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Abstract

The subfamily Amaryllidoideae, Amaryllidaceae, presents an exclusive group of structures known as Amaryllidaceae alka-
loids, which have a broad spectrum of biological activities. These plants are classified into 59 genera, including Hippeastrum
Herb., which comprises approximately 60 species distributed mainly in South America, being widely used as ornamental
plants due to the beauty of its flowers. This review presents an update about the alkaloid profiling of Hippeastrum extracts
published between 2012 and 2021, as well as an approach to the biological potential of these compounds.
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Introduction

The prospection of medicinal plants has always been impor-
tant for the human health and the need for medicines from
natural origin is as extensive as it is thought to be a deep
evolutionary behavior (Hardy 2021). Recently, the COVID-
19 pandemic reinforced how essential it is to have molecules
available to cure or, at least, mitigate illnesses (Chinsembu
2020; Komolafe et al. 2021). In this context, the discov-
ery and isolation of additional novel compounds, linked to
their biological activities, is a remarkable contribution to the
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human health. Among the molecules synthesized by plants,
the alkaloids have provided significant biological benefits
(Cordell et al. 2001).

The Amaryllidoideae, an Amaryllidaceae subfamily, is
one of the 20 most relevant alkaloid-containing plants group,
comprising more than 800 perennial bulbous species clas-
sified into 59 genera (Spies et al. 2011; Berkov et al. 2020).
These plants synthesize a consistent class of isoquinoline-
like alkaloids, known as Amaryllidaceae alkaloid (AA), that
have shown remarkable pharmacological activities such as
antiparasitic, antiproliferative, antifungal, cytotoxic, psy-
chopharmacologic, and acetylcholinesterase-inhibitory,
among others (Bastida et al. 2006).

The AA are derived from the aromatic amino acids
phenylalanine and tyrosine and are synthesized within the
norbelladine pathway (Battersby et al., 1961; Singh and
Desgagné-Penix 2014). Norbelladine is methylated to form
4'-0O-methylnorbelladine (1), which serves as a key interme-
diate for multiples biosynthetic pathways, and the phenolic
oxidative coupling of this structure results in the formation
of different groups of AA (Scheme 1) (Barton and Cohen
1956, Bastida et al. 2006; Kilgore and Kutchan, 2015; Cahl-
ikova et al. 2021). In a recent review, the AA were classified
into 42 skeleton types, including protoalkaloids (found in
many Amaryllidaceae plants), Sceletium, and miscellaneous
alkaloid characteristics of other plant families (Berkov et al.
2020). More than 600 different structures of AA are avail-
able in this plant family (Berkov et al. 2020).
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Scheme 1 Phenolic oxidative coupling of the Amaryllidaceae alkaloids skeleton-type found in Hippeastrum extracts between 2012 and 2021,

and their representative alkaloids. Adapted from Berkov et al. (2020)

Galanthamine (2) is the most renowned AA due to its
potential in the palliative management of mild to moder-
ate Alzheimer’s disease (Heinrich and Teoh 2004; Maelicke
et al. 2001). This structure acts as a competitive and revers-
ible inhibitor of the human AChE, as well as an allosterical
ligand of nicotinic acetylcholine receptors (nAChR) (Zarot-
sky et al. 2003; Samochocki et al. 2003). Galanthamine was
approved by the Food and Drug Administration in 2001, and
its hydrobromide salt has been commercialized under the
trade names Reminyl® in Europe and Razadine® in USA
(Torras-Claveria et al. 2017). This compound was isolated
for the first time from the species Galanthus woronowii in
the 1950s, and it is currently obtained from Amaryllidaceae
species such as Galanthus nivalis, Leucojum aestivum,
Lycoris radiata, and different species of Narcissus (Torras-
Claveria et al. 2017).

Hippeastrum Herb. is a large genus of the Amaryllidaceae
family since it comprises approximately 60 species, which
occurs mainly in South America (Meerow and Snijman 1998).
Our research group in Porto Alegre (Brazil), through many
international collaborations, has been studying Amaryllidaceae
plants since 1995, remarkably focusing on Hippeastrum genus.
As examples, some articles related with the chemical aspects

of H. aulicum Herb., H. breviflorum Herb., H. calyptratum
(Ker Gawl.) Herb., H. glaucescens (Mart. Ex Schult. & Schult.
f.) Herb., H. morelianum Lem., H. papilio (Ravenna) Van
Scheepen, H. psittacinum (Ker Gawl.) Herb., H. reticulatum
Herb., H. santacatarina (Traub) Dutilh, and H. vittatum (L'Hér.)
Herb. have been published in the last two decades (Hofmann Jr.
et al. 2003; Silva et al. 2006; Pagliosa et al. 2010; de Andrade
et al. 2011, 2012a, 2014; Giordani et al. 2011; Sebben et al.
2015; Tallini et al. 2017). Moreover, some contributions in the
field of biological activities of AA have also been carried out,
such as the anti-inflammatory potential of montanine (3), which
brings us a patent licensing (US2016024074) (de Oliveira et al.
2015; Farinon et al. 2017). In 2012, a brief overview of the
phytochemical and biological studies in Hippeastrum genus has
been reported (de Andrade et al. 2012a). Herein, a review update
between 2012 and 2021 is presented.

Search Strategy
Electronic searches were conducted on Scopus and Pub-

Med database from January 2012 up to March 2021. The
search items included Hippeastrum and the name of specific
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Amaryllidaceae alkaloids found in this genus. This review was
conducted to analyze the recent literature and to present the
chemical and biological advances of this genus in the last years.

Discussion
Structural Diversity

In this review, seventeen articles were found to contain
the alkaloid profile of twenty-three Hippeastrum extracts
(Table S1) published between 2012 and 2021 (de Andrade
et al. 2014; Carvalho et al. 2015; Cortes et al. 2015a, b; Seb-
ben et al. 2015; Guo et al. 2016; Ortiz et al. 2016; Bessa et al.
2017; Tallini et al. 2017; Shammari et al. 2019; Gasca et al.
2020; Hoang et al. 2020; Lianza et al. 2020; Feu et al. 2021;
Paiva et al. 2021; Shammari et al. 2021; Souza et al. 2021).
Twelve species were collected in Brazil, two in Colombia,
one in Argentina, one in Vietnam, and all the Hippeastrum
cultivars were from the Czech Republic (Table S2). The
alkaloid profile of all these samples is summarized in the
Supplementary Material (Table S1 and Fig. S1-S9).

Between 2012 and 2021, around 90 Amaryllidaceae
alkaloids were identified in Hippeastrum extracts by
GC-MS, except in Paiva and co-workers (2021), where
LC-MS was used (Table S1). In this review, most part
of the alkaloids identified in Hippeastrum belongs to
lycorine- (25.8%), followed by haemanthamine- (15.1%),
homolycorine- (15.1%), and galanthamine-type (9.7%)
(Table S1). However, the skeleton-type narciclasine-, pre-
tazettine-, montanine-, crinine-, galanthindole-, galasine-,
and ismine-type, in addition to miscellaneous skeleton,
were also detected (Fig. 1).

Concerning the chemodiversity of AA in these species,
the alkaloids present in H. reticulatum were evaluated in
two different regions, i.e., in Thua Thien Hue (Vietnam)
(Hoang et al. 2020) and in Espirito Santo (Brazil) (Tal-
lini et al. 2017). Comparing the AA profiles from these
two populations, it was observed that they were sub-
stantially different (Table S1). The species H. puniceum
(Lam.) Voss., collected in Santander (Colombia) (Cor-
tes et al. 2015b) and Espirito Santo (Brazil) (Feu et al.
2021), also showed distinct diversity in their alkaloidal
contents. These variations may highlight the importance
of the edaphoclimatic conditions potentially involved in
this heterogeneous chemical profile, as well as the physi-
ological functions of these alkaloids in their plant source.

Lycorine Type

Lycorine-type skeleton displays a pyrrolo[de]phenanthridine
structure and it is originated from an ortho-para’ phenolic
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Fig. 1 Graphic representation of the number of alkaloids reported in
Hippeastrum genus (2012-2021) distributed by the main chemical
scaffolds of Amaryllidaceae alkaloids

oxidative coupling of the precursor 4’-O-methylnorbelladine
(1) (Berkov et al. 2020). This is the most diverse group of
AA, which provides approximately 119 structures (Berkov
et al. 2020). Between 2012 and 2021 (Table S1), 24 struc-
tures belonging to this series were reported in Hippeastrum
species. These compounds are reported in Fig. S1 for com-
parison of their structural similarities. Five structures have
shown the typical C ring double bonds at C3 and C4, as in
lycorine (7), even though nine alkaloids had no sp? carbon
at the ring C. Most of the chemical structures displayed sub-
stituent at C1 and/or C2 as a typical substitution pattern.

According to Table S1, all the Hippeastrum extracts
presented lycorine-type alkaloids, except H. papilio and
H. puniceum, collected in Rio Grande do Sul (Brazil) and
Espirito Santo (Brazil), respectively, while the species
H. elegans (Spreng.) H.E. Moore evaluated by GC-MS
showed the highest diversity of lycorine-type structures in
this review. Two new lycorine-type alkaloids named isore-
ticulinine and reticulinine were described in Hippeastrum
extracts in the last years (Tallini et al. 2017).

Haemanthamine Type

Haemanthamine-type alkaloids are derived from 5,10b-eth-
anophenanthridine skeleton after a para-para’ oxidative
phenolic coupling of 4'-O-methylnorbelladine (1), and 76
structures from this group have been reported in Amaryl-
lidaceae family, including the alkaloid known as haeman-
thamine (9) (Bastida et al. 2006; Berkov et al. 2020). Four-
teen alkaloids belonging to this skeleton were identified in
Hippeastrum extracts between 2012 and 2021 (Table S1
and Fig. S2). These structures showed substituents at C3,
of which the most part is a methoxyl group. Hydroxyl and
hydroxybutanoyl groups were also described. Most of the
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haemanthamine-type alkaloids presented a hydroxyl substit-
uent at C11 being 11-oxohaemanthamine the only exception,
showing a ketone carbonyl group.

The 5,10b-ethanophenanthridine skeleton of alkaloids
belonging to haemanthamine- and crinine-type usually is
confirmed by nuclear magnetic resonance (NMR) and cir-
cular dichroism (CD) (Leén et al. 2021). Among the Hip-
peastrum studies covered in this review, some alkaloids from
the haemanthamine group were only identified by GC-MS,
which lead to their assignment as isomers, such as occurs
with vittatine shown in Table S1 (Ortiz et al. 2016; Sham-
mari et al. 2019; Lianza et al. 2020; Souza et al. 2021).

The species H. aulicum reported by Bessa et al. (2017)
shows the greatest structural diversity in haemanthamine-type
alkaloids among the extracts reported in Table S1. Otherwise,
haemanthamine-type representatives were not found in the
extracts from H. breviflorum, H. elegans evaluated by LC-MS,
both species of H. puniceum, H. reticulatum collected in Viet-
nam, and in the Pretty Nymph cultivar. Five new haeman-
thamine-type alkaloids were described in Hippeastrum extracts
between 2012 and 2021, which are haemanthamine-N-oxide,
3-0O-demethyl-3-0-(3'-hydroxybutanoyl)-haemanthamine,
60-hydroxymaritidine, 6p3-hydroxymaritidine, and 11-oxohae-
manthamine (de Andrade et al. 2014; Guo et al. 2016; Bessa
et al. 2017; Tallini et al. 2017).

Homolycorine Type

Homolycorine-type skeleton is originated from an ortho-
para’ phenol oxidative coupling via conversion of nor-
pluviine to lycorenine, bringing up to 80 structures of AA
(Bastida et al. 2006; Berkov et al. 2020). Fourteen molecules
from this series were reported in the present review, and
most of them exhibited the typical double bond between
C3 and C4, such as occurs in the alkaloid homolycorine (8)
(Table S1 and Fig. S3). The absolute configuration of the
compound hippapiline isomer was not informed in literature
(Souza et al. 2021), and then it was not included in Fig. S3.

According to Table S1, H. aulicum presented the highest
structural diversity of homolycorine-type alkaloids while in
H. breviflorum and H. elegans (analyzed by LC-MS), as
well as in H. puniceum and H. reticulatum, collected in dif-
ferent places, homolycorine-type alkaloids have not been
identified (Tables S1 and S2). Considering studies between
2012 and 2021, four new homolycorine-type alkaloids
were reported in Hippeastrum genus, which were named
hippapiline, 2a,10ba-dihydro-9-0-demethylhomolycorine,
7-hydroxyclivonine, and 7-methoxy-O-methyllycorenine (de
Andrade et al. 2014; Carvalho et al. 2015; Guo et al. 2016;
Ortiz et al. 2016).

Galanthamine Type

Galanthamine-type skeleton has a dibenzofuran nucleus that
derives from a para-ortho’ phenolic oxidative coupling of
4'-O-methylnorbelladine (1), and approximately 47 struc-
tures from this group have been found in Amaryllidaceae
family (Bastida et al. 2006; Berkov et al. 2020). Nine alka-
loids from galanthamine-type were reported in Hippeastrum
extracts between 2012 and 2021 (Table S1). According to
Fig. S4, it is possible to observe two structural subtypes in
these extracts, with and without a double bond at C4-C4a,
and the most part of these structures presented a hydroxyl
group at C3, except narwedine and 3-O-acetyllycoramine.
Among the samples summarized in Table S1, H. elegans
evaluated by GC-MS shows the highest diversity in galan-
thamine-type alkaloids, followed by H. goianum (Ravenna)
Meerow, both collected in Brazil (Lianza et al. 2020; Souza
et al. 2021). A high content of galanthamine (2) was reported
in a cultivated H. papilio, which is now under a patent
number EP2999480B1 (Berkov et al. 2013). The authors
informed that the invention provides a composition of an
extract from H. papillio and its components, which include
galanthamine (88.4%), narwedine (1.3%), haemanthamine
(9.6%), and other alkaloids (0.7%) (Berkov et al. 2013).
Regarding the importance of galanthamine as a marketed
drug, the occurrence of nine galanthamine-type alkaloids in
Hippeastrum extracts described in Table S1 highlight this
genus as an important natural source of these structures.

Narciclasine Type

Narciclasine-type includes the alkaloids derived from phen-
anthridine and phenanthridone/isocarbostiryl skeleton,
originated from a para-para phenolic oxidative coupling of
4'-O-methylnorbelladine (1), and comprising so far around
33 structures in Amaryllidaceae family (Bastida et al. 2006;
Berkov et al. 2020). According to literature, six alkaloids
from this group were identified in Hippeastrum extracts
between 2012 and 2021 (Table S1 and Fig. S5), including
structures with a glucosyl substituent at C4, as well as com-
pounds without the usual double bond at C1-C2.

Among the species summarized in Table S1, H. reticu-
latum from Vietnam shows the greatest diversity in narci-
clasine-type alkaloids, while no alkaloid from this group
was identified in the same species from Brazil. Moreover,
narciclasine-type alkaloids were not identified in Hippeas-
trum cultivars, except cv. Ferrari, where it was reported the
presence of trisphaeridine.
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Pretazettine Type

Pretazettine-type, also known as tazettine-type, is derived
from the 2-benzopyrano[3.,4-c]indole skeleton, originated
from a para-para’ phenolic oxidative coupling, and totalized
32 structures in Amaryllidaceae family so far (Bastida et al.
2006; Berkov et al. 2020). Seven structures belonging to this
type were identified in Hippeastrum extracts between 2012
and 2021 (Table S1 and Fig. S6), including tazzetine and/or
6-deoxytazettine, which are in fact artifact from pretazettine
(10) isolation (de Andrade et al. 2012b). Paiva et al. (2021)
proposed the presence of macronine or its isomer epimacro-
nine in H. elegans by LC-MS; however, no alkaloid from
this group was identified in H. elegans by GC-MS (Souza
et al. 2021). Among the extracts described in Table S1, it
is possible to observe that the species H. barbatum Herb.
presented the highest diversity in pretazettine-type alkaloids,
although the structure of 6-methoxypretazettine isomer has
not been informed by the authors (Cortes et al. 2015a).

Montanine Type

Montanine-type is derived from 5,11-methanomorphan-
thridine skeleton and it is originated from a para-para’
phenolic oxidative coupling, and fourteen structures from
this group were reported in Amaryllidaceae family up to
now (Bastida et al. 2006; Berkov et al. 2020). Five alkaloids
belonging to this skeleton were described in Hippeastrum
extracts between 2012 and 2021 (Table S1 and Fig. S7). All
these structures show an a-configuration of the 5,11-metha-
nobridge and the hydrogen at C4a at the -position, as in
montanine (3). In the present review, the species H. elegans
evaluated by Souza et al. (2021) showed the highest diversity
in montanine-type structures.

Crinine Type

Crinine-type skeleton is derived from 5,10b-ethanophen-
anthridine skeleton and it is originated from a para-para’
phenolic oxidative coupling of the common precursor, show-
ing approximately 85 structures in Amaryllidaceae family to
date, including the alkaloid named crinine (4) (Bastida et al.
2006; Berkov et al. 2020). Five alkaloids from this series
were identified in Hippeastrum extracts between 2012 and
2021 (Table S1 and Fig. S8). Two of them present a meth-
ylenedioxy ring at C8/C9 and one of these structures shows
a substituent at C10. Paiva et al. (2021) and Souza et al.
(2021) cataloged undulatine diol as a haemanthamine-type
structure, but they did not inform its absolute configuration.
According to Berkov et al. (2020), the compound undulatine
is a crinine-type alkaloid, then undulatine diol was classified
into this group in this review (Table S1). Two new crinine-
type compounds, aulicine and 3-O-methylepimacowine,
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were reported in Hippeastrum extracts in the last years,
which were obtained from the species H. aulicum and H.
calyptratum, respectively (de Andrade et al. 2014).

Other Types

Galanthindole-type alkaloids are derived from homolyco-
rine-type, totalizing 14 structures in Amaryllidaceae family,
including the alkaloid known as galanthindole (5) (Berkov
et al. 2020). According to Table S1, four alkaloids from
this type were identified in Hippeastrum extracts between
2012 and 2021, two of them reported for the first time in
literature: papiline and 9-O-demethyllycosinine B, obtained
from H. papilio and H. breviflorum, respectively (Guo et al.
2016; Sebben et al. 2015). Galasine-type is a small alkaloid
group from Amaryllidaceae family, containing only five
structures, including the compound galasine (6) (Berkov
et al. 2020), and one of them was identified in H. goianum:
7-demethoxy-9-O-methylhostasine (Lianza et al. 2020). The
compound 7-demethoxy-9-O-methylhostasine isomer was
described in H. elegans by GC-MS although the absolute
configuration is missing (Souza et al. 2021).

The alkaloids from ismine-type also present few repre-
sentatives showing just five compounds in Amaryllidaceae
family (Berkov et al. 2020). The alkaloid ismine (11) was
reported in seven Hippeastrum extracts in the last years
(Table S1). The miscellaneous group presents 51 structures
in Amaryllidaceae family (Berkov et al. 2020) and two of
them, apogalanthamine and N-methyltyramine, were iden-
tified in H. papilio and H. reticulatum, respectively (Guo
et al. 2016; Hoang et al. 2020). The galanthindole-, gala-
sine-, ismine-, and miscellaneous-type structures identified
in Hippeastrum between 2012 and 2021 are illustrated in
Fig. S9.

Biological Potential

Despite the abundant literature available regarding the bio-
logical potential of AA, it is important to discuss the new
possible targets for the bioactive natural products described
in the literature during the period covered in this review. The
biological potential of the alkaloids summarized in Table S1
was explored in published literature (Berkov et al. 2020;
Cimmino et al. 2017; de Andrade et al. 2012a; Ding et al.
2017; He et al. 2015; Jin and Yao 2019; Masi et al. 2020).
Therefore, 30 biological approaches were distributed among
11 alkaloid-type (Fig. 2). These data enabled us to reinforce
to Hippeastrum genus the well-recognized potential of AA
as cytotoxic, acetylcholinesterase inhibitor, and antiproto-
zoal scaffolds, mainly regarding the moieties narciclasine-,
galanthamine-, and lycorine-types, respectively. In terms of
biological evaluations, the cytotoxic activity was the most
reported target of AA in the covered period of this review.
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Fig.2 Heatmap with the correlation among the biological poten-
tial previously reported to each alkaloid covered by this review. The
93 alkaloids were grouped in 11 main types according to Table S1.
The biological activity data were obtained in several recent reviews

Although lycorine-type was the main skeleton determined in
Hippeastrum herein, slightly more than a half (16 alkaloids,
57% of total) were evaluated biologically.

Biological Activities of New Alkaloids

Sixteen alkaloids were characterized for the first time from
Hippeastrum extracts between 2012 and 2021, but only part
of them was evaluated biologically. Computational experi-
ments suggest that isoreticulinine, a new lycorine-type
alkaloid obtained from Brazilian H. reticulatum, has a great
potential as cholinesterase inhibitor (Tallini et al. 2017).
Otherwise, the epimer mixture of 6a-hydroxymaritidine
and 6p-hydroxymaritidine, assigned for the first time in the
same species (H. reticulatum), exhibited only a weak AChE

Ache inhibition
Affinity to the serotonin reuptake transport protein
Aldo-keto reductase 103 inhibition

Buche inhibition
Glycogen synthase kinase-3B inhibition

Analgesic

Anticonvulsant 18.00
Antidepressive

Antidiabetic 15,00
Antifeedant 12,00
Anti-inflammatory

Antimicrobial 9.00
Antioxidant 6,00
Antiproliferative against tumoral cell lines 00
Antiprotozoal '
Antirheumatic 0,00

Inhibition of ascorbic acid synthesis

Inhibition of protein synthesis

Inhibition of NTPDase and ecto-5'-nucleo-tidase from Trichomonas vaginalis
Inhibition of nitric oxide production and induction of inducible nitric oxide synthase
Inhibition of hypoxia inducible factor-1

MAQO B inhibitor

Neuroprotective

Prolyl oligopeptidase inhibition

Reduction of the B-amyloid precursor protein
Triggers actin stress fiber formation

No biological potential tested

(Berkov et al. 2020; Cimmino et al. 2017; de Andrade et al. 2012a;
Ding et al. 2017; He et al. 2015; Jin and Yao 2019; Masi et al. 2020)
and complemented with a search in PubChem database

and no BuChE inhibitory activity (Tallini et al. 2017). In
vitro assays showed that the homolycorine-type derivative
7-hydroxyclivonine obtained from H. argentinum (Pax)
Hunz. collected in Argentina has a weak inhibitory activity
against BuChE (Ortiz et al. 2016). In silico approaches also
indicated similar binding interactions between 7-hydroxycli-
vonine and galanthamine (2) into the BuChE pocket (Ortiz
et al. 2016).

The mentioned epimer mixture of 6a-hydroxymaritidine
and 6p-hydroxymaritidine was also evaluated against four
protozoal strains showing ICs values of 30.68 pg/ml against
Trypanosoma brucei rhodesiense, 66.11 pg/ml against Tryp-
anosoma cruzi,> 100 pg/ml against Leishmania donovani,
and 32.86 pg/ml against Plasmodium falciparum, as well as
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low cytotoxicity against L6 cells, with ICy, values higher
than 100 pg/ml (Tallini et al. 2017).

Carvalho et al. (2015) evaluated the cytotoxic activity
of 2a,10ba-dihydro-9-O-demethylhomolycorine, isolated
from H. solandriflorum (Lindl.) Herb. collected in Brazil,
against human cancer cell lines, and obtained ICs, values of
11.69 pM against HCT-116 (colon adenocarcinoma), higher
than 50 pM against HL-60 (leukemia), 15.11 pM against
OVCAR-8 (ovarian carcinoma), and 16.31 pM against
SF-295 (glioblastoma).

Anticancer Properties

The number of reports considering Amaryllidaceae family
as an important source of anticancer drugs has increased
in the last years (Nair and Van Staden, 2021). The alkaloid
lycorine (7) presented large occurrence between the Hip-
peastrum extracts, as informed in Table S1, being reported
in about 74% of them. This structure is found in numerous
Amaryllidaceae species and displays antitumoral properties
against several cancer cell lines through different mecha-
nisms (Bastida et al. 2006). Some authors suggest that lyco-
rine induces mitochondria-dependent apoptosis through
rho-associated protein kinase activation in liver cancer cells
(HepG2) (Liu et al. 2019). This alkaloid also seems to induce
apoptosis in pancreatic cancer cells (PANC-1) through ROS
generation to modulate the PI3K/Akt/mTOR signaling path-
way (Liu et al. 2016). This compound inhibited the growth
of lung cancer cells via modulating miR-186/CDK1 axis (Li
et al. 2019), the growth of glioblastoma multiforme tumors
by means of epidermal growth factor receptor suppression
(Shen et al. 2018), and the growth and metastasis of breast
cancer as a result of the blockage of the signal transducer
and activator of transcription 3 (STAT3) signaling pathway
(Wang et al. 2017). In the last years, lycorine has been cata-
loged as a strong apoptosis inducer, and many studies have
been reporting its action mechanism in different cancer cells
lines, turning it an attracting scaffold in the development of
new drugs for the cancer clinical therapy (Roy et al. 2018).

About 40% of the alkaloids identified in Hippeastrum
extracts showed the presence of the alkaloid haemanthamine
in their profile (Table S1). This structure has been identi-
fied on many occasions in Amaryllidaceae plants and has
received considerable attention in the last years due to its
cytotoxic properties (Doskocil et al. 2015; Cahlikova et al.
2021). This alkaloid can trigger apoptosis in many cell lines
(Nair and Van Staden, 2019). Some authors suggest that
haemanthamine (9) inhibited specifically ribosome biogen-
esis, triggering nucleolar stress response and leading to p53
stabilization in cancer cells (Pellegrino et al. 2018). This
compound seems to be able to inhibit cell proliferation, to
increase apoptosis accompanied by caspases activation, to
decrease mitochondrial membrane potential, and to arrest
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the cell cycle in pS3-null T cell leukemia Jurkat cells within
24 h of treatment (Havelek et al. 2014).

Among the homolycorine-type structures reported in
Table S1, the alkaloid homolycorine (8) presented large
occurrence between the Hippeastrum species, while the
metabolite hippeastrine was the most frequently found
among the Hippeastrum cultivars. According to literature,
hippeastrine has been shown to be one of the most potent
alkaloids in the homolycorine-type series with activities
against most of 26 cell lines to which it has been exposed
(Nair and Van Staden, 2021). This molecule exhibited a
good dose-dependent inhibitory effect against topoisomerase
I with ICs, values at 7.25+0.20 pg/ml, as compared to the
positive control (camptothecin) at 6.72+0.23 pg/ml (Chen
et al. 2016).

A few numbers of narciclasine-type structures have been
described among the Hippeastrum extracts reported in
Table S1. Nevertheless, this alkaloid group has been gaining
attention of the scientists due its anticancer properties, which
were evaluated in various phases of clinical trials (Korn-
ienko and Evidente 2008). The compound narciclasine (12)
presented potent antimitotic effect against the highly malig-
nant mouse sarcoma cells (Scarcoma 180) passaged in the
ascites form (Ceriotti 1967; Kornienko and Evidente 2008).
This alkaloid inhibited the step of peptide bond formation
during elongation by binding to the 60S tRNA A-site (Lou-
bresse et al. 2014; Fiirst 2016). According to Cao et al.
(2018), narciclasine inhibited proliferation of triple-negative
breast cancer cells by regulating AMPK-ULK1 signaling
and thereby stimulating autophagy-dependent apoptosis.

Perspectives and Future Directions

The maintenance of chemical and biological approaches on
AA may lead to discover new structures along with their
actual potential as bioactive compounds. Furthermore,
many well-known alkaloids still deserve better evaluations
around their real potential in different biological targets.
Unfortunately, the scarce number of isolated substances in
preparative scale, as well as the use of hyphenated chroma-
tography techniques for dereplication and identification of
constituents in alkaloidal extracts have impaired the bio-
logical assays of pure alkaloids. Otherwise, the “Omics” era
has provided a great improvement in analytical approaches
such as automatized sample fractionations and biological
protocols miniaturized. These enhancements can magnify
the range of pharmacological assessment in a near future.
Biosynthetic studies to determine alternative pathways to
obtain alkaloids in a scale-up approaches, along with their
production through biotechnology, could be a valuable strat-
egy to the future in the AA pharmacology. Finally, the use of
metabolic engineering in Amaryllidaceae species together
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with a fractionation and biological assay can be a promising
way to the next years as a new perspective of scientific and
industrial exploitation of Hippeastrum genus.

Conclusions

Overall, studies on the Hippeastrum genus, in the last nine
years, reinforce the importance of the chemical diversity
along with a deep biological evaluation on the AA. This
genus could be classified as a hotspot of new chemical enti-
ties, and several aspects remain to be investigated. Various
extracts of species included in this review can be considered
areal source of a preferential alkaloid scaffolds, but also as
a source of bioactive structures for the development of new
drug candidates, including agents for cancer therapy.
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