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KEYWORDSABSTRACT

Biological and phytochemical investigations on Rhizophora mucronata
revealed its remarkable pharmacological significance due to the pres-
ence of important secondary plant metabolites in its various parts. In the
present studies various extracts and fractions of different parts of R.
mucronata were subjected to bioassay directed isolation studies for the
evaluation of antioxidant, cytotoxic and antifungal activities. The ethyl
acetate extract of fruits showed moderately good antioxidant activity, with
IC

50
 value of 26.28 µg/mL (87.8 %). The methanol extract of fruits, ethyl

acetate extract of leaves and ethyl acetate extract of stem and twigs showed
low antioxidant activity, with IC

50
 values of 62.30 (83.2 %), 66.87 (86.1

%) and 79.53 µg/mL (87.8 %), respectively. Antioxidant activity from

the fruits of this plant is reported for the first time in present studies. The
lower layer of dichloromethane extract of stem and twigs showed cyto-
toxic activity against nauplii of brine shrimp (Artemia salina), with LD

50

value of 556.92 µg/mL (60 % mortality) at higher dose level of 1000 µg/

mL. Extraction and fractionation with polar and non polar solvents re-
sulted in the isolation of bulk quantity of pure 3-O-(4-hydroxy cinnamoyl)-
taraxerol (I) (6.13 % of wet plant material) from the petroleum ether
insoluble fraction of leaves of R. mucronata through classical chemis-
try, without applying any chromatographic technique.
 2015 Trade Science Inc. - INDIA

INTRODUCTION

Mangrove plants have been used in folk medi-
cines to cure diseases like paralysis, earache, ul-
cers, typhoid, dysentery, asthma, diabetes, malaria,
leprosy, hepatitis and skin diseases[1-3]. Rhizophora

mucronata Lam. (Rhizophoraceae) is an evergreen
mangrove tree, which grows in the marine intertidal
zone along the coasts of Asia, Australia, Africa,
Madagascar, Micronesia, Mauritius, Marshall Is-
lands and Pacific tropical regions[4,5]. In Pakistan,
R. mucronata is found naturally in Miani Hor along
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Balochistan coast, while through replantation it has
been introduced in the Indus delta along Sindh coast[6,

7]. The seeds and bark of R. mucronata have been
used for the treatment of haematuria, angina, diabe-
tes, diarrhea and haemorrhagic conditions in China,
India and Burma[8]. Its roots have been used for the
cure of hemorrhage and angina in Indo-Chinese popu-
lations, old leaves and roots for obstetric conditions
in Malayans, bark for bloody urine in Burma and for
vomiting, nausea, hemorrhage and diarrhea in Thai-
land[9, 10]. Chemical constituents identified from its
different parts include diterpenoids, triterpenoids,
sesquiterpenoids, alkaloids, flavonoids, inositols,
anthocyanidins, proteins, steroids, carotenoids and
tannins[2, 3]. We present herein the isolation of a rare
and bioactive triterpenoid, 3-O-(4-hydroxy
cinnamoyl)-taraxerol (I) in pure form in bulk quan-
tity from the leaves of R. mucronata through classi-
cal chemistry, and antioxidant, cytotoxic and anti-
fungal activities of extracts and fractions of differ-
ent parts of R. mucronata.

EXPERIMENTAL

General experimental conditions

Ultraviolet (UV) spectra were measured in
methanol on Hitachi U-3200 spectrophotometer. In-
frared (IR) spectra were obtained in KBr on Bruker
Vector 22 spectrophotometer. The EIMS spectra
were recorded on Finnigan MAT-312 spectrometer.
The 1H NMR spectra were recorded in CDCl

3 
on

Bruker Aspect AV-500 spectrometer at frequency of
500 MHz. The coupling constants (J) were recorded
in Hz, while the chemical shifts were measured in
ppm (ä). Kieselgel 60 GF

254
 precoated cards (0.2

mm thick, E.Merck) were used for analytical thin
layer chromatography. For filtration Whatman No 1
filter paper was used.

Plant material

The leaves, stem, twigs and fruits of Rhizophora
mucronata Lam. was collected from Miani Hor
(Sonmiani Bay, Balochistan) in February 2012 and
authenticated by plant taxonomist Prof. Dr. Surayia
Khatoon of the Department of Botany, University of
Karachi. A voucher specimen (G.H. # 86466) was
deposited in the herbarium of the same department
for future reference.

Extraction and isolation from the leaves

The fresh, undried and uncrushed leaves (4.41
Kg) were successively extracted with petroleum
ether (10 L), dichloromethane (10 L), ethyl acetate
(10 L) and methanol (10 L) at room temperature.
The petroleum ether extract was filtered with
Whatman No. 1 filter paper and evaporated under
reduced pressure to give a residue RLP (317 g), a
portion (17 g) of which was taken and dissolved
again in 250 mL petroleum ether. The solution was
filtered to give petroleum ether soluble fraction RLP-

S (2.5 g) and an insoluble residue RLP-I (white solid,
14.5 g), which showed single spot on TLC (silica
gel, PE:EA, 8:2). Spectral studies (UV, IR, EIMS
and 1H NMR) of RLP-I disclosed its structure as
pure 3-O-(4-hydroxy cinnamoyl)-taraxerol (I). The
dichloromethane extract was filtered and evaporated
under reduced pressure giving a residue RLDC (300
g), a portion (12 g) of which was taken and dis-
solved in 250 mL petroleum ether. The solution was
filtered to furnish petroleum ether soluble fraction
RLDC-P-S (1.5 g) and an insoluble residue RLDC-
P-I. RLDC-P-I was dissolved in 250 mL chloroform.
The solution was filtered to give chloroform soluble
fraction RLDC-C-S (1.1 g) and an insoluble residue
RLDC-C-I. RLDC-C-I was dissolved in 250 mL ethyl
acetate. The solution was filtered to yield ethyl ac-
etate soluble fraction RLDC-EA-S (420 mg) and an



Ateeq Ahmad et al. 61

Full Paper
NPAIJ, 11(2) 2015

An Indian Journal
Natural ProductsNatural Products

insoluble residue RLDC-EA-I, which was dissolved
in 250 mL methanol. The solution was filtered to
give methanol soluble fraction RLDC-M-S (2.2 g)
and an insoluble residue RLDC-M-I (1 g). The ethyl
acetate and methanol extracts were filtered and
evaporated under reduced pressure to give residues
RLEA (230.5 g) and RLM (480 g), respectively.

Characterization of 3-O-(4-Hydroxy cinnamoyl)-
taraxerol (I)

Color and state: white solid; UV ë: 204, 221,
310, 365; IR: 3055, 1710, 1600; EIMS m/z (%):
572 (M+, C

39
H

56
O

3
, 52), 557 (12), 448 (55), 396

(21), 204 (100), 147 (99); 1H NMR (CDCl
3
, 500 M

Hz) (ä/Hz); 7.57 (d, J=16, H-32 ), 7.41 (d, J=8.5,
H-52 , H-92 ), 6.81 (d, J=8.5, H-62 , H-82 ), 6.28
(d, J=16, H-22 ), 5.50 (nm, H-15), 4.58 (dd,
J=5.0,11.0, H-3).

Extraction and Isolation from the Stem and twigs

The fresh and undried stem and twigs (0.503 Kg)
were successively extracted with petroleum ether
(1.7 L), dichloromethane (1.7 L), ethyl acetate (1.7
L) and methanol (1.7 L) at room temperature. The
first petroleum ether extract was filtered and evapo-
rated under reduced pressure to give residue RSP1
(641 mg), while the second petroleum ether extract,
containing two layers were separated to give upper
yellowish layer and lower reddish oily layer. The
two layers obtained were evaporated under reduced
pressure yielding respective residues RSP2U-S (415
mg) and RSP2L-I (3.3 g). The dichloromethane ex-
tract, containing two layers were separated to give
upper brownish oily layer and lower yellowish
layer. The two layers were separated and evapo-
rated under reduced pressure furnishing respective
residues RSDCU-I (5.1 g) and RSDCL-S (1.2 g).
The ethyl acetate and methanol extracts were fil-
tered and evaporated under reduced pressure to give
respective residues RSEA (437 mg) and RSM (15.2
g).

Extraction and isolation from the fruits

The fresh, undried and uncrushed fruits (0.268
Kg) were successively extracted thrice with petro-
leum ether (600 mL), twice with dichloromethane
(600 mL), ethyl acetate (600 mL) and methanol (600

mL) at room temperature. The first petroleum ether
extract was filtered and evaporated under reduced
pressure to give residue RFr.P1 (633 mg), which
was again dissolved in 100 mL petroleum ether. The
solution was filtered to give petroleum ether soluble
fraction RFr.P1-S (381 mg) and an insoluble resi-
due RFr.P1-I (white solid). RFr.P1-I was taken in
100 mL chloroform and the solution was filtered to
give chloroform soluble fraction RFr.P1-C-S (111
mg) and an insoluble residue RFr.P1-C-I. The later
was dissolved in 100 mL ethyl acetate and the solu-
tion was filtered to give ethyl acetate soluble frac-
tion RFr.P1-EA-S (16 mg) and an insoluble residue
RFr.P1-EA-I. RFr.P1-EA-I was dissolved in 100 mL
methanol. The solution was filtered to give metha-
nol soluble fraction RFr.P1-M-S (25 mg) and an in-
soluble residue RFr.P1-M-I (80 mg). The second
and third petroleum ether extracts were filtered and
evaporated under reduced pressure to yield respec-
tive residues RFr.P2 (315 mg) and RFr.P3 (120 mg).
The first dichloromethane extract, containing two
layers were separated to give upper reddish oily
layer and lower yellowish layer. The two layers
were separated and evaporated under reduced pres-
sure to give respective residues RFr.DC1U-I (27.3
g) and RFr.DC1L-S (2.1 g). The residue RFr.DC1U-
I was dissolved in methanol and the solution was
filtered to furnish methanol soluble fraction
RFr.DC1U-M-S (16.2 g) and an insoluble residue
RFr.DC1U-M-I (whitish suspension, 11.1 g). The
second dichloromethane extract was filtered and
evaporated under reduced pressure to yield the re-
spective residue RFr.DC2 (4.1 g). The ethyl acetate
extracts (RFr.EA1 and RFr.EA2) were filtered, com-
bined and evaporated under reduced pressure to give
a residue RFr.EA (1.3 g). The methanol extracts
(RFr.M1 and RFr.M2) were filtered, combined and
evaporated under reduced pressure affording a resi-
due RFr.M (18.2 g).

EVALUATION OF ANTIOXIDANT, CYTO-
TOXIC AND ANTIFUNGAL ACTIVITIES

Antioxidant activity

Extracts and fractions of different parts of R.
mucronata were evaluated for antioxidant activity,
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using DPPH (1, 1-diphenyl-2-picrylhydrazyl) radi-
cal scavenging assay[11, 12]. The samples were mixed
with stable free radical, 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) and allowed to react at 37º

C for 30 minutes. The dark colored crystalline pow-
der of DPPH was dissolved in ethanol at concentra-
tion of 300 ìM, while the samples were dissolved
in DMSO or respective solvents. Gallic acid was
used as standard and DMSO treated control group
or respective solvent was used as negative control.
Optical density (decrease in absorption) was mea-
sured at 515 nm by multiplate reader (Spectra MAX-
340) after the incubation. Radical scavenging activ-
ity (%) of samples was decided by comparing with
a DMSO treated control group. Percent radical scav-
enging activity was calculated using the formula:
% RSA= 100 � {(OD test sample / OD control) X

100}
The IC

50
 values were determined by plotting %

RSA against the various concentrations of test sample
and determined the best regression line which fit for
the data. IC

50 
values were calculated from the best

fit regression line.

Cytotoxic activity

Extracts and fractions of different parts of R.
mucronata were evaluated for cytotoxic activity,
using brine shrimp lethality assay[13, 14]. The samples
were incubated with 2 days old nauplii of brine
shrimp (Artemia salina) at around room tempera-
ture (28º ± 1º C), for 24 hours under illumination.

The concentration of each sample was kept as 10,
100 and 1000 (µg/mL), while the total volume was

made 5 mL using seawater. The respective solvent
was used as negative control while the cytotoxic drug
Etoposide was used as standard. At the end of 24
hours incubation period the surviving shrimps were
counted and recorded, using 3x magnifying glass.
The data was analyzed with Finney computer pro-
gram (Probit analysis) and the LD

50
/LC

50
 values were

determined with 95 % confidence intervals. The as-
say was run in triplicate.

Percentage of death was calculated using the fol-
lowing formula:
Percentage of Death (%): (Total nauplii � Alive

nauplii) × 100/Total nauplii

Antifungal activity

Extracts and fractions of different parts of R.
mucronata were evaluated for antifungal activity
against pathogenic fungal species Candida albicans,
C. glabrata, Microsporum canis, Aspergillus flavus
and Fusarium solani, using agar tube dilution
method[13, 15]. Sabouraud dextrose agar (SDA) me-
dia (pH 5.5-5.6) loaded with respective sample (66.6
µl, dissolved in DMSO) was inoculated with 4 mm

diameter piece of seven-day-old culture of fungus
and incubated at 27º C for seven days. The concen-

tration of sample was kept as 400 µg/mL of media.

DMSO was used as negative control while refer-
ence antifungal drugs (Miconazole and Amphoteri-
cin-B) were used as positive control. Growth of the
fungus in the media (amended with sample) was de-
termined by measuring linear growth (mm). Percent
(%) inhibition of fungal growth was determined with
reference to the negative control using the formula:
% Inhibition = 100 � linear growth in test (mm) X

100
Linear growth in control (mm)

RESULTS

Antioxidant activity

The preliminary results revealed that the ethyl
acetate extract of fruits (RFr.EA) showed moder-
ately good antioxidant activity, with IC

50
 (EC

50
) value

of 26.28 µg/mL and percent DPPH radical scaveng-

ing activity of 87.8 % TABLE-1. The methanol ex-
tract of fruits (RFr.M) exhibited low antioxidant ac-
tivity, with IC

50
 value of 62.30 µg/mL and percent

DPPH radical scavenging activity of 83.20 %. The
ethyl acetate extract of leaves (RLEA) showed low
antioxidant activity, with IC

50
 value of 66.87 µg/mL

and percent DPPH radical scavenging activity of
86.1 %. The ethyl acetate extract of stem and twigs
(RSEA) showed low antioxidant activity, with IC

50

value of 79.53 µg/mL and percent DPPH radical

scavenging activity of 87.8 %. The dichloromethane
extract of fruits (RFr.DC2) and methanol extract of
stem and twigs (RSM) exhibited very weak

Antioxidant activity, with IC
50

 (EC
50

) values of
226.5 and 245.7 µg/mL and percent DPPH radical
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Sr. No. Sample Code Concentration (mg/mL) 
IC5 0 (EC50) ± SEM 

(µg/mL) 
% Radical Scavenging 

Activity (RSA) 
1. RFr.EA 0.5 26.283±0.2 87.8 

2. RFr.M 0.5 62.303±1.01 83.2 

3. RLEA 0.5 66.87±1.7 86.161 

4. RSEA 0.5 79.531±2.45 87.882 

5. RFr.DC2 0.5 226.5±2.6 60.213 

6. RSM 0.5 245.75±1.789 66.539 

7. RLM 0.5 305.99±3.6 72.750 

8. RFr.DC1L-S 0.5 N.D 22.6 

9. RFr.P1-S (F) 0.5 N.D 20.442 

10. RLDC 0.03 N.D 13.042 

11. RSP1 0.03 N.D 3.439 

12. RFr.P2 0.5 N.D 3.279 

13. RSDCL-S 0.5 N.D 2.374 

14. RSP2U-S 0.5 N.D 0.502 

15. RLP-S (F) 0.03 N.D 0.42 

16. RSDCU-I 0.5 --- --- 

17. RSP2L-I 0.5 --- --- 

18. RLP-I (F) 0.5 --- --- 

19. RFr.DC1U-I 0.03125 IS --- 

20. 
Standard 

(Gallic acid) 
0.094 4.3±0.43 93.13 

TABLE 1 : Antioxidant activity (IC
50

/EC
50

 values and % radical scavenging activity) of extracts and fractions of
Rhizophora mucronata

scavenging activity of 60.2 % and 66.5 %, respec-
tively. The methanol extract of leaves (RLM) showed
very weak antioxidant activity, with IC

50
 (EC

50
)

value of 305.9 µg/mL and percent DPPH radical

scavenging activity of 72.75 %. The lower layer of
the dichloromethane extract (RFr.DC1L-S) of fruits
and petroleum ether soluble fraction of petroleum
ether extract of fruits (RFr.P1-S) displayed 22.6 %
and 20.4 % activity, respectively. The rest of the
extracts and fractions showed negligibly small or
no activity at all, while RFr.DC1U-I was insoluble.

Cytotoxic activity

The preliminary results TABLE-2 revealed that
the lower layer of the dichloromethane extract of
stem and twigs (RSDCL-S) showed cytotoxic ac-
tivity (lethality) against nauplii of brine shrimp

(Artemia salina), with LD
50

/LC
50

 value of 556.92
µg/mL at higher dose of 1000 µg/mL. The percent

mortality of brine shrimp nauplii was 60 %, 23 %

and 6.6 % at the concentration of 1000, 100 and 10
µg/mL, respectively. The rest of the extracts and frac-

tions caused mortality below 50 %, having LD
50 

val-
ues greater than 1000 µg/mL, which are non-cyto-

toxic.

Antifungal activity

The preliminary results revealed that petroleum
ether extract of fruits (RFr.P2) showed low antifun-
gal activity against Microsporum canis and As-
pergillus flavus, with 35 % and 25 % growth inhi-
bition, respectively (TABLE-3). The lower layer of
petroleum ether extract of stem and twigs (RSP2L-
I) exhibited low activity against M. canis and F.
solani, with 35 % and 20 % growth inhibition, re-
spectively. Both the methanol extract (RSM) and
upper layer of dichloromethane extract (RSDCU-I)
of stem and twigs displayed weak activity against
M. canis and F. solani, with 20 % and 10 % growth
inhibition, respectively. Both the ethyl acetate ex-

IC
50

/EC
50 

= Inhibitor concentration which gives 50% inhibition/Efficient (substrate) concentration which gives 50 % DPPH radi-
cal scavenging activity, SEM = Standard error of mean, N.D = Not determined, � = Inactive; IS = Insoluble
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Sr. No. Sample Code Dose(µg/mL) No. of Shrimps No. of Survivors % Mortality LD50 (LC50)(µg/mL)  

1. RSDCL-S 
1000 30 12 60 

556.92 100 30 23 23.3 
10 30 28 6.6 

2. RSEA 
1000 30 16 46.6 

N.D 100 30 21 30 
10 30 26 13.3 

3. RSM 
1000 30 22 26.6 

N.D 100 30 29 3.3 
10 30 30 0 

4. RFr.DC2 
1000 30 24 20 

N.D 100 30 25 16.6 
10 30 27 10 

5. RLM 
1000 30 24 20 

N.D 100 30 28 6.6 
10 30 30 0 

6. RSP2L-I 
1000 30 25 16.6 

N.D 100 30 27 10 
10 30 29 3.3 

7. RSP1 
1000 30 26 13.3 

N.D 100 30 28 6.6 
10 30 29 3.3 

8. RFr.DC1U-I 
1000 30 26 13.3 

N.D 100 30 29 3.3 
10 30 30 0 

9. RSDCU-I 
1000 30 27 10 

N.D 100 30 29 3.3 
10 30 30 0 

10. RFr.P2 
1000 30 28 6.6 

N.D 100 30 29 3.3 
10 30 30 0 

11. RFr.DC1L-S 
1000 30 28 6.6 

N.D 100 30 29 3.3 
10 30 30 0 

12. RFr.DC1U-M-S (F) 
1000 30 28 6.6 

N.D 100 30 29 3.3 
10 30 30 0 

13. RLP-I (F) 
1000 30 28 6.6 

N.D 100 30 30 0 
10 30 30 0 

14. RLDC 
1000 30 29 3.3 

N.D 100 30 30 0 
10 30 30 0 

15. RLEA 
1000 30 29 3.3 

N.D 100 30 30 0 
10 30 30 0 

16. RFr.EA 
1000 30 29 3.3 

N.D 100 30 30 0 
10 30 30 0 

17. RSP2U-S 
1000 30 29 3.3 

N.D 100 30 30 0 
10 30 30 0 

18. RFr.M 
1000 30 30 0 

--- 100 30 30 0 
10 30 30 0 

19. RLP-S (F) 
1000 30 30 0 

--- 100 30 30 0 
10 30 30 0 

20. Standard Drug (Etoposide)     7.4625 

TABLE 2 : Cytotoxic activity (% mortality of brine shrimp nauplii and LD
50

/LC
50

 values) of extracts and fractions
of Rhizophora mucronata

N.D = Not determined, � = inactive
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Sr. No. Fungal 
Species RFr.DC2 RLP-I (F) RFr.DC1 

L-S RLP-S (F) RLM RSDC 
L-S RFr.EA RSEA RLDC RSP1 Standard Drug MIC 

(µg/mL) 

1. 
Candida 
albicans 

100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/ % 100/0 % 100/0 % Miconazole 110.8 

2. Aspergillus 
flavus 

100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % Amphotericin-B 20.20 

3. 
Microsporum 
canis 

75/25 % 80/20 % 90/10 % 100/0 % 90/10 % 100/0 % 100/0 % 100/0% 100/0 % 100/0 % Miconazole 98.4 

4. Fusarium 
solani 

100/0 % 100/0 % 100/0 % 90/10 % 100/0 % 100/0 % 100/0 % 100/0% 100/0 % 100/0 % Miconazole 73.25 

5. 
Canadida 
glabrata 

100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0% 100/0 % 100/0 % Miconazole 110.8 

TABLE 4 : Antifungal activity (linear growth in mm and % inhibition) of extract and fractions of Rhizophora
mucronata

Sr. No. Fungal 
Species RFr.P2 RSP2 L-I RSDC 

U-I RSM RLEA RFr.DC1 
U-I RFr.M RSP2 

U-S 
RFr.DC1 

U-M-S (F) Standard Drug MIC 
(µg/mL) 

1. Candida albicans 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % Miconazole 110.8 

2. Aspergillus 
flavus 

75/25 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % Amphotericin-B 20.20 

3. Microsporum 
canis 

65/35 % 65/35 % 80/20 % 80/20 % 80/20 % 80/20 % 90/10 % 70/30 % 70/30 % Miconazole 98.4 

4. Fusarium 
solani 

100/0 % 80/20 % 90/10 % 90/10 % 90/10 % 90/10 % 90/10 % 100/0 % 100/0 % Miconazole 73.25 

5. 
Canadida 
glabrata 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % 100/0 % Miconazole 110.8 

TABLE 3 : Antifungal activity (linear growth in mm and % inhibition) of extracts and fractions of Rhizophora
mucronata

tract of leaves (RLEA) and upper layer of the
dichloromethane extract of fruits (RFr.DC1U-I)
showed

Weak activity against M. canis and F. solani,
with 20 % and 10 % growth inhibition, respectively.
The methanol extract of fruits (RFr.M) showed weak
activity against Microsporum canis and Fusarium
solani, with 10 % growth inhibition. The upper layer
of petroleum ether extract (RSP2U-S) of stem and
twigs exhibited low activity against M. canis, with
30 % growth inhibition. The methanol soluble frac-
tion of dichloromethane extract (upper layer) of fruits
(RFr.DC1U-M-S) displayed low activity against M.
canis, with 30 % growth inhibition. The
dichloromethane extract of fruits (RFr.DC2) showed
low activity against M. canis, with 25 % growth
inhibition TABLE-4. The petroleum ether insoluble
fraction of petroleum ether extract of leaves (RLP-
I) exhibited weak activity against M. canis, with 20
% growth inhibition. The lower layer of the
dichloromethane extract of fruits (RFr.DC1L-S) &
methanol extract of leaves (RLM)

Exhibited weak activity against M. canis, with
10 % growth inhibition. The petroleum ether soluble

fraction of petroleum ether extract of leaves (RLP-
S) showed weak activity against F. solani, with 10
% growth inhibition. The rest of the extracts were
found to be inactive.

DISCUSSION

The plant material of R. mucronata was used
fresh, undried and uncrushed in order to protect it
from possible oxidation through air and degradation
by endogenous enzymes due to the drying and crush-
ing process that may result in artifacts formation.
Another reason was to prevent the loss of residual
water in order to preserve and extract the water
soluble polar chemical constituents. Different parts
of the plant were sequentially extracted with petro-
leum ether, dichloromethane, ethyl acetate and metha-
nol in order to isolate both non polar and polar chemi-
cal constituents, providing with an insight of their
morphological composition and physiological im-
portance. Extraction and fractionation using classi-
cal solvent-solvent separation resulted in the isola-
tion of large quantity of a pure compound (I) (6.13
% of wet plant material), which appeared as a single
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spot on TLC chromatogram. Spectral analysis de-
termined its structure as a triterpenoid, 3-O-(4-hy-
droxy cinnamoyl)-taraxerol (I). It is a rare
triterpenoid and has been previously isolated from
the fruits of this plant along with its parent com-
pound taraxerol[9]. Taraxerol have been shown to
possess anti-diabetic, anti-inflammatory, analgesic,
anticancer and antigiardial activities[16-18]. The rare
triterpenoid (I) isolated in present studies displayed
antifungal activity against the dermatophyte Mi-
crosporum canis. It is important to note that
Rhizophora species are very rich in taraxerol, which
can be used as a lipid biomarker for mangrove bio-
mass input to the Southeast Atlantic[19]. For tracing
Rhizophora� derived organic matter in marine sedi-
ments and peats taraxerol is considered as a well
established lipid biomarker[20]. Leaves of
Rhizophora mangle, R. stylosa, R. racemosa and
R. apiculata contain significantly large amount of
taraxerol, while from the leaves of R. mucronata
taraxerol is reported as a minor common lipid[20, 21].
In present investigation the rare triterpenoid 3-O-
(4-hydroxy cinnamoyl)-taraxerol (I) was isolated in
bulk quantity from the leaves of R. mucronata, which
may serve as a signature triterpenoid for the pres-
ence of organic matter derived from R. mucronata
in marine peats and sediments.

Antioxidant substances have the ability to pro-
tect body from free radical induced tissue damage
by neutralizing free radicals or their actions during
the conditions of oxidative stress. Search for anti-
oxidant phytochemicals is intensively carried out and
a variety of antioxidants have been identified from
plants[22, 23]. Mangrove plants have been shown to
possess antioxidant potential, and several mangrove
species such as Rhizophora apiculata, R.
mucronata, R. lamarkii and Bruguiera cylindrica
have high polyphenols content, which have antioxi-
dant properties[22-25]. Polyphenols are considered
important antioxidants due to their redox potential,
and phenolic content of mangrove extracts is lin-
early correlated with their antioxidant potential.
Plant phenolics have been classically considered to
play role in the protection of plants from herbivores,
while in contrast now their main role have been sug-
gested as antioxidants in the protection of leaves from

photodamege and their levels may vary according
to the ecological conditions in order to anticipate
the possible photodamege. The polyphenols particu-
larly flavonoids have been reported to protect man-
groves from UV radiation[22]. The results of present
studies TABLE-1 showed that polar (methanol and
ethyl acetate) extracts displayed good antioxidant
activity as compared to non polar extracts, reflect-
ing high phenolic content of these extracts, and the
results obtained in our studies are consistent with
the past investigations on R. mucronata[22-25]. The
IC

50 
value of ethyl acetate extract of leaves RLEA

(66.87 µg/mL) is lower than the reported value in

literature (79.7 µg/mL) for the leaves[24], and the
percent DPPH radical scavenging activity (86.1 %)
is high enough, reflecting higher polyphenols con-
tent of the extract (RLEA) obtained in our studies.
Mangrove species R. mucronata survives the harsh
ecological conditions such as high wave action, el-
evated temperature, high salinity, overweening ra-
diation, limited nutrients and frequent herbivory of
coastal habitat by synthesizing secondary metabo-
lites such as phenolic compounds in excessively high
amount in order to morphologically and physiologi-
cally anticipate the adverse outcomes (including pro-
duction of reactive oxygen species) of such stress-
ful conditions. Ultimately gene expression and regu-
lation of the enzymes responsible for metabolic and
catabolic processes play essential role in the sur-
vival of this plant in such devastating ecological
conditions.

Cytotoxic substances are usually toxic to cul-
tured cells, but may or may not show any specific
toxicity to cancerous cells. Those substances which
exhibit selective in vivo cytotoxicity against tumor
cells are designated as antitumor, while those sub-
stances which are active against cancers in humans
are tagged as anticancer. Brine shrimp lethality as-
say is a simple, cheap, fast, general purpose bioas-
say used during natural products isolation studies
for screening and monitoring of cytotoxicity of natu-
ral products[13]. The toxicity to brine shrimp nauplii
is regarded as a useful preliminary screen to current
cytotoxicity and antitumor testing as usually it is cor-
related with pharmacological properties[26]. From the
stand point of monitoring it can be concluded from
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the results of present studies (TABLE-2) that all of
the extracts and fractions of R. mucronata have safety
profile regarding cytotoxic activity to normal cells
of brine shrimp nauplii, except the lower layer of
dichloromethane extract of stem and twigs (RSDCL-
S) which is cytotoxic (LD

50
/LC

50
 = 556.92 µg/mL)

to normal cells of brine shrimp nauplii, leading to
mortality of brine shrimp nauplii. Conversely as the
cytotoxicity to brine shrimp nauplii is usually asso-
ciated with antitumor and anticancer properties, so
further studies will require evaluating in vivo anti-
tumor and anticancer activity of this extract
(RSDCL-S), as this extract may prove positive for
antitumor and anticancer activity.

Many mangrove species have been used in tra-
ditional medicine as antimicrobial agents, and in
recent years mangrove plants extracts proved to be
biologically active against human, animal and plant
pathogens[1, 2]. A number of mangrove plants synthe-
size biologically active compounds which control
microbial growth[27]. The results of present studies
TABLE-3 & TABLE-4 demonstrated that all the plant
parts i.e. fruits, leaves, stem and twigs exhibited
antifungal activity; fruits exhibited antifungal activ-
ity against A. flavus (plant pathogen, as well as op-
portunistic human pathogen), M. canis (human patho-
gen) and F. solani (plant pathogen), while leaves,
stem and twigs exhibited antifungal activity against
M. canis and F. solani. The activity was found in all
the four polar and non polar solvents used for ex-
traction and fractionation. Eleven out of the total six-
teen extracts displayed antifungal activity: seven
extracts displayed activities against two pathogenic
fungal species; RFr.P2 against M. canis and A. flavus,
RSP2L-I, RSDCU-I, RSM, RLEA, RFr.DC1U-I and
RFr.M against M. canis and F. solani, while the re-
maining four extracts showed activity only against
one fungal species; RSP2U-S, RFr.DC2, RFr.DC1L-
S and RLM against M. canis. All the three fractions
displayed activity against only one species;
RFr.DC1U-M-S and RLP-I against M. canis, while
RLP-S against F. solani. As a whole the most anti-
fungal activity was found against M. canis; 12 out
of 14 (active) samples showed activity against M.
canis, followed by F. solani; 7 out of 14 (active)
samples showed activity against F. solani, while only

one sample showed activity against A. flavus. Though
the antifungal activity reported in present studies is
low, but it is amongst one of the very few reports of
antifungal activity from this plant. Moreover, here
the antifungal activity is reported from leaves, fruits,
stem and twigs, while Sakaki et al., in 1993 for the
first time reported fungicidal activity from the
supercritical carbon dioxide extract of the roots
against Penicellium spores[28].

CONCLUSION

Present bioassay directed isolation and purifi-
cation studies revealed that mangrove plant R.
mucronata exhibits antioxidant, cyctotoxic and an-
tifungal properties due to the presence of physiologi-
cally active secondary plant metabolites in its vari-
ous parts. In present investigation the rare
triterpenoid 3-O-(4-hydroxy cinnamoyl)-taraxerol (I)
was isolated from the leaves of R. mucronata in
pure form in bulk quantity through a fast, simple and
cheap classical chemical method that can be applied
for large scale production of this rare and bioactive
triterpenoid for drug development. This compound
(I) can be also used as signature compound for trac-
ing and locating organic matter derived from R.
mucronata in marine sediments.
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