426
354
309
276
118
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

103

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Schefferine VI 19 Schefferomitra subaequalis Entire plant Australia 31
Bark Not stated 30
Scorazanone X1V 188 Goniothalamus scortechinii Root Malaysia 427
(—)-Scoulerine VI 20 Disepalum pulchrum Stem bark Malaysia 107
Sebiferine X1V 149 Orophea hexandra Stem bark Indonesia 132
(9S)-Sebiferine X1V 149 Duguetia obovata Stem bark Guyana 52
Leaf Guyana 52
Sapranthus palanga Stem bark Costa Rica 368
(—)-Sebiferine X1v 149 Polyalthia cauliflora Trunk bark Indonesia 163
Secolucidine Iv.22 1 Pseudoxandra sclerocarpa Trunk bark Colombia 173
Sinactine V1 21 Dasymaschalon sootepense Leaf Thailand 189
N-trans-sinapoyltyramine X1V 196 Porcelia macrocarpa Branches Brazil 181
Sinoacutine X1V 189 Artabotrys uncinatus Root Taiwan 24
Sparsiflorine VIII 129 Alphonsea sclerocarpa Leaf Sri Lanka 64
Monodora tenuifolia Wood Nigeria 47
Stem Not stated 49
(—)-Sparsiflorine VIII 129 Monodora junodii Stem bark + twig Kenya 110
Monodora tenuifolia Stem Nigeria 48
Spiduxine VI 22 Duguetia spixiana Trunk bark Colombia 169
Spiguetidine XIII 8 Duguetia spixiana Twig Bolivia 108
Spiguetine XIIT 9 Duguetia spixiana Twig Bolivia 108
Spinosine VI 23 Annona spinescens Aerial parts Brazil 409
(—)-Spinosine VI 23 Desmos yunnanensis Not specified China 77
Spixianine X 38 Duguetia spixiana Trunk bark Colombia 169
Spixianine N-oxide X 39 Duguetia spixiana Trunk bark Colombia 169
Squamolone XI1v 190 Artabotrys uncinatus Stem Taiwan 24
Hexalobus crispiflorus Stem bark Ghana 81
Staudine V.5 1 Paclhypodanthium staudtii Trunk bark Ivory Coast 269,428
N-stearoyltryptamine X1V 191 Rollinia mucosa Seed Mexico 117
Stenantherine VIII 130 Neostenanthera gabonensis Root + stem Ghana 180
(—)-Stenantherine VIII 130 Neostenanthera gabonensis Root + stem Ghana 180
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Stephalagine
(—)-Stephalagine
Stephanine
Stepharine

(+)-Stepharine

Stepharanine

Stephenanthrine
Stephenanthrine N-oxide
Stepholidine

VIII 131
VIII 131
VIII 132
viI 7
VII 7
v 15
XII 14
XII 15
VI 24

Artabotrys maingayi
Artabotrys uncinatus
Xylopia aethiopica
Annona muricata
Annona purpurea
Alphonsea sclerocarpa
Annona cacans
Anomianthus dulcis
Artabotrys uncinatus
Monodora brevipes
Monodora tenuifolia

Porcelia macrocarpa
Anomianthus dulcis
Artabotrys uncinatus

Monodora junodii
Monodora tenuifolia
Oncodostigma monosperma
Polyalthia acuminata
Xylopia parviflora
Monodora junodii
Piptostigma_fugax
Popowia pisocarpa
Xylopia parviflora

Monocyclantus vignei
Monocyclantus vignei
Alphonsea sclerocarpa
Desmos cochinchinensis
Fusaea longifolia
Polyalthia nitidissima

Stem bark
Stem

Leaf

Leaf

Entire plant
Trunk bark
Stem

Leaf

Fruit

Seed
Wood
Stem
Branches
Stem

Root

Stem

Fruit

Stem bark + twig
Stem

Stem bark
Bark + leaf
Root + bark
Stem bark
Root

Stem bark
Trunk bark
Root + bark
Stem bark
Stem bark
Trunk bark
Stem

Stem

Leaf

Malaysia
Taiwan
East Guinea
Not stated
Puerto Rico
Sri Lanka
Brazil
Thailand
Taiwan
Cameroon
Nigeria
Not stated
Brazil
Thailand
Taiwan
Taiwan
Taiwan
Kenya
Nigeria
Malaysia
Sri Lanka
Kenya
Kenya
Ghana
Ghana
Indonesia
Kenya
Ghana
Ghana

Sri Lanka
Not stated
Brazil
New Caledonia

102
24
223
63
190
64
126

49
152
51
24
24
24
110
48
111
58
60
239
123
123
123
234
120
120
64
395
386
232
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Stem bark New Caledonia 232
(—)-Stepholidine VI 24 Annona cherimolia Leaf Spain 100
Desmos tiebaghiensis Aerial parts Caledonia 106
Monodora junodii Stem bark + twig Kenya 110
Oncodostigma monosperma Stem bark Malaysia 111
Polyalthia acuminata Bark + leaf Sri Lanka 58
Polyalthia longifolia Leaf Taiwan 112
Suaveolindole X1V 192 Greenwayodendron suaveolens — Fruit Gabon 429
Suaveoline VIII 133 Artabotrys lastoursvillenses Bark Gabon 178
Artabotrys suaveolens Stem bark Philippines 141
Bark Not stated 430
Bark Philippines 142
Trunk Not stated 174
Subsessiline X1 33 Guatteria blepharophylla Bark Brazil 329
Guatteria ouregou Leaf Guyana 216
Stem bark French Guyana 242
Syncarpurea X1v 193 Uvaria afzelii Not specified Nigeria 431,432
Taliscanine X1V 19 Dasymaschalon blumei Leaf + twig Thailand 135
Goniothalamus griffithii Root China 129
Goniothalamus sesquipedalis Leaf + twig India 130
Goniothalamus tenuifolius Stem bark Malaysia 131
Oxymitra velutina Twig Ghana 121
(4)-Telobine v.2 2 Guatteria guianensis Stem bark Guyana 116
Tembetarine 1.1 7 Cymbopetalum brasiliense Bark French Guyana 147
(4)-Tembetarine II.1 7 Xylopia parviflora Root + bark Kenya 234
Tetrahydroberberine VI 25 Rollinia mucosa Fruit Taiwan 91
Tetrahydrocolumbamine V1 17 Pachypodanthium staudtii Stem bark Cameroon 396
Tetrahydroharman X1V 194 Polyalthia acuminata Bark + leaf Sri Lanka 58
Tetrahydrojatrorrhizine V1 8 Duguetia gardneriana Stem bark Brazil 264
Duguetia trunciflora Leaf Brazil 266
Paclhypodanthium staudtii Trunk bark Ivory Coast 269
Rollinia leptopetala Root Brazil 113,433
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Tetrahydropalmatine

(—)-Tetrahydropalmatine

(+)-Tetrahydropalmatine
Thaicanine
Thailandine

Thaipetaline
(—)-Thaipetaline

Thalicsimidine
Thalifoline

Thaligrisine
Thaliporphine

(+)-Thaliporphine

Tiliageine

(—)-N,O,O-triacetyllaurelliptine

VI

VI

VI

VI

XI.13

VI
VI

VIII

v

VIII

VIII

VIII

26

26

26

27

28
28

134

19

17
135

135

10

136

Annona paludosa

Duguetia gardneriana
Duguetia trunciflora
Guatteria schomburgkiana
Duguetia spixiana
Fissistigma glaucescens
Fissistigma oldhamii
Goniothalamus amuyon

Xylopia vieillardi
Pachypodanthium confine

Duguetia trunciflora
Guatteria schomburgkiana
Polyalthia cauliflora
Fissistigma balansae
Fissistigma bracteolatum
Fissistigma polyanthoides
Polyalthia stenopetala
Annona purpurea
Phaeanthus crassipetalus
Xylopia parviflora
Pseudoxandra sclerocarpa
Uvaria chamae

Popowia pisocarpa

Guatteria guianensis
Enicosanthum cupulare
Fissistigma glaucescens
Monodora grandidiera
Piptostigma _fugax
Polyalthia suberosa
Porcelia macrocarpa
Monodora tenuifolia

Root bark
Stem bark
Leaf

Bark

Twig
Entire plant
Stem
Entire plant
Stem bark
Trunk bark
Stem bark
Root

Leaf

Leaf

Trunk bark
Twig
Entire plant
Bark

Stem bark
Leaf

Bark

Root + bark
Trunk bark
Fruit

Leaf
Trunk bark
Leaf

Stem bark
Twig

Leaf

Twig

Root

Stem
Branches
Stem

French Guyana
Brazil
Brazil

Brazil
Bolivia
Taiwan
Taiwan
Taiwan
Taiwan
New Caledonia
Not stated
Not stated
Brazil

Brazil
Indonesia
China
China
Thailand
Malaysia
Taiwan
Malaysia
Kenya
Colombia
Senegal
East Guinea
Indonesia
Indonesia
French Guyana
Japan
Taiwan
Kenya
Ghana
Taiwan
Brazil

Nigeria

67

264
266
47

108
53

127
53

54

61

219
219
266
352
163
213
209
434
107
287
342
60

173
293
137
123
123
288
281
25

109
188
282
181
48
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107

Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

Substance Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Trichoguattine IX.1 19 Guatteria sagotiana Leaf French Guyana 56
N-tricosanoyltryptamine X1V 197 Rollinia mucosa Seed Mexico 117
N-tricosanoyl- XIv 198 Annona atemoya Seed Taiwan 155
4,5-dihydroxytryptamine

1,2,3-Trimethoxyoxoaporphine XI.11 4 Duguetia stelichantha Trunk wood Brazil 324
1,2,3-Trimethoxy- XI.9 2 Mitrephora maingayi Bark Malaysia 315

5-oxonoraporphine
1,2,3-Trimethoxy- X1 24 Annona spraguei Wood Colombia 435
9,10-methylenedioxy-

oxoaporphine
2,3,6-Trimethoxy-N-methyl- X1V 199 Fissistigma oldhamii Stem Taiwan 183
morphinadien-7-one
Trivalvone VIIL.8 1 Piptostigma_fugax Root Ghana 188
Trivalvaria macrophylla Stem bark Malaysia 94
(—)-Tuduranine VIII 137 Polyalthia acuminata Bark + leaf Sri Lanka 58
Uncinine XIvV 200 Artabotrys uncinatus Leaf Taiwan 24
Unonopsine VIII.2 2 Isolona maitlandii Stem bark Ghana 83
Unonopsis buchtienii Stem Bolivia 369
Unonopsis lindmanii Stem bark Brazil 370
Unonopsis spectabilis Trunk bark Peru 311
Urabaine VIIL.2 14 Oxandra major Trunk bark Colombia 260
Phoenicanthus obliqua Stem bark Sri Lanka 292
Piptostigma_fugax Root Ghana 188
Polyalthia bullata Stem bark Ghana 240
Unonopsis spectabilis Trunk bark Peru 310,311
Ursuline X1V 201 Oncodostigma monosperma Stem bark Malaysia 111
Unonopsis spectabilis Trunk bark Peru 311
Ushinsunine X 40 Alphonsea sclerocarpa Trunk bark Sri Lanka 64
Artabotrys maingayi Stem bark Malaysia 102
Cananga odorata Stem bark Madagascar 75
Stem bark Taiwan 76
Oxymitra velutina Twig Ghana 121
Polyalthia nitidissima Leaf New Caledonia 232
Pseudoxandra sclerocarpa Trunk bark Colombia 173
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(—)-Ushinsunine

Ushinsunine N-oxide
(+)-Ushinsunine N-oxide

Uvarilactam

Uvarindole A
Uvarindole B
Uvarindole C
Uvarindole D

Uvariopsamine

Uvariopsamine N-oxide

Uvariopsine

Velutinam

Vietnamine
‘Wilsonirine
(+)-Wilsonirine

(+)-Xanthoplanine
Xyloguyelline
Xylopine

e

X1V

X1V
XIvV
X1V
XIvV
XII

XII
XI1

XI1v

II
VIII
VIII

VIII
VIII
VIII

40

41
41

202
203
204
205

16

17
18

206

28
138
138

139
140
141

Cananga odorata

Cananga odorata
Cananga odorata

Goniothalamus cheliensis

Uvaria microcarpa
Uvaria angolensis
Uvaria angolensis
Uvaria angolensis
Uvaria angolensis

Greenwayodendron oliveri

Polyalthia oliveri
Uvariopsis guineensis
Uvariopsis guineensis
Uvariopsis guineensis
Uvariopsis solheidii

Goniothalamus griffithii
Goniothalamus tenuifolius
Goniothalamus velutinus
Phaeanthus vietnamensis

Miliusa cuneata
Artabotrys monteiroae
Popowia pisocarpa

Xylopia parviflora
Xylopia danguyela
Annona montana
Annona salzmannii
Desmos longiflorus
Duguetia calycina
Fissistigma oldhamii

Guatteria amplifolia
Xylopia brasiliensis

Seed

Stem bark
Seed

Leaf

Stem

Stem bark
Stem bark
Stem bark
Stem bark
Stem bark
Stem bark
Bark

Bark

Bark

Not specified
Root

Stem bark
Stem bark
Leaf

Stem + leaf
Root
Trunk bark
Leaf

Root + bark
Trunk bark
Wood
Bark

Stem bark
Leaf

Stem bark
Entire plant
Root

Stem
Entire plant
Leaf

Bark

Taiwan
Taiwan
Taiwan
China
China
Tanzania
Tanzania
Tanzania
Tanzania
Nigeria
Ghana
Congo
Congo
Congo
Not stated
China
Malaysia
Malaysia
Vietnam
China
Kenya
Indonesia
Indonesia
Kenya
Madagascar
French Guyana
Brazil
Bangladesh
Guyana
Taiwan
Taiwan
Taiwan
Taiwan
China
Panama
Not stated

23
76
23
28

125

436,437
436,437
436,437
436,437
397

234
97
65
70
159
160
54
182
183
184
283
226
96

(Continued)
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Table 3 Alkaloids isolated from plants of the family annonaceae—cont'd

109

Substance  Species Geographical
Substance name Skeleton type  number name Part of plant distribution References
Xylopia buxifolia Leaf Madagascar 97
Xylopia discreta Trunk bark Not stated 174
Xylopia frutescens Stem bark French Guyana 99
Xylopia pancheri Trunk bark New Caledonia 138
Xylopia papuana Trunk bark New Caledonia 50
Xylopia langsdorffiana Leaf Brazil 220
(—)-Xylopine VIII 141 Annona squamosa Leaf India 340
Duguetia obovata Stembark Guyana 52
Leaf Guyana 52
Fissistigma bracteolatum Entire plant China 09
Fissistigma glaucescens Entire plant Taiwan 3
Leaf Taiwan 5
Fissistigma oldhamii Entire plant Taiwan 3
Stem wood Taiwan 4
Goniothalamus amuyon Entire plant Taiwan

Guatteria sagotiana
Guatteria scandens

Guatteria schomburgkiana
Monodora junodii
Xylopia discreta

Xylopia parviflora
Xylopia vieillardi

Leaf

Trunk bark

Root bark

Bark

Stem bark + twig
Trunk bark

Root + bark
Trunk bark

French Guyana
Guyana
Guyana

Brazil

Kenya

Not stated
Kenya

New Caledonia

— U1 D D Ul Ul Ul Ul Ul D Ul
~N & & & W >

174
60
61
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Xylopinidine
Xylopinine

(—)-Xylopinine

Yuzirine
Zenkerine

Zyncpolyanemine

1.1

VI

II.6
VIII

XIvV

29

29

143

207

Xylopia parviflora
Artabotrys grandifolius
Dasymaschalon sootepense
Polyalthia oligosperma
Xylopia buxifolia
Xylopia langsdorffiana
Duguetia obovata

Duguetia spixiana
Guatteria scandens
Guatteria schomburgkiana
Xylopia vieillardi
Xylopia parviflora
ILsolona pilosa

Lsolona zenkeri
Monodora junodii

Uvaria klaineana

Polyalthia nemoralis

Root + bark
Stem

Leaf
Trunk bark
Leaf

Leaf

Stem bark
Leaf

Twig

Fruit

Bark
Trunk bark
Root + bark
Trunk bark
Trunk bark
Leaf

Stem bark
Stem

Root
Entire plant
Root

Kenya
Malaysia
Thailand
Madagascar
Madagascar
Brazil
Guyana
Guyana
Bolivia
Guyana
Brazil

New Caledonia
Kenya
Gabon
Not stated
Not stated
Kenya
Gabon
Taiwan
China
China

82
179
179
110
224
439
285,440
441,442
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Table 4 Biological activities related to alkaloids from annonaceae in the literature between 1929 and 2009

Alkaloid Biological activity Active Inactive References
Annomontine Antileishmanial activity X 40,443
Trypanocidal activity X 41
Anonaine Antidepressive effect X 66
Antileishmanial activity X 409,443
Antimicrobial activity X 65,69
CD45 protein tyrosine phosphatase X 92
inhibitor
Cytotoxic activity X 65
Hypotensive activity X 65
Trypanocidal activity X 409
5-HT) A receptor-binding activity X 444
(—)-Antioquine Antileishmanial activity X 115
Antimalarial activity X 115
Antitripanosomal activity X 115
Mitocondrial respiratory chain complex I X 445
inhibitor
Argentinine Cytotoxic activity X 38
Trypanocidal activity X 119
(+)-Aromoline Mitocondrial respiratory chain complex I X 445
inhibitor
Artabotrine Anticancer activity X 143
Asimilobine Antidepressive effect X 66
5-HT) 4 receptor-binding activity X 444
Atherospermidine Anticancer activity X 143
Cytotoxic activity X 24
Relaxing activity on rat uterine X 102

contractions induced by KClI
Relaxing activity on rhythmic X 102
contractions induced by oxytocin in
the presence of Ca
Atherosperminine Relaxant activity on guinea-pig trachealis
Sedative activity

167

65

e
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Bidebiline A
Bidebiline B
Bidebiline C
Bidebiline D
Bidebiline E

Caulindole A
Caulindole D
Cleistopholine
Codamine
Colletine
Coreximine

Cryptodorine
Cyathocaline
Darienine

Dicentrinone

7,8-Dihydro-8-hydroxypalmatine

5,8-Dihydroxy-6-
methoxyonychine

(—)-7,7'-0,0'-Dimethylgrisabine

(—-)-(1S,1’R)-0,0'-
Dimethylgrisabine

Discretamine

Duguetine

Duguetine B-N-oxide

Eupolauramine

Antimalarial activity
Antimalarial activity
Antimalarial activity
Antimalarial activity
Antimalarial activity

Antimycobacterial activity

Antifungal activity
Antifungal activity
Antiplasmodial activity
Antimalarial activity
Inotropic activity
Antihypertensive activity
Respiratory stimulant
Antileishmanial activity
Cytotoxic activity
Cytotoxic activity
Antileishmanial activity
Cytotoxic activity
Trypanocidal activity
Anti-HIV activity
Antimalarial activity

Antibacterial activity
Antibacterial activity

Antinociceptive activity
Antileishmanial activity
Cytotoxic activity
Trypanocidal activity
Antileishmanial activity
Cytotoxic activity
Trypanocidal activity
Antitumoral activity

I I i B i APl o

>

I T

KKK KX

175
175
175
175
176
176
191
191
274
176
147
38
38
226,443
228
229
446
446
446
251
254

265
446
446
446
446
446
446
276

(Continued)
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Table 4 Biological activities related to alkaloids from annonaceae in the literature between 1929 and 2009—cont'd

Alkaloid Biological activity Active Inactive References
Eupolauridine Antifungal activity X 279
Glaziovine Cytotoxic activity X 190
(+)-Guatteboline Antileishmanial activity X 115
Antimalarial activity X 115
Antitripanosomal activity X 115
Hadranthine A Antifungal activity X 309
Antimalarial activity X 309
Cytotoxic activity X 309
Hadranthine B Antifungal activity X 309
Antimalarial activity X 309
Cytotoxic activity X 309
N-hydroxyannomontine Antileishmanial activity X 40,443
7-Hydroxy-dehydrothalicsimidine Antiplatelet activity X 24
10-Hydroxyliriodenine Cytotoxic activity X 322
5-Hydroxy-6-methoxyonychine Antimalarial activity X 254
(—)-3-Hydroxynornuciferine Trypanocidal activity X 119
Imbiline-1 Antifungal activity X 309
Antimalarial activity X 309
Cytotoxic activity X 309
Isoboldine Antimicrobial activity X 69
(—)-Isocorydine Cytotoxic activity X 423
(—)-Isoguattouregidine Antileishmanial activity X 443
Isomoschatoline Antimicrobial activity X 329
Trypanocidal activity X 119
Isooncodine Cytotoxic activity X 229
Lanuginosine Cytotoxic activity X 161
Laudanidine Antimalarial activity X 176
Laurelliptine Antimicrobial activity X 69
Liriodenine Analgesic activity X 65
Antibacterial activity X 65
Anticrustacean activity X 370
Antifungic activity X 65
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Lysicamine
(—)-Medelline

N-methoxylcarbonyl-nornuciferine

10-Methoxyliriodenine
3-Methoxysampangine

O-methylatheroline
N-methylglaucine

N-methylisocorypalmine
N-methyltetrahydropalmatine

O-methylmoschatoline

Antileishmanial activity

Antiplatelet activity

Cytotoxic activity

Cytotoxic activity

DNA topoisomerase inhibitor

Sedative activity

Trypanocidal activity

Antiproliferative activity

Anticrustacean activity

Cytotoxic activity

Mitocondrial respiratory chain complex I
inhibitor

Antiplatelet aggregation induced by
thrombin

Antiplatelet aggregation induced by
arachidonic acid

Antiplatelet aggregation induced by
collagen

Antiplatelet aggregation induced by
platelet-activating factor

Cytotoxic activity

Antifungal activity

Antimalarial activity

Cytotoxic activity

Cytotoxic activity

Antileishmanial activity

Cytotoxic activity

Trypanocidal activity

Inotropic activity

Antileishmanial activity

Cytotoxic activity

Trypanocidal activity

Antileishmanial activity

Cytotoxic activity

Cytotoxic activity

Trypanocidal activity

KK XK WX X

>

K XXX

e

e

o lie

o le

40,156,366,369,409,443
24
38,65,190,229,322
161

322

65

41,366

329

370

161,322

445

380
380

322
278,309
309
309
190
446
446
446
147
446
446
446
40,443
322
161
41,369

(Continued)
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Table 4 Biological activities related to alkaloids from annonaceae in the literature between 1929 and 2009—cont'd

Alkaloid Biological activity Active Inactive References
Monomargine Cytotoxic activity X 389
(+)-Neolitsine Antileishmanial activity X 443
Nornantenine Antileishmanial activity X 226
Nornuciferine Antileishmanial activity X 226
Antidepressive effect X 66
CD45 protein tyrosine phosphatase X 92
inhibitor
5-HT 4 receptor-binding activity X 444
Norstephalagine Relaxing activity on rat uterine X 102
contractions induced by KCl
Relaxing activity on rhythmic X 102
contractions induced by oxytocin in
the presence of Ca
Obaberine Antileishmanial activity X 443
(—)-Oliveroline Antiplasmodial activity X 274
Onychine Antifungal activity X 279
Oxoglaucine Cytotoxic activity X 322
Oxophoebine Cytotoxic activity X 322
DNA topoisomerase inhibitor X 322
Oxopurpureine Cytotoxic activity X 190
Oxostephanine Cytotoxic activity X 403
(+)-Pecrassipine A Vasorelaxant activity X 342
(—)-Pecrassipine B Vasorelaxant activity X 342
Pendulamine A Antibacterial activity X 34
Penduline Antibacterial activity X 34
Phaeantharine Antibacterial activity X 411
Insecticidal activity X 411
Philogaline Antileishmanial activity X 115
Antimalarial activity X 115
Antitripanosomal activity X 115
Polyfothine Cytotoxic activity X 229
Puertogaline A Antileishmanial activity X 115
Antimalarial activity X 115
Antitripanosomal activity X 115
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Puertogaline B

Reticuline

(—)-Roemerine

Romucosine A

Romucosine B

Romucosine C

Antileishmanial activity
Antimalarial activity
Antitripanosomal activity
Analgesic activity
Antimicrobial activity

Blockage of the dopaminergic receptors

Spasmolitic activity

Stimulant of the CNS

Cytotoxic activity

CD45 protein tyrosine phosphatase
inhibitor

Antiplatelet aggregation induced by
thrombin

Antiplatelet aggregation induced by
arachidonic acid

Antiplatelet aggregation induced by
collagen

Antiplatelet aggregation induced by
platelet-activating factor

Antiplatelet aggregation induced by
thrombin

Antiplatelet aggregation induced by
arachidonic acid

Antiplatelet aggregation induced by
collagen

Antiplatelet aggregation induced by
platelet-activating factor

Antiplatelet aggregation induced by
thrombin

Antiplatelet aggregation induced by
arachidonic acid

T B

>

115
115
115
38
38,69
38
38
38
423
92

380
380
380

380

(Continued)
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Table 4 Biological activities related to alkaloids from annonaceae in the literature between 1929 and 2009—cont'd

Alkaloid Biological activity Active Inactive References
Antiplatelet aggregation induced by X 380
collagen
Antiplatelet aggregation induced by X 380
platelet-activating factor
Romucosine D Antiplatelet aggregation induced by X 380
thrombin
Antiplatelet aggregation induced by X 380
arachidonic acid
Antiplatelet aggregation induced by X 380
collagen
Antiplatelet aggregation induced by X 380
platelet-activating factor
Sampangine Antifungal activity X 309,426
Antimalarial activity X 309
Cytotoxic activity X 309
Antitumoral activity X 276
Squamolone Cytotoxic activity X 24
Suaveolindole Antibacterial activity X 429
Tembetarine Inotropic activity X 147
Thaligrisine Mitocondrial respiratory chain complex I X 445
inhibitor
Unonopsine Antileishmanial activity X 443
N-trans-cafeoyltyramine Arachidonic acid-induced platelet X 447
aggregation
N-trans-p-coumaroyltyramine Arachidonic acid-induced platelet X 447
aggregation
N-trans-feruloyltyramine Arachidonic acid-induced platelet X 447
aggregation
Xylopine Analgesic activity X 96
Antileishmanial activity X 226,443
Sedative activity X 96
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with dopamine (I.10), its biogenetic precursor.””’ The examples of isoquino-
lone alkaloids described in Annonaceae are corydaldine (I.6), isolated from the
stem bark of Enantia polycarpa,”” N-Methylcorydaldine (I.13) isolated from
Phaeanthus vietnamensis'>> and cherianoine (I.4) isolated from the stem of
Annona cherimolia”” A 3,4-dihydro-6,7-dimethoxy-2-methylisoquinolinium
salt (I.8) was isolated as natural product for Nishiyama and employees
in 2004.””"

5.2 Benzyltetrahydroisoquinolines,

Seco-Benzylisoquinolines, and Benzylisoquinolines

(Type II)
Twenty-six benzyltetrahydroisoquinolines were isolated from some species
of Annona and Xylopia and from Monodora junodii and Monodora grandidiera.
The most frequently occurring benzyltetrahydroisoquinoline is reticuline
(I.27). Anomuricine (I1.2) and anomurine (IL.3) from Annona muricata”>"®
are special at that they are substituted in C-5.

Polycarpine (I1.5.1) isolated from the bark and leaves of E. polycarpa,’® is

listed herein. Murugesan and Shamma**”

postulated that polycarpine must
be derived biogenetically from the protoberberinium salt palmatine: they
proposed a new hypothetical biogenetic route from protoberberinium salts
to aporphines via benzylisoquinoline amides such as polycarpine, without

involving phenolic oxidative coupling.*"”

5.3 Bisbenzylisoquinolines (Type Ill) and
Bisbenzyltetrahydroisoquinolines (Type IV)

Twenty-four types of bisbenzyltetrahydroisoquinolines and one quaternary
bisbenzylisoquinoline (III.1) were isolated from the genera Cardiopetalum,
Cleistopholis, Crematosperma, Guatteria, Isolona, Phaeanthus, Polyalthia,
Popowia, Pseudoxandra, Uvaria, and Xylopia. The extracted bisbenzyliso-
quinolines are several structural types. The phlebicine (IV.1.9) alkaloid is
one of the representatives of this group, and is present in Annonacea family,
Lauraceae, and only appears on the Menispermaceae.

5.4 Protoberberines (Type V) and
Tetrahydroprotoberberines (Type VI)

To date, six types of the protoberberines were recorded from Annonaceae.
Berberine (V.1) has been reported from Xylopia and Rollinia.”""'”* To this
protoberberine group is added staudine (V.5.1), discovered in Pachypo-

269,428

danthium staudtii. Staudine is an alkaloid of a new structural type, which
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exists in a zwitterionic form; it results from the combination of jatrorrhizine, a
protoberberine alkaloid, and a 2,4,5-trimethoxystyrene unit, through the
vinyl side chain of the latter. This styrene compound is known to accompany
staudine in the plant.”’

There are 30 tetrahydroprotoberberines described in the Annonaceae.
Most are 1,2,9,10-substituted, a few are 1,2,10,11-substituted. The struc-
tures VI.1 and VI.19 given here for the two alkaloids isolated from Scheffer-
omitra subaequalis™' namely schefferine and aequaline, have been corrected
by Brochmann-Hanssen and Chiang™*’ and by Hanssen and Chiang™®’:
aequaline is actually identical to discretamine, while schefterine has the

same structure as kikemanine and (—)-corydalmine.

5.5 Proaporphines (Type VII)

There seem to be few proaporphines in the Annonacae. Only seven repre-
sentatives of this group of isoquinoline alkaloids have been reported in a
small number of species, mainly distributed in the genera Annona, Anomian-
thus, and Uvaria. It is to be noted that (+)-glaziovine [(+)-VIL.3] and
(—)-N-methylcrotsparine] [(—)-VIIL.3] are enantiomers.

5.6 Aporphinoids (Type VIil), Dehydroaporphines (Type IX),
and 4- or 7-Substituted Aporphines (Type X)
Aporphines sensu strictu are the most common subtype of aporphine in the fam-
ily Annonaceae. Approximately 180 aporphines sensu strictu (noraporphines,
aporphines, quaternary aporphines) were isolated from many genera of Anno-
naceae. Anonaine (VIIL.5) is the most frequently cited aporphine alkaloid, since
it has been reported in 57 species belonging to 26 genera. Only four aporphines
are substituted in position 5, they are: crebanine (VIII.17), (—)-norannuradha-
purine (VIII.89), stephanine (VIII.132), and zenkerine (VIII.143). Two alka-
loids found in the only Guatteria genera, guattescidine (IX.3), and guattescine
(IX.4), isolated from Guatteria scandens.”™"® They are the first members of a
new class of aporphinoids as they are 7-methyl substituted and they cannot
be regarded as oxoaporphines, since ring B is not aromatic.
6a.,7-dehydroaporphines is the subtype of dehydroaporphines reported in
most species of Annonaceae. 3-Hydroxydehydronuciferine (IX.1.16) seems
to have been the first report of this type of alkaloid in Annonaceae.”'” The
vast majority of dehydroaporphines was reported in the genus Guatteria.”” "'
Forty-six 7-substituted aporphines were isolated from Annonacae, most
of them discovered only recently and not yet described in other families.
Among these 7-substituted aporphines, four types may be defined. The
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most numerous are C-7-oxygenated aporphines (substituted by a hydroxy
or a methoxy group.

Norpachystaudine (X.32) and pachystaudine (X.22)*"” are to date the
only two known examples of aporphines twice substituted at C-7 and C-4
(no 4-substituted aporphine has been reported in Annonaceae). Melosmidine
(X.1.1) and melosmine (X.1.2), the first two members of the new class of
7,7-dimethylaporphines, have been discovered in Guatteria melosma.”’*>"®
Two alkaloids found in the only Duguetia genera, duguecalyne (X.2.1) and
duguenaine (X.2.2) were isolated from the stem bark of Duguetia caly-

99772 Ag in the case of melosmidine (X.1.1) and melosmine (X.1.2),

cina
the C-7 1s substituted by a carbon group, but here this group is engaged in
an oxazine ring formation between C-7 and the aporphine nitrogen.

It may be pointed out that the 7-hydroxy or 7-methoxy aporphines are
never substituted at C-11 and very rarely at C-3. Moreover, trans-configu-
ration between H-6a and H-7 is found only among alkaloids of Annona-
ceae, but members of this plant family may also produce cis-alkaloids,
particularly norushinsunine (X.16) and ushinsunine (X.40) which were

also recorded in Lauraceae, Magnoliaceae, and Menispermaceae.

5.7 Oxoaporphines (Type XI)

Sixty-eight oxoaporphines were isolated from various Annonaceous plants,
liriodenine (XI.18) being ubiquitous. From the structural point of view,
these oxoaporphines are rarely substituted at positions 4, 5, 8, and 11.

Hadranthine A (XI.10.1), hadranthine B (XI.10.2), and imbiline-1
(X1.10.3) were isolated from Duguetia hadrantha.”’® This is the first report
of dioxoazaaporphine alkaloids from this genus. This appears to be the first
report of hadranthine A and B.

5.8 Phenanthrenes (Type XII)

Also known as “seco-aporphines,” the phenanthrenes are a very rare type of
alkaloid. They are distributed in the families Annonaceae, Aristolochiaceae,
Lauraceae, Menispermaceae, Monimiaceae, and Ranunculaceae.*” Nineteen
members belonging to the limited group of aminoethylphenanthrene deriv-
atives (open aporphines) have been found in the Annonaceae. The two
main representatives of this group are the argentinine (XII.1) and atherosper-
minine (XII.3). None possess substituents on C-5 and C-6 (corresponding to
positions 10 and 11 of the aporphines).
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5.9 Miscellaneous Isoquinoline-Type Alkaloids (Type XiliI)

Nine isoquinoline-type alkaloids are recorded herein. Spiguetine (XIII.9)
and spiguetidine (XIIL.8) have been reported exclusively from Duguetia
spixiana.""® This class presents alkaloids found in rare species of Annonaceae
tamily as: Guatteria sagotiana, dragabine (XIII.1) and nordragabine (XIIL.5)
and  Fissistigma oldhamii, fissistigine B (XIIL.2) and fissistigine C
(XII1.3).” "

5.10 Nonisoquinoline Alkaloids (Type XIV)

From the stem bark of C. odorata was isolated an alkaloid named canangine
(XIV.30).” Its identity with eupolauridine (XIV.30), a new naphthyridine
alkaloid recently isolated from Eupomatia laurina, was later consolidated.”””
Occurrence of eupolauridine in both E. laurina and C. odorata may be of
taxonomic significance, since several authors have included Eupomatia in
Annonaceae before considering it as a sole genus of the family
Eupomatiaceae.

Investigation of the trunk wood of Onychopetalum amazonicum™”*"”
yielded the structurally new alkaloid onychine, 1-aza-4-methylfluorenone
(XIV.163), and it was suggested that its biosynthesis involves phenylalanine
and mevalonate in an interesting pathway leading to the pyridine nucleus.

The isolation of two new alkaloids of a usual type, namely annomontine
(XIV.6) and methoxyannomontine (XIV.139), from the stem and root
bark of Annona montana, was reported.”” They are the first examples of a
new class of pyrimidine-B-carboline alkaloids, composed by a Harman moi-
ety linked to 2-aminopyrimidine.

3,6-Bis(y,y-dimethylallyl)-indole (XIV.29) was reported'’” as the main
alkaloid in the stembark of Uvaria elliotiana’" is the first naturally occurring
indole substituted only by two unlinked isoprenoid units.'”’

Lastly, since 1976, several original sesquiterpenylindoles have been
discovered in two species of African Polyalthia, Polyalthia oliveri and Poly-
althia suaveolens. First, from the P. oliveri was isolated the structurally novel
indolosesquiterpene polyalthenol (XIV.176).”" A hypothetical biogenetic
scheme was proposed on the assumption of a drimanic pyrophosphate hav-
ing trapped tryptophan, with extrusion of dehydroalanine or serine, and
the resultant indolosesquiterpene having undergone acid-catalyzed
rearrangement.‘%()7

Polyalthia suaveolens yielded seven sesquiterpenindoles: first, polyalthenol

(XIV.176) together with two isomers, isopolyalthenol (XIV.128) and
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neopolyalthenol (XIV.154)*7°" and a novel indolosesquiterpene polyveo-
line (XIV.182)”"; second, three other new indolosesquiterpenes, polyavo-
lensin (XIV.177), polyavolensinol (XIV.178), and polyavolensinone
(XIV.179), isolated from a Nigerian P. suaveolens.'' '

Sampangine (XIV.187) and 3-methoxysampangine (XIV.144) were
isolated from Duguetia hadrantha,”’” this is the first report of the co-
occurrence of the copyrine-type alkaloids from a Duguetia species. These
compounds were isolated previously from C. odorata’® of Asian and

Cleistopholis patens””® of African origin, respectively.

S 6. CONCLUSIONS

The above survey indicates that the literature on Annonaceae has
grown considerably in the last decade and a vast field is now open to the
chemist, taxonomist, and pharmacologist for in-depth investigations. Of
more than 2500 classified in 135 genera, only 150 species (c.7%) belonging
to 41 genera (c.33%) have been investigated so far. Moreover, some of the
studies involved are of early origin, very fragmentary, and incomplete. In
view of this, any attempt to draw valid chemotaxonomic conclusions would
be futile. However, it is apparent that both nonalkaloidal and alkaloidal
compounds show relationships among some species of the same genus or
of different genera, and amongst Annonaceous species and species belonging
to phylogenetically related families such as those of Magnoliales, laurales,
Piperales, and Aristolochiales.

Txpe I—Isoquinolines, Isoquinolones, and
Phenethylammonium Compounds

M MeO. OMe
X
N

M HO R

1 2R =OH
15 R = OMe
M =
o)
m Me h
NZ N
e
R Ve H SMe ~ o
OMe O N/
3R =OH 4 5

16 R =H

122


Pc
Retângulo


123

Rl R”i
6 H OMe
13 Me OMe
19 Me OH

H M
X
N mNHz N—Me
Me H H
9 10 7
Rl
NtT—Me

R' R
8 OMe OMe
11 OMe
17 OH

M
X
N NH
“Me H
Me

14 18


Pc
Retângulo


124

Type ll—Benzyltetrahydroisoquinolines, Seco-Benzylisoquinolines, and Benzylisoquinolines
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9 Me H OMe OH H H OMe H
10 H H OMe OMe H H OMe H
11 H H OH OMe H H OH H
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ITZITTZTTZTOOTR

Me
Me

Subtype II.1
R2
R3
_Me
N+

R4 “Me
R5

R%O
R’ R* R’
OMe OH H
OMe H H
OMe OMe H
OH OMe H
OH OH H
OH OMe OMe
OMe OH OH
OH OMe OH

Subtype 1.2
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Subtype 1.3

MeO Me
OH

OH

Subtype Il.4 Seco-benzylisoquinolines

1R = OMe
2R =H
Subtype 1.5

OMe
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Subtype 1.6 Benzylisoquinolines

Type lll—Bisbenzylisoquinolines
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Type IV—Bisbenzyltetrahydroisoquinolines
OR?> R?0O

N N
Rl/ R3'O ~N Rl-
O
R! R R? R? R> R R*
1 Me Me Me Me H H H
2 Me Me Me Me Me Me H
3 Me Me H H Me Me H
4 Me Me Me Me Me H
5 Me Me Me Me H H H
6 Me Me Me Me H H H
7 Me Me Me Me Me H H
8 H H Me Me H H H
9 H H Me Me Me H H
10 H H Me Me H Me H
11 Me Me Me Me Me Me Me
12 Me Me H Me Me Me Me
13 Me Me Me H Me Me Me
14 Me Me Me Me Me H Me
15 Me Me H H Me Me Me
16 Me Me H Me Me H Me
17 Me Me Me Me H H Me
Subtype IV.1
R R%
N N
R o R
H H
R*
R! R" RZ R* R? R* RY
1 Me Me OMe OMe OH OMe OH

2 Me Me OMe OMe OMe OH OMe
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3 Me Me
4 Me Me
5 Me H
6 H H
7 Me H
8 Me H
9 Me Me
10 Me Me

N

Me”
H
N
Me/
R3

1 OH
2 OH
3 OH
4 OH
5 OMe

OMe
OMe
OMe
OMe
OMe
OMe
OMe
OMe

OMe
OMe
OMe
OMe
OMe
OMe
OH

OH

Subtype V.2
OMe

Subtype IV.3

OMe MeO

R3
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OH

OMe
OMe
OMe
OH

OMe
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OH
OH
OH
OH
OMe
OH
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OH
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OMe
OMe
OMe
OH
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Subtype IV.4

1
Subtype IV.5
OMe (@]
N
M e/ ORl
Me
O
N ~
ORZ MeO
R' R
Me H
H H
Me Me
H Me
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Subtype IV.6

N
Subtype IV.7
OMe MeO
N
Me/ (0)
R?
R? R’ R”
OH OMe OH
OMe OH OMe
Subtype IV.8
OMe @)
N
Me” S OR! ’
H \
/Me
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Subtype IV.9
OMe

Me”

Subtype IV.10

(\/\/OMe MeO G /\
| | |
Me” N"Nowme RN N\Me
H H
N g
\/\OMe ~
1R = Me
2R =H

Subtype IV.11
OMe MeQ
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Subtype V.12

Subtype V.13
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Subtype IV.15

OMe MeO.
O
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Me” OMe MeO Me
OMe O
1
Subtype V.16
N
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RY R? R? R*
H H H Me
H Me Me H

Me Me Me H

Me H H Me
Me H H Me
Me H Me Me
Me Me Me Me
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€
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Subtype IV.17

(\/\/OMe MeO Z /\
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/\|/_\/ | o
N"ve ROTNY
R? R¥
1 H H
2 Me Me
Subtype V.18

OMe MeQO

Subtype IV.19
OMe MeQ.
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Subtype V.20
OMe MeO

Subtype V.21

OMe MeO
N O ‘

1R=H
2 R = Me

Subtype V.22
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N
\Me
H 0
ITI CHO
" O O

OMe HO
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Type V—Protoberberines
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R? R’
OCH,O

OH OMe
OH OMe
OMe OMe
OMe OH
OMe OH
OH OMe
OMe OH
OMe OMe
OMe OH
OMe OMe
OMe OMe
OH OMe
OMe OMe
OH OMe
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Subtype V.1

OMe H
OMe
OH OMe

OMe
OMe

OMe
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OH

OMe
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OH

OMe
OMe
OMe
OMe
OMe
OH
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Subtype V.2

OMe

OMe

Subtype V.3

Subtype V.4

RS
OH OMe OMe OH OMe
OH OMe H OMe OH

OMe OMe OMe OH H
OMe OMe OMe OMe OH
OH OMe OH OMe OH
H OH OMe OH OMe
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Subtype V.5

Type VI—Tetrahydroprotoberberines
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Subtype VI.1
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Type VIl—Proaporphines

R20
N—R3
RO
o]
R! R> R®
Me H H
H Me H
H Me Me
Me H Me

Me Me COOMe
Me Me Me
Me Me H

N ULAE QRN =

Type Vill—Aporphinoids

R3
R2
A
Rl N—R
RB
R’ RS
RG
R! R2 R3 R* RS RS R’
1 OMe OMe H COOMe H H H
2 OCH,0O OMe COOMe H H H
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OCH,O
OCH,0O
OCH,0O
OMe OH
OMe OH
OH OMe
OCH,0O
OH OMe
OCH,0O
OCH,0O
OMe OH
OCH,O
OH OMe
OH OMe
OCH,0O
OCH,O
OMe OMe
OMe OH
OCH,0O
OCH,0O
OMe OMe
OMe OMe
OMe OH
OCH,O
OCH,0O
OCH,O
OMe OMe
OCH,O
OCH,0O
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OCH,O
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OH OMe

Me

H

H

H

IZIOIITIQOITZIIOINIITIITIOI T I T I

OMe
OMe
OMe

OMe
OMe

H

H

TIZTOIXTOITITITT

H
H
H
H
Me
Me
H
H
H

CHO
CHO
CHO
CHO
CHO
CHO
CHO

ZIITT

(]

Me

IITIITIIITII I LTI I T I I I I IITZTOIZI I I T I I I T I T T I T

OH OMe

OH H

H H

H H

OH OMe

OMe OH
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OAc H
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OH OH
OH OMe
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OMe OH
OMe OMe
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OCH,O
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OMe OMe
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OCH,O
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OH OMe

OCH,0O

OCH,O
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OCH,0O
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OCH,O
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OCH,0O
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OMe H H

H OMe OMe
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OCH,O H
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H OMe OH

H OH OMe
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H H H
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OCH,O H
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OAc OMe
OMe OMe
OH OMe
OMe OMe
OMe OH
OCH,0O
OCH,O

OH

OMe

QOITQITITT

OMe

OMe
OMe

Me

Me

TZTTQITTZTITZITOIT

Subtype VIII.1
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Subtype VIIL.5

OMe
(0]
OMe
1
Subtype VIII.6
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Subtype VIII.8

OMe

OMe

Type IX—Dehydroaporphines

R3
R20
RO N
OH
RS
Me
R4
R} R2 R3 R* RS
1 —CH,— H OH OMe
2 —CH,— H OMe OMe
3 —CH,— H OH H
4 —CH,— H OMe H
5 H Me OMe OH H
6 H Me OMe OMe H
7 Me Me OMe OH H
8 —CH,— OH H H
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Subtype IX.1
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Subtype 1X.2
R3
R2
Rl N
Me
R5
Me
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R! R2 R3 R RS
1 OCH,0O H H H
2 OH OMe OMe OH H
3 OCH,0O H OH H
4 OCH,0O H OMe H
5 OCH,0O H OMe OMe
Subtype IX.3 Subtype 1X.4
S < S
— N O — N
CH, OH
CH, Me
OCH3 OMe
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Subtype IX.5
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OCH,O
OMe OMe
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Type X—4- or 7-Substituted Aporphines
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Subtype X.3
OMe

HO
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Type XI—Oxoaporphines
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Subtype X1.2
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Subtype X1.3
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Subtype X1.4
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Subtype X1.7

Subtype X1.8
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*N-oxide means the N-oxide of the N(Me), compounds.

Type Xlll—Miscellaneous Isoquinoline-Type Alkaloids
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Type XIV—Nonisoquinoline Alkaloids
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Capitulo 2

Isolamento e identificacao de alcaloides de

Anaxagorea dolichocarpa Sprague & Sandwith (Annonaceae)
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1. REFERENCIAL TEORICO

1.1. Consideracdes sobre o género Anaxagorea A.St.-Hil.

Anaxagorea € um género transpacifico, com trés espécies na Asia e
cerca de 20 espécies no continente americano distribuido na América Central e
América do Sul (TEICHERT;DORTTERL;GOTTSBERGER,2011) (Figura
1,pag.202). No Brasil ocorre 14 espécies localizadas em sua grande maioria na
Floresta Amazonica (MAAS; 2010; MAAS ;WESTRA,1985).

As espécies deste género se apresentam como arvores, arvoretas ou
arbustos, possuem tricomas simples ou estrelados e microscopicos. Sua flor ou
inflorescéncia é axilar ou raramente terminal e monoclina; possui trés sépalas,
raramente livres ou conatas na base, valvares ou imbricadas. Possui seis
pétalas, raramente livres, valvares, sendo as internas menores. Os estames
sS40 numerosos com anteras ndo septadas transversalmente e seus
estaminodios estdo presentes. Conectivo dilatado, plano com poucos ou
numerosos carpelos e dois 6vulos sub-basais. O Fruto € apocarpico, carpidios
claviformes, deiscentes, com duas sementes sem arilo e lustrosas (LOBAO et
al., 2005).

Apenas 5 espécies, das 26 relatadas para esse género, foram
investigadas fitoquimicamente, de onde foram isolados lignoides, flavonoides,
xantonas, esteroides e alcaloides aporfinicos. Alguns dos principais compostos
guimicos isolados de espécies deste género estdo sumarizados na Tabela 1
(pag 203) e Quadro 1(pag. 204).

ltem

1 20

Figura 1. Mapa de distribuicdo geografica do género Anaxagorea, representado em verde.
(Adaptado de: http://lwww.tropicos.org/NamePage.aspx?nameid=40013549&tab=maps, Acesso
em: 09 de Julho de 2015).
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Tabela 1: Alguns constituintes quimicos de espécies do género Anaxagorea

Clezse o Substéancia isolada Espécie vegetal Referéncia
composto
o A.dolichocarpa HOCQUEMILLER et al., 1981
Asimilobina _
A.prinoides HOCQUEMILLER et al., 1981
Alcaloide _
i A.dolichocarpa HOCQUEMILLER et al., 1981
Anaxagoreina _
A.prinoides HOCQUEMILLER et al., 1981
Poliprenoide Anaxagorea poliprenol 70 A.brevipes SASAK & CHOJNACKI, 1973
3’-metoxi-3,4-metilenedioxi-4’,7-epoxi-9-nor-
8,5- A.clavata DIAZ, 1997
Lignoides neolignan-7,8'-dieno
Acido 3'-metoxy-3,4-metilenedioxi-4,7- A.clavata DIAZ, 1997
epoxi-9-nor-8,5’-neolignan-7-en-9’-6ico
Gentiseina A.luzonensis GONDA et al.. 2000
1-3-5-6-tetrahidroxixantona A.luzonensis GONDA et al., 2001
1-3-5-trihidroxi-2-prenilxantona A.luzonensis GONDA et al.. 2000
1-3-5-trihidroxi-4-(3-hidroxi-3-methil- A.luzonensis
butilxantona GONDA et al., 2000
1-3-5-trihidroxi-4-prenilxantona A.luzonensis GONDA et al.. 2000
1-3-5-trihidroxi-6-metoxi-2-prenilxantona A.luzonensis GONDA et al.. 2000
1-3-5-trihidroxixantona A.luzonensis GONDA et al.. 2000
i i A.luzonensis
Xantona 1-3-6-7-tetrahidroxixantona . GONDA et al., 2001
1-3-6-trihidroxi-4-prenilxantona A.luzonensis GONDA et al.. 2000
1-3-6-trihidroxi-5-metoxi-4-prenilxantona A.luzonensis GONDA et al.. 2000
1-3-6-trihidroxi-5-metoxixantona A.luzonensis GONDA et al., 2000
hi ; ; A.luzonensis
3-5-6-trihidroxi-1-metoxixantona GONDA et al., 2001
hi ; ; A.luzonensis
3-5-dihidroxi-1-metoxixantona GONDA et al., 2000
ihi ; ; ; A.luzonensis
3-6-dihidroxi-1-5-dimetoxixantona GONDA et al., 2000
3-7-dihidroxi-1-metoxixantona: 6-O-f-D- A.luzonensis
glucosideo GONDA et al., 2002
5-6-dihidroxi-1-methoxixantona:3-O-3-D- A.luzonensis
glucosideo GONDA et al., 2002
Esteroide B-sitosterol A.clavata DIAZ et al., 1997
Astragalina A.luzonensis GONDA et al., 2000
Biochanina A A.luzonensis GONDA et al., 2000
Crisina A.luzonensis GONDA et al., 2000
Kaempferol A.luzonensis GONDA et al., 2002
Orobol A.luzonensis GONDA et al., 2000
Taxifolina A.luzonensis GONDA et al., 2000
Quercetina A.luzonensis GONDA et al., 2000
Flavonoide _ _
Quercimeritina A.luzonensis GONDA et al., 2002
Gancaonina P A.luzonensis GONDA et al., 2001
3-4'-5-7-tetrahidroxi-2'-metoxi-flavona A.luzonensis GONDA et al., 2002
Kaempferol—3—7—di—O—B—D—incosideo A.luzonensis GONDA et al., 2002
Naringenina-8-iso-pentenil A.luzonensis KITAOKA et al., 1998
Orobol-3"-metil A.luzonensis GONDA et al., 2000
A.luzonensis GONDA et al., 2002

Orobol-6-C-B-D-glucosideo
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Quadro 1. Algumas substéncias isoladas de espécies do género Anaxagorea.

204

3’-metoxy-3,4-metilenedioxi-4’,7-epoxi-9- 3’-metoxy-3,4-metilenedioxi-4’,7-epoxi-9-
nor-8,5’-neolignan-7,8’-dieno nor-8,5’-neolignan-7-en-9’-oic acid

‘ ‘ HO. O
(0] OH OH

OMe OH (¢}
_ 3,6-dihidroxi-1,5- 3,5,7,4-tetrahidroxi-2’-
Beta-sitosterol dimetoxixantona metoxiflavona
HO HO
O NH O NH o OH Z
MeO ‘ MeO ‘
O MeO' O OH
OH

Asimilobine Anaxagoreine 1,3,5-trihidroxi-6-metoxi-2-

prenilxantona

o OMe MeO OH
O

1.2. Consideracdes sobre Anaxagorea dolichocarpa Sprague & Sandwith

7

Anaxagorea dolichocarpa é a espécie de mais ampla distribuicdo
geografica do género Anaxagorea e também a mais comum (Figura 2,
pag.205). Ocorre desde a Coldémbia até o sudeste do Brasil, geralmente em
floresta ombrofila. Suas flores estdo presentes de setembro a dezembro e seus
frutos apenas em setembro. E uma espécie neotropical de Annonaceae comum
e bem distribuida € conhecida por diversos nomes populares, que variam de
regido para regido. Os mais comuns sao: "aratiaeum-brabo”, "paixinho",
“envira-de-jacu”, “marauba-grande”, "senzala” e “mium-agu” (PONTES et al.,
2004; ANDRADE et al., 2007; MAAS et al., 2012).

No mundo, Anaxagorea dolichocarpa pode ser encontrada da Costa

Rica até a Bolivia e, no Brasil, possui ampla distribuicdo e ocorre nos estados
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do Amapa, Par4, Amazonas, Acre, Rondbnia, Paraiba, Pernambuco, Bahia,
Goias, Minas Gerais, Espirito Santo e Rio de Janeiro (MAAS et al.,, 2012).,
habitando florestas Umidas, ocorrendo isoladamente ou em grupo de até seis
individuos. Na Paraiba pode ser encontrada em remanescentes de mata
atlantica, principalmente nos municipios de Santa Rita, Cruz do Espirito Santo,
Mamanguape e Sapé (Figura 3,pag. 205) (MAAS; WESTRA ,1985; PONTES et
al. 2004; LOBAO et al., 2005).

Figura 2. Mapa de distribuicdo geografica da espécie Anaxagorea dolichocarpa, representado
em verde. (Adaptado de: http://www.discoverlife.org/mp/20m~?kind=Anaxagorea+dolichocarpa,
Acesso em: 04 de Julho de 2015)

S LT
7

Pel’nsa\{;:““n by
it e " e dp |

Figura 3. Mapa de distribuicdo geografica da espécie Anaxagorea dolichocarpa (e) na Paraiba.
(Adaptada de PONTES et al., 2004).

Ana Silvia Suassuna Carneiro LUcio



206

Pontes et al., (2004) descreve botanicamente os individuos da espécie

como sendo (Figura 4):

Arvores. Ramos acinzentados, tricomas submicroscopicos, estrelados,
ferrugineos, na extremidade dos ramos jovens, glabrescentes quando
maduros. Folhas com peciolo sulcado, retorcido, 1,5-2,5 cm, tricomas
esparsos, submicroscépicos, estrelados, ferrugineo quando jovem,
glabrescente quando maduro; lamina oblongo-lanceolada ou oblonga,
20-23%6,5-10 cm, cartacea, base aguda a obtusa, &pice acuminado,
11-13 pares de nervuras secundarias, glabra na face ventral, tricomas
esparsos, estrelados, ferrugineos, na face dorsal, principalmente na
base e na nervura principal. Flores solitarias, axilares, ou
inflorescéncias com 2-4 flores. Flor ca. de 2x1,5 cm; pedicelo 0,5-1 cm
compr., indumento denso, tricomas simples, curtos, hialinos. Sépalas
livres, oblongas a ovadas, ca. de 1x0,5 cm, indumento esparso no
apice e nas margens da face interna, tricomas simples, indumento
denso na face externa, principalmente na base, tricomas estrelados,
ferrugineos. Pétalas 6, livres, carnosas; pétalas externas oblongas, ca.
1,5x1 cm, tricomas densos, estrelados, em ambas as faces,
principalmente na regido mediana da face externa; pétalas internas
lanceoladas, concavas da regido mediana a regido basal da pétala, ca.
1,5x0,5 cm, tricomas estrelados, ferrugineos, na regido mediana, no
apice e nas margens. Estames laminares, ca. 0,5 cm compr., glabros;
estaminddios presentes entre os carpelos e os estames, ca. 0,5 cm
compr. Carpelos numerosos, angulosos, ca. 0,3 cm compr.,
pubescentes, 2 Ovulos basais, estigma papiloso. Fruto apocarpico;
carpidios com deiscéncia explosiva, ca. 5 cm compr., clavados,
estipitados, com tricomas estrelados, esparsos; estipe 2-3 cm compr.,
espessado. Sementes 2 por carpidio, ca. 2x1 cm, sem arilo, pretas,
nitidas, glabras. (Pontes et al., 2004).

Figura 4. Anaxagorea dolichocarpa. A) Ramo com flor e botdes florais. B) Estames, vista
ventral. B’) Estames vista laretal. C) Carpelo, vista ventral. C’) Carpelo, vista lateral. D) Fruto.
(Adaptada de PONTES et al., 2004)
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As cascas do caule de Anaxagorea dolichocarpa (Figura 5, pag.207) séo
utilizadas na Colombia e Equador como a mesma finalidade do curare, na
Guiana para a limpeza dos dentes e no Suriname para a fabricagéo de cestos.
Na medicina popular, suas folhas, raizes e cascas do caule séo utilizadas para
tratamento de cefaleias (MAAS; WESTRA,1985).

[ =

http://www.floradobrasil.jbrj.gov.br/

http://www.flickr.com/groups/identificandoarvores/pool/tags/annonaceae

Figura 5. Anaxagorea dolichocarpa Sprague & Sandwith. [Frutos (A), flor (B), folhas (C) e caule
(D)].

Poucos trabalhos sobre os estudos quimicos desta espécie sao
relatados. Os Unicos reportam o isolamento de dois alcaloides aporfinicos
(Anaxagoreina e Asimilobina) (HOCQUEMILLER et al., 1981) e a
caracterizag@o do 6leo essencial dos seus frutos (ANDRADE et al., 2007). No
gue se refere aos estudos farmacolégicos foi reportada apenas a atividade
antimicrobiana contra Staphylococus aureus (CHIAPPETA; MELLO, 1984).
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2. PARTE EXPERIMENTAL

2.1. Estudo fitoquimico

2.1.1. Coleta e identificacdo do material botanico

A espécie Anaxagorea dolichocarpa foi coletadas em dezembro de 2010,
no municipio de Cruz do Espirito Santo, estado da Paraiba. Uma exsicata da
espécie foi preparada no local da coleta e a identificacdo botanica do material
foi realizada pela Prof2.Drd. Maria de Fatima Agra, do Programa de POs-
graduacdo em Produtos Naturais e Sintéticos Bioativos (PgPNSB) da
Universidade Federal da Paraiba (UFPB). Uma exsicata desta espécie
encontra-se depositada no Herbério Prof. Lauro Pires Xavier (JPB), no Centro
de Ciéncias Exatas e da Natureza (CCEN / UFPB) sob o cdédigo AGRA &
GOES 5543.

2.1.2. Métodos de anéalise e isolamento

2.1.2.1. Métodos cromatograficos

Os meétodos cromatograficos foram adotados para o isolamento dos
constituintes quimicos. Entre eles a cromatografia de adsor¢cdo em coluna (CC)
foi utilizada silica gel 60, ART 7734 da MERCK, com granulometria entre 0,063
- 0,200 mm e 0,04 - 0,063 mm, tendo como suporte, colunas de vidro
cilindricas, cujo comprimento e as dimensBes variam de acordo com a
guantidade de amostra a ser cromatografada e como fase fixa silica gel 60.

Para andlise, isolamento e purificacdo das frac6es obtidas por CC,
foram empregadas cromatografia em camada delgada analitica (CCDA) e
preparativa (CCDP), que foram feitas utilizando-se silica gel 60 PF,s54 ART 7749
da MERCK, nas espessuras de 0,25 e 1,0 mm, respectivamente, suspensa em
agua destilada (1:2), distribuidas sobre placas de vidro com ajuda de um
espalhador mecénico tipo quick fit, seguindo técnica descrita por Matos (1997).
As cromatoplacas obtidas foram secas ao ar livre e ativadas em estufa a

110°C, durante duas horas.
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Ainda para analise, isolamento e purificacdo das fracbes obtidas foram
utilizadas cromatofolhas de aluminio (20X20 cm) de silica gel 60 F254 Merck.

Para a cromatografia liquida de média pressao (CLMP) utilizou-se o
cromatégrafo da Bichi® com um sistema de bomba e injetor de solventes
automatico e, como fase estacionaria, silica gel F60 (SiliaFlash® 60 com
particulas de dimensdes entre 40 — 63 pm e 230 — 400 mesh).

Os solventes utilizados como fase mével foram hexano, diclorometano,
metanol e acetonitrila, das marcas MERCK, VETEC, QUIMICA MODERNA e
DINAMICA. Esses foram empregados puros ou em misturas binarias, seguindo
uma ordem de polaridade crescente.

As revelacdes das substancias nas CCDA foram executadas pela
exposicdo das cromatoplacas a lampada de irradiacdo ultravioleta (UV) sob
dois comprimentos de onda (254 e 366 nm) por meio de aparelho
MINERALIGHT, modelo UVGL-58, e pela pulverizacdo com o reagente
Dragendorff (Tetraiodobismutato de potassio).

Através da observacdo de CCDA as fracdes semelhantes foram
reunidas apds visualizacdo na Iluz ultravioleta. O grau de pureza foi
determinado quando observada uma uUnica mancha apoOs eluicdo em pelo
menos trés tipos de sistemas de eluicdo diferentes, e analise dos espectros de
RMN *H e **C das substancias isoladas.

A extracdo das substancias submetidas a CCDP foi feita por extragédo
com cloroférmio:metanol (6:4 v/v), seguida de filtracdo sob pressao reduzida e

concentracdo em rotaevaporador.

2.1.2.2. Métodos espectrométricos

2.1.2.2.1. Espectroscopia de Ressonancia Magnética Nuclear

Os espectros de Ressonancia Magnética Nuclear de *H e *°C, uni e
bidimensionais, foram obtidos em espectrometro da marca VARIAN-NMR-
SYSTEM 500 MHz , do Laboratério Multiusuario de Caracterizacéo e Analise —
LMCA, Central Analitica da UFPB. As amostras para analise foram preparadas
com solventes deuterados da marca Cambridge Isotope Laboratories:
Cloroférmio deuterado (CDCly).
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Os deslocamentos quimicos (&) foram expressos em partes por milhao
(ppm) e as constantes de acoplamento (J) em Hz, referenciados para RMN de
'H pelos picos caracteristicos dos hidrogénios pertencentes as fracdes nao
deuteradas do cloroférmio (7,24 ppm).

Para os espectros de RMN de *C, os deslocamentos quimicos foram
referenciados pelos sinais dos carbonos do solvente deuterado: CDCl; (77,0
ppm).

As multiplicidades no espectro de RMN *H foram indicadas segundo as
convengoOes: s (simpleto), d (dupleto), dd (duplo dupleto), ddd (duplo duplo
dupleto) e m (multipleto).

Os espectros de RMN foram otimizados para as técnicas bidimensionais:
HMQC ou HSQC, espectro de correlagcéo heteronuclear, que permite fazer uma
correlagdo entre hidrogénios e seus respectivos carbonos; HMBC que permite
fazer uma correlacdo entre hidrogénios e carbonos a duas (3J) e trés (3J)
ligacbes; COSY, estabelece as correlacbGes entre hidrogénios que sao
responsaveis, entre si, pelo desdobramento do sinal, e assim discernir a
multiplicidade dos sinais observados no espectro de RMN 'H; e NOESY,
técnica homonuclear que mostra correlagcdes espaciais dos hidrogénios da
molécula (KAISER, 2000).

2.1.2.2.2. Espectrometria de Massas

O espectro de massas foi obtido em modo de ions positivos pela técnica
de lonizacéo por Eletrospray (+) utilizando um espectrometro de massas para
fragmentacdo (Bruker, Amazon X) acoplado a Cromatografo Liquido (Shimadzu
Série 20AD (SPD-M20A; controladora: CBM-20; Bomba: LC-20AD (2);
Degasificador: DGU-14A), do Laboratério Multiusuario de Caracterizacdo e
Analise -LMCA/UFPB.

2.1.2.2.3. Espectroscopia no infravermelho

O espectro no infravermelho (4000 a 400 cm™), foi registrado em
espectrofotdometro de marca BOMEM FT-IR (modelo MB 100), com frequéncia
medida em cm™, obtidos em pastilha de KBr, utilizando-se 1 a 3 mg da

amostra.
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2.1.3. Ponto de Fusao

O ponto de fusdo de cada substancia foi determinado em aparelho digital
para ponto de fusdo, marca Microquimica, modelo MQAPF-302, com bloco de
platina em microscoépio optico tipo “Kofler”, marca REICHERT, modelo R3279,

com temperatura que varia de 0-350 °C.

2.1.4. Processamento das raizes de Anaxagorea dolichocarpa Sprague &
Sandwith

As raizes de Anaxagorea dolichocarpa foram secas em estufa com ar
circulante a temperatura média de 45 °C durante quatro dias. ApGs a secagem,
0 material vegetal foi submetido a um processo de pulverizacdo em moinho

mecanico, obtendo-se 700 g de po.

2.1.5. Obtencdo do extrato etandlico bruto (EEB) das raizes de

Anaxagorea dolichocarpa Sprague & Sandwith

O material vegetal seco e pulverizado (700 g) foi submetida a maceracao
exaustiva com etanol (EtOH) a 95% em um recipiente de aco inoxidavel,
durante 72 horas. Este processo foi repetido por cinco vezes, obtendo-se
solucao extrativa contendo os constituintes quimicos da planta.

A solucéo extrativa foi concentrada em rotaevaporador sob presséo
reduzida, a uma temperatura média de 45 ° C, sendo obtido 15,0 g de extrato

etandlico bruto (EEB), 2,85 % em relacéo ao peso seco da planta.

2.1.6. Obtencédo e fracionamento do extrato etandlico bruto (EEB) das

raizes de Anaxagorea dolichocarpa Sprague & Sandwith

O extrato etandlico bruto das raizes (10,0 g) foi submetido a uma
cromatografia liquida de média pressdao (CLMP) utilizando cromatégrafo
Blchi® com um sistema de bomba e injetor de solventes automatico e
utilizando-se como fase estacionaria silica gel 60 (ART 7734 MERCK - 0,063 —
0,200 mm) e como eluentes foram utilizados hexano, acetato de etila e
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metanol, puros ou em misturas binarias, obedecendo a um grau crescente de
polaridade.

Foram coletadas 157 fracbes de 150mL, que foram concentradas
individualmente em rotaevaporador.

As fracBes foram analisadas através de cromatografia em camada
delgada analitica (CCDA), utilizando diferentes sistemas de eluicdo e reunidas,
guando semelhantes ap0s visualizacdo na luz ultravioleta, em 8 fracfes
(Esquema 1, pag. 212).

Esquema 1. Obtencéo e fracionamento do extrato etandlico bruto das raizes de Anaxagorea
dolichocarpa Sprague & Sandwith

Material botanico seco e pulverizado (700 g)

- Maceracao com etanol a 95 % (trés vezes);
- Concentragdo em evaporador rotativo.

Extrato Etandlico Bruto (10,0 g)

- CLMP (silica gel 60);
- Hex / Hex : AcOEt / AcOEt : MeOH / MeOH
(em gradiente crescente de polaridade)

- CCDA
a N a
Hex Hex : AcOEt
(100%) 3:7)
0,437 0,736
( 9) ) | ( g)
N a N
Hex : AcOEt Hex : AcOEt
(9:1) (1:9) * 5%
(0,254 g) (0,145 g)
) \_
) a N
Hex : AcOEt AcOEt : MeOH
(7:3) (9:1) s
(0,323 9) (0,994 g)
G J G
) a N
Hex : AcOEt AcOEt : MeOH
(1:1) (1:1) s
0,157 2,54
( g9) ) | ( 9)

** Reservada para estudos posteriores
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2.1.7. Processamento cromatografico da fragdo Hex : AcOEt (9:1) obtida
do fracionamento do EEB das raizes de Anaxagorea dolichocarpa

Sprague & Sandwith

A fracdo Hex : AcOEt (9:1) foi submetida a uma cromatografia liquida de
média pressdo (CLMP) utilizando cromatografo Bichi® com um sistema de
bomba e injetor de solventes automético e, como fase estacionéria, silica gel
60 (SiliaFlash® 60 com particulas de dimensdes entre 40 — 63 pm e 230 — 400
mesh). Os solventes utilizados foram hexano, diclorometano e metanol, puros
ou em misturas binarias, seguindo gradiente crescente de polaridade. O fluxo
da fase movel foi de 10,0 mL/min.

Foram obtidas 65 fracdes, reunidas em 10 grupos, apdés monitoramento
por CCDA. A subfragdo 31-33 apresentou coloracdo caracteristica para
substancias alcaloidica na CCDA quando utilizado revelador Dragendorff. A
subfracdo foi submetida a purificacdo por CCDP, ap0s analise em CCDA

mostrou-se pura e recebeu o codigo AdR-3. (Esquema 2, pag. 213)

Esquema 2. Processamento cromatografico da fracdo Hex : ACOEt (9:1) do EEB das raizes de
Anaxagorea dolichocarpa Sprague & Sandwith.

Hex : AcOEt (9:1) (0,254 g)

- CLMP (silica gel FLASH 60);
- Hex / Hex: CH2C|2 / CH2C|2:MEOH
(em gradiente crescente de polaridade)

65 fracbes
- CCDA
10-13 22-27 31-33 46-54 62-65
1-9 14-21 28-30 34-45 55-61
- CCDP;
- CHCIz (100 %)
- CCDA

AdR-3
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2.1.8. Processamento cromatografico da fracdo Hex : AcOEt (7:3) obtida
do fracionamento do EEB das raizes de Anaxagorea dolichocarpa

Sprague & Sandwith

A fracdo Hex:AcOEt (1:1) foi submetida a cromatografia em camada
delgada preparativa (CCDP), utilizando diclorometano e metanol (99,5:0,5) para
eluicdo, resultando em duas subfracdes. A subfracdo H:A/1:1.1 apresentou-se
como p6é amarelo, que apds analise por CCDA, recebeu o cddigo AdR-1 e foi
encaminhada para analise espectral. (Esquema 3, pag. 214).

Esquema 3.Processamento cromatogréfico da fragcdo Hex : AcOEt (1:1) do EEB das raizes de
Anaxagorea dolichocarpa Sprague & Sandwith.

Hex : AcOEt (1:1) (0,157 g)

- CCDP;
- CHClz : MeOH (99,5:0,5)
- CCDA
10 fracbes
- CCDA
H:A/1:1.1 H:A/1:1.2
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2.1.9. Processamento cromatografico da fragdo Hex : AcOEt (3:7) obtida
do fracionamento do EEB das raizes de Anaxagorea dolichocarpa

Sprague & Sandwith

A fracdo Hex : AcOEt (3:7) foi submetida a cromatografia em coluna,
utilizando-se como fase estacionaria silica gel 60 (ART 7734 MERCK - 0,063 —
0,200 mm), e como eluentes hexano, diclorometano e metanol, puros ou em
misturas binarias, em gradiente crescente de polaridade. Foram obtidas 75
fracOes de 125 mL, que foram concentradas em rotaevaporador e reunidas em
12 grupos por CCDA quando semelhantes apds visualizacao na luz ultravioleta

A fragdo 34-41 foi submetida & cromatografia liquida de média presséo
(CLMP), utilizando cromatégrafo Bichi® com coluna (45 x 3,5 cm) empacotada
com silica gel 60 (ART 7734 MERCK - 0,04 — 0,063 mm), com um fluxo de 10
mL/min. As 45 fragbes coletadas foram concentradas em rotaevaporador e
reunidas por analise de CCDA em 7 grupos.

A fracdo 19-22 foi purificada por CCDP, seguindo metodologia descrita
por Muhammad et al., 2001. Foi utilizado como eluentes diclorometano:
acetonitrila (95:5 v/v) e resultou em 2 subfragbes. A subfracdo 19-22.1
apresentou-se como cristais em forma de agulhas de coloragdo vermelho, e
apos andlise em CCDA foi codificada como AdR-4, a subfragdo 19-22.2
apresentou-se na forma de cristais vermelho escuro, e apés analise em CCDA
foi codificada como AdR-5.

A fracdo 23-24 também foi purifidada por CCDP, seguindo metodologia
descrita por Muhammad et al, 2001. Foi utilizado como eluentes
diclorometano: acetonitrila (97:3 v/v) e resultou em 2 subfracdes. A subfracéo
23-24.1 apresentou-se na forma de cristais de cor laranja, e apés analise em
CCDA foram codificadas como AdR-2 e submetida a andlise espectral. O
fracionamento cromatografico da fase cloroférmica esta sumarizado no

Esquema 4 (pag. 216).
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Esquema 4. Processamento cromatografico da fracdo Hex : ACOEt (3:7) do EEB das raizes de
Anaxagorea dolichocarpa Sprague & Sandwith.

Hex : AcOEt (3:7) (0,736 g)

- CC (silica gel 60);
- Hex / Hex: CH,Cl, / CH2Cl,;:MeOH
(em gradiente crescente de polaridade)

121 Fracdes

- CCDA
12 Grupos
- CCDA
2-7 16-20 28-31 42-50 58-64 70-75
1 8-15 21-27 33-41 51-57 65- 69

- CLMP (silica gel FLASH 60);
- Hex / Hex: CHxCl, / CH,Cl,:MeOH
(em gradiente crescente de polaridade)

7 grupos

- CCDA

13-18 23-24 31-37

1-12 19-22 - CCDP 25-30 38-45
- CHQC|2ZM8CN (9713)
- CCDA

23-24.1

- CCDP
- CH2C|23M€‘CN (95:5)

- CCDA T

19-22.1 19-22.2
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3. RESULTADOS E DISCUSSAO

3.1. Identificacdo estrutural de AdR-1

A substancia codificada com AdR- Caracteristicas fisico-quimicas de AdR-1

1 apresentou-se na forma de um po Estado fisico Sélido

amarelo com ponto de fusdo 205-208°C. Forma P6 amarelo

o) espectro de RMN de 13C (125 MHz, Solubilidade Diclorometano
Rendimento (mg) 31,0 mg

CDClI3) (Figuras 6 e 7, pag. 218) mostrou
3) ( g Pag ) Ponto de fusao 205-208° C.

15 sinais correspondentes a 15 atomos Fluorescéncia (254 nm) | Presente

de carbono. Destes, 7 foram atribuidos a Fluorescéncia (366 nm) | Presente

carbonos nao hidrogenados e 8 a
carbonos metinicos.

Analisando a biossintese de alcaloides na familia Annonaceae, 0s
alcaloides aporfinicos apresentam-se como uma classe muito comum e
caracteristica dessa familia. Para os alcaloides aporfinicos o seu esqueleto
bésico (1) € composto por 16 &tomos de carbono. Porém quando continuamos
analisando a biossintese desses alcaloides, a partir do nucleo aporfinico (1) €
formada um alcaloide chamado dihidroxioxoaporfina (2) que tem seu anel A
clivado para a formacédo do acido keto (3) e posteriormente formacgédo do acido
azaantraquinona (4), esse por sua vez sofre desoxigenacao e formacéo do anel
piridona levando a formacdo de um alcaloide azaoxoaporfinico (5) que possui
15 atomos de carbono em seu esqueleto basico e inicia a classe de um tipo de
alcaloide conhecido como azafenantreno (TAYLOR, 1984; DEWICK, 2002).

X
$ C
$® °
1) 2 -3 4) (5)
Alcaloide Dihidroxioxoaporfina Acido Keto Acido Azaoxoaporfinico

aporfinico Azaantraquinona
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A presenca de quinze atomos de carbono para AdR-1 fez-nos sugerir
gue o0 mesmo poderia se tratar de um alcaloide do tipo azafenantreno. Quando
analisando a estrutura desses pela biossintese é possivel observar a presenca
de quatro carbonos localizados alfa a nitrogénio. Para esses carbonos foram
atribuidos os deslocamentos quimicos em &¢ 147,3 (C-2) , ¢ 148,4 (C-5) , &¢
147,8(6a) , 8¢ 151,1 (C-11b) presentes no espectro de RMN de *C e
caracteristicos de carbonos ligados alfa heterodtomos (Figuras 6 e 7,p4g.218).

Esses dados corroboram com dados da literatura (ORABI et al., 1999).

o™ Mg O In ] = 0D~ - w ™
3 5285 B 3838 § 28 g4
i Pl sy O WYNT O W a0
w w g g -3 F LA e I o ) o™ o4 N -
I Vot | 1 5 | (B NP
C-6ba C-3a
C-7.
c11a'j’® C11c
c-7 C-11b
C-5C-2 C-10 C¢-9 C-8 C-11 C4 c-3
9
190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115
11 (ppm)
. 13
Figura 6. Espectro de RMN de ~°C - APT de AdR-1 (CDCl3, 125 MHz)
2 332 o - i e 5 = b o 2R
= 5 0 ™ w o1 U | = o3 o) w o
ul 'Sl' e '::l' t“) (“’J o~} «) o4 (‘_‘l o4 -~
LS | I | I | I | | V!
C-6a c-3
: c11a G7®
c-11b C-11c
C-5 C-2 C-10 c-5 c-8 Cc-11 C-4 c-3

154 152 150 148 146 144 142 140 e 136 134 132 130 128 126 124 122 120 118
1 (ppm}

Figura 7. Expanséo do espectro de RMN de *C - APT de AdR-1 (CDCls, 125 MHz)
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O sinal em &¢ 181,8 referente a carbono de carbonila foi atribuido ao
carbono na posicdo 7, muito caracteristico em alcaloides do tipo
azaoxofenantrenos (ORABI et al., 1999). A partir desses dados apresentados,
com base na biossintese dos alcaloides azafenantrenos e juntamente com
dados da literatura, podemos sugerir que AdR-1 se trata do alcaloide
azaoxofenantreno sampangina, precursor dos alcaloides azafenantrenos. A
auséncia dos sinais em 8¢ 28,9; 53,4 e 34,5 no espectro de RMN de *3C, os
guais sao caracteristicos para os carbonos C-4, C-5 e C-7, respectivamente, de
alcaldéides aporfinicos, descarta a possibilidade desse tipo de ndcleo para a
molécula de AdR-1. Os sinais de carbonos metinicos em &¢ 119,0 (C-3) ; &c¢
123,3 (C-4) ; d¢ 128,4(C-8) ; 6c 131,2 (C-9) ; 6¢c 134,5 (C-10) e &¢ 125,3 (C-11)
, quando comparados a valores da literatura (ORABI et al., 1999) fortalecem a
hip6tese sugerida para esse composto.

O espectro de RMN 'H (500 MHz, CDCls) (Figura 8,p4g.220) mostrou
sinais na regiao de protons aromaticos entre &y 9,06 - &y 7,61. Os sinais entre
oy 7,64 - dy 8,38 sdo caracteristicos do anel C de alcaloides azafenantrenos
ndo substituidos. Os sinais em oy 9,06 (1H,d, J=5,5Hz) e 648,79 (1H,d, J =
5,5 Hz) corroboram com hidrogénios aromaticos alfa a nitrogénio, H-5 e H-2,
respectivamente, causando essa desprotecdo. Nesse mesmo espectro
observou-se os sinais em 6y 7,62 (1H, d, J = 4,5 Hz), 7,85 (1H, d, J = 5,5 Hz),
8,38 (1H, d, J = 8,0 Hz), 7,64 (1H,ddd, J=8,0; 8,0 e 1,0 Hz), 7,76 (1H,ddd, J =
8,0;8,0e1,0Hz) e 8,71 (1H, d, J = 7,5Hz) que através de comparagcdo com a
literatura foi possivel atribuir esses valores aos hidrogénios H-3, H-4, H-8, H-9,
H-10 e H-11 respectivamente (ORABI et al., 1999).
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Figura 8. Espectro e expansdes de RMN de *H de AdR-1 (CDCls, 500 MHz)

Diante dos dados espectrais de RMN de *H e **C e em comparagéo com
os dados da literatura, foi possivel determinar AdR-1 como sendo o alcaloide
azaoxofenantreno sampangina, precursor dos alcaloides azafenantrenos.

As correlacdes diretas dos hidrogénios e seus respectivos carbonos
foram confirmadas na expansdo do espectro HSQC (Figura 9,pag. 221) e
compiladas na Tabela 2 (pag.223) .

Na expansdo do espectro HMBC (Figura 10,p4g.221) foi possivel
observar correlacées a trés ligacdes (°J) do sinal em &y 9,06 (H-5) com o sinal
em O¢ 138,4 que foi atribuido ao C-3a e com &¢ 147,8 que foi atribuido a C-6a,
correlacdo a duas ligacdes (°J) do sinal em &y 9,06 (H-5) com &c 123,4
atribuido ao C-4, confirmando o anel B do composto. Correlagbes a trés
ligacdes (*J) do sinal em &y 8,79 (H-2) com d¢ 138,6 (C-3a) e 151,1 (C-11b), a
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duas ligagbes com o sinal em &¢ 119,2 (C-3), e a correlagdo a trés ligacdes &)
dos sinais em &y 7,62 (H-3) e 7,85 (H-4) com &¢ 119,6 (C-11c), confirma o anel
A. As demais correlacfes estdo compiladas na Tabela 2 (pag.223) .

L JUJM

H-3/C-3
{7.64,119.14
==
H-afCc-4 F120
H-11/C-11 {7.86,123.43}
{8.72,125.40) E
{8.38,128.46
E qlh*“ H-g/C-9
{7.65,131.3 L130
H-10/C-10 B}h‘" -
{7.77.134.6 =
- SLEL. = Li3s B
o
140
H-2/C-2 I
H-5/C-5  t575147.3 145
{9.06,148.41} 7}5_“:_ i
_-'F: . ——
150
9
‘1;4 .3 9: 2 9‘.1 *}_ID E‘.B 813 8‘.? ETE af: 8‘.2 BT 1 BTO 7.‘9 7_.8 7.7 ?Ts 7_‘5

%2 ppmy
Figura 9. Expanséo do espectro de correlagdes *H x *C - Jcy - HSQC de AdR-1 na
regido de 155 a 115 ppm (CDClIz, 500 e 125 MHz)

)
4]

.,....
s
&

F1 (pprmi

=

9 ri7s

180

93 %2 91 %S0 8% 8B &7 86 8BS 83 &2 &1 8D 78 78 7 76 75

B4
f2{ ppm)
Figura 10. Expans&o do espectro de correlages 'H x **C-"Jcy (n=2 e 3) - HMBC de
AdR-1 na regido de 180 a 115ppm (CDClIs, 500 e 125 MHZz)
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O espectro COSY (Figura 11, pag. 221) mostrou as correlagdes dos
sinais em &y 8,79 (H-2) com 7,62 (H-3), 7,85 (H-4) com 9,06 (H-5), 8,38 (H-8)
com 7,64 (H-9), 7,64 (H-9) com 8,38 (H-8) e 7,82 (H-10), 7,82 (H-10) com 7, 68
(H-9) e 8,82 (H-11).

s

76

7B

rED

rez

F1 (oo

B4

5:1

r&8

r92

94

52 51 90 &5 && &7 &6 &85 &4 &3 82 &1 &0 7§ T7& 7 76 A5
f2 (ppm)

Figura 11. Expansdo do espectro de correlagdo homonuclear COSY de AdR-1 na
regido de 9,4 a 7,7 ppm (CDClz, 500 MHz)

Ap6s andlise dos dados de RMN de *H e *3C, utilizando técnicas uni e
bidimensionais, todos os hidrogénios e carbonos do alcaloide sampangina
foram assinalados. Essa substancia foi relatada nas cascas do caule de
Anaxagorea dolichocarpa, todavia relatada pela primeira vez para as raizes
dessa espécie. Esse alcaloide destaca-se por ser precursor da classe dos
alcaloides azafenantrenos (TAYLOR, 1984). Na familia Annonaceae esse
alcaloides foi relatado nas espécies Duguetia hadrantha (MUHAMMAD et al.,
2001) e Cananga odorata (RAO et al., 1986).

Esse alcaldide destaca-se por apresentar importantes atividades
farmacologicas, entre elas atividade antifungica (AGARWAL et al.,2008) ,
antimalarica (ORABI et al., 1999), antibacteriana (PETERSON et al., 1992) e
antitumoral frente a células HL-60 ( leucemia mieldide aguda) e células
humanas malignas de melanoma (KLUZA et al., 2003). Os recentes relados
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sobre esse alcaloide mostram seu uso na sintese de analogos
(PLODEK;KONIG;BRACHE,2015),
azafenantrenos com atividade antifungica (JIANG et al.,2014) e para o

tratamento da tuberculose (CLAES et al.,2013).

Tabela 2. Dados de RMN 'H e *C de AdR-1 (5, CDCl; 500 e 125 MHz) comparados com

11

10

Sampangina

dados de RMN de **C da literatura (ORABI et al., 1999) (5 em ppm e J em Hz).

sintese da sampangina e analogos

HMQC HMBC Literatura
[ 38 [ “J °J [ 38

C

3a 138,6 138,3
6a 147,8 --- 147,4
7 181,8 --- 181,5
7a 132,3 --- 131,9
1lla 135,3 135,0
11b 151,1 --- 150,6
11c 119,6 --- 119,2
CH

2 147,3 8,79 (d,J=5,5) C-3 C-3a/C-11b 147,1
3 119,0 7,62 (d,J=4)5) C-2 C-4/C-11c 118,9
4 123,3 7,85 (d, J=5,5) C-5/C-3a C-11c 123,2
5 148,4 9,06 (d, J=5,5) C-4 C-3a/C-6a 148,1
8 128,4 8,38 (dd, J =8,0) C-10 128,1
9 131,2 7,64 (ddd, J =8,0;8,0e 1,0) C-7a/C-11 131,1
10 134,5 7,76 (ddd, J = 8,0; 8,0; 1,0) C-8/C-11a 134,3
11 125,3 8,71(d,J=7,5) C-7a/C-9/C-11b 125,1
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3.2. Identificacéo estrutural de AdR-2

A substancia codificada com AdR-
2 apresentou-se na forma de um poé
amarelo. O espectro de RMN de *3C (125
MHz, CDClIs) (Figuras 12, pag 224 e 13,
pag.225) mostrou 30 sinais
correspondentes a 31 atomos de
carbono. Destes, 15 foram atribuidos a

carbonos ndo  hidrogenados, 15

224

Caracteristicas fisico-quimicas de AdR-2

Estado fisico Solido

Forma P& amarelo
Solubilidade Diclorometano
Rendimento (mg) 23,0 mg
Ponto de fuséo --
Fluorescéncia (254 nm) | Presente
Fluorescéncia (366 nm) | Presente

referentes a carbonos metinicos e um a carbono de metoxila. A presenca de

sinais intensos e outros duplicados indicaram que AdR-2 tratava-se de uma

mistura de duas substancias, ambas apresentando o0 mesmo esqueleto

carbonico de alcaloide do tipo azafenantreno.

O espectro de RMN *H (500 MHz, CDCls) (Figura 14 e 15, pag.226)
mostrou sinais na regiao de prétons aromaticos entre oy 9,11 - &y 7,59. Uma

andlise da integral desse espectro confirmou que o composto AdR-2 tratava-se

de uma mistura de dois compostos, numa proporcéo de 1:1.

56.95

T T T T T T T T T T T T T T T T T T T T T T T T T T T
185 180 175 170 165 160 155 150 145 140 135 130 135 120 115 110 105 100 95 Qo 85 a0 75 70 65 60 55

ppm}

Figura 12. Espectro de RMN de 3¢ - APT de AdR-2 (CDCl3, 125 MHz)
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Figura 13. Expansdes do espectro de RMN de °C - APT de AdR-2 (CDCls, 125 MHz)nas

regides de 152-139 ppm (A), 136-128 ppm (B) e 126-118 ppm (C). [Sampangina e 3-
metoxisampangina]
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Figura 14. Espectro de RMN de 'H de AdR-2 (CDCl, 500 MHz)
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Figura 15. Expansédo do espectro de RMN de 'H de AdR-2 (CDCl3, 500 MHz) na regido de 9,2
a 7,6 ppm. [Sampangina e 3-metoxisampangina.

Analisando esse espectro foi possivel identificar os sinais para os
prétons aromaticos do alcaloide sampangina discutido anteriormente. Fazendo
uma comparacdo do espectro de AdR-2 com o0 espectro ja analisado da

sampangina essa hipotese foi fortalecida (Figura 16, pag. 227).
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Figura 16. Comparacdo dos espectros de RMN de 'H de (CDCl;, 500 MHz) AdR-2 e

sampangina na regido de 9,1 a 7,6 ppm.

Para a sampangina foram assinalados, com auxilio da literatura (ORABI
et al., 1999), os sinais em dy 9,16 (1H,d, J=5,5Hz) e 848,86 (1H,d, J =5,5
Hz) corroborando com hidrogénios aromaticos alfa a nitrogénio, H-5 e H-2,
respectivamente, e os sinais em &y 7,69 (1H, d, J = 6,0 Hz), 7,89 (1H,d, J=6,0
Hz), 8,44 (1H, dd, J = 8,0 e 1,5 Hz), 7,67 (1H,dd, J = 8,0 e 1,0 Hz), 7,81
(1H,ddd, J = 8,0 ; 8,0 e 1,5 Hz) e 8,81 (1H, d, J = 8,0 Hz) atribuidos aos
hidrogénios H-3, H-4, H-8, H-9, H-10 e H-11 respectivamente (ORABI et al.,
1999).

A presenca de um sinal em &y 4,16 para metila no espectro de RMN *H
(500 MHz, CDCIl3) e analise de dados da literatura nos fez sugerir trés
propostas estruturais para 0 composto em mistura com a sampangina
(Figural7, pag. 228).

227
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Figura 17. Propostas estruturais para 0 composto em mistura com a sampangina em AdR-2.

A presenca de dois duplo duplo dupletos em &4 7,59 (1H, ddd, J = 8,0;
75e15Hz) e dy 7,77 (1H, ddd, J = 8,0; 7,5 e 1,5 Hz) e do singleto em &y
8,37 (s), descartou a possibilidade do composto em mistura com a
sampangina ser o 9-metoxisampangina.

O sinal em &4 4,16 (s) para metoxila e o sinal em &y 8,37 (S) para o
composto em mistura com a sampangina, sdo condizentes com a literatura e
sugerem que o composto analisado seja o alcaloide 3-metoxisampangina. Essa
hipotese é fortalecida quando se observa o sinal em &4 8,66 (1H, d, J = 8,0 Hz)
atribuido ao H-11.

O efeito de ressonancia que acontece na molécula, causada pela
presenca da metoxila, grupo ativador doador de elétrons, leva a uma maior
protecdo e blindagem de algumas partes dessa molécula. A ressonéancia
induzida pela metoxila localizada na posicéo trés levaria a uma maior protecéo
e blindagem do hidrogénio na posicédo 11 o que ocasionaria uma diminui¢do no
valor do deslocamento quimico para esse hidrogénio. Fazendo essa mesma
andlise para a metoxila localizada na posicéo 4, o efeito mais pronunciado para
a ressonancia induzida pela metoxila nessa posi¢cdo seria uma maior protecéo

para a carbonila na posicdo sete. Portanto, a presenca do deslocamento
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quimico em &y 8,66 confirma a hipétese sugerida (SILVERSTEIN et al., 2007;
PAVIA et al., 2010; SOLOMONS;FRYHLE,2012).

Para o 3-metoxisampangina foram assinalados, com auxilio da literatura
(PETERSON et al.,1992; LIU et al., 1990), o sinal para o H-2 em &4 8,37 (1H,
S), que corrobora com hidrogénio aromatico alfa a nitrogénio e préximo ao
grupo ativador metoxila ,0 sinal em &4 9,12 (1H, d, J = 5,5 Hz) para o H-5,
caracteristico de hidrogénio aromatico alfa a nitrogénio para esse tipo de
alcaloide e os sinais em &y 8,21 (1H, d, J =5,5 Hz), 8,41 (1H,dd,J=8,0e 1,5
Hz), 7,59 (1H,ddd, J=8,0;7,5e 1,5 Hz), 7,77 (1H,ddd, J=8,0;7,5e 1,5 Hz) e
8,66 (1H, d, J = 8,0 Hz) que através de comparacdo com a literatura foram
atribuidos aos hidrogénios H-4, H-8, H-9, H-10 e H-11 respectivamente
(PETERSON et al.,1992; LIU et al., 1990).

No espectro de RMN de **C (125 MHz, CDCls) (Figuras 12, pag 224 e
13, pag.225), os sinais em ©O&c 181,6 (sampangina) e oc 1814
(3metoxisampangina) séo referente a carbonos de carbonila na posicao 7 de
ambos os alcaloides. Esse deslocamento é caracteristico em alcaloides do tipo
azaoxofenantrenos (ORABI et al., 1999). Os sinais em d¢ 146,6, dc 148,7 e &¢
151,1, sdo caracteristicos de carbonos ligados a heterodtomos e foram
atribuidos aos carbonos da sampangina localizados alfa a nitrogénio, C-2 e C-5
e ao C-11b, respectivamente, caracterizando os anéis piridinicos A e B do
esqueleto azafenantreno (ORABI et al., 1999).

Para a 3-metoxisampangina os deslocamentos quimicos em &¢c 148,8 e
Oc 150,7 caracteristicos de carbonos ligados a heteroatomos foram atribuido a
C-5 e C-3, respectivamente. O efeito causado pela metoxila na posicao trés
levou a protecéo dos carbonos na posicdo 2 ,3a e 4. Para esses carbonos
foram atribuidos os deslocamentos quimicos em 6¢ 124,6, 6¢ 131,8 e 6¢ 118,7
respectivamente. A auséncia da metoxila na molécula da sampangina
desprotegeu os carbonos 3a e 4 que apresentaram os deslocamentos quimicos
em Oc 138,9 e 8¢ 123,5 ,respectivamente (LIU et al., 1990).

As atribuicOes feitas aos compostos, com a ajuda do espectro HMQC
(Figura 18, pag. 230) corroboraram, com os dados existentes na literatura e
estdo compilados na Tabela 3 (pag. 234) (PETERSON et al.,1992).
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A analise do espectro HMBC (Figura 19, pag. 230) foi determinante para
a confirmacéao dos assinalamentos feitos a alguns carbonos dos compostos. Na
expansdo desse espectro foi possivel observar correlacées a trés ligacdes (3J)
do sinal em &y 8,86 (H-2/sampangina) com os sinais em &¢ 138,9 (C-3a) e
151,1 (C-11b) e uma correlacdo a duas ligacdes (°J) com o sinal em 8¢ 119,5
(C-3). Da mesma forma para a 3-metoxisampangina, observou-se correlagdes
a trés ligacdes (*J) do sinal em &y 8,37 (H-2/3-metoxisampangina) com o0s
sinais em &¢ 131,8 (C-3a) e 142,7 (C-11b) e uma correlagédo a duas ligacoes
(%J) com o sinal em 8¢ 150,7 (C-3).

Ainda nesse espectro foi possivel observar correlacdo a trés ligacdes
(3J) do sinal em &y 9,11 (H-5/sampangina) com o sinal em 3¢ 147,9 (C-6a) e
uma correlacdo a duas ligacées (2J) com o sinal em 8¢ 123,5 (C-4). Da mesma
forma para a 3-metoxisampangina, observou-se uma correlacéo a trés ligacoes
(®J) do sinal em &4 9,12 (H-5/3-metoxisampangina) com o sinal em 5¢ 118,7 (C-
4).

O espectro de RMN de *C (125 MHz, CDCls) (Figuras 12, pag. 224 e
13, pag. 225) apresentou apenas uma sobreposicdo de sinal para a mistura,
determinada pela analise do espectro HMBC através da correlagdo a trés
ligacdes (°J) do sinal em &y 7,67 (H-9/sampangina) com o sinal em 8¢ 132,3 (C-
7a). Essa correlagdo permitiu atribuir ao sinal em 8¢ 132,3 os carbonos
guaternarios 7a da sampamgna e 3a da 3-metoxisampangina. As demais
correlagfes estdo compiladas na Tabela 3 (pag. 234).
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O espectro COSY (Figura 21, pag. 232) mostrou as correlacdes para a
sampangina dos sinais em 6y 8,86 (H-2) com 7,69 (H-3), 7,89 (H-4) com 9,11
(H-5) e 7,81 (H-10) com 8,81 (H-11). E para 3-metoxisampangina mostrou
correlagdes dos sinais em oy 8,21 (H-4) com 9,12 (H-5) e 8,41 (H-8) com 7,59
(H-9). A auséncia de correlacdes para o sinal em &y 8,37 (H-2) e a presenca de
correlagao para o sinal em 8y 8,21 (H-4) da 3-metoxisampangina, confirmam a

presenca desse composto na mistura.
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Figura 21. Expanséo do espectro de correlagdo homonuclear COSY de AdR-2 na regido de 9,6
a 7,6 ppm (CDCls, 500 MHz)

Ainda para comprovacao estrutural de AdR-2 foi a analisado o espectro
NOESY (Figura 22, pag. 233) que mostra a correlacdo espacial dos
hidrogénios da molécula. Nesse espectro € possivel visualizar correlacdes
entre o sinal &y 4,16 dos hidrogénios de OMe-3 e o sinal em &y 8,37 referente
ao H-2. Essa correlacfes foram determinantes para definir e a localizacdo do

grupo MeO-3.
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Ap6s andlise dos dados de RMN de *H e *3C, utilizando técnicas uni e
bidimensionais, todos os hidrogénios e carbonos dos alcaloides sampangina e
3-metoxisampangina foram assinalados. A 3-metoxisampangina esta sendo
relatada pela primeira vez na espécie Anaxagorea dolichocarpa. Na familia
Annonaceae esse alcaloides foi relatado apenas nas espécies Cleistopholis
patens (LIU et al., 1990), Duguetia hadrantha (MUHAMMAD et al., 2001) e
Anaxagorea javanica (HUSAIN et al., 2012).

OCHs

Sampangina 3-metoxisampangina
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Tabela 3. Dados de RMN 'H e *C de sampangina e 3-metoxisampangina (3, CDCl; 500 e 125 MHz) comparados com dados de RMN de °C da literatura

(PETERSON et al.,1992) (0 em ppm e J em Hz).

Sampangina

3-metoxisampangina

HSQC HMBC COSY Literatura HSQC HMBC COSsY Literatura
5c [ ‘) °J *Hx 'H 5c Bc B ‘) °J *Hx 'H 5c
C C
3 3 150,7 149,9
3a 138,9 138,3 3a 131,8 131,8
6a 147,9 147,4 6a 147,4 - 147,2
7 181,6 181,5 7 181,4 182,0
7a 132,3 131,9 7a 1314 1315
1lla 134,6 135,0 1la 133,6 135,7
11b 151,1 150,6 11b 142,7 143,2
1lc 119,6 119,2 1lc 119,7 119,7
CH CH
2 146,6 8,86 (d, J=5,5) C-3 C-3a/C-11b H-3 147,1 2 124.6 8,37 (s) C-3 C-3a/C-11b 126,8
3 119,5 7,69 (d, J=16,0) C-2 C-4/C-11c H-2 118,9 3
4 1235 7,89 (d, J=6,0) C-5 C-11c H-5 123,2 4 118,7 8,21(d,J=5,5) C-5 C-3/C-11c H-5 118,8
5 148,7 9,11 (d, J=5,5) C-4 C-3a/C-6a H-4 148,1 5 148,8 9,12 (d, J=5,5) C-4 C-3a/C-6a H-4 148,0
8 128,8 8,44 (dd,J=8,0e C-10/C-11a 128,1 8 128,7 8,41 (dd,J=38,0 C-10 H-9 128,5
1,5) e 1,5)
9 131,8 7,67(dd,J=8,0e C-7a/C-11 131,1 9 131,2 7,59 (ddd, J = C-7a/C-11 H-8 130,2
1,0) 8,0; 7,5e1,5)
10 134,8 7,81 (ddd, J =8,0; C-8/C-11a H-11 134,3 10 135,0 7,77 (ddd, J = C-8/C-11a 134,6
8,0; 1,5) 8,0;7,5; 1,0)
11 125,8 8,81 (d, J=8,0) C-7a/C-11b H-10 125,1 11 1254 8,66 (d, J =8,0) 124.6

234
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3.3. Identificagédo estrutural de AdR-3

A substancia codificada com AdR-3 Caracteristicas fisico-quimicas de AdR-3

apresentou-se na forma de cristais amarelos Estado fisico Sdlido

com ponto de fus@o 185-189°C. O espectro de Forma Cristais amarelos

RMN de 13C (125 MHZ, CDC|3) (Flgura 23, Solubilidade Diclorometano
Rendimento (mg) 23,0 mg

pag. 236) mostrou 16 sinais, correspondentes
Ponto de fuséo 185-189° C.

a 16 atomos de carbono. Destes, oito foram .
Fluorescéncia (254 nm) | Presente

atribuidos a carbonos nao hidrogenados, seis Fluorescéncia (366 nm) | Presente

a carbonos metinicos, um a carbono de
metoxila e um carbono metilico. (Figura 23, pag. 236). A analise desse espectro
mostra que a substancia possui um esqueleto basico com 14 atomos de carbonos
sendo substituido em duas posi¢des. A principio esses dados ndo sao condizentes
nem com alcaloides aporfinicos, com 16 atomos de carbono em seu esqueleto
basico, nem com os alcaloides azaoxoaporfinicos com 15 atomos de carbono.
Recorrendo ao estudo da biossintese dos alcaloides azafenantrenos,
percebe-se que a partir da sampangina forma-se um outro alcaloide com um anel
gama lactamico (5). A sampangina (1) origina um derivado 4,5-dioxo (2) que sofre
um rearranjo benzilico produzindo seu derivado acido hidroxilado (3) que por sua
vez sofre sucessivamente O-metilacdo e N-metilacdo (4) originando o composto
caracterizado pela presenca do anel piridinico ligado a anel gama lactamico
chamado eupolauramina (5) (TAYLOR, 1984).

i C// (@]
o HO \?_H
i N X i A AN ) AN
N / /N N / /N N| / /N / N—CHg
- I i ( ‘

@ 2 3) (5)
Sampangina Derivado Eupolauramina
4,5-dioxo
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De acordo com a literatura (PERDIGAO et al., 2015; TAYLOR,1984) os sinais
em Oc 150,43 (C-2); 117,19 (C-3); 167,02 (C-4) e 28,47 (MeN-5) (Figura 23, pag.
236) séo sinais caracterizam o anel gama lactamico ligado a anel piridinico, presente
no alcaloide eupolauramina (PERDIGAO et al., 2015; TAYLOR,1984).
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Figura 23. Espectro de RMN de *C — APT e expansdes de AdR-3 (CDCl;, 125 MHz)

O nucleo azafenantreno ainda pode ser confirmado pela presenca dos sinais
em O¢ 122,71; 129,31; 126,69 e 124,22 que foram atribuidos a C-7, C-8, C-9 e C-10.
O sinal em &¢ 63,4 € caracteristico para grupo metila ligado a oxigénio e o sinal em
Oc 28,4 é caracteristico para grupo metila ligado a nitrogénio (PAVIA et al.,2010). Em
comparacao a dados da literatura esses sinais foram atribuidos a metoxila ligada ao

carbono 6 (MeO-6) e metila ligada ao nitrogénio na posicédo 5 do anel (KITAHARA et
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al., 2003). Diante dos estudos da biossintese dos alcal6ides azafenantrenos e
analise dos dados da literatura, foi possivel sugerir que a substancia AdR-3 pode
tratar-se do alcaloide eupolauramina.

O espectro de RMN *H (500 MHz, CDCls) (Figuras 24, pag. 237 e 25, pag.
238) mostrou sinais entre dy 7,67 (ddd, J = 8,0; 7,0 e 1,0 Hz) e 9,15 (d, J = 4,5 Hz),
além de dois singletos com integragao para trés hidrogénios em 64 4,05 (s) e 3,73
(s).

Os sinais em &4 9,15 (d, J = 4,5 Hz) e 7,90 (d, J = 4,5 Hz) foram atribuidos,
respectivamente a H-2 e H-3. Esses sinais sdo compativeis com hidrogénios de
anéis piridinicos (PAVIA et al.,2010). Essa atribuicdo corrobora com dados
encontrados na literatura

(TAYLOR,1984).

para o alcaloide azafenantreno eupolauramina
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Figura 24. Espectro de RMN de 'H de AdR-3 (CDCl3, 500 MHz)
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Figura 25. Expanséo do espectro de RMN de 'H de AdR-3 (CDCl3, 500 MHz)

As correlacdes diretas dos hidrogénios e seus respectivos carbonos foram

confirmadas nas expansdes de espectro HMQC (Figuras 26, pag. 238 e 27, pag.

239) e compiladas na Tabela 4 (pag. 241).
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Figura 26. Expansé&o do espectro de correlacdes H x °C - Joiy - HMQC de AdR-3 na regido de 155 a

115 ppm (CDCls, 500 e 125 MHz)
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Figura 27. Expansdo do espectro de correlacdes 'H x 3¢ - Jen - HMQC de AdR-3 na regido de 70 a
25 ppm (CDClIs, 500 e 125 MHz)

Ainda no espectro HMQC (Figura 27, pag. 239) os sinais da metolixa na
posicao 6 (MeO-6) em dy 4,06 apresentou uma correlagdo com o sinal em 8¢ 63,4 e
o N-metil na posicdo 5 (MeN-5) em &y 3,73 apresentou uma correlacdo com o sinal
em com &c 28,4 , confirmando as atribui¢des feitas a esses grupos.

Os demais carbonos da molécula foram analisados e confirmados pelos
dados do espectro bidimensional HMBC (Figuras 28, pag. 240) onde observou-se
correlacdes a trés ligacdes (°J) do sinal em &y 9,15 (H-2) com os sinais em 3¢ 133,1
(C-3a) e 142,9 (C-10b) e correlacdo a duas ligacdes (°J) com o sinal em 8¢ 117,1 (C-
3). Correlacao a trés ligacdes (°J) do sinal em &y 7,90 (H-3) com ¢ 122,6 (C-10c) e
167,0 (C-4). Observou-se ainda correlacdes a trés ligaces (3J) dos sinais em dy
8,13 (H-7) e 7,67 (H-9) com o sinal em &¢ 130,0 (C-10a). As demais correlagdes

estdo compiladas na Tabela 4 (pag. 241).
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Figura 28. Expanséo do espectro de correlacdes H x Bc-"3ey (n=2 e 3) - HMBC de AdR-3 na regido
de 170 a 115ppm (CDCl3, 500 e 125 MHz)

Ap6s andlise dos dados de RMN de *H, **C utilizando técnicas
bidimensionais, todos os hidrogénios e carbonos do alcaloide foram assinalados,
confirmando que o mesmo se tratava do alcaloide eupolauramina. Essa substancia
ja foi relatada nas cascas do caule de Anaxagorea dolichocarpa, e pela primeira vez
para as raizes dessa espécie. Essa continua sendo a primeira espécie a apresentar
esse alcaloide na familia Annonaceae. A eupolauramina foi isolado anteriormente da
espécie Eupomatia laurina da familia Eupomatiaceae. Recentes relatos para esse
alcaloide mostram rotas sintéticas para producdo do mesmo e de analogos com
acdo farmacoldgica frente & Mycobacterium tuberculosis (PERDIGAO et al., 2015)
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Tabela 4. Dados de RMN H e **C de AdR-3 (8, CDClj3 500 e 125 MHz) comparados com dados de

10

Eupolauramina

RMN de °C da literatura (KITAHARA et al., 2003) (6 em ppm e J em Hz)

HMQC HMBC Literatura

dc [ “J °J 5¢
C
3a 133,1 133,0
4 167,0 166,9
ba 1249 124,9
6 137,7 137,7
6a 132,5 132,4
10a 130,0 129,9
10b 142,9 142,8
10c 122,6 122,5
CH
2 150,4 9,15(d,J=4,5) C-3 C-3a/C-11b 150,3
3 1171 7,90 (d,J=4,5) C-2 C-10c/C-4 1171
7 122,7 8,13 (dd, J=8,0€e 1,0) C-6/C-9/C-10a 122,6
8 129,3 7,72 (ddd, J =8,0; 7,0 e 1,0) C-6a/C-10 129,3
9 126,6 7,67 (ddd, J=8,8; 7,0 e 1,0) C-10 C-7/C-10a 126,6
10 124,2 9,00 (dd,J=8,0e1,5) C-6a/C-8/C-10b 124,2
CHj;
MeO-6 63,4 4,06 (s) C-6 63,4
MeN-5 28,4 3,73 (s) C-4/C-ba 28,4

Ana Silvia Suassuna Carneiro Lucio

241



3.4. Identificagédo estrutural de AdR-4

A substancia codificada com AdR-4 — — _
Caracteristicas fisico-quimicas de AdR-4

apresentou-se na forma de agulhas vermelhas Estado fisico Sélido
com ponto de fusdo 221-223°C. Forma Agulhas vermelhas
O espectro de RMN de *H (500 MHz, Solubilidade Diclorometano

CDCls) (Figura 29, pag. 242) mostrou sinais Rendimento (mg) 50,0 mg
entre &y 7,74 (ddd, J = 8,0; 8,0 e 1,0 Hz) e _omodefusdo 221223 ¢

i L. Fluorescéncia (254 nm) | Presente
9,17 (d, J = 5,0 Hz), além dos sinais em oy —

Fluorescéncia (366 nm) | Presente

3,99 (s) e 3,94 (s). Todos esses sinais sao

semelhantes aqueles apresentados pela eupolauramina.
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Figura 29. Espectro de RMN de 'H de AdR-4 (CDCl3, 500 MHz)

No espectro de RMN de **C (125 MHz, CDCls) (Figura 30, péag. 243) foi
possivel observar a presenca de 17 sinais correspondentes a 17 &tomos de carbono.
Destes, nove foram atribuidos a carbonos néo hidrogenados, seis a carbonos
metinicos aromaticos, um carbono metoxilico e um carbono metilico. Assim como na

eupolauramina e na sampangina, os sinais em &c¢ 148,5 (C-2) e 119,2 (C-3) séo
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caracteristicos do anel piridinico dos alcaloides azafenantrenos. Diferentemente da
eupolauramina, no espectro de RMN de *C apareceu um sinal em d¢ 176,6 (C-4),
gue pela literatura pode ser atribuido a uma carbonila de cetona (PAVIA et al.,2010).
Esse deslocamento quimico juntamente com o sinal em &¢ 157,6 (C-5) sugerem a
presenca do nacleo 4,5 dioxo ligado ao anel piridinico caracteristico de uma série
de alcaloides azafenantrenos chamados de Imbilina (3) (CARROLL;TAYLOR, 1991).

Essa hipétese é fortalecida quando analisando a biossintese para o0s
alcaloides azafenantrenos, observamos um intermediario com nucleo 4,5 dioxo (2)

resultante da oxidacdo da sampangina (1)

(o]
NN N °
N| AN AN N| AN AN
—_— —_—
(e] (e}
)

(1) )
Sampangina Derivado Imbilina 1
4,5-dioxo
b 8 BHE8 J5REEEC848s = @
& G %93 sgSggsdddes = o
il ] NN SRS A J T
c4 C5 |
| cam|ca ‘ '
‘ MeQ-7
MeN-6
( ‘ | C-Ta C-6a C-11c

— =

e e e i et e :
180 175 170 165 160 155 150 145 140 135 130 125 120 115 !l1']1_ 105 100 95 o0 85 BO s 70 65 60 55 50 45 40 35 30
1 (ppm)

Figura 30. Espectro de RMN de °C - APT de AdR-4 (CDCls, 125 MHz)
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As correlacdes diretas dos hidrogénios e seus respectivos carbonos foram
confirmadas no espectro HMQC e expansdes (Figura 31, pag. 244 e 32 ,pag. 244) e
compiladas na Tabela 5 (pag. 246).
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Figura 31. Espectro de correlagdes *H x °C - Jgiy - HMQC de AdR- 4(CDCl3, 500 e 125 MHz)
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Figura 32. Expansé&o do espectro de correlacdes 'H x °C - Joi - HMQC de AdR-4 na regido de 150 a
120 ppm (CDCl;, 500 e 125 MHz)
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No espectro COSY (Figura 33, pag. 245) observou-se as correlacdes dos
sinais em &y 9,17 (H-2) com 8,22 (H-3), 7,79 (H-9) com 8,19 (H-8) e 7,74 (H-10) com
9,15 (H-11).

e NHI“ o

p| 9] 4 78
: 80
—_— {3l i 82

@
kY
F1 (pprri

g itli]

25 2.2 k=51 85 87 8.5 5{13- 81 75 78 77 e 75 74 73 72 .'-"..]. 20

Figura 33. Expanséo do espectro de correlacdo homonuclear COSY de AdR-4 na regido de 100 a 7,0
ppm (CDClI3, 500 MHz)

Ap6s andlise dos dados de RMN de *H e **C utilizando técnicas uni e
bidimensionais e comparacao desses com dados da literatura, todos os hidrogénios
e carbonos do alcaloide imbilina 1 foram assinalados. Essa substancia ja foi relatada
na espécie Anaxagorea dolichocarpa para a casca do caule e esta sendo relatada
agora para as raizes. Existe apenas dois relatos na literatura para a Imbilina 1 , na
espécie Duguetia hadrantha (MUHAMMAD et al., 2001) ,da familia Annonaceae e na
espécie Eupomatia bennettii da familia Eupomatiaceae (CARROLL;TAYLOR, 1991).
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9 Imbilina 1

Tabela 5 Dados de RMN 'H e **C de AdR-4 (5, CDCl; 500 e 125 MHz) comparados com dados de
RMN de **C da literatura (CARROLL;TAYLOR, 1991) (6 em ppm e J em Hz)

HMQC Cosy Literatura
6@ Oy lH X lH 6c

C

3a 131,9 131,8
4 176,6 176,5
5 157,6 157,6
6a 122,5 1225
7 144.,6 144,5
7a 130,4 130,2
1lla 130,2 130,1
11b 1453 145,2
1ic 117,9 - 117,8
CH

2 148,5 9,17 (d, J =5,0 Hz) H-3 148,5
3 119,2 8,19 (d, J=4,5Hz) H-2 119,1
8 122,7 8,21 (d, J=8,0 Hz) H-9 122,7
9 130,1 7,79 (ddd, J=8,0;8,0 e 1,0 Hz) H-8 130,1
10 128,2 7,74 (ddd, J=8,0; 8,0 e 1,0 Hz) H-11 128,2
11 124,9 9,15 (d, J=1,0 Hz) H-10 124,8
CHs

MeO-7 63,0 3,99 (s) 62,9
MeN-6 35,8 3,94 (s) 35,6
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3.5. Identificagédo estrutural de AdR-5

A substancia codificada com AdR-5 — — —
Caracteristicas fisico-quimicas de AdR-5

apresentou-se na forma de cristais vermelhos o -
Estado fisico Sélido
com ponto de fusédo 232-234°C. O espectro de Forma Cristais vermelho-
escuro
massas obtido por LC-MS-ESI no modo Solubilidade Diclorometano
positivo (Figura 34, pag. 247) mostrou o pico Rendimento (mg) 15,0 mg
do ion molecular em m/z 323.1 compative| _Pontodefusdo 232:234° C.
, . Fluorescéncia (254 nm) | Presente
com a formula molecular (C1gH14N2O4 + HY)
Fluorescéncia (366 nm) | Presente

No espectro de infravermelho (Figura 35, pag.
247) obtido em pastilhas de KBr observou-se duas bandas de absorcdes na regiao
entre 1650 a 1700 cm™, referente ao estiramento C=O de carbonila de amida e
cetona conjugada. Absorcdes em 1600 a 1450 cm™ referente a C=C de sistema

aromatico e 1380 cm™ referente a C-H de metoxila.

Intens { 3231 TMEILINAS_EST_MS1_15-04-14.d; +M22[323.0), 0.1-0. 5 #2-23)|
105 |
14
4 L _
ik 001 TWABILINA_ESls_MS2_15-0+14.d *MS2(323 0), 0.0-0 5min #(1-18)|
081
061
0.41 83
@21 252
0.0 Ay n
230 2n 300 3B 380 375 400 425 450 miz

Figura 34. Espectro de Massas de AdR-5

-20

Erie] 3600 2500 33U 30 2704 2400 2100 1800 1530 1200 930
Wavenumbers | (ome Ty

Figura 35. Espectro na regido do Infravermelho de AdR-5 (Pastilha de KBr)
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No espectro de RMN de 'H (500 MHz, CDCls) (Figuras 36, pag. 248 e 38,
pag. 249) observou-se sinais entre 64 7,39 (dd, J =9,0e 2,5 Hz) € 9,18 (d, J = 4,5
Hz), além dos sinais em &y 4,07 (s), 64 3,99 (s), e 3,94 (s). O espectro de RMN de
'H de AdR-5 mostrou um perfil quimico muito préximo ao da imbilina-1, porém para a
imbilina-1 temos a presenca de seis hidrogénios e a presenca de dois sinais para
metilas enquanto que no espectro de RMN de 'H de AdR-5 observamos integrais
para cinco atomos de hidrogénio e trés sinais para metilas o que nos fez sugerir que
AdR-5 podia se tratar de uma imbilina com uma substituicdo a mais. Essa hip6tese
corrobora com a presenca de dois duplo duplo dupletos em &y 7,77 e dy 7,81 para a
imbilina-1 e a auséncia desses sinais para AdR-5, fortalecendo a hip6tese de uma

substituicdo no anel C na estrutura proposta para AdR-5.

Jr40?0
—3.992
3.941

~9.185
9176

3.5 20 85 &0 75 70 £.5 &0 55 B0 45 4.0 3.5 3.0 2.5 20 L5 10 0.5
(ppm)

Figura 36. Espectro de RMN de 'H de AdR-5 (CDCl3, 500 MHz)

Analisando os dados da literatura foi estudado o alcaloide imbilina 3
(CARROLL;TAYLOR,1991) que apresentava 0 mesmo padrdo de hidrogenacéo e
substituicdo proposto para AdR-5, sendo a substituicdo oxigenada inserida no
carbono 9 no anel C. Quando comparados os dados de RMN de 'H de imbilina 3
com os dados para AdR-5, uma diferenca inicial pode ser notada; a presenca de um
sinal em &4 9,15 (d, J = 9,0; H-11) e a auséncia do mesmo para AdR-5. O que nos
fez supor a presenca de um substituinte oxigenado na posi¢cdo 10 para AdR-5. Essa

hipotese foi fortalecida com a presenca de um sinal para AdR-5 em &4 8,63 (H-11)
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com constate de acoplamento (J) em 2,6, que sugere o0 mesmo esta orto ao grupo

doador, e a auséncia deste para a imbilina 3 (Figura 37, pag. 249).

8,27 0 8,22 8,27 (0]
(d, = mﬂ (d /=48 (4= 4,5’}\

9,23 2 9,20 9,18
(d, J=4,5) (d, 4 =4,8) (d, J=4,5)
N CHs N—CH,
o i OCH, A e > OCH,
(d, J=1,5) (d, s =9,0) (d, J,e00 = 2.5)
(v . (d, J=9,5e 1,5) H;;CO - (d, 1,...= 9,0)
7,77 " 7,40 OCH; )
(ddd, /=8,0; 7,0 e 1,0) (dd, J=9,0 e 2,6) L
7,81 7.39
(ddd, J=8,5; 7,5 e 1,5) (dd, 4=9,0e2,5)
Imbilina 1 Imbilina 3 AdR-5
CDCl; (400MHz) CDCl; (400MHz) CDCl; (500MHz)

(CARROLL;TAYLOR, 1991) (CARROLL;TAYLOR, 1991)

Figura 37. Propostas estruturais para o composto em mistura com a sampangina em AdR-5.
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Figura 38.Expansdes do espectro de RMN de 'H de AdR-5 nas regides de 7,4 a 9,2 ppme 3,8 a 4,3
ppm (CDClIs, 500 MHZz)

Essa hipotese é corroborada, quando para a imbilina 3 o sinal em &y 7,61(H-
8) com J=2,6 confirma um acoplamento meta enquanto que para a AdR-5 a
presenca de um sinal em dy 8,13 com J=9,0 confirma um acoplamento orto.

Ainda no espectro de RMN de *H de AdR-5 (Figuras 36, pag. 248 e 38, pag.
249), os sinais em 649,18 (d, J = 4,5 Hz) e 8,27 (d, J = 4,5 Hz), mostram ,pelo valor
de J, a existéncia de acoplamentos entre esses, sendo atribuidos a H-2 e H-3,

respectivamente. Essa atribuicdo pode ser confirmada quando analisados e
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comparados esses sinais de AdR-5 com os valores da literatura atribuidos a esses
mesmos hidrogénios para imbilina 1 e imbilina 3.

Para assinalamento inequivoco dessa analise, fez-se necessaria a analise
dos espectros de RMN bidimensionais COSY, NOESY, HSQC e HMBC.

As correlacdes diretas dos hidrogénios e seus respectivos carbonos foram
confirmadas nas expansfes de espectro HSQC (Figuras 39 e 40, pag. 250) e

compiladas na Tabela 6 (pag. 256)
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Figura 39. Espectro de correlaces "H x *3C - Jcs - HSQC de AdR-5 (CDCls, 500 e 125 MHz)
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Figura 40. Expans&o do espectro de correlacdes H x °C - Joiy - HMQC de AdR-5 na regido de 100 a
155 ppm e 30 a 90 ppm (CDCl3, 500 e 125 MHz)
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Para o assinalamentos correto dos carbonos da molécula fez-se necessério
os estudo dos espectros de RMN de **C (125 MHz, CDCls) (Figuras 41 e 42, pag.
251) e o espectro bidimensional HMBC (Figura 43, pag. 253).
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Figura 41. Espectro de RMN de **C - APT de AdR-5 (CDCl;, 125 MHz)
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Figura 42. Expansado do espectro de RMN de 3¢ - APT de AdR-5 na regido de 164 a 104 ppm
(CDCls, 125 MHz)
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Assim como na eupolauramina, sampangina e na imbilina 1 os sinais em &¢
148,0 (C-2) e 119,2 (C-3) sao caracteristicos do anel piridinico e dos alcaloides
azafenantrenos (CARROLL;TAYLOR, 1991).

No espectro de RMN de *3C (125 MHz, CDCls) (Figuras 41 e 42, pag. 252) de
AdR-5 foi possivel observar a presenca de 15 sinais correspondentes a 15 atomos
de carbono. Destes, sete foram atribuidos a carbonos néo hidrogenados, cinco a
carbonos metinicos aromaticos, dois carbono metoxilico e um carbono metilico.

Os demais carbonos da molécula foram analisados e confirmados pelos
dados do espectro bidimensional HMBC (Figura 43, pag. 253) onde observou-se
correlagdes a trés ligacoes (3J) do sinal & 8,27 (H-3) com o sinal em d¢ 176,7 (C-4)
,confirma a presenca de uma carbonila de cetona na molécula e com o sinal em &¢
118,5 (C-11c). Ainda foi possivel observar uma correlacdo a trés ligacées (3J) do
sinal em dy 9,18 (H-2) com os sinais em &¢ 132,1 (C-3a) e 145,0 (C-11b) e a duas
ligacdes (ZJ) com o sinal em &¢ 119,5 (C-3).

As correlacdes para &4 9,18 (H-2) e &y 8,27 (H-3) confirmam as atribuicdes
para o anel A. O sinal em &y 8,13 (H-8) mostrou correlagdes a trés ligacdes (3J) com
0s sinais em 8¢ 145,2 (C-7), 6¢ 132,3 (C-11a) e &¢ 159,9 (C-10) confirmando as
atribuicdes para o anel D. As correlacdes a trés ligacdes (°J) do sinal em 3y 8,63 (H-
11) com os sinais em &8¢ 120,9 (C-9) e 145,0 (C-11b) e a correlacdo a duas ligacdes
(J) do sinal em &4 7,39 (H-9) com o sinal em &c 124,6 (C-8) confrmam as
atribuicdes feitas ao anel C.

As correlac6es a trés ligacdes (*J) dos sinais em dy 8,27 (H-3) e &y 8,13 (H-8)
ratificam a proposta do nucleo do tipo azafenantreno para AdR-5.

Ainda analisando o espectro HMBC (Figura 43, pag. 253) foi observado
correlacdes a trés ligagdes (*J) do sinal em &y 3,99 (MeN-6) com o sinal em 3¢ 157,6
(C-5), confirmando a carbonila de amida observada no espectro na regido do
infravermelho.

As absorcdes referente ao estiramento C=0 de carbonila de amida e cetona
conjugada junto com os sinais 6¢c 176,7 (C-4) e &¢ 157,6 (C-5) ,atribuidos com ajuda
do espectro HMBC (Figura 43, pag. 253) corroboram o nucleo 4,5 dioxo presente na
estrutura proposta para AdR-5 (CARROLL;TAYLOR, 1991).

Uma importante correlacdo fortalece a localizagdo da metoxila na posi¢ao 10 ,

através da correlacdo a duas ligacdes (2J) do sinal 5y 4,08 (MeO-10) com o sinal em
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Oc 55,8 (MeO-10). Todas as correlagdes observadas no HMBC estdo compiladas na
Tabela 6 (Figura 43, pag. 253).
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Figura 43. Expans&o do espectro de correlacdes 'H x *C-"Jcyy (n=2 e 3) - HMBC de AdR-5 na regido
de 180 a 115 ppm (CDCl3, 500 e 125 MHz)
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Figura 44. Expanséo do espectro de correlacdo homonuclear COSY de AdR-5 na regido de 9,8 a 6,6
ppm (CDClI3, 500 MHz)
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No espectro COSY (Figura 44, pag. 253) foi possivel comprovar a correcao
entre os sinais em 6y 9,18 (H-2) com 8,28 (H-3) e uma correlagao de 6y 7,39 (H-9)
com 8,13 (H-8) que confirma a ndo substituicdo na posigéo 9.

Ainda para comprovacgao estrutural de AdR-5 foi analisado o espectro NOESY
(Figura 45, pag. 254) que mostra a correlacao espacial dos hidrogénios da molécula.
Nesse espectro € possivel visualizar correlagbes entre o sinal 6y 3,94 dos
hidrogénios de OMe-7 e o sinal em 0y 8,13 referente ao H-8. E uma correlacéo entre
o sinal em &y 4,08 dos hidrogénios de OMe-10 e o sinal em 0y 8,61 referente ao H-
11. Essas correlacfes foram determinantes para definir e a localizacdo dos grupos
MeO-7 e MeO-10 para AdR-5.

@
n
F1 (oot

LX) 85 8.0 75 70 &5 &0 55 50 45 40
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Figura 45. Espectro de correlacédo espacial NOESY de AdR-5 (CDCl3, 500 MHz)

Apds extensa andlise dos dados do espectro no Infravermelho,
espectroscopia de massas , RMN de *H e *3C, uni e bidimensionais, e pesquisa a
diversos dados da literatura concluimos que o composto AdR-5 trata-se de um

alcaloide azafenantreno inédito na literatura e que recebeu o nome de Imbilina-4.
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Imbilina 4

Tabela 6. Deslocamentos quimicos e correlagdes para AdR-5, verificados nos espectros de RMN H
e®C (500 e 125 MHz, respectivamente) uni e bidimensionais em CDCl; (& em ppm e J em Hz)

(o}
CHy
OCHjg
H3CO
HMQC HMBC COosy NOESY
6(; Oy 2\] 3J 1H X lH

C
3a 132,1 ---
4 176,52 —--
5 157,62 ---
6a 120,6 ---
7 145,22 ---
7a ND ---
10 159,9
1la 132,3 ---
11b 145,0 ---
1ic 118,5 ---
CH
2 148,0 9,18 (d, J=4,5) C-3 C-3a/C-11b H-3
3 119,5 8,27 (d,J=4,5) C-11c/ C-4 H-2
8 124,6 8,13 (d, J=9,0) C-7/C-10/C11a H-9 MeO-7
9 120,9 7,39 (dd, J=9,0e 2,5) C-8 H-8
11 105,3 8,63 (d,J=2,5) C-9/C-11b MeO-10
CH;
MeO-7 63,0 3,94 (s) C-7 H-8
MeO-10 55,8 4,08 (s) C-10 H-11
MeN-6 35,8 3,99 (s) C-6a/ C-5

ND: Nao determinado

Legenda: (d) dupleto; (dd) duplo dupleto; (s) singleto.
®Deslocamento quimico observado apenas no espectro de correlagio HMBC.
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Capitulo 3

Avaliacao da atividade antitumoral, antileishmania e
imunomoduladora na producao de oxido nitrico de alcaloides
isolados de Anaxagorea dolichocarpa Sprague & Sandwith

(Annonaceae)
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1. ATIVIDADE ANTITUMORAL
1.1. Importancia dos estudos da Atividade Antitumoral

Cancer é o termo utilizado para discriminar doencas caracterizadas pela
divisdo e crescimento desordenado de células, que sao capazes de invadir outros
tecidos e o6rgdos, espalhando-se para outras partes do corpo através de vasos
sanguineos e linfaticos. Cancer ndo € uma doenc¢a, mas um conjunto de doencas,
havendo mais de 100 tipos diferentes de cancer (NCI-EUA, 2015; INCA, 2015).

Na maioria dos paises desenvolvidos e em desenvolvimento, se constitui ha
segunda causa de morte da populacdo, superado somente pelas doencas do
sistema cardiovascular, sendo considerado com um importante problema de saude
principalmente para os paises em desenvolvimento, nos quais sdo diagnosticados
55 % dos 10 milh6es de novos casos por ano no mundo. As perspectivas futuras
indicam que a mortalidade por cancer continuard aumentando chegando a 11,4
milh6es em 2030 (BRANDAO et al., 2010).

As doencas tumorais neoplasicas vém sendo indicadas como a terceira
causa mortis mais frequente no Brasil, e juntamente com as doencas
cardiovasculares e causas externas sdo responsaveis por 73 % dos Obitos
brasileiros (MACHADO; MELO-JUNIOR, 2009).

Os produtos naturais tém sido h&4 muito tempo uma produtiva fonte de novas
moléculas e drogas anticancer. Existem, no minimo, 250.000 espécies de plantas no
mundo, sendo que mais de 1000 plantas apresentam propriedades antitumorais
significantes (KIM et al., 2010).

Muitas drogas usadas na quimioterapia do cancer, além de possuirem
toxicidade contra células tumorais, exibem efeitos genotdxicos, carcinogénicos e
teratogénicos sobre células normais, limitando o wuso desses agentes
guimioterapicos e levando a um esforco continuo para a descoberta de novos
tratamentos para o cancer (GIBELLINI et al., 2011)

O conhecimento sobre o assunto tem aumentado dramaticamente ao longo
das ultimas trés décadas fazendo com que o estudo de produtos naturais e terapias
a base de plantas tornem-se um prospero campo de pesquisa, particularmente em
paises como Brasil, que possuem uma rica biodiversidade de fontes naturais

associado a uma alta prevaléncia e variedade da doenca (VIEIRA et al., 2010).
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Diante da gravidade do cancer e do apelo social que representa, varias
pesquisas vém sendo realizadas nos ultimos anos, no intuito de compreender o
desenvolvimento da doenca e buscar por tratamentos mais eficazes e menos
toxicos. Para a pesquisa de novos farmacos anticancer, o aprimoramento da
metodologia de cultura de células permitiu o cultivo e manutencdo de diversas
linhagens celulares oriundas de diferentes tumores humanos, possibilitando o
desenvolvimento de metodologia para triagem in vitro de forma especifica, rapida e
eficiente, com a avaliacdo de um grande de drogas em um curto intervalo de tempo
(HARVEY; CREE, 2010).

Um dos procedimentos utilizados para avaliar a citotoxicidade e viabilidade &
0 ensaio de reducdo do MTT ([brometo de (3-(4,5-dimetiltiazol-2-yl)-2,5-difenil
tetrazolio]). O MTT é um corante amarelo, que é reduzido por células que mantém a
integridade mitocondrial para um composto azul (formazan), insolivel em solucéo
aquosa (Figura 46, pag. 258). Uma vez solubilizado, a quantidade de formazan pode
ser determinada espectroscopicamente. Dessa forma, a reducdo do sal tetrazdlio
MTT para um produto azul (formazan), principalmente pela enzima mitocondrial
succinato desidrogenase, é muito utilizada em ensaios de avaliacdo de
sobrevivéncia e proliferacdo celular. Somente as células viaveis reduzem o MTT
(amarelo) para o formazan (azul), portanto a quantidade de formazan produzido é
proporcional ao numero de células viaveis presentes (MOSMANN, 1983; DENIZOT;
LANG, 1986).

NAD CH3

CH,
FORMAZAN CH3

Figura 46. Reacao de reducédo do MTT ([brometo de (3-(4,5-dimetiltiazol-2-yl)-2,5-difenil tetrazdlio]) a
formazan (MOSMANN, 1983).
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Outra metodologia utilizada para a avaliagdo da atividade citotdxica in vitro é a
avaliacdo da proliferacdo de células cancerigenas humanas utilizando a
sulforrodamina B (SRB). Esse método avalia o conteudo proteico de células
(aderentes ou em suspensdo), e baseia-se no principio da sintese proteica ser uma
medida da proliferacdo celular. A sulforrodamina B € um corante com dois grupos
sulfénicos que l|he conferem a capacidade de se unir eletrostaticamente aos
aminoacidos basicos das proteinas. Como essa se liga aos residuos dos
aminoacidos, a quantidade de corante acumulado é proporcional ao namero de
células presentes (VICHAI; KIRTIKARA, 2006).
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1.2. Avaliagdo in vitro da atividade antitumoral dos alcaloides
eupolauramina e sampangina pelo método de reducédo do MTT.

1.2.1. Local da pesquisa

A pesquisa foi desenvolvida no Laboratério de Oncofarmacologia (OncoFar)
no Instituto de Pesquisa em Farmacos e Medicamentos (IPeFarM/CCS/UFPB), e

supervisionada pela Prof.2 Dr.2 Marianna Vieira Sobral.

1.2.2. Métodos

Para os ensaios antitumorais in vitro foram utilizadas as células tumorais das
linhagens K562 (Leucemia miel6ide crénica), cultivadas em meio RPMI-1640
(Nutricell®) suplementado com 2 g/L de NaHCOj; (Sigma-Aldrich), 2nM de L-
glutamina (Nutricell®), 100Ul/mL de penicilina, 100ug/mL de estreptomicina (Sigma-
Aldrich) e 10 % de soro bovino fetal (Nutricell®) . As células K562 foram semeadas
em placas de 96 pocos (3 x 10° células/mL), e tratadas com diferentes
concentracgdes (0-500 pg/ml) de eupolauramina e sampangina e incubadas a 37 °C e
5% CO; por 72 h. Os compostos foram inicialmente dissolvidos em dimetilsulfoxido
(DMSO) e posteriormente complementados com o meio. A concentracdo final de
DMSO foi de 0,5%. A viabilidade celular, e posterior determinagéo da Clsp, foram
avaliadas pelo ensaio de reducdo do MTT ([brometo de (3-(4,5-dimetiltiazol-2-yl)-2,5-
difenil tetrazdlio]) (Sigma-Aldrich®).

Na placa de 96 pocos com as células sob 72 h de tratamento, foi adicionados
10 uL de meio contendo MTT (5 mg/mL) em cada poco. ApGs incubacgao por 4 h (37
°C e 5 % CO,), o produto formazan foi dissolvido com 100 yL de etanol absoluto
com agitacdo em um skaker de microplaca por 10 minutos. A absorbéancia foi lida em
595 nm utilizando um leitor de microplacas (Bio-Rad® Berkeley, CA, EUA) para

determinacao da concentracao que inibiu 50 % do crescimento celular (Clsp).
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1.2.1.1. Andlise estatistica

Os valores de Clso foram calculados através da expressdo dos resultados
como uma porcentagem dos controles, e foram determinados graficamente a partir
das curvas concentracdo-resposta por regressdo nao linear com intervalo de
confianca de 95 %.

Os resultados obtidos foram analisados empregando-se o teste analise de
variancia (ANOVA) one-way, seguido do teste de Tukey onde os valores estédo
expressos em média + erro padrdo da média (e.p.m.), sendo os resultados

considerados significativos quando p < 0,05.
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1.2.3. Resultados e discussao

Apesar da introducdo de novos farmacos no arsenal terapéutico contra o
cancer, varios tumores ainda nado dispbéem de tratamento adequado e a maioria dos
esquemas de quimioterapia faz uso de drogas citotoxicas de natureza nao seletiva, o
gue causa danos colaterais as células normais do organismo. Sendo assim, a busca
por alternativas terapéuticas para tratamento do céncer, com maior eficacia e
especificidade é constante (COSTA-LOTUFO et al., 2010).

O uso de produtos naturais representa uma estratégia bem sucedida para a
descoberta de novos medicamentos usados na terapia anticancer, considerando
ainda que cerca de 60% dos agentes antineoplasicos sédo derivados direta ou
indiretamente de produtos naturais, ficando evidente a contribuicdo destes no
desenvolvimento de novos produtos farmacéuticos para a terapia do cancer.
(BEZERRA et al., 2008).

A fim de contribuir para essa busca de agentes de origem natural anticancer
na perspectiva de descoberta de novas substancias que possam a vir fazer parte do
arsenal terapéutico contra essa enfermidade, as atividades antitumorais dos
alcaloides eupolauramine e sampangine foram testadas através da citotoxicidade in
vitro contra a linhagem de células leucémicas humanas K562, para isso foram
realizados pelo menos trés experimentos em quatro replicatas.

Os resultados apresentados demonstraram que ambos 0s compostos
exibiram efeito inibitério concentracdo-dependente na proliferacdo das células K562,
sendo o efeito do alcaloide sampangina mais significativo inibindo a proliferardo
celular com uma menor concentragdo da substancia (Grafico 1, pag. 263).

Os valores de Clso foram 19 (17 -21) pg/ml para a eupolauramina e 11 (10-12)
pug/ml para sampangina.

O farmaco antineoplasico doxorrubicina € um dos farmacos mais utilizados
como controle positivo em ensaios de MTT para células K562, apresentando valor
de Clso de aproximadamente 2 pg/ml. Esse valor quando comparado aos valores de
Clso dos alcaloides testados demostra a atividade citotoxica significativa desses
compostos naturais (XU;GUO;WU,2010).

Diante dos resultados, a sampangina foi o composto natural mais ativo frente

as células K562, seguido pela eupolauramina. A sampangina difere estruturalmente
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Viabilidade celular {%)

da eupolauramina por apresentar no seu esqueleto basico dois anéis piridinicos e a
apenas uma substituicdo carbonilina no carbono 7. J4 a eupolauramina apresenta
em seu esqueleto basico um anel piridinico unido a um anel de cinco membros
gama lactamico, além de apresentar uma metila no nitrogénio gama lactamico e uma
metoxila no carbono 6.

Realizando uma andlise da relacdo estrutura-atividade, pode-se verificar que
a presenca dos dois anéis piridinicos e de apenas uma unica substituicdo conferiu
um aumento na poténcia da atividade quando comparada a eupolauramina. A partir
deste resultado, sugere-se que esse efeito seja devido a maior lipofilicidade da
sampangina, conferido pelo anel piridinico e diminuicdo dos constituintes oxigenados
e metilicos, quando comparado a eupolaruramina. O aumento da lipofilicidade leva a
maior a facilidade do composto atravessar as biomembranas das células
neoplasicas (BARREIRO; FRAGA, 2015).

Ainda é relevante para essa analise a sugestdo de que a auséncia das
metilas na sampangina seja responsavel pelo aumento da atividade por diminui o
impedimento estérico junto ao atomo de nitrogénio. A diminuicdo do impedimento
estério expde o grupo para que ligacdes quimicas sejam realizadas entre a
substancia e o alvo-receptor (MONTANARI ,2011).
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Grafico 1. Viabilidade celular apds tratamento com os alcaloides sampangina (A) e eupolauramina
(B) pelo método de redugcédo do MTT. Cada ponto representa média + erro padrdo da média de trés

experimentos em quatro replicatas, com intervalo de confianca de 95 %.
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1.3. Avaliagao in vitro da atividade antitumoral do alcaloide imbilina-1 pelo
ensaio da sulforrodamina B.

1.3.1. Local da pesquisa

Os ensaios de citotoxicidade com Sulforrodamina B foram realizados no
Centro Pluridisciplinar de Pesquisas Quimicas Biolégicas e Agriculas (CPQBA) da
Universidade Estadual de Campinas (UNICAMP), em colaboracdo com o Prof. Dr.

Joao Ernesto de Carvalho.

1.3.2. Métodos

Para os ensaios in vitro com a Sulforrodamina B (SRB), foram utilizadas
diferentes linhagens de células tumorais humanas, listadas na Tabela 7 (pag. 264).
As linhagens foram cedidas pelo Instituto Nacional do Cancer (NCI) dos Estados
Unidos e mantidas no CPQBA/UNICAMP.

Tabela 7. Densidade de inoculacédo das linhagens celulares nos ensaios de atividade antitumoral in

vitro com a Sulforrodamina B.

Densidade de

Linhagens de células Orgéo/Doenca inoculacédo
(10* cel/mL)
U251 SNC / Glioblastoma 4,0
UACC-62 Pele / Melanoma 4,0
MCF7 Mama / Adecarcinoma 6,0
*NCI/ADR-RES Ovaério / Adenocarinoma 5,0
) ] 786-0 Rim / Adenocarcinoma 5,0
Linhagens tumorais NCI-H460 Pulmao / Carcinoma tipo nao 4.0
pequenas células
PC-3 Préstata / Adenocarcinoma 4,5
OVCAR-3 Ovaério / Adenocarcinoma 7,0
HT29 Coélon / Adenocarcinoma 5,0
K-562 Medula é§sea / l_e_ucemia 6.0
mielbide cronica
. N . HaCaT Pele / Queratinécito humano 2,0
Linhagens ndo tumorais CHO Ovaério de Hamster Chinés 5,0

*resistente a multiplos farmacos
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Para avaliar a citotoxicidade da imbilina 1 foram utilizadas as linhagens de
células ndo tumorais CHO e HaCat, semeadas (5x10* e 2x10* células/mL,
respectivamente), em meio RPMI-1640 suplementado (25 mM HEPES, 2 mM L-
glutamina, 100 Ul/mL de penicilina, 100 uyg/mL de estreptomicina e 10% de soro
bovino fetal - SBF). As células foram incubadas com diferentes concentracdes da
imbilina 1 (0,25; 2,5; 25 e 250 ug/mL), em quadruplicata (em 0,5% de DMSO). Apos
48 h de incubacédo, o experimento foi interrompido através da fixacdo das células
pela adicdo de 50 pyL/compartimento de acido tricloroacético (TCA) a 50%.

As placas foram incubadas por 1 hora a 4 °C. Apo6s esse periodo, as placas
foram submetidas a quatro lavagens consecutivas com agua para a remocao dos
residuos de TCA, meio de cultura e SBF, sendo mantidas a temperatura ambiente
até a secagem completa. Apés fixacdo, as células foram coradas com 50
pL/compartimento de sulforradamina B (SRB) a 0,4% (peso/volume), dissolvido em
acido acético a 1%, por 30 minutos a temperatura ambiente.

As placas foram lavadas por trés vezes consecutivas com uma solucédo de
acido acético 1% e secas a temperatura ambiente. O corante ligado as proteinas
celulares foi solubilizado por adigdo de 150 uL/compartimento de Trizma Base
(10 uM). A leitura espectrofotométrica da absorbancia foi feita em leitor de
microplacas a 540 nm (SKEHAN; STORENG; SCUDIERO, 1990).

Os resultados da atividade antitumoral in vitro foram analisados através dos
valores de Inibicdo do Crescimento Total (TGI), separando-os em quatro categorias,
de acordo com Fouché et al. (2008), em: inativos (TGI> 50 pug/mL), fraca atividade
(15 pg/mL <TGI< 50 pg/mL), moderada atividade (6,25 pg/mL <TGI< 15 pg/mL) e
potente atividade T(GI< 6,25 pug/mL).
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1.3.3. Resultados e discussao

Um substancia quimica pode apresentar diferentes valores de atividade para
diferentes linhagens de células, sendo elas tumorais ou ndo. Para a determinacéo
da atividade citotéxica de imbilina-1 foram utilizadas 10 linhagens tumorais humanas
de diferentes origens histoldgicas e genéticas e 2 linhagens de células com fenétipos
nao-tumorais.

O crescimento celular foi determinado por espectrofotometria, utilizando-se o
corante proteico sulforrodamina B que permite a determinacédo da densidade celular
no momento de adicdo das amostras, possibilitando o calculo da concentracdo que
inibe totalmente o crescimento celular. Os graficos gerados relacionam a
porcentagem de crescimento e a concentracdo das amostras testadas. Os valores
entre 100% e O representam inibicdo de crescimento, sendo a linha 0 o marco para a
inibicdo total de crescimento. Os valores negativos representam morte celular,
guando a quantidade de células é menor do que aquela do momento de adicdo das
amostras (MONKS et al., 1991; SHOEMAKER, 2006).

Os graficos 2 e 3 (Grafico 2, pag. 267 e Grafico 3, pag. 268)representam a
avaliacao da atividade antitumoral da doxurribicina e Imbilina-1, respectivamente, em
cultura de células tumorais humanas e em linhagens de células ndo tumorais (HaCat
e CHO).

Como esperado, o farmaco antineoplasico doxorrubicina mostrou potente
atividade citotoxica para as diferentes linhagens celulares testadas, com valor de
Inibicdo de Crescimento Total (TGI) variando de 0,22 a 6,12 pg/mL (Gréfico 2, pag.
267).

O alcaloide imbilina 1 mostrou atividade antitumoral em diversas linhagens
tumorais humanas com TGl variando entre 6,63 e 26,33 ug/mL para as linhagens
sensiveis. As melhores atividades foram observadas para as linhagens UACC-62
(melanoma), U251 (glioblastoma), NCI/ADR-RES (Carcinoma de pulmao tipo nao
pequenas ceélulas), MCF-7 (adenocarcinoma de mama) e HT29 (adenocarcinoma de
célon) (Tabela 8 e Gréfico 3, pag. 268). Para outras linhagens tumorais humanas a
imbilina 1 mostrou-se inativa.

Estudos anteriores relatam a atividade antitumoal da imbilina 1 frente as

linhagens de células tumorais humanas SK-OV-3 (Carcinoma ovariano) e SK-MEL

Ana Silvia Suassuna Carneiro Lucio

266



(Melanoma maligno) com Clsg de 5ug/mL e 2ug/mL respectivamente (MUHAMMAD
et al.,2001)

Porém, em relacdo ao seu efeito em células ndo tumorais, a imbilina 1
mostrou importante citotoxicidade na linhagem CHO (Linhagem de célula néo
tumoral de ovario de Hamster Chinés) indicando que a substancia pode ser téxica
para células ndo tumorais (Tabela 8 e Grafico 3, pag. 268).

Considerando que as substancias citotoxicas ndo séo letais as células
neoplasicas de modo seletivo, ou seja, estruturas celulares normais também séo
afetadas significativamente, a busca por novas drogas com maior poténcia
guimioterapica e que desenvolvam menos efeitos toxicos € constante. Sendo assim,
os resultados preliminares dao um indicio de que a aplicabilidade do imbilina 1 como

droga farmacolégica € uma possibilidade.
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Grafico 2. Atividade antitumoral da doxorrubicina em cultura de células tumorais humanas e nao-
tumorais.
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Grafico 3. Atividade antitumoral do alcaloide imbilina 1 contra linhagens de células tumorais e néo-

tumorais.

Tabela 8. Valores de TGI para a atividade antitumoral da imbilina 1 contra linhagens de células
tumorais e ndo-tumorais.( Todas as linhagens usadas séo provenientes de neoplasias humanas, com

excecdo da linhagem CHO que é uma linhagem n&o tumoral de ovéario de hamster Chinés e HaCaT

gue é uma linhagem de queratinécito humano).

Linhagens de células Doxorrubicina Imbilina-1
CHO 1,58 8,77
U251 0,97 18,15

UACC-62 0,22 6,63
MCF7 2,01 26,33
NCI/ADR-RES >250 >250
786-0 1,12 >250
NCI-H460 2,04 25,00
PC-3 1,16 >250
OVCAR-3 6,12 >250
HT29 >250 46,06
K-562 >250 >250
HaCaT >250 >250
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1. ATIVIDADE ANTILEISHMANIA
1.1. Importancia dos estudos da Atividade Antileishmania

As doencas tropicais negligenciadas (DTN) sédo causadas por varios agentes
infecciosos e responsaveis por altos niveis de mortalidade e morbidade em todo o
mundo. Aproximadamente um bilhdo de pessoas sdo afetadas por DTN ou expostos
aos agentes causadores dessas doencas (CALLEJON et al., 2014).

A leishmaniose é uma doenca tropical causada por vérias espécies de
protozoarios pertencentes ao género Leishmania. Afeta cerca de 12 milhdes de
pessoas em areas tropicais e subtropicais no mundo e esta presente em quatro
formas clinicas: leishmaniose visceral ou calazar, leishmaniose cutanea,
leishmaniose mucocutanea e leishmaniose cutanea difusa (LOISEAU et al., 2011).

A leishmaniose visceral € doenca muitas vezes fatal, normalmente associada
com o parasita Leishmania donovani. A L. donovani é distribuida em toda a Asia,
Norte da Africa, América Latina e Sul da Europa, afetando principalmente as
populacdes vulneraveis dessas localidades. As opc¢Bes de tratamento para a
leishmaniose visceral sdo limitadas. Atualmente, a pesquisa de descoberta de
drogas na leishmaniose € orientada para a concepc¢ao racional de medicamentos,
onde o design de inibidores especificos é dirigido para determinadas atividades
metabodlicas como um possivel meio de controlar os parasitas sem prejudicar o
hospedeiro (KAUR; SUNDAR; SINGH,2010).

Infelizmente, o financiamento e o foco de investigacdo para o
desenvolvimento de terapéuticas e estratégias preventivas aplicaveis a essas
doencas negligenciadas sao insuficientes e a modificacdo deste cenario representa
um desafio fundamental para o avan¢co da saude humana (SACHS-BARRABLE et
al., 2014).

Todas as estratégias medicamentosas disponiveis a serem utilizadas para o
tratamento da leishmaniose ndo sdo exclusivas drogas antileishmania. Além disso,
sdo em sua grande maioria medicamentos caros e que apresentam graves efeitos
secundarios. Diante disso é evidente a necessidade urgente do descobrimento e
desenvolvimento de novos medicamentos com caracteristicas melhoradas para o
tratamento de tais enfermidades (BARRETT; GILBERT, 2002).

Existem varios relatos na literatura de produtos de origem natural que

demonstraram eficacia farmacolégica como agentes potencialmente novos e

Ana Silvia Suassuna Carneiro Lucio

269



270

seletivos para o tratamento de diversas doencgas tropicais importantes causadas por
protozodrios e outros parasitas, dentre elas a leishmaniose. (FOURNET; MUNOZ,
2002).

Na literatura é possivel encontrar cerca 850 compostos, listados com
atividades anti-protozoaria em pelo menos um das DNTs. Destes, 20% do total de
compostos com essa atividade eram alcaloides, o que fundamenta a importancia do
estudo da atividade antileishmania para novos alcaloides e fazem deles importante

candidatos a futuros farmacos anti-protozoarios [SCHMIDT et al, 2012 (a),(b)].
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1.2. Avaliagdo in vitro da atividade antileishmania dos alcaloides
eupolauramina, sampangina, imbilina-1 e Imbilina-4 pelo método de
reducédo do MTT.

1.2.1. Local da pesquisa

A pesquisa foi desenvolvida no Laboratério de Imunologia de Doencgas
Infecciosas (LABDIC) no Centro de Biotecnologia (CBiotec /UFPB), e supervisionada

pela Prof.2 Dr.2 Tatjana Keesen de Souza Lima Clemente .

2.2.2. Métodos

Foram utilizadas formas promastigotas de Leishmania (Leishmania) donovani
(MHOM/ET/1967/HU3), mantidas em meio de Schneider (Sigma-Aldrich, St. Louis,
MO, EUA) suplementado com 20% de soro fetal bovino (SBF), 1% de urina humana
masculina e antibioticos (penicilina 200U I/mL e estreptomicina 0,1 mg/mL) (Gibco,
BR), mantidos incubados em estufa de demanda biol6gica de oxigénio (B.O.D.) a
26°C.

O método colorimétrico MTT (Brometo de 3- (4,5-dimetiltiazol-2-il) -2,5-difenil-
tetrazolio) € baseado na atividade de enzimas desidrogenases citosdlicas e
mitocondriais, que sédo capazes de reduzir o MTT (coloracdo amarela) e formar um
produto de coloragédo azul, insoluvel em &gua, o sal formazan. O ensaio com MTT
(Brometo de 3- (4,5-dimetiltiazol-2-il) -2,5-difenil-tetrazdlio) foi utilizado para avaliar a
atividade antileishmania dos alcaloides eupolauramina, sampangina, imbilina-1 e
imbilina-3, com determinacédo da viabilidade celular através do calculo da Clsg,

Em placa de 96 pocos foram adicionados 100 pL de meio Schneider
suplementado e cerca de 1 x 10° promastigotas/poco de L. donovani.
Posteriormente, foram adicionadas as substancias-teste em triplicata, previamente
diluidas em meio Schneider suplementado para um volume final de 100 pyL para
cada poco nas concentracdes de 100, 50, 25, 12,5, 6,25 e 3,125 pg / mL de cada
composto previamente diluido em meio Schneider com Dimetilsulféxido (DMSO). Em
seguida a placa foi incubada por 72 h em estufa de B.O.D. a 26°C. Ao final da

incubacao, foi adicionado 10 yL de MTT diluido em PBS a uma concentracéo final
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de 5 mg/mL. Foram incubados por mais 4 h em estufa de B.O.D. a 26°C, e em
seguida foi adicionado 50 uL de SDS (dodecilsulfato de sédio) (Vetec®) a 10%.

A placa foi deixada em overnight para dissolucéo do formazan, e por ultimo, a
absorbancia de cada poco foi lida utilizando um espectrofotdbmetro (Spectramax,
Molecular Devices, Sunnyvale, CA, EUA) a 570 nm.

O controle negativo foi realizado com meio Schneider suplementado a 0,2%
de DMSO. O controle positivo foi realizado na presenca de anfotericina B como
farmaco de referéncia. Os ensaios foram realizados em triplicatas e repetidos trés

vezes em dias diferentes.

2.2.2.1. Anélise estatistica

Os valores de Clso foram calculados através da expressao dos resultados
como uma porcentagem dos controles, e foram determinados graficamente por
regressao nao linear para a analise dose-resposta entre o logaritmo da concentracao
e a resposta normalizada relativa a viabilidade celular.

Os resultados obtidos foram analisados empregando-se o teste andlise de
variancia (ANOVA) one-way, seguido do teste de Dunnett comparando-se a
viabilidade celular do controle negativo com os valores apresentados nas diluicdes e
no controle positivo. Os valores estdo expressos em média + erro padrdo da média

(e.p.m.), sendo os resultados considerados significativos quando p < 0,05.
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2.2.3. Resultados e discusséao

A avaliagédo dos alcaloides eupolauramina, sampangina, imbilina-1 e imbilina-4
mostrou que todos os compostos apresentam atividade antileishmania significativa
guando comparados os seus valores de Clso com o valor da Clsg da anfotericina B,
substancia utilizada como controle positivo (Tabela 9, pag. 273). O alcaloide
sampangina apresentou o efeito mais significativo dos quatro compostos uma vez
gue em o tratamento com pequenas concentracdes desse alcaloide ja demonstrava

uma significativa diminui¢cdo na viabilidade celular (Gréfico 4, pag. 273).

Tabela 9. Atividade antileishmania dos alcaloides eupolauramina, sampangina, imbilina-1 e imbilina-4
contra Leishmania donovani.

Leishmania donovani

Compostos
Clso (Hg/mL)
Eupolauramina 1,48
Sampangina 0,60
Imbilina-1 1,41
Imbilina-4 1,04
Anfotericina B 0,23
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Grafico 4. Efeito do alcaloide sampangina na viabilidade celular de Leishmania donovani. ANF:
Anforericina B. *p<0,05 one-way (ANOVA).

Os alcaloides Imblina-1 e Imbilia-4 apresentaram resultados muito proximo
guanto a atividade antileishmania (Grafico 5, pag. 274). A similaridade dos seus
resultados pode ser dada pela também similaridade estrutural dos mesmos. A

presenca de substituintes metil e metoxil nessas estruturas pode ser responsavel
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pela diminuicdo da atividade quando comparado com o alcaloide sampangina que
nao apresenta em sua estrutura tais substituintes. De acordo com a literatura
(MONTANARI ,2011; BARREIRO;FRAGA,2015) a presenca desses substituintes
pode responsaveis pela situacdo de impedimento estérico no sitio de ligacdo dos
receptores impedindo a formacao de importantes ligacdes quimica.
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Gréafico 5. Efeito dos alcaloides Imbilina-1 e Imbilina-4 na viabilidade celular de Leishmania donovani.
ANF: Anforericina B. *p<0,05 one-way (ANOVA).

O alcaloide eupolauramina apesar do resultado significante (Grafico 6, pag.
274) apresentou uma diminuicdo menor potencia de atividade quando comparado
com os demais alcaloides testados. Se analisarmos a sua estrutura essa diminui¢cao
pode ser determinada pelos também substituintes metil e metoxil presentes em sua
estrutura e reforcada ainda pela presenca do anel gama lactamico inexistente nos

esqueletos carbonicos dos outros compostos.
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Grafico 6. Efeito do alcaloide eupolauramina na viabilidade celular de Leishmania donovani. ANF:
Anforericina B. *p<0,05 one-way (ANOVA).

Ana Silvia Suassuna Carneiro Lucio

274



2. Avaliagdo do papel dos alcaloides eupolauramina e Imbilina na modulagéo

da producao de 6xido nitrico

Os mediadores inflamatoérios sdo compostos secretados por células ativadas
com funcao de promover a manutencao e especificidade da inflamacé&o. A resposta
inflamatéria aguda é impulsionada por inUmeros mediadores de origens diferentes
gue induzem o controle de suas fases subsequientes desde seu inicio a sua
finalizagdo. (MAJNO; JORIS, 2004).

Um desses mediadores que tem importante funcéo na resposta inflamatoria é
o oxido nitrico (NO), que é um gas soluvel liberado por células endoteliais,
macrofagos e alguns neurénios cerebrais e é produzido a partir da L-arginina pela
acao da NO sintase (NOS) que se apresenta em trés isoformas: as NOS endotelial
(eNOS) e neural (nNOS), que séao produzidas de forma constitutiva e suas
expressdes aumentam com o efluxo de Ca**, e a NOS induzivel (iNOS) que é
produzida em resposta a algum estimulo.

Essas enzimas produzem pequenas quantidades de NO, que atua como
vasodilatador e neurotransmissor. O aumento na producdo de NO, devido a inducao
da expressdo de NOS induzivel (INOS) por citocinas inflamatérias tais como o
interferon-y (IFN- y), o TNF-a, a IL-1B ou IL-6 e (LPS), € um instrumento da
fisiopatologia da inflamagéo (LOSCALZO, 2013).

Por possuir acdo no musculo liso vascular, o ON atua como um potente
vasodilatador, reduzindo a agregacao e adesao plaquetaria, bem como promovendo
a sensibilizacdo dolorosa (DURAN et al., 2010).

Os mediadores pro-inflamatorios agem ativando as células inflamatérias e
enzimas como a iINOS, com grande producédo de NO e de enzimas NADPH oxidase
e xantina oxidase, produtoras de espécies reativas de oxigénio como o0 anion
superéxido (0%). A producdo simultdnea de NO e 0% resulta na geragao de
peroxinitrito (ONOQ’) responsavel por lesiona moléculas alvo como proteinas,
glutationa (GSH), mitocéndrias e DNA (HARDINGHAM, et al., 2013).
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2.1. Métodos

2.1.1. Local da pesquisa

A pesquisa foi realizada no Laboratério de Imunologia no Centro de
Biotecnologia (CBiotec /UFPB) coordenado pela Prof.2 Dr.2 Marcia Regina

Piuvezam.
2.1.2. Andlise da viabilidade dos macrofagos peritoneais pela técnica do MTT.

Foram utilizados macrofagos peritoneais viaveis obtidos de camundongos
BALB/c. Os macréfagos foram semeados em placas de cultura de fundo chato de 96
ou 6 pocos, num total de 4x10° células/poco em 200 uL de meio RPMI completo, ou
3 x 10° células/pogco em 2 mL de meio RPMI completo, e incubados em estufa
(MCO-15A, SANYO) por 4 h (5% CO, a 37°C) para adeséo a placa.

Apoés 4 h de adesdo dos macrofagos peritoneais na placa de 96 pocos, 0s
sobrenadantes foram descartados e fez-se a remocdo das células ndo aderidas.
Posteriormente, as células aderidas foram tratadas, ou ndo, com os alcaloides
eupolauramina e imbilina 1, preparado em concentragdes finais de 0,1; 1; 10 e 100
MM e incubadas em estufa Umida (5% CO, a 37°C) por 24h . A viabilidade celular foi
determinada pelo método MTT (brometo de 3-metil-[4-5-dimetiltiazol-2-il]-2,5
difeniltetrazoélio) (Sigma-Aldrich®).

Apos a remogéo do sobrenadante, foram adicionados as células em cultura,
100 pl de uma solugédo de MTT diluido (0,5 mg/mL) em meio RPMI sem vermelho de
fenol, em volume final de 100 pL/pogo. A solucdo estoque de MTT utilizada para
diluicdo foi de 5 mg/mL em tampéao fosfato-salina (PBS) (Fluka®). As placas foram
incubadas em estufa umida (5% CO, a 37°C) por 4h, e ao final do periodo de
incubagao, os sobrenadantes foram removidos e as células lisadas com 100 yL de
DMSO, solubilizando o formazan precipitado no citoplasma. As absorbancias foram
determinadas apos 5 minutos em leitor de microplacas (570 nm), e a producéo de
formazan pelas células tratadas e nédo tratadas foram determinadas e comparadas.
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2.1.3. Determinacdo da producao de 6xido nitrico

Macréfagos peritoneais de camundongos BALB/c (4 x 10° células/poco) foram
cultivados em placas de 96 pogos na presenca, ou auséncia, de diferentes
concentracdes dos alcaloides eupolauramina e imbilina 1 (0,1; 1; 10 ou 100 pM) e
estimuladas, ou ndo, com 1 ug/mL de lipopolissacarideo (LPS, Sigma-Aldrich®). Em
seguida as placas foram incubadas em estufa uamida (5% CO, a 37°C) por 24h
(KANG et al., 2011; LEE et al., 2012). ApGs este periodo os sobrenadantes foram
coletados, sendo uma aliquota utilizada para a determinacéo da producdo de oxido
nitrico e a outra aliquota armazenada a -20 °C para posteriores dosagens de
citocinas.

A producdo de NO foi avaliada in vitro pela dosagem do seu produto de
degradacdo mais estavel, o nitrito, pelo método colorimétrico indireto conhecido
como reacao de Griess (Sigma-Aldrich®). Neste método, o nitrito, quando presente
na amostra, reage com a sulfanilamida em meio acido para formar um composto
intermediario, o sal de diazbnio. Este sal, por sua vez, reage com N-
naftiletilenodiamina (NED) formando um composto azo estavel de coloracéo purpura,
podendo assim ser analisado em espectrofotbmetro (leitora de microplacas ELISA
ELx800, BIOTEK) em comprimento de onda de 540 nm (NATHAN e XIE, 1994).
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2.2. Resultados e Discusséao

Macréfagos da cavidade peritoneal de camundongos Swiss foram
submetidos ao tratamento com as concentragdes entre 0,1 a 100 uM dos alcaloides
eupolauramina e imbilina 1. O tratamento com os alcaloides ndo reduziu a
capacidade metabdlica dos macréfagos quando analisados pela técnica da
conversdo do MTT em formazan em comparacdo com as culturas de macréfago néo
tratadas. Entretanto, para a concentragédo de 100 pM/mL para ambos os alcaloides
houve uma reducdo em 40% (p <0,001) da capacidade metabdlica dos macréfagos

indicando toxicidade dos alcaloides nessa concentracdo (Grafico 7, pag. 278).
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Gréfico 7. Efeito dos alcaloides eupolauramina (EUP) e imbilina 1 (IMB) na viabilidade de macréfagos

de peritdnio.

Para testar o efeito dos alcaloides na producdo do O6xido nitrico, as
concentracbes de 0,1, 1, 10 e 100 puM foram empregadas no tratamento de
macroéfagos peritoneais, in vitro, para a determinacado indireta da producdo do NO
(via nitrito). Observou-se que a exposi¢do das células aos alcaloides por 24h nédo
induziu a producao de NO (Gréfico 8.A e Gréfico 9.A, pag. 279). Entretanto, quando
0os macrofagos foram estimulados com LPS, ocorreu aumento da producédo de NO,
de 76,4% (p<0,001) (Gréfico 8.A e Gréfico 9.A, pag. 279). Na presenca do alcaloide
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eupolauramina (0,1, 1, 10 ou 100 yM) ndo observou-se reducdo significativa NO
induzido pelo LPS (p<0,001) no sobrenadante da cultura celular exceto para a
concentracdo de 100 pM, que nao se deve a diminuicao da producao de NO e sim a
morte celular (Grafico 8.B, pag. 279). J& para o alcaloide imbilina foi possivel
observar reducéo significativa de NO induzido pelo LPS (p<0,001) no sobrenadante
da cultura celular em 59,2%, 72,9% e 88,0%. Para a concentracdo de 100 uM
acredita-se que a diminuicdo também se deu por morte celular. Porém para as
concentracbes em 1 e 10 uM, os resultados foram satisfatérios indicando uma
possivel atividade anti-inflamatoria para esse alcaloide (Gréfico 9.B, pag. 279).
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Grafico 8. Efeito dos alcaloides eupolauramina (EUP) na producédo de 6xido nitrico em macréfagos
peritoneais ativados ou ndo com lipopolissacarideo.
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Gréafico 9. Efeito dos alcaloides imbilina 1 (IMB) na producdo de 6xido nitrico em macréfagos
peritoneais ativados ou ndo com lipopolissacarideo.
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Abstract: Leishmaniasis is a neglected disease that affects 15 million people around the world. Many limitations
are associated to the treatment as high cost and toxicity. Several classes of natural substances with proven
leishmanicidal activity were reported in the literature. Phytochemsitry study of Anaxagorea dolichocarpa
(Annonacea) reported the isolation of aporphine alkaloids. In this study, we evaluate the potential activity of the
azaphenanthrene alkaloids eupolaramine, imbiline 1, imbiline 4, sampangine, 3-metoxisampangine and 4-
metoxisampangine, isolated from A. dolichocarpa, together with a homemade databank of 142 aporphynic
alkaloids isolated from Annonaceae, through ligand-based and structure-based virtual screening against
Leishmania donovani. A diverse set selected from CHEMBL databank of 1397 structures, with tested
antileishmanial activity against promastigote L. donovani, were classified according pIC50 values in order to
generate and validate Random Forest model that show higher statistical indices values. The structure of six
different L. donovani enzymes were downloaded from PDB databank and alkaloids structures were submitted to
molecular docking. From the six azaphenanthrene alkaloids, sampangine, 3-methoxy, and 4-methoxy were
indicated as potential actives by the RF model. Docking results gave similar values for all six azaphenanthrene
alkaloids. So, we performed in vitro tests with sampangine, imbiline 1, imbiline 4, and eupolaramine, which are
available in our laboratory, and that show significant values of pIC50 (> 5.26). Combined approach of VS allowed
us to select that aporphynic alkaloid xyloguyelline as potential multitarget compound for leishmanial treatment,
presenting activity against five strategic enzymes to treatment with probability of activity over 60% by RF model.

Keywords: Alkaloids, Anaxagorea dolichocarpa, Virtual Screening, Molecular Docking, Random
Forest, Leishmania donovani, antileishmania activity.

1. INTRODUCTION

Parasites of the genus Leishmania are
trypanosomatid protozoa that cause the
neglected disease known as leishmaniasis, a
tropical disease considered by the World Health
Organization (WHO) as the second most
important  protozoal public disease, with
extensive morbidity and mortality in most
developing countries, infecting 15 million people
around the world. These protozoan parasites
cause a number of important human diseases,
including cutaneous, mucocutaneous, and
visceral leishmaniasis [1-4].

The treatment of leishmaniasis still remains
based on the use of pentavalent antimony salts,
sodium stibogluconate and meglumine
antimoniate, as first-line drugs, or the use of
amphotericin B and pentamidine (also formulated
as liposomes) as second-line drugs, which often
present high toxicity and severe side effects, and
require long-term management, complicating the
conclusion of treatment [5]. The pain associated
with these types of medications at the injection
site also affects the conclusion of the treatment,
and in some cases liver and kidney failure are
observed [4].

*Department of Engineering, and the Environment,
Federal University of Paraiba, 58051-970, Rio Tinto, Brazil;
Tel/lFax: 55-83-99869-0415; E-mail: mtscotti@gmail.com.

Even with many limitations regarding their
use, such as (i) high cost, (ii) difficulty of
administration, (i) toxicity, and (iv) the
development of resistance by parasite strains,
there are not enough advances in the
replacement of these drugs. Undoubtedly, these
limitations represent obstacles for successful
therapy, emphasizing the need to develop new
drugs for the treatment of leishmaniasis [6-8].
Thus, the search for new and more effective
chemotherapeutic agents against leishmaniasis
with fewer or no side-effects continues, the
rational design of new  experimental
antileishmanial drugs is an important goal [9].

Some diseases are better treated when
several targets are achieved [10]. The multitarget
drug is a key that can open multiple locks.
Research by a multifunctional compound can
follow two paths: comprehensive experimental
analyses or initial use of a rational drug design
aided by computer for a first screening and
identification of potential targets, optimizing
research and avoiding higher expenses [11] and
aiding in the development of a single molecule
able to interact with more than one target, called
multitarget drugs. Models to predict the
probability of biological activity with the
multitarget approach are reported in the literature
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against different diseases such as Alzheimer
[12], antiparasitic [13], anticancer [14],
trypanossomal, and leishmanial [15].

The literature describes several classes of
natural substances with proven leishmanicidal
activity in in vitro assays on promastigote and/or
amastigote forms of Leishmania, such as:
terpenes [16,17], chalcones [18], acetogenins
[19], alkaloids [20], diterpeneacids [21], quinones,
and phenolic derivatives [22].

Anaxagorea dolichocarpa is a species of the
family Annonacea, belonging to the genus
Anaxagorea, which includes about 26 species
distributed in North, Central, and South America
[23]. Among the known species, only five (A.
dolichocarpa, A. brevipes, A. luzonensis, A.
clavata, and A. prinoides) have been studied
phytochemically, from which lignoids [24],
xanthones [25], flavonoids [26], and alkaloids [27]
were isolated. Anaxagorea dolichocarpa shows a
wide geographical distribution, occurring from
Costa Rica to Bolivia and in Brazil. It always
grows in humid forests. Previous work with this
species reported the isolation of the aporphine
alkaloids anaxagoreine and asimilobine, the
composition of the fruit's essential oil [28] and an
antimicrobial activity test against Staphylococcus
aureus [29].

In this study, we evaluate the activity of the
alkaloids eupolaramine, imbiline 1, imbiline 4,
and sampangine against Leishmania donovani
and evaluate them through a ligand-based virtual
screening using molecular descriptors and
machine learning and molecular docking, with
two alkaloids, 3-metoxisampangine and 4-
metoxisampangine, also isolated from
Anaxagorea dolichocarpa and a homemade
databank of aporphynic alkaloids.

2. EXPERIMENTAL:
2.1. Chemical

The dried and pulverized root (1,500 g) was
subjected to maceration with 95% EtOH (3 x 5 L)
for 72 h at room temperature. The EtOH solution
was concentrated under vacuum, yielding 35 g of
crude EtOH extract (CEE). The EtOH partitioned
in the filter column using hexane (3 L), chloroform
(2,5 L), and methanol (1,5 L). A fraction 3:7
(hexane:chloroform) weighing 1.0 g was
subjected to column chromatography over silica
gel using hexane, chloroform, and methanol,
either pure or in binary mixtures. The fractions
were obtained, analyzed by analytical thin layer
chromatography (TLC), and purified using silica
gel preparative TLC. Through this methodology,
azaphenanthrene  alkaloids:  eupolauramine,
sampangine, imbiline 1, imbiline 4, 3-
methoxysampangine, and 4-methoxysampangine
were isolated. The alkaloids were elucidated
through *H NMR and **C 1-D and 2-D NMR.

2.2. Biological Activity

The parasite Leishmania (Leishmania)
donovani (MHOM/ET/1967/HU3) in promastigote
form was cultivated in Schneider's medium
(Sigma-Aldrich, St.  Louis, MO, USA)
supplemented with 20% bovine fetal serum, 1%
male human urine, and antibiotics (penicillin 200
U/mL and streptomycin 0.1 mg/mL) (Gibco, CA)
kept incubated in an biological oxygen demand
(B.O.D.) incubator at 26 °C.

The colorimetric assay agent MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) is based on the dehydrogenase activity
of cytosolic and mitochondrial enzymes that are
able to reduce MTT (yellow coloration) and form
a blue product, insoluble in water, a formazan
salt. The MTT assay was used to evaluate the
activity of Leishmania alkaloids eupolauramina,
sampangina, imbiline 1, and 4, with determination
of cell viability by calculating the ICs.

In a 96-well plate was added 100 pL
supplemented Schneider medium and about 1 x
10°  promastigotes/well of L. donovani.
Subsequently, they were added to triplicate test
substances previously diluted in supplemented
Schneider medium to a final volume of 100 pL in
each well at concentrations of 100, 50, 25, 12.5,
6.25, and 3.125 pg/mL of each compound
previously diluted in half with Schneider dimethyl
sulfoxide (DMSO).

Then, the plate was incubated for 72 h in a
B.O.D. oven at 26 °C. At the end of incubation,
10 pL of MTT diluted in PBS was added to a final
concentration of 5 mg/mL. They were incubated
for another 4 h in a B.O.D. greenhouse at 26 °C,
and then 50 pyL 10% SDS (sodium
dodecylsulfate) (Vetec®) was added. The plate
was left overnight for dissolution of the formazan,
and finally the absorbance of each well was read
using a spectrophotometer (Spectramax Plus,
Molecular Devices, Sunnyvale, CA, USA) at 570
nm.

The negative control was performed in
Schneider medium supplemented with 0.2%
DMSO. The positive control was performed in the
presence of amphotericin B as the reference
drug. Assays were performed in triplicate and
repeated three times on different days.

2.3. Dataset

From the ChEMBL database, we selected a
diverse set of 1397 structures
(https://www.ebi.ac.uk/chembl/), which had been
screened (in vitro) to inhibit the promastigote L.
donovani. The compounds were classified using
values of —logICs, (mol/L) = pICs,, which led us to
assign 776 actives (plCs, = 4.6) and 438 inactives
(pICso = 4.3). We used a border in the pICs
values looking for better prediction results. In this
case, ICx, represented the concentration required
for 50% inhibition of promastigote L. donovani.
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The compounds with pICs, values between 4.3
and 4.6 were excluded to minimize the border
effect and improve the discriminant power of the
generated models.

The dataset that includes sampangine, 3-
metoxisampangine, 4-metoxisampangine,
eupolauramine, imbiline 1, imbiline 4, and their
142 analogues was selected to build in our
databank. For all structures, SMILES codes were
used as input data to Marvin 14.9.1.0, 2014,
ChemAxon  (http://www.chemaxon.com). We
used Standardizer software [JChem 14.9.1.0,
2014; ChemAxon (http://www.chemaxon.com)] to
canonize structures, add hydrogens, perform
aromatic form conversions, clean the molecular
graph in three dimensions, and save compounds
in sdf format [30].

2.4. Volsurf Descriptors

Three-dimensional structures (3-D) were used
as input data in the Volsurf+ program v. 1.0.7 and
were subjected to molecular interaction fields
(MIFs) to generate descriptors using the following
probes: N1 (amide nitrogen—hydrogen bond
donor probe), O (carbonyl oxygen—hydrogen
bond acceptor probe), OH2 (water probe), and
DRY (hydrophobic probe) [31]. Additional non-
MIF-derived descriptors were generated to create
a total of 128 descriptors. Volsurf descriptors
have been previously used to predict
antileishmanial activity of natural products on
enzymes and predict activity of alkaloids against
human acetylcholinesterase [32,33].

2.5. Models

Knime 2.10.0 software (KNIME 2.10.0 the
Konstanz Information Miner Copyright, 2003-
2014, (www.knime.org) [34] was used to perform
all of the following analyses. The descriptors and
class variables were imported from the Volsurf+
program, v. 1.0.7, and the data were divided
using the “Partitioning” node with the “stratified
sample” option to create a training set and a test
set, encompassing 80% and 20% of the
compounds, respectively. Although the
compounds were selected randomly, the same
proportion of active and inactive samples was
maintained in both sets. For internal validation,
we employed cross-validation using 10 randomly
selected, stratified groups, and the distributions
according to activity class variables were found to
be maintained in all validation groups and in the
training set. Descriptors were selected, and a
model was generated using the training set and
the Random Forest (RF) algorithm [35], using the
WEKA nodes [36]. The parameters selected for
RF included the following settings: number of
trees to build = 1900, seed for random number
generator = 1909501934341. The internal and
external performances of the selected models
were analyzed for sensitivity (true positive rate,
i.e., active rate), specificity (true negative rate,

i.e., inactive rate), and accuracy (overall
predictability). In addition, the sensitivity and
specificity  of  the Receiver  Operating
Characteristic (ROC) curve were found to
describe the true performance with more clarity
and accuracy. The plotted ROC curve shows the
true positive (active) rate either versus the false
positive rates or versus sensitivity (1: specificity).
In a two-class classification, when a variable that
is being investigated cannot be distinguished
between the two groups (i.e., when there is no
difference between the two distributions), the
area under the ROC curve equals 0.5, which is to
say that the ROC curve will coincide with the
diagonal. When there is a perfect separation of
values between two groups (i.e., no overlapping
of distributions), the area under the ROC curve
equals 1, which is to say that the ROC curve will
reach the upper left corner of the plot [37].

2.6. Docking
The structure of L. donovani enzymes
Topoisomerase | (TOPI) [38], N-

myristoyltransferase (NMT) [39], cyclophilin (Cyp)
[40], UMP synthase (UMPS) [41], O-acetylserine
sulfhydrylase (OASS) [42], and mitogen-activated
protein kinase 3 (MPK3) [43] downloaded from
the Protein Data Bank (pdb) are summarized in
Table 1(http://www.rcsb.org/pdb/home/home.do).
Alkaloid structures were submitted to molecular
docking using the Molegro Virtual Docker, v.
6.0.1 (MVD). All of the water molecules were
deleted from the enzyme structure, and the
enzyme and compound structures were prepared
using the same default parameter settings in the
same software package. The docking procedure
was performed using a GRID of 15 A in radius
and 0.30 A in resolution to cover the ligand-
binding site of the enzyme’s structures. The
Moldock score algorithm was used as the score
function [44]. For NMT, Cyp, OASS, and MPK3,
the binding site was the same as the ligand
present in the pdb file, but for TOPI and UMPS
the potential binding site was automatically
selected using the cavity prediction algorithm of
MVD.

Table 1. Data of the tested enzymes.
Insert here table 1
3. RESULTS and DISCUSSIONS:

The Volsurf (v 1.0.7) program generated 128
descriptors that, together with the dependent
variables (binary classification) that described
whether the compounds were active (A) or
inactive (I), were used as input data in the Knime
program (v. 2.10.0) to generate the RF model.
For all 1277 compounds that comprised the
training data sets, the generation of all 128
descriptors by Volsurf+ was rapid, taking
approximately 25 minutes using a computer with
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an i7 processor, running at 2.6 GHz, and
equipped with 8 GB of RAM.

Table 2 summarizes the statistical indices of
the RF model for the training, cross-validation,
and test sets. For the training set, the learning
machine program gave the same hit rates for the
inactive compounds and active compounds,
which were 100%. However, for the cross-
validation and test sets, the RF model was better
at predicting the active compounds; therefore, the
specificity (true negative rate) was lower for the
cross-validation and test sets (71.6% and 76.2%,
respectively) than the sensitivity (true positive
rate), which was measured to be 88.3% and
85.8%, respectively (Table 2). The ROC plot that
was generated for the test set, which plotted the
true positive (active) rate against the false
positive rates had an area under the curve (AUC)
value of approximately 0.82, which is significantly
higher than 0.5 (Fig. 1). The Matthews
Correlation Coefficient (MCC) values for training,
cross-validation, and test sets were 0.995, 0.608,
and 0.623, respectively. Because an MCC value
of 1 represents a perfect prediction, O represents
random prediction, and -1 represents total
disagreement between prediction and
observation, the RF model shows significant
MCC values.

Table 2. Summary of training, internal cross-
validation, test results, and corresponding
match results, which were obtained using the
RF algorithm on the total set of 1277
compounds (1021 were in the training set and
256 in the test set).

Insert there table 2
Insert here figure 1

Fig. 1. ROC plot generated by the selected RF
model for the test set and value of the area under
the curve (AUC).

We evaluated the potential of the
azaphenanthrene alkaloids present in
Anaxagorea dolichocarpa as antileishmanial
leads using the RF model and docking on
selected Leishmania enzyme targets. The results
presented in Table 3 indicate that these
compounds could show activity. Imbiline 1 and
imbiline 4 showed good performance against
TOPI and MPK3, eupolaramine presented low
energy binding against UMPS, OASS, and
MPK3. Against NMT, 3-metoxisampangine and
4-metoxisampangine performed better among the
natural alkaloids tested as well as imbiline 4 with
OASS (Table 3).

Table 3. Moldock score of best position of
natural alkaloids in enzyme targets.

Insert here table 3

From the six alkaloids, sampangine, 3-

methoxy, and 4-methoxy were indicated as
potential active structures against promastigote
L. donovani using the RF mode. Docking results
gave similar values for all six azaphenanthrene
alkaloids. So, we performed in vitro tests with
available compounds in our laboratory:
sampangine, imbiline 4, imbiline 1, and
eupolaramine. The results show significant
values of pICs, 5.59, 5.45, 5.32, and 5.26 against
promastigote L. donovani (MHOM/ET/1967/HU3).
Therefore, we evaluated a databank of 142
aporphynic alkaloids present in Annonaceae
(Supplementary Material, Table Al) to obtain a
qualitative structure—activity relationship using a
combined approach of virtual screening,
structure-based, and ligand-based, in order to
select compounds with  potential higher
antileishmanial activity.
A computational chemistry multitarget model to
predict the results of experimental tests for
Leishmania with significant success has been
reported in the literature [12], so we used our in
silico results of the analogues to select 10%
analogues that presented lower energy binding
(15 compounds) from each enzyme. Looking for
multitarget compounds, we selected analogues
with activity against three or more enzymes,
resulting in seven compounds (Fig. 2).
Aporphynic alkaloid 140 (xyloguyelline) presents
activity against five enzymes: TOPI, NMT,
UMPS, OASS, and MPK3. Two compounds show
low Moldock score energies against four different
enzymes: 41 (isoboldine) and 69 (O-
methylcassyfiline), and another 4: 8 (bracteoline),
16 (corytuberine), 71 ((-)-N-methylduguevanine),
and 92 ((+)-nordomesticine) against three
enzymes. From these structures, we selected
only the compounds that were classified as active
in the RF model. Therefore, our methodology
was to apply two screening approaches
simultaneously: ligand-based screening, using
the RF model generated using Volsurf
descriptors from the dataset of 1277 compounds
and structure-based screening using  Six
enzymes. Fig. 3 summarizes the virtual screening
methodology. The ligand-based approach of
those seven compounds shows four of them as
active (probability over 50%) 8, 41, 92, and 140,
corroborating with docking studies. With the
exception of 71, the other two analogues, 69 and
16, present percentages close to the active line,
with values of 45.1% and 47.9%, respectively
(Table 4).

Insert here figure 2

Fig. 2. Structure of aporphynic alkaloids from
Annonaceae selected with potential activity
against three or more enzymes of Leishmania
donovani.

Insert here figure 3
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Fig. 3. Virtual-screening methodology used in
this study. Solid black lines represent the set of
1277 compounds used to generate the RF model
and to validate it (solid gray line—external test
set). Black round dotted lines represent the
alkaloid derivatives. Black dash-dot line
represents both datasets (1277 compounds more
148 alkaloids). The black dash line represents
the six enzyme structures from the PDB
databank (2B9S, 2WUU, 3EOQV, 3QW4, 3SPX,
402Z2). The dash-dot border delimits the process
performed in the KNIME software.

The analysis of activity of selected analogues
demonstrates an affinity of this group of alkaloids
with the enzymes NMT and MPK3, where only 16
and 71 did not present a good interaction against
NMT and MPK3, respectively. Exclusively, 92
and 140 show activity against UMPS. This
suggests that this skeleton of alkaloids presents
more affinity with NMT and MPK3 than with
TOPI, Cyp, OASS, and UMPS (Table 4).

Table 4. Activity of aporphynic alkaloids from
Annonaceae with best performance in a
docking study with each enzyme. P.A. (%)
indicates the probability of activity from the
ligand-based approach.

Insert here table 4

Fig. 4 shows hydrogen-bond interactions
between aporphynic alkaloid 140’s best position
in TOPI, NMT, UMPS, OASS, and MPK3. The
phenolic hydroxyl plays an important role
interacting with the site from all proteins in which
140 is active. The oxygens from 1,3-dioxolane
interact with residues of TOPI, UMPS, and
OASS, where in UMPS one oxygen atom
interacts with three residues (Arg229, Ser228,
and Gly230). The aromatic methoxyls, as well as
the nitrogen atom, are also important in the
binding process.

Insert here figure 4

Fig. 4. Lowest-energy dock positions and
energies of aporphynic alkaloid 140 with TOPI (—
104.15), NMT (-126.47), UMPS (-131.95),
OASS (-145.94), and MPK3 (-128.87). Dashed
lines represent hydrogen-bond interactions.

CONCLUSION

In this study, we have conducted a comparative
ligand- and structure-based approach using
Molegro Virtual Docking and machine learning
RF to determine the antileishmanial potential of
six azaphenanthrene and 142 aporphynic
alkaloids present in Annonaceae. Four of the
natural alkaloids tested presented significant
activity in vitro. In silico study allowed us to
suggest that aporphynic  alkaloid 140
(xyloguyelline) be tested as a potential multitarget

molecule for leishmanial treatment, presenting
activity against five strategic enzymes to
treatment with probability of activity over 60%.
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Figures and Captions
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Fig. 1. ROC plot generated by the selected RF model for the test set and value of the area under the curve
(AUC).
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Fig. 2. Structure of aporphynic alkaloids from Annonaceae selected with potential activity against three or more

enzymes of Leishmania donovani.
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Fig. 3. Virtual-screening methodology used in this study. Solid black lines represent the set of 1277 compounds
used to generate the RF model and to validate it (solid gray line—external test set). Black round dotted lines
represent the alkaloid derivatives. Black dash-dot line represents both datasets (1277 compounds more 148
alkaloids). The black dash line represents the six enzyme structures from the PDB databank (2B9S, 2WUU,
3EOV, 3QW4, 3SPX, 4027). The dash-dot border delimits the process performed in the KNIME software.
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Fig. 4. Lowest-energy dock positions and energies of aporphynic alkaloid 140 with TOPI (—-104.15), NMT (-
126.47), UMPS (-131.95), OASS (-145.94), and MPK3 (-128.87). Dashed lines represent hydrogen-bond
interactions.
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Table 1. Data of the tested enzymes.

Tables and Captions

Enzyme PDB ID Resolution (A) Source Ligand
TOPI 2B9S 2.27 L. donovani —ememeeee-
NMT 2WuUuU 1.42 L. donovani 2-oxopentadecyl-CoA
Cyp 3EQV 2.60 L. donovani cyclosporin A
UMPS 3Qw4 3.00 L. donovani  —emeeeeeee
OASS 3SPX 1.79 L. donovani di(hydroxyethyl) ether
MPK3 4027 2.71 L. donovani NVP-BBT594

Table 2. Summary of training, internal cross-validation, test results, and corresponding match results,
which were obtained using the RF algorithm on the total set of 1277 compounds (1021 were in the training
set and 256 in the test set).

Training Validation Test
Samples Match %Match Match %Match Samples Match %Match
Active 616 616 100 544 88.3 155 133 85.8
Inactive 405 405 100 290 71.6 101 77 76.2
Overall 1021 1021 100 834 81.7 256 210 82.0

Table 3. Moldock score of best position of natural alkaloids in enzyme targets.

TOPI® NMT” Cyp° UMPS®  OASS® MPK3'
eupolauramine -93.00 -91.71 -84.81 -102.85 -104.14 -112.41
imbiline 1 -101.17  -71.09 —83.53 —69.56 -99.18 —94.95
imbiline 4 -105.85 -94.76 -91.72 —86.91 -108.43  -100.71
sampangine -90.20 —-94.71 -85.79 —-84.20 —-99.16 -90.77
3-methoxysampangine = -96.84 —95.56 -91.90 —86.79 -97.21 —91.98
4-methoxysampangine = —93.72 -97.91 —72.62 —80.72 -101.32 —93.93

Table 4. Activity of aporphynic alkaloids from Annonaceae with best performance in a docking study with
each enzyme. P.A. (%) indicates the probability of activity from the ligand-based approach.

ID
8
16
41
69
71
92
140

TOPI

X
X
X

NMT
X

XX X X X

Cyp

X
X
X
X

UMPS

OASS MPK3  P.A. (%)
57.6
47.9
56.3
45.1
39.6
55.4
60.2

x
XX XX XX
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CONSIDERACOES FINAIS

e O presente trabalho apresentou uma grande contribuicdo para a literatura da
familia annonaceae através da compilacéo de todos os alcaloides ja relatados
na literatura para essa familia com suas estruturas, ocorréncia e atividades
bioldgicas. A realizacdo dessa revisdo nos rendeu a publicacdo de um
capitulo de livro intitulado “Alkaloids of the Annonaceae: Occurrence and a
Compilation of Their Biological Activities”, pulicado no livro “The Alkaloids” na
primeira edi¢cdo do presente ano 2015. Essa publicac&o concretiza-se com um
completo banco de dados a ser consultado para todos os futuros trabalhos

envolvendo alcaloides de Annonaceae.

e O estudo fitoquimico de Anaxagorea dolichocarpa resultou no isolamento dos
alcal6ides: eupolauramina, sampangina e imbilina 1 ja relatados para as
cascas do caule de Anaxagorea dolichocarpa , sendo relatado pela primeira
vez para suas raizes, isolamentos do alcaloide 3-metoxisampangina relatado
pela primeira vez para essa espécie e alcaldide Imbilina 4, relatado pela

primeira vez na literatura.

¢ Os alcaloides eupolauramina e sampangina mostraram atividade antitumoral
frente a linhagem de célula leucémica K562 pelo método MTT e o alcaloide
imbilina 1 apresentou significante atividade antitumoral em quatro linhagens

de células tumorais pelo método da sulforrodamina B.

e Os alcaloides imbilina 1, imbilina 4, eupolauramina e sampangina
apresentaram satisfatoria atividade antileishmania, com destaque para o

alcaléide sampangina que apresentou o melhor resultado.

e Para a atividade imunomoduladora frente a producédo de oxido nitrico , foram
testados os alcaloides eupolauramina e imbilina 1. Para essa atividade o
alcaldide imbilina 1 inibiu a producéo de oxido nitrico mostrando uma possivel

atividade anti-inflamatoria.
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O estudo teorico baseado na relacdo estrutura-atividade através de estudos
de docking molecular e maquina de aprendizagem pelo modelo Random
Forest, utilizando descritores moleculares, determinou o0 potencial
leishmanicida de seis alcaloides azafenantrenos e 142 alcal6ides aporfinicos
presentes em Annonaceae. O estudo In silico permitiu sugerir que o alcalbide
aporfinico 140 (xyloguyellina) pode ser testado como um farmaco em
potencial para o tratamento da leishmaniose, apresentando atividade contra
cinco enzimas estratégicas para o tratamento com probabilidade de atividade
mais de 60%. Esse trabalho nos rendeu a producao de um artigo submetido a

revista “Current Topics in Medicinal Chemistry”.
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