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Resumo

Aliteratura de quimica e farmacologia sobre Geissospermum é revisada. Pau-pereira ou pao pereira (G. laeve (Vell.)
Miers; G. vellosii Fr. All. € sinonimio) é a mais conhecida de aproximadamente seis espécies de Geissospermum.
A casca de pau-pereira é usada principalmente por sua amargura e propriedades medicinais. E usada para tratar
dor, doengas de figado, febres, perda de apetite, mal-digestao, tontura, prisdo de ventre e malaria, entre outras
enfermidades. A outra espécie de Geissospermum tem usos tradicionais semelhantes. Pau-pereira é fonte de
alcaloides inddlicos monoterpenoidicos isolados e extratos e fragdes enriquecidos nesses alcaloides que séo
utilizados na clinica médica para o tratamento do cancer de préstata (flavopereirina) e HIV-AIDS (flavopereirina).
Também, os extratos de G. vellosii exibem atividade antinociceptiva em animais (talvez devido a 12-metoxi-1-me-
tilaspidospermina). Amnesia induzida em camundongos é reduzida por extratos de pau-pereira e geissospermina
que também possuem atividade anticolinesterase e aplicagdo potencial contra o mal de Alzheimer. Extratos de
G. argenteum Woodson exibem atividade antibacteriana. Extratos de trés espécies de Geissospermum e os al-
caloides isolados aspidocarpina, flavopereirina e geissolosimina inibem fortemente o parasito da malaria humana
Plasmodium falciparum Welch in vitro. Duas espécies de Geissospermum inibem Plasmodium yoelii em roedores
e exibem toxicidade. Os extratos de Geissospermum e alcaloides inibem P. falciparum, Leishmania infantum
Nicolle e Trypanosoma cruzi Chagas e merecem estudos futuros como agentes terapéuticos.

Palavras-chave: pau-pereira; anticancer; anti-HIV; anti-Leishmania; anti- Trypanosoma; antimalarico.

Abstract

The chemistry and pharmacology literature on Geissospermum is surveyed. Pau-pereira or pao pereira (G. laeve
(Vell.) Miers; G. vellosii Fr. All. is a synonym) is the best known of approximately six Geissospermum species. Pau-
pereira bark is mainly used for its bitterness and medicinal properties. It is used to treat pain, liver ailments, fevers,
appetite loss, indigestion, dizziness, constipation and malaria, among other ailments. The other Geissospermum
species have similar traditional uses. Pau-pereira provides monoterpenoid indole alkaloid rich extracts and frac-
tions and pure isolates that comprise formulations used in clinical practice for the treatment of prostate cancer
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(flavopereirine) and HIV-AIDS (flavopereirine). Also, G. vellosii extracts exhibit pronounced antinociceptive ac-
tivity in animals (perhaps due to 12-methoxy-1-methylaspidospermine). Induced amnesia in mice is reduced by
pau-pereira extracts and geissospermine which also have anticholinesterase activity and potential application
against Alzheimer’s Disease. G. argenteum Woodson extracts exhibit in vitro antibacterial activity. Extracts of
three Geissospermum species and isolated alkaloids aspidocarpine, flavopereirine, and geissolosimine strongly
inhibit the human malaria parasite Plasmodium falciparum Welch in vitro. Two Geissospermum species inhibit
Plasmodium yoelii in rodents and exhibit toxicity. Geissospermum extracts and alkaloids inhibit P. falciparum,
Leishmania infantum Nicolle and Trypanosoma cruzi Chagas and deserve further study as therapeutic agents.

Keywords: pao pereira; anticancer; anti-HIV; anti-Leishmania; anti- Trypanosoma; antimalarial.

Botanic aspects of
Geissospermum Allemao

According to (Ribeiro et al., 1999), this genus is com-
prised of trees with alternate leaves, furrowed trunk
and little or no latex. Lorenzi (2002) reports that this
genus produces latex in the fruit and the extremities
of the branches. The trees of this genus exhibit heavy,
yellowed sapwood, differentiated from the darker he-
artwood; regular and irregular grain, fine texture, indis-
tinct smell and bitter taste. The Plant List (TPL, 2014)
recognizes six Geissospermum species all of which are
native to Brazil (Table 1). They occur in the terra firme
woods of the Amazon region, mainly in Amazonas and
Para States and also in the northeast, southeast and
south of Brazil (Forzza, 2010) and in other countries of
the Amazon region (WCSP, 2014). Importantly, G. lae-
ve is the accepted name and G. vellosii is a synonym
however the species cited in each work surveyed was
maintained throughout the text.

Chemistry of Geissospermum species

Studies on the chemical composition of
Geissospermum species began at the end of the 19th
century in Brazil and Europe. G. vellosii (synonym

for G. laeve), known as pau-pereira, was the first
species of this genus to undergo studies on chemical
composition. From this species, many alkaloids were
isolated. Fewer chemical studies have been perfor-
med on the other 5 species of Geissospermum.

Alkaloids of G. laeve

The most important alkaloid isolated from G. laeve
is geissospermine (1) (Figure 1). Isolated for the first
time by O. Hesse in 1877 (Puiseux et al., 1959), 1
(isolated from G. vellosii) was subjected to acid hydro-
lysis and yielded cleavage products geissoschizine
(2), apogeissoschizine (3) and geissoschizoline (4)
(Rapoport et al., 1958). The structure of 2 was pro-
posed by (Rapoport et al., 1958) and confirmed by
(Puiseux et al., 1959). The structures of the cleavage
products 2 and 3 together with a partial structure of 1
were later proposed (Rapoport et al., 1960). The ste-
reochemistry of 1 was established by X-ray crystal-
lography and by NMR methods (Chiaroni et al., 1976;
Goutarel et al., 1978). Chiaroni and Riche (1979)
isolated 1 from G. laeve and re-confirmed that acid
hydrolysis of 1 provided 2 and 4. Recently, alkaloids
1, 2 and 4 were found to be the main components
of G. vellosii bark, with other classes of compounds
(Werner et al., 2009).

Table 1 - Accepted Geissospermum species names, synonyms and geographical distributions.

Accepted Name' Synonym’

Distribution??®

G. argenteum Woodson

N. South America: N. Brazil (AM, AP, RO) to Venezuela, Guianas

G. fuscum Markgr.

S. Venezuela to N. Brazil

G. martianum Miers
G. vellosii Fr. All.
Tabernaemontana laevis Vell.

G. laeve (Vell.) Miers

N. South America: Guianas to Brazil (AP, PA, AM, MA, BA, DF,
MG, ES, RJ)

G. reticulatum A. H. Gentry

S. Venezuela, Peru, N. Brazil (AC, RO) to N. Bolivia

G. sericeum Benth. & Hook. f.

N. South America: Guianas, Brazil (AP, AM, AC, RO, MA)

G. urceolatum A. H. Gentry

N. Brazil (PA, AM)

TPL (2014); 2WCSP (2014); 3Forzza (2010).
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Pereirine (5) (Figure 1) was the first alkaloid iso-
lated in Brazil. It was obtained as a mixture from
pau-pereira by the pharmacist Ezequiel Corréa dos
Santos. However, this isolation of 5 was not recog-
nized in Europe (Almeida et al., 2009). Bertho and
Koll (1961) determined the structure of 5 isolated
from pau-pereira.

(Bejar et al., 1957) and Hughes and Rapoport (1958)
independently isolated the strong base flavoperei-
rine (6) (cited species were G. laeve and G. vellosii,

respectively) and elucidated its structure (Figure 1).
Ban and Seo (1961) reported methods for the syn-
thesis of 6 and other B-carboline derivatives. Later,
Wenkert and Kilzer (1962) synthesized 6 using then
novel methods in indole alkaloid synthesis such as
mercuric acetate oxidation and palladium-induced
conversion.

Rapoport and Moore (1962) isolated three monoter-
penoid indole alkaloids from G. vellosii: vellosimine
(7), vellosiminol (8) and geissolosimine (9) (Figure

Figure 1 - Structures of alkaloids found in Geissospermum species.

23 R=CHjs; R1=R2=H
24 R=CHs; R1=H;R2=0CH3s
25 R=CH2CH:CHs; R1=R2=H
26 R=CHj3; R1=OCHjs; R2=H
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1) through fractionation of the alkaloid-rich pH 7 frac-
tion (Manske and Harrison, 1965). In 1973, geiss-
ovelline (10) was isolated from G. vellosii (Moore
and Rapoport, 1973). Recently, high performance
counter-current chromatography (HPCCC) and
electrospray ionization tandem mass spectrometry
(ESI-MS ) techniques were applied to the isolation of
1, 4, 8 and 9 and geissoschizone (11) from G. vellosii
stem bark crude methanol extract. The electrospray
ionization mass spectrometry fragmentation behavior
of these alkaloids was also established (Mbeunkui,
Grace and Lila, 2012; Mbeunkui et al., 2012). Werner
and collaborators (2009) isolated the alkaloid 12-me-
thoxy-1-methylaspidospermidine (12) from the bark
of G. vellosii. Pausperadine A (13) was isolated from
G. vellosii by Ishiyama and collaborators (2005).

Alkaloids of G. argenteum, G.
reticulatum and G. sericeum

Paccioniand Husson (1978) studied G. argenteum bark
and leaves collected in French Guiana. Chloroform
extraction, basification, followed by column chromato-
graphy led to the isolation of (-)-demethoxyaspidosper-
mine (14), (-)-aspidospermine (15), (+)-aspidoscarpine
(16) and (+)-demethylaspidospermine (17). Steele and
collaborators (2002) isolated 4, 6, geissoschizoline N*—
oxide (18) and 1,2-dehydrogeissoschizoline (19) from
the water-methanol extracts of G. sericeumn bark (from
Roraima State, Brazil). Recently, aspidospermatan-
type monoterpene indole alkaloids 20-26 were isolated
from the leaves and bark of G. reticulatum (Reina et al.,
2012). The absolute configuration was established for
(+)-2R,7R,15R,17S,19S-10-demethoxy-12-hydroxy-
17,19-epoxygeissovelline (20) by vibrational circular
dichroism (VCD). The handedness of geissovelline
derivatives 21 and 22, geissospermidine (23) and
related geissospermidine derivatives 24-26 was de-
duced based on their connectivity, relative stereoche-
mistry, and the determination of skeletal chiral centers
2R,7R,15R of 20 (Gordillo-Roman et al., 2013). Also,
O-demethylaspidospermine  (27), geissosreticula-
tine (28) and 6 were isolated from G. reticulatum in
this work.

Names for Geissospermum species
and non-medicinal uses

Geissospermum species are known in different
parts of Brazil by the names: pau-pereira, quinara-
na (“false quinine”), quina-quina (a reference to the

bitterness of quinine), acari, acariquara, acariquara
branca, among other names. Plants of this genus
are known for their extreme bitterness. Acariquara
branca is used in civil construction for the manufac-
ture of posts and poles for the support of telephone
and power lines, supports for houses in inundated
areas and for the production of handles for different
tools and agricultural implements (hammers, hoes,
spades, shovels, etc.).

Ethnobotanic and other literature on
medicinally-useful Geissospermum
species

Besides these uses, the bark of Geissospermum
species is highly valued for its medicinal properties
(Lorenzi, 2002). Pau-pereira (G. vellosii) was con-
sidered by Gustavo Peckolt (1861-1923) to be one
of the ten most important Brazilian medicinal plants
(Santos, Pinto and Alencastro, 1998). The bark of
G. vellosii is frequently used to prepare traditional
remedies for the treatment of liver problems, fever,
malaria, dizziness, stomach disorders, appetite
loss, indigestion, constipation, pain and is used as
an aphrodisiac (Mufioz et al., 2000; Jacome, Souza
and Oliveira, 2003; Werner et al., 2009). Its curati-
ve powers are associated with its bitterness. G.
vellosii (pau-pereira) was cited in the first edition of
the Brazilian Pharmacopeia. Pau-pereira may be
suffering from diminished use (availability) and spe-
cies authenticity in medicinal plant markets in Brazil
(Brandéo et al., 2013). In their literature survey on
Brazilian medicinal plant research, Brito and Brito
(1993) reported that G. vellosii extracts are used as:
neuromuscular blocker, anticholinesterase agents
and hypotensives. The active principle cited for these
and other biological activities is flavopereirine (6).

Geissospermum species bark is generally cited in
the ethnobotanic literature for the treatment of ma-
laria. Brandao and collaborators (1992) performed a
field survey of traditionally used antimalarial plants
in locations in south Para and northeast Rondonia
State in the Brazilian Amazon region and found that
G. sericeum was used. Furthermore, Oliveira and
collaborators (2003) found G. sericeum to be among
the most important antimalarial plants in a survey
of 108 literature sources on ethnomedical uses of
plants. Also, G. sericeum was among the antima-
larial plants revealed by an ethnobotanic survey by
Milliken (1997) conducted among the indigenous
groups of the savanna and forest of Roraima State
in the northern Brazilian Amazon region. G. sericeum
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bark decoctions can cause abortions. Nevertheless,
they are used in the treatment of malaria by the
Wapixana, Wai-Wai, Macuxi, Taurepang and Xiriana
(Yanomami) peoples. G. sericeum was said by one
of the informants to be used in association with Citrus
aurantufolia roots (Rutaceae) in the prophylaxis of
malaria. Also, G. sericeum and other antimalarial
plants are used as abortifacients and plant choice is
based on the extremely bitter taste which may have
some relation to the toxicity.

An ethnopharmacological study in French Guiana reve-
aled the common use of 34 plant species as antimala-
rials in traditional preparations. Modern drugs were also
in regular use among the group studied. Many individu-
als combine modern drugs and traditional preparations
so as to guarantee a real cure. The plant is believed to
purify the blood and the liver. Geissospermum species
were said also to be used for the prevention (prophyla-
xis) of malaria (Vigneron et al., 2005).

Ethnopharmacology and biological
activity of Geissospermum species

There are a variety of medicinal uses for
Geissospermum extracts and isolated alkaloids.
This includes clinically-used standardized extracts in
anti-cancer formulations and an anti-HIV formulation
based on pure isolated substances. Geissospermum
extracts and or alkaloids exhibit in vitro and in vivo
anticholinesterase and antinociceptive, in vitro
antimicrobial, in vitro anti-Trypanosoma and anti
-Leishmania, and in vitro and in vivo (in mice) anti-
malarial activities. The literature on the pharmacolo-
gical activity of Geissospermum species extracts and
isolated alkaloids is surveyed in the next sections.

Anti-cancer activity and clinical
usefulness of pau-pereira (G. laeve)

Bemis and collaborators (2009) tested the in vitro
and in vivo effects of a G. vellosii extract against the
human prostate cancer LNCaP cell line. This extract
strongly inhibited the growth of cultures of LNCaP
cells in a dose-dependent manner and induced apop-
tosis. Extract was administered orally over 6 weeks to
immunodeficient mice xenografted with LNCaP cells.
Tumor growth was suppressed by up to 80% in some
groups compared with tumors in vehicle-treated mice
(controls). Lower doses (10 or 20 mg/kg/day), not hi-
gher ones, were best at inducing tumor cell apoptosis
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and in reducing tumor cell proliferation and xenograft
growth compared to controls.

A natural formulation was developed comprised of
pau-pereira (G. vellosii) bark extract and Rauwolfia
vomitoria Afzel extract (Apocynaceae) for the
prevention and treatment of prostate cancer. This
phytotherapeutic agent contains the B-carboline
flavopereirine (6) from pau-pereira and the alkaloid
alstonine from Rauwolfia vomitoria in the proportion
3-4:1, respectively. These alkaloids exhibit different
mechanisms of action in the prevention and control
of cancer. The mechanism of action of this natural
formulation is based on the induction of apoptosis
(programmed cell death) through the destabilization
of the DNA of cancerous cells. At proper formulation
doses, the mechanism is selective for neoplasic
cells. It is claimed that this natural medicine reduc-
es the levels of PSA (prostate specific antigen), an
important metabolic marker for this type of cancer. It
is also said to attenuate symptoms such as benign
prostatic hyperplasia (BPH). The preparation of this
formulation involves partial purification to remove
toxic compounds (Hall and Beljanski, 2005).

The Beljanski alternative cancer protocol based on
G. vellosii and R. vomitoria is recognized in medical
circles and is the subject of ongoing research to
establish the extent to which it can be used against
different forms of prostate cancer (Block, 2014).
Recently the effects of G. vellosii extracts on cas-
tration-resistant prostate cancer (CRPC) have been
examined in vitro. Pau-pereira (called pao-pereira
or pao) extracts induce cell growth arrest and apop-
tosis, partially through inhibiting NF-kB activation in
prostate cancer cells and may protect against CRPC
(Chang et al., 2014).

Pau-pereira extracts exhibit in vitro and in vivo cy-
totoxicity to ovarian cancer cells and also exhibit
synergistic effects when combined with the ovarian
cancer drug carboplatin. In vivo, pau-pereira extract
alone suppressed tumor growth in a mouse model of
preclinical ovarian cancer by 79% and decreased as-
cites by 55%. A pau-pereira-carboplatin combination
increased tumor inhibition to 97% and ascites were
completely suppressed. These extracts could en-
hance the effects of carboplatin and have potential in
ovarian cancer chemotherapy (Yu and Chen, 2014).

Anti-HIV activity of flavopereirine

A pharmaceutical composition was developed based
on flavopereirine (6) for the treatment of HIV (human
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immunodeficiency virus) infections. The formula-
tion consists of 250-500 mg orally administered or
200-600 pg intradermally injected active principle
(Beljanski, 1994; 2005).

Antinociceptive activity of G. laeve

In their survey of sources of Brazilian plants from
the 16th to 19th century with possible action on
the central nervous system (CNS), Giorgetti, Rossi
and Rodrigues (2011) revealed preliminary work
demonstrating the inhibition of serotonin capture by
alkaloids from G. laeve (Barros et al., 2006). Later,
Werner and collaborators (2009) demonstrated that
the crude ethanol extract and a chloroform fraction
obtained from G. vellosii Fr. All. exhibited pronou-
nced antinociceptive effects in chemical models of
nociception. These models involved induced pain
produced by acetic acid and formalin in mice. The
doses used (1, 10, 30 and 100 mg/kg of animal
weight) did not interfere with the locomotion of the
animals. The antinociceptive effect of the dichloro-
methane fraction involved an interaction with the
serotoninergic 5-HT1A system. The alkaloid that was
isolated and identified as being a participant in this
interaction was 12-methoxy-1-methyl-aspidospermi-
ne (12) which contributed to the explanation of the
antinociceptive properties of the plant extract.

Anticholinesterase activity
of G. laeve

Antiacetylcholinesterase activity of an alkaloid-rich
fraction from G. vellosii stem bark has been studied
(Lima et al., 2009). This fraction inhibited rat brain and
electric eel acetylcholinesterases, and horse serum
butyrylcholinesterase in a concentration-dependent
manner with median inhibition concentration (IC,,)
values of 39.3, 2.9 and 1.6 mg/mL, respectively. The
effect of this alkaloid fraction from G. vellosii trunk
bark on the memory of mice was also explored. The
main alkaloid in this fraction was geissospermine (1)
and it promoted reduction in scopolamine-induced
amnesia in mice. This model of cholinergic deficit
is validated for the development of drugs used in
the symptomatic treatment of Alzheimer's Disease.
Thus, 1 exhibits anticholinesterase activity and can
reverse cognitive deficits in models based on cho-
linergic hypofunction.

In follow up work, a docking study was performed on
1 in the active site of acetylcholinesterase (AChE).

This allowed predictions of optimal “bioactive” con-
formation and binding orientation for 1 that exhibited
a large number of interactions between specific func-
tional groups of geissospermine and AChE amino
acid residues (Araujo et al., 2011).

Antimicrobial activity of G.
argenteum

The antimicrobial activity of crude ethanol extracts
of 10 species of plants found in Amapa State in the
Brazilian Amazon forest was studied (Correia et al.,
2008). G. argenteum, known by the common name
quinarana-da-fruta-pequena, was one of the plants
collected. The diffusion in agar protocol was used to
evaluate antimicrobial activity. The procedure was
carried out by impregnating paper discs that are 6
mm in diameter with ethanol extracts and then eva-
porating the ethanol to obtain quantities of extract
of 80 to 1.25 ug on the paper discs. The extracts
were tested against ATCC (American Type Culture
Collection) and multi-drug-resistant strains obtained
from a hospital (clinical) collection. In this study, G.
argenteum exhibited activity against multi-drug-re-
sistant Staphylococcus aureus (minimum inhibitory
concentration (MIC) of 5 ug). In tests against ATCC
strains, these extracts exhibited activity against
Pseudomonas aeruginosa (MIC 20 ug) and against
S. aureus (MIC 80 pg).

In a more recent study, the antimicrobial activity of
extracts and fractions of G. argenteum collected in
Roraima State, Brazil was evaluated. The leaf wa-
ter and bark methanol extracts, as well as the ethyl
acetate fraction of the bark methanol extract and the
water-methanol fraction of the bark methanol extract
were found to be partially active against S. aureus.
Bark methanol extract and the hexane fraction of the
bark methanol extract were partially active against
S. mutans. Extracts and fractions tested were inac-
tive against Escherichia coli and Candida albicans
(Camargo, 2011).

Anti-Leishmania and anti-
Trypanosoma activities of G.
reticulatum extracts and alkaloids

G. reticulatum extracts and isolated alkaloids exhi-
bit inhibitory activity against protozoan parasites
(Reina et al., 2012). O-demethylaspidospermine
(27) was very active against Leishmania
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infantum (Concentration that inhibits cell grow-
th by 50%, Gl,, = 7.7 mg/mL) and less active
against Trypanosoma cruzi (Gly, = 41.7 mg/mL).
The toxicity of 27 against CHO cells (Gl , = 16.7
mg/mL) was lower than that of the reference
drugs amphotericin B and nifurtimox (Gl , = 10.3
and 13.9 mg/mL, respectively). N-Deacetyl-N-
butanoylgeissospermidine (25) moderately inhibi-
ted L. infantum (Gl , = 52.2 mg/mL).

Antimalarial activity of
Geissospermum extracts and
alkaloids

A survey of traditionally used antimalarial plants from
the Brazilian Amazon found that G. sericeum trunk
bark extracts were inactive against P. berghei in vivo
(Brandéo et al., 1992). In an independent study,
the bark methanol extract of G. argenteum was
considered to be highly active as it exhibited in vitro
antiplasmodial activity (IC,, = 4.6 ug/mL) against P.
falciparum K1 strain (Camargo, 2011). As discussed
above, aspidocarpine (16) is a component of the
bark extracts of G. argenteum (Paccioni and Husson,
1978). This compound (isolated from Aspidosperma
desmanthum (Henrique, Nunomura and Pohlit, 2010)
has been shown to exhibit high in vitro activity (IC,,
= 19 nM) against P. falciparum K1 strain (Andrade-
Neto et al., 2007).

In a study of antimalarial plants used traditionally by
a Chacobo Amerindian community in the Bolivian
Amazon, the G. laeve trunk bark ethanol-water ex-
tract exhibited good in vitro inhibitory activity against
the chloroquine-sensitive F32 strain (IC,, = 3.1 ug/
mL) and the chloroquine-resistant (IC,; = 2.0 pg/mL)
Indo strain of P. falciparum. G. laeve extracts were
evaluated in the 4-day suppressive test in P. vinckei
or P. berghei-infected mice and at doses of 50 mg/kg/
day, these extracts suppressed parasitemias by 41
or 36 %, respectively, versus controls. Also, G. laeve
extracts were toxic to rodents at doses of 100 mg/
kg. There is a need for phytochemical studies and
isolation of constituents to determine the antiplasmo-
dial and toxic compounds present in G. laeve polar
extracts (Mufioz et al., 2000).

In French Guiana, a study was performed on the
traditional preparations used in the treatment of
malaria. Thus, G. laeve bark (40 g) was placed in
cold water (1 L), then boiled (15 min) and allowed
to cool. In another preparation, G. laeve bark (40
g) was macerated in rum (250 mL) for 1 month).
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G. argenteum bark was similarly macerated in rum.
After total evaporation, G. laeve extract was found to
be inactive (no schizonticidal activity) in vitro against
chloroquine-resistant P. falciparum. This preparation
inhibited parasitemia in vivo against Plasmodium
yoelii versus controls by 35% at a dose of 23 mg/kg
in rodents. G. argenteum extract was not tested in
vitro. In vivo at a dose of 324 mg/kg this preparation
inhibited P. yoelii by 44.3%. G. argenteum extracts
were tested in the P. yoelii liver stage and exhibited
83% inhibition of the intra-hepatic cycle of the par-
asite, consistent with its use in malaria prophylaxis
(Bertani et al., 2005).

In vitro antiplasmodial tests were performed on G.
sericeum bark methanol-water extracts (90:10)
and on isolated alkaloids (Steele et al., 2002). In
these tests, the chloroquine-resistant K1 strain and
chloroquine-sensitive T9-96 strain of P. falciparum
were used. The crude extract exhibited IC,, = 1.78
+ 0.047 pg/mL against K1 strain. Geissoschizoline
(4) and geissoschizoline N*-oxide (18) were inactive
(IC,, > 40 uM) against both parasite strains. 1,2-de-
hydrogeissoschizoline (19) was inactive against K1
and T9-96 P. falciparum strains (IC,, = 27.26 + 10.9
and 35.37 + 2.36 uM, respectively). Flavopereirine
(6) exhibited IC,, = 11.53 £ 0.54 and 1.83 £ 0.10 uM
against K1 and T9-96 strains, respectively, and was
the most active compound tested.

G. vellosii bark methanol extract exhibited high in
vitro inhibitory activity (IC,, = 2.22 pg/mL) against
the chloroquine-sensitive P. falciparum D10 strain.
Geissospermine (1), geissoschizoline (4) geissolosi-
mine (9) and geissoschizone (11) were isolated and
exhibited a range of antiplasmodial activities (IC, =
0.96 - 13.96 uyM). Vellosiminol (8) was inactive (IC,;
= 157 uM). Geissolosimine (9) exhibited the highest
in vitro antiplasmodial activity (IC,; = 0.96 uM)
(Mbeunkui et al., 2012).

The search for active substances in Amazonian
medicinal plants is very promising, besides being a
strategy for the discovery of new antimalarial drug
leads (Andrade-Neto et al., 2007; Pohlit et al., 2013).
As shown above, several Geissospermum alkaloids
have high in vitro antiplasmodial activity. From in vivo
work on extracts, it is clear that the antimalarial and
toxic components of these extracts should be identi-
fied in future work. Thus, more work on the chemistry
and antimalarial activity of Geissospermum species,
especially on the in vivo antimalarial activity and toxi-
city of Geissospermum indole alkaloids is necessary.
Future work should focus on addressing the dearth
of in vivo studies on these alkaloids in animal models
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of malaria. Also, more compositional studies on G.
argenteum, G. reticulatum and G. sericeum are nee-
ded The chemical composition of G. urceolatum has,
to date, not been studied.
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