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Senna spectabilis (syn Cassia spectabilis) is one of the most important species within the 
Fabaceae family, natively found in Central and South America, as well as parts of Asia and Africa. 
Due to the extensive geographical distribution, this fast-growing tree produces a wide variety 
of bioactive secondary metabolites, being of special interest for chemical and pharmacological 
studies. Phytochemical investigations have shown that S. spectabilis produces over 40 constituents 
from different biosynthetic pathways, including piperidine alkaloids, pentacyclic terpenoids and 
anthraquinones, displaying antiproliferative, antitumoral and antifungal activities. Moreover, 
studies have also been conducted to identify endophytic and rizhospheric microorganisms 
associated to S. spectabilis and their chemical composition, enabling further elucidation of cadinane 
sesquiterpenoids, cytochalasins, depsipeptides and dibenzopirones. This review aims to provide an 
updated summary of the main features of S. spectabilis, compiling all currently available information 
on the chemical and pharmacological composition of its parts and its associated microorganisms.
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1. General Overview on S. spectabilis

Leguminosae, one of the largest taxonomic group 
in Angiospermae, has changed to Fabaceae after recent 
phylogenetic studies based on DNA sequences and, 
within this new classification, Fabaceae is divided 
into three subfamilies Mimosoideae, Fabaoideae and 
Caesalpinioideae, the latter including Cassia and Senna.1,2 
However genetically divided, these genera still have 
complex taxonomic separation, with unclear genetic and 
chemical classification, including several species of Senna 
previously described as Cassia, while others remained as 
Cassia and adopted Senna as a synonym.1,2

Senna comprises over 600 species distributed towards 
the tropical and subtropical regions of the world, 
encompassing shrubs, herbs and trees capable of reaching 
4-9 meters in height. Its morphology includes rounded 
crown, dark green and small leaves, alternate spiral, 
stipulated composed paripinnate, with 10-20 pairs of 
leaflets oval to oblong-elliptical, rounded base, acute apex 
and glabrous, 2-4 cm long.2,3 Flowers are yellow, showy, 

arranged in terminal inflorescences, while the fruits are pod 
type 25-32 cm, elongated, cylindrical, indehiscent, black, 
with brown seeds endowed with pleurograma.2,3

Within this taxonomic rank, Senna spectabilis 
(syn Cassia spectabilis) is one of the most important 
species, broadly studied towards their chemical and 
pharmacological aspects. Popularly known as Cassia, 
mwenu, Cássia do Nordeste, Acássia, Tula-de-Besouro, 
Canafístula-de-Besouro, Pau-de-Ovelha, mhomba, antsoan 
dilaw, scented shower and Panama-ngu, this fast growing 
tree is used in both eastern and western traditional medicine, 
treating several different diseases and symptoms.2,4 In 
eastern medicine, this plant is traditionally used as laxative, 
antimicrobial, anti-inflammatory and antiulcerogenic, while 
in Asiatic countries, it is also known to treat rheumatism, 
pain and skin lesions.2,4,5

Natively found in Central and South America, this tree 
is commonly found in several Brazilian biomes, mainly 
in the cerrado region (savanna like) and the rainforest.3,4,6 
Urbanistically, S. spectabilis is used as an ornamental plant 
and on the recovery of degraded areas, due to its beautiful 
yellow flowers and global distribution.5,6

Phytochemical studies revealed that over 350 molecules 
were isolated from Senna, including 40 secondary 
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metabolites from S. spectabilis (Table 1). Among those, 
piperidine alkaloids and pentacyclic triterpenes are the 
most common classes, exhibiting high biological activities 
further described on this review.

Along with biological and phytochemical researches, 
recent studies have also been conducted aiming to 
understand the chemical and ecological interactions 
between these species and the microorganisms that 
co-habit it, allowing the elucidation of important secondary 
metabolites, such as cytochalasins, dibenzopirones 
and cadinane sesquiterpenes from the endophytic 
fungi Phomopsis cassiae, and hexadepsipeptides 
from the enniatin family and picolinic acid analogues 
from S. spectabilis’s rhizosphere associated fungi 
Fusarium oxysporum and F. solani.7-9 All metabolites 
identified for S. spectabilis’s related microorganisms are 
listed and can be seen on the Supplementary Information.

2. Phytochemistry

Alkaloids

S. spectabilis is known to possess piperidine alkaloids 
(1-21) as major constituents of leaves, flowers and green 
fruits (Figure 1).6 This cyclic nitrogen compounds show 
high pharmacological interest, exhibiting strong antitumor, 
leishmanicidal, analgesic, antimicrobial, purgative and 
anticonvulsant effects, as well as modulating the treatment 
of neurodegenerative diseases by the inhibition of 
superoxide, lipid peroxidation and against ciclooxigenase 
(COX) 1 and 2.10-16

Piperidine alkaloids were extensively studied through 
the years, being (−)-cassine (1) the first alkaloid discovered 
on leaves of S. spectabilis. This secondary metabolite was 
isolated in 1976 by Christofidis et al.,17 along with two 
new alkaloids, (+)-spectaline (2) and (−)-iso-6-cassine (3).

Compound 1 was firstly reported from the leaves of 

another Fabaceae specie named Cassia excels, in 1964, and 
its absolute configuration was determined two years later, 
in 1966.18,19 Also known as 12-[(2R,3R,6S)-3-hydroxy-
2-methylpiperidinyl]-6-dodecanone, this alkaloid shows 
interesting antinoceptive, anti-inflammatory, leishmanicidal 
and cytotoxic,11,20 while (−)-iso-6-cassine (12-[(2R,3R,6R)-
3-hydroxy-2-methylpiperidinyl]-6-dodecanone) presents 
CNS depressant and anticonvulsant activities.16

In 1977, Christofidis et al.21 isolated two new alkaloids 
from the seeds of S. spectabilis (−)-spectalinine (4) and 
(−)-6-iso-carnavaline (5). In the same year, Mulchandani 
and Hassarajani22 isolated the firstly described 
alkaloid cassinicine (6-dodecylacetyl-3-hydroxy-2-
methylpiperidine) (6) from the seeds of S. spectabilis.

In 1992, a new piperidine alkaloid 2-methyl-3-hydroxy-
6-(13-tetradecyl-acetyl)-piperidine (7) was isolated from 
the flowers of S. spectabilis cultivated in Egypt, however, 
its absolute configuration was never determined.23 Three 
years later, in 1995, Bolzani et al.10 isolated four new 
piperidine alkaloids (−)-spectaline (8), leptophyllin A (9), 
3-O-acetylleptophyllin A (10) and leptophyllin B (11), 
along with previously described carnavaline (12), found for 
the first time by Lythgoe and Vernenge,24 from the leaves 
of Cassia carnaval. Both leptophyllin A and 3-O-acetyl-
leptophyllin A show a selective cytotoxic activity against 
a DNA-reparing mutant S. cerevisiae.24,25

In 2003, Kamo et al.11 isolated two derivatives of 
(+)-6-iso-cassine from S. spectabilis named spectamine 
A (O-benzoyl) (13) and B (O-acetyl) (14). Compound 13 
displays significant anti-inflammatory activities, acting 
on the inhibition of superoxide anion of macrophages. On 
the same year, Sriphong et al.13 reisolated spectamine A 
((3R)-benzoyloxy-(2R)-methyl-(6R)-(11’-oxododecyl)-
piperidine) from the flowers of S. spectabilis, also 
exhibiting high cytoxicity against KB cell lines, a keratin-
forming tumor cell line HeLa (IC50 3.7 μg mL-1).

On the following year, Viegas Junior et al.14 isolated three 

Table 1. Secondary metabolites identified from Senna spectabilis

Leaves Seeds Flowers Green fruits Stem and roots

Alkaloids 1, 2, 3, 8, 9, 10, 11, 12, 
13, 14, 20, 21

4, 5, 6 7, 15, 16, 17, 19 15, 16, 17, 18, 19 −

Pentacyclic triterpenes 22, 23, 24, 25, 26, 27, 
28, 29

− 22, 23, 24, 25, 26, 27, 
28, 29

22, 23, 24, 25, 26, 27, 
28, 29

−

Steroids 30,a 31a − 30,a 31,a 32 30,a 31a −

Pyrones − − 33, 34, 35b − −

Anthraquinones 36, 37, 38 − 38,b 39b − −

Flavanoids 40, 41 42, 43, 44 − 40, 41 −

Miscellaneous 48 47, 46, 47 49 49 48

aFree and in glycosylated forms; bflower buds.
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new piperidine alkaloids (−)-3-O-acetylspectaline (15), 
(−)-7-hydroxyspectaline (16) and 6-iso-spectaline (17) 
from the flowers and immature fruits of S. spectabilis.

Both 6-iso-spectaline and (−)-3-O-acetylspectaline 
showed a promising antinociceptive activity, inhibition 
of lipid peroxidation, moderate inhibition against COX-1 
and 2 and selective cytotoxic against S. cerevisiae strains, 
indicating a potential antitumoral activity.10,12,14,26,27 6-Iso-
spectaline, also demonstrated central nervous system (CNS) 
depressant activity and anticonvulsant properties, as well 
as modulation for the treatment of neurodegenerative 
diseases.16

I n  2007 ,  Viegas  Jun io r  e t  a l . 28 i so l a t ed 
(+)-3-O-feruloylcassine (18) from the green fruits of 
S. spectabilis. This metabolite shows moderate anti-
inflammatory activity (40-70%) when compared to 
commercial standards celecoxib, rofecoxib and aspirin; 
moderate inhibition of COX-1 (40%) and marginal inhibition 
of COX-2 enzymes. Recently, Viegas Junior et al.5 also 
isolated a new piperidine alkaloid (−)-7-hydroxycassine 
(19) from the flowers and immature fruits of S. spectabilis.

Sriphong et al.13 also found low abundance pyridine 
alkaloids from the flowers of S. spectabilis, named 
5-hydroxy-2-methyl-6-(11’-oxododecyl)-pyridine (20) 

Figure 1. Chemical structures of alkaloids isolated from aerial parts of S. spectabilis (1-21).
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and 5-hydroxy-2-methyl-6-(11-oxododecyl)-pyridine-N-
oxide (21), the latter showing significant cytotoxic activity 
against KB cell lines (IC50 2.0 μg mL-1).

Pentacyclic triterpenes

Although phytochemical studies of S. spectabilis have 
begun in the late 70’s, the first report of terpenes occured 
only in 2010, when Oliveira and co-workers isolated and 
identified eight pentacyclic triterpenes, molecules with 
similar chemical structure to steroids.29-31

These secondary metabolites, isolated from leaves, 
flowers and green fruits of S. spectabilis, were found in both 
mixture (α-amyrin (22), β-amyrin (23), ursolic acid (24) 
and oleanolic acid (25)) and pure forms (betulinic acid (26), 
lupeol (27), cycloeucalenol (28), friedelin (29)), showing 
biological activity in animal and human models (Figure 2).31

Lupeol (27), also called lup-20-(29)-en-3β-ol, is widely 
found in fruits and vegetables as well as in a variety of 
medicinal plants such as Tamarindus indica, Emblica 
officinalis and Celastrus paniculatus.32,33 This triterpene 
shows several pharmacological activities, acting against 
inflammation, several cancer cell lines, such as human lung 
carcinoma and human colorectal adenocarcinoma, arthritis, 

heart diseases, diabetes and renal/liver toxicity.34-37 Recent 
studies also reported the effect of lupeol on the reduction of 
blood cholesterol levels and also for chemoprevention, the 
latter being mainly associated with anti-proliferative effect 
against different strains of cancer cells and low toxicity to 
cells and healthy tissues.38-40

Friedelin (29), also isolated from Kokoona zeylanica, 
Secamone afzelii and Prunus turfosa, is a 3-keto derivative 
of friedelane also known as friedelan-3-one.41-43 It is 
reported to have anti-inflammatory activity against paw 
edema induced by carrageen and histamine44 and, in 
recent studies, this metabolite also exhibits analgesic and 
antipyretic properties, demonstrating strong oral and facial 
antinociceptive features.45,46

Cycloeucalenol (4,14-dimethyl-(3β,4α,5α)-9,19-
cycloergost-24-(28)-en-3-ol) (28), also isolated from 
various medicinal plants, promotes a moderate increase 
in the right atrial contraction force, as well as a decrease 
in the left atrium into the coronary tissue on in vitro tests 
using Winstar rats, proving to be a potential drug in the 
treatment of cardiovascular diseases.47-50

Isomers α-amyrin ((3β)-urs-12-en-3-ol) (22) and 
β-amyrin ((3β)-olean-12-en-3-ol) (23) have been isolated 
from several plants and algae species,51,52 exhibiting anti-

Figure 2. Chemical structure of pentacyclic triterpenes isolated from S. spectabilis (22-29).
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inflammatory, antinociceptive, antioxidant, antipruritic, 
antibacterial and gastro-hepatoprotective properties.52-59 
More recently, Jeon et al.60 also showed that β-amyrin 
improves general sleep behavior induced by pentobarbital 
model, through the activation of Gamma-AminoButyric 
Acid (GABAergic) neurotransmission system in the brain.

Betulinic (26), ursolic (24) and oleanolic (25) acids are 
found in several species of the kingdom Plantae, including 
medicinal herbs and fruits from the human diet.31,61,62 
Betulinic acid, isolated from leaves, fruits and flowers of 
Senna, is a highly bioactive triterpene, displaying anti-
HIV, antibacterial, antimalarial and anti-inflammatory 
effects.5,31,63-65 Commonly known as 3β-hydroxy-lup-
20-(29)-en-28-oic acid, this triterpene promises to be a 
potential drug for cancer treatment due to its cytotoxicity 
against various cancer cell lines (lung, ovarian, neuro- 
and glioblastoma and head/neck carcinomas), selective 
inhibition of human melanoma, apoptosis induction in 
human neurobastoma and low toxicity to healthy cells.66

Ursolic acid, found either free or bounded to saponins, 
is a common constituent of fruits from human diet such as 
apple, guava and blueberry.31,67 Known as 3β-hydroxy-urs-
12-en-28-oic-acid, this metabolite has protective properties 
against fatty liver induced by high-lipid diet and liver 
injury as well as anti-bacterial, anti-inflammatory and anti-
oxidative properties.67-71

Oleanolic acid, an ursolic acid isomer, is found in over 
1620 plant species.72 This compound, predominant in the 
Oleaceae family, exhibits several biological activities, such 
as hepatoprotective, anti-inflammatory, antioxidant and 
anti-tumor.73 Gao et al.74 also described this compound 
as an alternative drug for the regulation of metabolic 
disorders, with increased expression of lipoprotein lipase, 

insulin sensitivity and dyslipidemia. Often, this metabolite 
is studied in association with ursolic acid, demonstrating 
relevant pharmacological properties.75 More recently, 
Jimenez-Arellanes et al.76 revealed that both isomers act in 
synergism against Mycobacterium tuberculosis, promoting 
a rapid elimination of the pathogen.

Steroids

In 1977, Mulchandani and Hassarajani22 reported the 
presence of two well-known steroids isolated from the 
plant’s aerial portions: stigmasterol (30) and β-sitosterol 
(31). Found as a mixture, this phytosterols are presented 
in both free and glycosylated form on the leaves, flowers 
and green fruits of S. spectabilis, possessing similar 
spectroscopic properties to other steroids (Figure 3).31

Stigmasterol (3β-hydroxy-24-ethyl-5,22-cholestadiene) 
(30) is found in numerous roots from trees and grass plants, 
as well as algae and fungi.22,77,78 This steroid was firstly 
reported in 1907 by Windhaus and Hauth,79 isolated from 
Calabar beans (Physostigma venenosum) and its absolute 
configuration was determined in 1963 by Fitches.80

Stigmasterol’s anti-inflammatory potential has been 
extensively studied, showing significant results in several 
animal models.81-84 This metabolite also shows significant 
effect on the inhibition of the chemical nociceptors induced 
by acetic acid, being dose dependent for the reduction of time 
spent in pain behavior both in early and late phases using the 
formalin test.84 Moreover, the steroid shows antimicrobial 
properties against Bacillus cereus, Escherichia coli, 
Staphylococcus aureus, Salmonella typhimuriumand and 
Candida albicans as well as low activity against P388 
murine leukemia cells in cytotoxicity studies.82,85

Figure 3. Sterols isolated from S. spectabilis (30-32).
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β-Sitosterol (α-dihydrofucosterol) (31) is the most 
abundant phytosterol on human diet and possess significant 
effect in relieving menopausal symptoms and reducing 
blood cholesterol levels by blocking the intestinal 
uptake.86-88

Encountered in leaves, flowers and fruits, largely 
distributed throughout the Plantae kingdom,89-91 this 
metabolite has a similar structure to estradiol and 
cholesterol, showing important anti-inflammatory and 
analgesic properties,92-94 as well as antitumoral effects, 
such as minimizing symptoms of prostatic hyperplasia.95 
In recent study, it also has a significant concentration-
dependent inhibition against induced-Epstein-Barr virus 
antigen, at low toxicity rates.96

The last sterol reported was in 1992, when the 
3-O-glucoside derivate of stigmasterol (32) was isolated 
from the flowers of S. spectabilis by Backheet and 
El-Sayyad,23 along with a firstly reported anthraquinone (39) 
described below.

Pyrones

The first pyrones reported from the flower ethanolic 
extract of S. spectabilis were identified by Mallaiah et al.,97 
in 1984, isolating chelidonic acid (33) and the dimethylester 
analogue dimethylchelidonate (34), two γ-pyrones with 
anti-allergic activity (Figure 4). Chelidonic acid presents, 
through passive peritoneal anaphylaxis method on male 
rats, a potential positive result for anti-allergic activity when 
compared with the standard used disodium cromoglycate 
(DSCG) commercially available for the treatment of asthma 
from allergic origin.

Four years later, in 1988, Ashok and Sarma98 re-isolated 
both pyrones previously identified, along with the γ-pyrone 
monomethyl chelidonate (35) (Figure 4), being the first 
report of its isolation from a natural source. Compound 35 
showed a mild antifeedant activity using 6 hours pre-starved 
fourth instar larvae of Spondoptera litura.

Anthraquinones

The first anthraquinones isolated from S. spectabilis were 
1,3,8-trihydroxy-2-methylanthraquinone (36) and physcion 

(1,8-dihydroxy-6-methoxy-3-methylanthraquinone) (37) 
(Figure 5), found on the methanolic extract of the plant’s 
leaves.22 Compounds 36 and 37 exhibited antimicrobial 
activity against Staphylococcus aureus, Staphylococcus 
albus, Sarcina lutea, Mycobacterium tuberculosis and 
Bacillus subtilis, while compound 38 also shows strong 
antifungal activity against Candida albicans, Cryptococcus 
neoformans and Trichophyton mentagrophytes, as 
well as beneficial effects for the treatment of cervical 
carcinoma.99,100

In 1988, Ashok and Sarma98 reisolated the polyhydroxy 
anthraquinone physion, along with chrysophanol 
(1,8-dihydroxy-3-methylanthraquinone) (38), a newly 
descried anthraquinone for S. spectabilis that shows several 
biological activities, including anticancer, hepatoprotective, 
and antimicrobial properties.101-103

Two years later, in 1992, Backheet and El-Sayyad23 
isolated the last anthraquinones identified for this species’s 
leaves and flower buds, being two known compounds 
physcion (37) and chrysophanol (38) and the firstly 
described anthraquinone emodin (1,6,8-trihydroxy-
3-methylanthraquinone) (39) (Figure 5). Emodin is 
a highly active compound which displays several 
biological activities such as immunosuppressive, 
antimicrobial, laxative, anti-atherosclerotic, laxative 
and ant i - inf lammatory. 92,104-107 Moreover,  th is 

Figure 4. Chemical structures of γ-pyrones isolated from S. spectabilis (33-35).

Figure 5. Chemical structures of anthraquinones isolated from S. 
spectabilis (36-39).
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anthraquinone also exerts antitumor activity against 
different human cancers and attenuates the anaphylactic 
reaction in immunoglobulin-E-sensitized mice.108,109

Flavonoids

Viegas Junior et al.5 reported the isolation of two 
flavonoids luteolin (40) and methoxyluteolin (41) (Figure 6) 
from the flowers and green fruits of S. spectabilis. 
Compound 40 possesses anti-inflammatory, antioxidant, 
anticancer activities, as well as therapeutic effect in mice 
liver injury by tetrachloromethane and ethanol.110,111

Singh and Singh112 study on S. spectabilis aerial portions 
led to the isolation of two flavone glycosides 6-hydroxy-
4’-methoxy-flavone-6-O-arabinopyranoside (42) 
and 3,5-dihydroxy-7,3’,4’-trimethoxy-flavone-3-O-
arabinopyranoside (43) from the ethanolic extract of the 
plant’s seeds (Figure 6). At the same year, flavone glucoside 
5,4’-dihydroxy-7,3’-dimethoxyflavone-5-O-β-D(+)-
glucopyranoside (44) was also isolated from S. spectabilis’s 
seeds by Sinha et al.113

Miscellaneous compounds

In 1984, two higher fatty acids tetratriacontanyl-
palmitate (45) and tetratriacontanyl-nonadecanoate 
(46), and one chromone glycoside 2’’-O-glycoside of 
5-acetonyl-7-hydroxy-6-glucosyl-2-methyl chromone (47) 

were isolated from the seeds of S. spectabilis (Figure 7),114 
metabolites that potentially provide energy sources for 
plant’s seeds.114

In 2010, caffeine (1,3,7-trimethylpurine-2,6-dione) 
(48), which is the most common methylxanthine, was 
identified from the ethanolic extract of leaves, stem 
and roots.6 This compound is widely used in beverages, 
cosmetics and medicine and is considered a psychotropic 

Figure 6. Chemical structures of flavonoids and flavones isolated from S. spectabilis (40-44).

Figure 7. Chemical structures of miscellaneous compounds from 
S. spectabilis (45-49).
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Figure 8. Number of metabolites from S. spectabilis described in previous reviews (2006118 and 20123).

Figure 9. Class distribution for metabolites isolated from S. spectabilis.

substance.115 For cosmetic application, compound 48 is 
used for its antioxidant activity, for UV protection and the 
stimulation of hair growth.116

In 2013, Viegas Junior et al.5 reported the isolation 
of substances from two distinct chemical classes: 
previously described flavonoids (40) and (41) and one 
phenylpropenoic acid known as trans-cinnamic acid 
(49), the latter having chemopreventive properties such 
as inhibitory effect against metastasis of adenocarcinoma 
human cells A 549.5,117

3. Conclusions

This review outlines the constituents and pharmacological 
activities reported for S. spectabilis. According to Figure 8, 
studies involving the discovery of new metabolites in this 
species have increased since the first review published 
10 years ago. This indicates the importance of rationally 

explore and report, the molecular constituents of this plant 
and their biological activities.

Studies regarding leaves, green fruits, stem, roots and 
flowers revealed a great diversity of bioactive metabolites 
from S. spectabilis, enabling the collection of botanical, 
chemical composition, biological activities and microbial 
studies.

Piperidine alkaloids (Figure 9) are, by far, the major 
constituents in S. spectabilis aerial parts, protecting the 
plant against pathogens and predators, as well as showing 
a long list of pharmacological activities.

The isolation of only four anthraquinones remains 
unexplained, as the genus is known to be a rich source of 
this compound class.

Several possibilities arose to justify this evidence: 
the difficulties associated to the exploration of complex 
chemical profiles, due to the lack of modern technology at 
the time when these chemotypes where reported, preventing 
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their detection in low concentrations and, the goals of the 
research groups, aiming for specific compounds, based 
solely on specific biological activities that may lead to 
overlook this compounds.

Advances in analytical techniques and computational 
algorithms have improved the identification of new 
bioactive compounds and can be extremely useful for 
further elucidation of secondary metabolites from S. 
spectabilis as well as for their microbe community. Among 
those, we highlight dereplication techniques associated 
with multivariate analysis, which leads to fast identification 
of known compounds in crude extracts, accelerating the 
selection of biologically promising molecules and the 
identification of important known chemotypes.

The study of endophytic and rhizosphere fungi allows 
the understanding of interaction between species, as well 
as the chemical profile of this microorganisms, being a 
novel source of new secondary metabolites, aiming specific 
biological targets for medical uses.

Supplementary Information

Supplementary information is available free of charge 
at http://jbcs.sbq.org.br as PDF file.
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