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Abstract Kalanchoe brasiliensis Cambs. and Kalanchoe pinnata (Lamk.) Pers
species belong to Crassulaceae family. Kalanchoe brasiliensis is popularly known
as ‘saido’, ‘white coirama’, ‘thick leaf’, ‘leaf of luck’ and ‘leaf of the coast’, and
Kalanchoe pinnata as ‘saido-roxo’, ‘leaf-of-fortune’, ‘leaf of the coast’, ‘yellow
flower of fortune’ and ‘para-tudo’. In ethnopharmacology, there are reports of the
use of the extract of the leaves of Kalanchoe brasiliensis for skin infections and oral
mucosa, bronchitis, nasal congestion, chest infections, yellow fever, gastric ulcers
and arthritis. Leaves and stalks are the most commonly used parts. The leaves of K.
brasiliensis contain high concentrations of flavonoids; while fatty acids, acyclic and
aromatic organic acids, amino acids, bufadienolides, a-f unsaturated acyclic
ketones, fenantrenic derivatives, sterols, long-chain hydrocarbons and triterpenoids
are found mainly in the leaves of K. pinnata. Analgesic, anti-inflammatory, anti-
leishmaniotic, antimalarial, antipyretic, antimicrobial, antithyroidal, antitumor,
antiulcer, hepatoprotective, immunosuppressive, pesticide, inhibition in uterine
contractions, neuropsicofarmacologic and hypoglycemic properties of these species
have already been evaluated in experimental pharmacology.

Keywords Saido - Flavonoids - Kalanchoe - Crassulaceae

1 Taxonomic Characteristics

Kalanchoe pinnata and Kalanchoe brasiliensis belong to the genus Kalanchoe (syn-
onym Bryophyllum and Cotyledon), family Crassulaceae (Maurice 1993). Popular
names include plant of life, air plant, plant of love, canterbury bells, cathedral bells,
green love, curtain plant, parnabija, white coirama, coirama-brava, leaf of the coast
and saido (Anjoo and Kumar 2000).

Synonyms Both species have botanical synonyms: Kalanchoe brasiliensis syn
Cotyledon brasilica Vell, Kalanchoe pinnata syn Bryophyllum pinnatum (Lamk.)
Oken; Bryophyllum pinnatum Kurz., Cotyledon pinnata Lamk, among others.

2 Crude Drug Used

The aqueous extract of the leaves of K. pinnata has been used for the treatment of
cutaneous leishmaniasis and to decrease acute anaphylactic reactions (Cruz et al.
2008, 2012). Investigating anti-tumor action of Kalanchoe brasiliensis, an aqueous
solution containing 50 mg/kg of the raw extract diluted in saline was administered
intraperitoneally in mice, showing that it could be used for treatment of sarcoma
180 (Machado and Melo-Junior 2009).
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Fig. 1 Chemical structures of the main compounds isolated from Kalanchoe. (a) Kalanchosine
(1), 3,6-diamino-4,5-dihydroxyoctanedioic acid and (b) Bryophillin A and B

3 Major Chemical Constituents and Bioactive Compounds

Species of the genus Kalanchoe contain a wide variety of secondary substances,
mainly terpenes (Anjoo and Kumar 2000; Siddiqui et al. 1989), flavonoids (Gaind
and Gupta 1972; Muzitano et al. 2006), alkaloids (Biswas 2011; Okwu and Josiah
2006), bufadienolides (Anjoo and Kumar 2000; Milad et al. 2014; Supratman et al.
2001) glycosides, steroids, saponins, tannins, reduced sugars and aminoacids
(Biswas 2011; Matthew et al. 2013; Pattewar 2012) (Fig. 1).

Flavonoid glycosides derived from patuletin were isolated from the leaves and
branches of K. brasiliensis, as 8-methoxykaempferol-3,7-di-O- rhamnopyranoside,
as 8-methoxyquercetin, 3,7-di-O-rhamnopyranoside and quercetin (Trevisan et al.
2006; Veiga-Junior 2005). Malic acid and an organic salt — kalanchosin dimalate
(KMC), belonging to a new class of metabolites, called kalanchosine — were iso-
lated from extracts of areal parts of K. brasiliensis (Costa et al. 2006).

From K. pinnata, triterpenes and sterols were identified such as a and f-amyrin,
taraxerol, acetylated derivatives of cycloartan-3-ol, y-taraxasterol; (24R) — stig-
mast-5, 25-dien-3f-ol (24 epiclerosterol); (24R) — Sa- stigmast-7, 25-dien-3f-ol;
Sa- stigmast- 24-en-3f-ol; 25 methyl-5a-ergost-24 (28) — en-3f-ol, and others. The
bufadienolides isolated from K. pinnata were identified as bryophillin A and B
(Supratman et al. 2001). The presence of bufadienolids suggests a potential antitu-
mor and bactericidal ability (Pattewar 2012; Supratman et al. 2001).
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The compounds a-ramnoisorobin, kaempferitrine (Tatsimo et al. 2012) and quer-
cetin (Muzitano et al. 2006) are among flavonoids isolated from K. pinnata. Due to
the restricted occurrence and great abundance of flavonoids in K. pinnata, it has
been suggested that this class of metabolites may be responsible for the high thera-
peutic potential of the species (Pattewar 2012).

4 Morphological Description

K. brasiliensis has herbaceous features and grows to a height of 30 cm to 1 m.
Leaves are sparsely branched, oval or obovate oppositely succulent, peciolated
and crenated. A characteristic feature that facilitates differentiation between K.
pinnata and K. brasiliensis species is the appearance of the leaf, since the latter
has a corrugated subcrenated edge, whereas K. pinnata has a crenated leaf. K.
brasiliensis has a yellow-orange inflorescence with small flowers (Lorenzi and
Matos 2008).

5 Geographical Distribution

The Kalanchoe genus includes native species from Africa and Brazil (Boulos 1999).
In Brazil, K. brasiliensis is a native species, with an area from the southeast to the
northeast. It is common in the coastal zone. K. pinnata has a pantropical distribu-
tion, both continental and insular (Veiga-Junior 2005).

6 Ecological Requirements

Species of the genus Kalanchoe inhabit different regions, ranging from rainforests
to arid environments (Rauh 1973).

K. pinnata is intolerant to long periods of drought. As invasive species, it adapts
and colonizes different areas, are abundant in sandy soils and rocky coastal regions
in different countries, such as Madagascar, the United States, Brazil and Australia.
It is still found in areas with human disturbance. It adapts to humid and semi-humid
climates, with a precipitation between 1000 and 2000 mm (Smith 1985).

7 Collection Practice

The special literature relating to the harvesting of K. pinnata and K. brasiliensis is
either scarce or unavailable. In general, during collection of medicinal plants, one
should take into account population survival and maintenance of the ecosystem.
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Furthermore, the species should be collected during the appropriate season, climate
and time, as the secondary metabolites are variable according to different periods
(World Health Organization 2003).

8 Traditional Use and Common Knowledge

Different species of the genus Kalanchoe are traditionally used in folk medicine in
many parts of the world, particularly in South America. In Guyana, the leaves of K.
pinnata are traditionally used as an anti-inflammatory and antiseptic to treat coughs,
ulcers and wounds (El Abdellaoui et al. 2010). In Brazil, the most studied and used
species are K. pinnata and K. brasiliensis.

K. brasiliensis is widely used in the treatment of boils. The pure juice is used
orally in cases of ovarian and uterine inflammation or mixed with other plants such
as malvarisco, used in the preparation of cough syrups. K. pinnata is used in inflam-
matory diseases, gastric ulcers, burns, diarrhea, vomiting, insect bites, body aches,
and as an antifungal and antibacterial (Almeida et al. 2000; Anjoo and Kumar 2000;
Okwu and Josiah 2006).

9 Modern Medicine Based on Uses Its Traditional Medicine

K. brasiliensis and K. pinnata are extensively used in traditional medicine. There
are a significant number of studies that describe their biological effects, especially
for K. pinnata. However, the evaluation of the active chemical compounds and their
biological activity is far from being complete. There is also a need for more detailed
studies looking on large scale production and economic viability. Preclinical studies
of pharmacological activities in vitro and in vivo are also described in the special
literature on these species.

In vitro assays using extracts of the leaves of different species of the genus
Kalanchoe (including K. brasiliensis) in ethyl acetate, hexane and methanol acetate,
identified larvicidal activity effective against Aedes aegypti at concentrations of
500, 250 and 100 ppm (Salles Trevisan et al. 2006). Two bufadienolids isolated
from K. pinnata demonstrated a high degree of effectiveness against the third larval
stage of the silkworm (Supratman et al. 2001).

In vitro assays showed that the raw extract of Kalanchoe brasiliensis contains
active substances with antitumor effects against Sarcoma 180 cells. The results indi-
cated an inhibitory effect of the growth of this kind of tumor, with 52.8% reduction
(p < 0.05) of tumor mass (Machado and Melo-Junior 2009). Raw extract and frac-
tions of K. pinnata also exhibited dose-dependent cytotoxic activity, with ICs,
550.0 pg/mL and 91.0 pg/mL, respectively; against cervical cancer (Mahata et al.
2012). Additionally, it exhibited cytotoxic activity against KB cells (Yamagishi
et al. 1989). Finally, leaves of the species have been shown to have anti-mutagenic
properties (Obaseiki-Ebor et al. 1993).
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The leaf extract of Kalanchoe pinnata in dichloromethane (DCM), chloroform,
petroleum ether and aqueous fractions have been evaluated in an oral glucose toler-
ance test (OGTT) at a concentration of 10 mg/kg in rats. In this study, the fraction
in DCM produced an improved hypoglycemic action. In addition, the dose-
dependent effects of the same fraction of Kalanchoe pinnata were evaluated. It was
concluded that the DCM fraction demonstrated antihyperglycemic activity in a
dose-dependent pattern, which is comparable to the glibenclamide (with the same
dose of 2.5 mg/kg body weight). According to researchers, among four concentra-
tions tested, the maximum concentration used (10 mg/kg body weight) showed
prominent hypoglycemic activity (Patil et al. 2013). The study by Ojewole (2005)
demonstrated significant hypoglycemia in mice when treated with aqueous extract
of K. pinnata.

In models of severe anaphylactic reaction, the aqueous extract of leaves of
Kalanchoe pinnata was effective. In studies by Cruz et al. (2012) the effect of K.
pinnata flavonoids quercetin (QE) and quercitrin (IQ) was evaluated in the activa-
tion of mast cells in vitro in a model of the allergic disease in vivo. The study
showed that this extract and QE prevented mast cell degranulation and lessened the
action of TNF and IL-6 released in vitro and in vivo. These findings demonstrate
that treatment with K. pinnata or QE is effective in the treatment of allergic respira-
tory diseases, providing new perspectives on the immunomodulatory functions of
this plant.

The leaf extract of K. pinnata in DCM/methanol (1:1) and hexane/DCM reduced
at least 30% acetic acid-induced pain and also increased the latency period between
seizures (Nguelefack et al. 2006). The effect was greater with higher doses per kilo-
gram (between 200 and 300 mg/kg) (Veiga-Junior 2005).

Cruz et al. (2008) identified a protective effect of aqueous extract of K. pinnata
in fatal anaphylactic shock, an immune-mediated Th2 pathology, and also identified
the active component. Mice oral treated daily with the extract survived during sen-
sitization with ovalbumin when tested with this allergen, while there was a 100%
mortality rate in the untreated group. The intraperitoneal single dose 3 h before the
test was partially effective. Oral protection was accompanied by a decreased pro-
duction of anti-OVA IgE antibodies, eosinophilia and decreased the production of
cytokines IL-5, IL-10 and TNF-a. In vitro, these extract prevented mast cell degran-
ulation and histamine release induced by antigens. Oral treatment with the flavonoid
quercitrin from K. pinnata prevented fatal anaphylaxis in 75% of animals. These
results indicate that oral treatment effectively attenuates anaphylactic pro-immune
responses. The protection obtained with quercitrin, although not maximal, suggests
that the flavonoid is a critical component of K. pinnata extract against this extreme
allergic reaction.

Studies by Biswas et al. (2011) evaluated ethanol extracts of leaves and stems of
K. pinnata. The ethanolic extract demonstrated significant antimicrobial activity
against gram-positive (B. subtilis, S. aureus) and gram-negative (E. coli, P. aerugi-
nosa, S. dysenteriae) bacteria, with zones of inhibition of 6.0+0.35 t0 8.2 +0.22 mm.

Yadav and Dixit (2003) observed that the juice of the fresh leaves of K. pinnata
was used as a treatment for jaundice, and the ethanolic extract was tested on rats
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against tetrachloride-induced hepatotoxicity. The test was effective in vivo and
in vitro, based on the histological analysis. The juice was more effective than the
ethanol extract. In another study using the aqueous extract in mice, showed that this
extract protect the gentamicin-induced nephrotoxicity. A significant antioxidant
activity of the aqueous extract was observed in the same study (Harlalka et al. 2007).

There was a reduction in blood pressure in rats after administration of the aque-
ous leaf extract of K. pinnata. In rabbits, this extract protected the kidneys and the
liver (Ghasi et al. 2011). The alcoholic extract of the leaves administered orally and
intraperitoneally in rats showed significant diuretic action, especially with the intra-
peritoneal administration (Patil et al. 2013).

According to tests in a murine model of cutaneous leishmaniasis, where different
flavonoids were used, the glycosides were defined as active compounds with evi-
dent action against Leishmania amazonensis (Muzitano et al. 2000).

10 Conclusions

The widespread use of the genus Kalanchoe, and specifically of the species K.
brasiliensis and K. pinata in traditional medicine, as well as their acceptance by
many researchers, is strong evidence that these species can be effective for treating
the conditions described and can be considered as a possible source for healing the
pathological cases investigated. Extracts of K. pinnata and K. brasiliensis have been
reported to possess anti-inflammatory, antihypertensive, antimicrobial, antifungal,
antidiabetic and antitumor effects. Several active compounds have been identified in
K. pinnata, such as glycosides, organic acids, steroids and bufadienolides. These
compounds have also a variety of demonstrated effects including antibacterial and
antitumor effects.
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