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Introduction

Mangrove species of Rhizophora (R. apiculata, R. mucronata and R. mangle) are endowed with chemical
constituents of terpenoids, flavonoids, phenolic acids and steroids (Wu et al., 2008; Nebula et al., 2013). They
possess antioxidant (Bunyapraphatsara et al., 2003; Sánchez, et al., 2006; Rahim et al., 2008; Ravikumar &
Gnanadesigan, 2012), antibacterial (Melchor et al., 2001; Howlader et al., 2013; Annapoorani et al., 2013), anti-
viral (Premanathan et al., 1999), anti-ulcer (Perera, et al., 2001; de Armas, et al., 2005; Berenguer et al., 2006;
de-Faria, et al., 2012), analgesic (Rohini & Das, 2009; Howlader, et al., 2013), anti-inflammatory (Rohini & Das,
2009, 2010; Prabhu et al., 2012), cytotoxic (Prabhu et al., 2012; Howlader, et al., 2013), anti-diabetic
(Ramanathan et al., 2008; Alikunhi et al., 2012), diuretic (Howlader, et al., 2013), hepato-protective (Ravikumar
& Gnanadesigan, 2012.), anti-diarrheal (Rohini & Das, 2010), and wound healing (Fernandez et al., 2002; de
Armas et al., 2005) properties.

Metabolites and bioactivities of Rhizophoraceae including Rhizophora stylosa have only been reviewed by
Nebula et al. (2013). In a review of natural products from mangrove flora by Wu et al. (2008), information on R.
apiculata and R. mucronata was presented but not on R. stylosa. In this note, the chemistry and bioactivities of R.
stylosa, which are lesser known, are updated with some description of its botany and uses. Results of a DNA
analysis of R. stylosa from Kiribati are included.

Botany and Uses

Rhizophora stylosa Griff. occurs on sand flats or rocky promontories fronting the sea (Chan, 1996; Chan & Wong,
2009; Nilus et al., 2010; Ng & Chan, 2012a). Under such exposed conditions, trees have gnarled growth with no
clear bole and extensive prop roots looping outwards (Figure 1, left).

In young trees, the bark is reddish brown while in old trees, the bark is greyish black and fissured. The leaf blade
is broadly elliptic, apex with prominent mucronate spike, pale green midrib and clear black dots at the under surface.
(Figure 1, right). Inflorescences are branched 2−4 times with 4−8 cream-colored buds borne on elongated peduncle.
Flowers have four white petals with woolly margins and elongated style of 4−5 mm. Fruits are ovate and brown when
ripe. Hypocotyls are cylindrical, warty with pointed tip, 30 cm in length, and collars are bulbous and yellow in colour.
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Figure 1 Tree (left), and leaves and reproductive parts (right) of Rhizophora stylosa

Natural hybrids of R. stylosa are not uncommon. Examples are Rhizophora x lamarckii, a cross between R.
stylosa and R. apiculata (Chan, 1996; Ragavan et al., 2011; Ng & Chan, 2012b), and Rhizophora x mohanii, a
cross between R. stylosa and R. mucronata (Ragavan et al., 2015).

Uses of R. stylosa in traditional medicine have not been reported. The dyeing cotton fabric (kusaki-zome) using
tannin extracted from the bark of R. stylosa (Figure 2) remains an important cottage industry on Iriomote island,
Japan (Baba, 2004; Baba et al., 2013). On Iriomote and Ishigaki islands, seedlings of R. stylosa are sold in
souvenir shops to tourists as ornamentals. In the island countries of the Pacific, the species is used as fuelwood. In
Australia, the aborigines use its wood to make boomerangs, spears and ceremonial items (Giesen et al., 2007).

Figure 2 Bark of Rhizophora stylosa (left) and dyed cotton fabric (right)

During a visit to the Republic of Kiribati in October 2013, several ISME staff members and Japanese volunteers
encountered trees of R. stylosa with golden yellow buds and flowers, growing amongst normal R. stylosa trees on
Tarawa atoll (Figure 3, left). Tentatively named Rhizophora stylosa var. aureus, the variety has golden yellow
flowers including sepals, petals, ovary and style. Leaves are yellowish green with a pale yellow midrib, while
retaining features of the elongated style of flowers, prominent mucronate spike at the leaf apex and clear black dots at
the under surface of leaves (Figure 3, right). Propagules have slightly shorter hypocotyls and inconspicuous
reddish collars.
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Figure 3 Buds and flowers (left), and leaves and reproductive parts (right)
of Rhizophora stylosa var. aureus in comparison with R. stylosa

From Tarawa, leaf samples of R. stylosa and R. stylosa var. aureus were collected for DNA analysis. Leaves of R.
stylosa were also sampled from Butaritari, another atoll of Kiribati, for comparison. Genomic DNA was extracted
from leaves of R. stylosa and R. stylosa var. aureus from Tarawa, using the Qiagen DNeasy Plant Mini Kit
following the manufacture’s protocol.

The starch-branching enzyme II (SBE 2) gene, known to distinguish R. stylosa, R. mucronata and R. apiculata
(Inomata et al., 2009; Ng et al., 2013), were amplified by PCR and sequenced following the protocol developed
by Ng & Szmidt (2013) with modification. Results showed that the SBE 2 sequences were 100% identical,
supporting the morphological information that they are likely of the same species (accession # KT 198728 and
KT 198730). Likewise, the sequences of the phenylalanine ammonia lyase 1 (PAL 1) gene were also identical
(data not shown). More study is needed to determine the genetic determinants for the colour difference.

The alignment of differential nucleotide positions of the SBE 2 gene from Rhizophora species of Kiribati and the
Malay Peninsula are shown in Table 1. In the Indo-West Pacific region, 1175-G, a nucleotide that is specific to R.
stylosa, has been used to distinguish the species from R. mucronata and R. apiculata with 1175-T nucleotides (Ng
et al., 2013, 2015). However, we have found that R. stylosa from Tarawa had T in position 1175 of the SBE 2
gene sequences. The result was consistent with R. stylosa from Butaritari. In addition, the SBE 2 gene of the R.
stylosa genome from Kiribati cannot be PCR-amplified by the 1175-T containing primer. This demonstrates
localized genetic variation between R. stylosa from Southeast Asia and the Pacific islands, and this warrants
further study of more genetic loci.

Table 1 SBE 2 gene position of Rhizophora species from Kiribati and Peninsular Malaysia

336 387 389 428 429 498 603 635 637 677 732 911 1013 1042 1122 1123 1175 1253

[1] T C T T G C G A A C A T G G G C T T

[2] T C T T G C G A A C A T G G G C T T

[3] T C T T G C G A A C A T G G G C T T

[4] T C T T G C G A A C A T G G G C G T

[5] T C G G G C G A A C A T G G T C T T

[6] C T G T A T T G T T G C/G A A T T T A

[1] = R. stylosa, Tarawa, Kiribati (this study)
[2] = R. stylosa var. aureus, Tarawa, Kiribati (this study)
[3] = R. stylosa, Butaritari, Kiribati (this study)
[4] = R. stylosa, Peninsular Malaysia (Ng et al., 2013)
[5] = R. mucronata, Peninsular Malaysia (Ng et al., 2013)
[6] = R. apiculata, Peninsular Malaysia (Ng et al., 2013, 2015)
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Chemistry

Stems and twigs: From the chloroform-methanol extract of stems and twigs of R. stylosa collected from Hainan
Island in China, a new acetylated flavanol of 3,7-O-diacetyl(–)-epicatechin, and seven known flavanol derivatives
of (+)-catechin, (–)-epicatechin, 3,3’,4’,5,7-O-pentaacetyl(–)-epicatechin, 3-O-acetyl(–)-epicatechin, (+)-
afzelechin, proanthocyanidin B2 and cinchonain Ib were isolated (Li et al., 2007). From the stems and twigs, Li et
al. (2008) also reported two new pentacyclic triterpenoids of 3β-O-(E)-coumaroyl-15α-hydroxy-β-amyrin, 15α-
hydroxy-β-amyrin, and five known pentacyclic triterpenoids of 3β-taraxerol, 3β-taraxerol formate, 3β-taraxerol
acetate, 3β-O-(E)-coumaroyl-taraxerol and 3β-O-(Z)-coumaroyl-taraxerol. From Iriomote Island in Japan, the
methanol stem extract of R. stylosa yielded two flavan-3-ols of glabraosides A & B, together with seven flavanol
derivatives of (+)-catechin, (–)-epicatechin, cinchonains Ia, Ib, IIa & IIb, and (+)-catechin 3-O-α-L-rhamnoside
(Takara et al., 2008).

Leaves and flowers: From leaves of R. stylosa, triterpenoids of taraxerone, taraxerol, careaborin and cis-
careaborin, flavonoids of astilbin and rutin, phenolic acids of isovanillic acid, protocatechuic acid, and steroids of
β-sitosterol and β-daucosterol have been isolated (Yang et al., 2008). Among the isolated compounds, astilbin and
rutin were reported in this plant for the first time. The scent of R. stylosa flowers is mainly attributed to essential
oils of 1,2-dimethoxybenzene, eugenol, 2,3-butanediol and linalool (Azuma et al., 2002).

Bioactivities

Stems and twigs: Of the eight flavanols isolated from stems and twigs of R. stylosa, proanthocyanidin B2
exhibited the strongest 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity with IC50 value of 4.3
μg/mL, followed by (–)-epicatechin and (+)-catechin both with IC50 values of 6.5 μg/mL, and cinchonain Ib with
IC50 value of 7.8 μg/mL (Li et al., 2007). Of the nine flavonoids isolated from stems of R. stylosa, strongest
DPPH radical scavenging activity was displayed by glabraosides A & B, and cinchonains Ia, IIa & IIb with EC50

values of 4.6, 8.6, 9.3, 7.3 and 6.5 μM, respectively (Takara et al., 2008).

Leaves: Of the compounds isolated from leaves of R. stylosa, taraxerol inhibited the growth of HeLa and BGC-
823 human cancer cells with IC50 of 73.4 and 73.3 μmol/L, respectively (Yang et al., 2008). Cis-careaborin
inhibited BGC-823 and MCF-7 human cancer cells with IC50 of 45.9 and 116 μmol/L, respectively. For the first
time, astilbin and rutin were reported to markedly stimulate the proliferation of mice splenic lymphocytes.

Different parts: A comparison of different parts of R. stylosa sampled from Micronesia showed that stems had the
highest phenolic content, DPPH radical scavenging and anti-tyrosinase activity followed by leaves and roots (Suh
et al., 2014). Values of stems and leaves of R. stylosa were higher than green tea. This finding warrants
verification.

Conclusion

A golden yellow variety of R. stylosa in Kiribati was tentatively named R. stylosa var. aureus. DNA analysis
showed that they are likely of the same species. Compared to R. apiculata, R. mucronata and R. mangle, much
less research efforts have been devoted to the phytochemistry and pharmacology of R. stylosa. Chemical
constituents of triterpenoids, flavonoids, phenolic acids and steroids were reported in leaves, stems and twigs of R.
stylosa. Pharmacological properties of antioxidant, anti-tyrosinase and cytotoxic activities have been documented.
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