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a  b  s  t  r  a  c  t

Different  solvent  extracts  of  Dichotomaria  obtusata  (J. Ellis  &  Solander)  Lamark,  Galaxauraceae,  a  red
algae  collected  from  the  coast  of  Bushehr  in the  Persain  Gulf,  was  investigated  for  its  cytotoxic  prop-
erties  and  chemical  constituents.  The  fresh  alga,  after  extraction  with  methanol  and  dichloromethane
were  combined  and  partitioned  between  water,  dichloromethane  and  ethyl  acetate.  The above  fractions
were  then  tested  against  MOLT-4  (human  lymphoblastic  leukemia)  cancer  cell  line.  The IC50 values  of
the  dichloromethane  and  ethyl  acetate  layers  of  the crude  extract  were  29.8 ± 3.1  and  30.6  ± 7.9  �g/ml
against  MOLT-4  cells,  respectively,  while  the  water  layer  showed  a week  activity  with  IC50 >  50  �g/ml.
After  fractionation  of the  active  extracts  using  open  column  chromatography  over  silica  gel  and  prepar-
ative  thin  layer  chromatography  purification,  two  terpenoid  derived  compounds,  trans-phytol  palmitate
and  �-tocopherol  were  isolated  from  the dichloromethane  and  ethyl  acetate  extracts.  The  structures  of
the  compounds  were  elucidated  using  different  spectral  data  including 1H NMR, 13C  NMR,  HSQC,  HMBC
and  EI-MS.  The  IC50 values  of  compounds  trans-phytol  palmitate,  �-tocopherol  and  an  undetermined  mix-
ture  of compounds  (F-13-14)  were  determined  as 43.4  ±  1.6,  – and  20.3 ±  6.2  �g/ml  against  LS180  (human

colon  adenocarcinoma);  53.2  ± 9.3, >100  and  27.6  ±  6.9 �g/ml against  MCF-7  (human  breast  adenocarci-
noma)  and 40.0  ± 4.1, 48.8  ± 1.8 and  15.9  ±  0.3  �g/ml against  MOLT-4  cell  lines,  respectively,  which  were
comparable  to the  IC50 values  of standard  anticancer  agent,  cisplatin  against  the  same  cell  lines. The  red
algae  collected  from  the  Persian  Gulf contained  substances  that  could  inhibit  the  growth  of human  cancer
cell  lines  and  may  represent  a natural  source  for  the  discovery  of  novel  anticancer  agents.
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The northern coasts of the Persian Gulf and the Gulf of Oman
n the Iranian territory are suited natural habitats for the growth
f different types of marine organisms such as red, brown and
reen algae. Dichotomaria obtusata (J. Ellis & Solander) Lamark
s a red alga from the family Galaxauraceae reported in differ-
nt coastal area from Indian and pacific oceans in Kenyan (Bolton
t al., 2007) and Cuban coastal area (Vázquez et al., 2011; Delgado
t al., 2013) and also from Gavater and Joud in the Gulf of Oman
Sohrabipour and Rabei, 2008). The red and brown algae are known
s a source of biologically active natural products with cytotoxic,

nd antimicrobial activity against cancer cells, and pathogenic
acteria and fungi, respectively. For instance, different solvent
xtracts of Hypnea flagelliformis, Cystoseira myrica and Sargassum
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boveanum showed antimicrobial activity against both gram pos-
itive and gram negative bacteria and also exhibited antioxidant
potential in an 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging assay (Jassbi et al., 2013). The phytochemical analyses
of the algal extracts resulted in identification and quantification of
their fatty acids and steroids (Jassbi et al., 2013).

An aqueous extract of a fresh collection of D. obtusata has
shown antineoceptive and antiinflammatory activities in a mouse
model of 12-O-tetradecanoylphorbol acetate-induced ear edema
and acetic acid writhing in a dose-dependent manner (Vázquez
et al., 2011). The presence of different kinds of natural products
in the algal water extract, like terpenoids, coumarins, lactones,
phenolics and polysaccharides has been explored by chemical
tests (Vázquez et al., 2011). Furthermore, the analgesic effect of
a methanolic extract of D. obtusata has also been examined in the
croton oil-induced ear edema model and its phospholipase A2 inhi-

bition has been studied (Delgado et al., 2013). The phytochemical
analyses of different solvent extracts showed the presence of triter-
penoids, flavonoids, phenolics, steroids and fats (Delgado et al.,
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013). However, to the best of our knowledge, no further phyto-
hemical investigation has been performed on this alga species.

We report here the chemical constituents and cytotoxic activity
f a DCM-EtOAc extract of D. obtusata and its chemical constituents
ollected from the coasts of Bushehr in the Northern parts of the
ersian Gulf of Iran.

aterials and methods

nstruments and adsorbents

NMR  spectra of the purified compounds were recorded on
 Bruker Avance 500 spectrometer (Bruker Biospin, Karlsruhe,
ermany), operating at resonance frequencies of 500.13 MHz  for
H and 125.75 MHz  for 13C, respectively. The NMR  spectrome-
er was equipped with a 5 mm TCI cryoprobe. Standard Bruker
ulse sequences were used for measuring 1H NMR, 13C APT, 1H–1H
OSY, 1H–13C HSQC and 1H–13C HMBC spectra. Tetramethylsilane
TMS) was used as an internal standard for referencing 1H and 13C
MR spectra. NMR  tubes (5 mm i.d. and 2 mm i.d.) were used for
easurements. Data acquisition and processing was accomplished

sing Bruker Topspin 2.1. EI-MS was recorded on an Agilent 5975C
nert GC/MS instrument. The chromatography separations were
erformed using open CC using silica gel 60 (0.2–0.04 mm  particle
ize), FCC using silica gel 60 (0.040–0.063 mm particle size) and TLC
sing silica gel 60 F254 pre-coated plates (0.25 mm film thickness).
he adsorbents were purchased from Merck, Darmstadt, Germany.

lgal material and extraction procedure

All parts of Dichotomaria obtusata (J. Ellis & Solander) Lamarck,
alaxauraceae, were collected in April 2011 from the coastal area
f Bushehr City at the coordinate (28◦ 58′ 42′′ N; 50◦ 49′ 53′′ E) in
he west part of the coast of Bushehr) in the Persian Gulf, Iran, and
as identified by Dr. Jelveh Sohrabipour (taxonomist). A voucher

pecimen (PC-94-6-7-1.1) has been deposited at the herbarium
f MNCRC. The fresh alga (9.5 kg) was macerated for two  days in
ethanol (MeOH; 2 × 10 l) followed by the same volume of DCM

uccessively at room temperature. The DCM and MeOH extracts
ere mixed and after removal of their solvents in vacuum sub-

ected to liquid extraction to afford DCM (3.1 g), EtOAc (18.6 g) and
ater soluble (180 g) extracts.

solation and purification of the plant extracts

The bioactive DCM and EtOAc extracts (21.4 g) were pooled and
ubjected to column (60 × 3.5 cm)  chromatography over silica gel
100 g, 0.2–0.04 mm).  The column was eluted using n-hexane with
radient of DCM up to 100% and then followed by increasing the
olarity of the mobile phase with MeOH to afford 27 fractions.
he fractions eluted from the column were checked by TLC for
heir purity and similar fractions were pooled. The fractions were
ubjected to a cytotoxicity bioassay on MOLT-4 cell lines and the
ollowing fractions were found to be active (F7-F9 = 2.164 g), (F10-
12 = 10 g), (F13-F15 = 0.942 g) and (F16-F21 = 0.918 g). F-7-F9 was
ubjected to silica gel FCC using hexane–EtOAc as the mobile phase
o afford 25 fractions. The pure compound (1) was obtained as a
ummy  material from fractions F7-12, 104 mg.  The F13-15 was
nalyzed by the same FCC method as for F97-F9 and the purity of
he two substances F13-13 (2, 52.8 mg)  and F-13-14 (80 mg)  were

hecked by silica gel TLC. Although F-13-14 detected as a single
pot on silica gel TLC (CHCl3:MeOH; 9:1), after sparing and subse-
uent heating at 110 ◦C, by 1% vanilline in H2SO4/ethanol reagent,
ut both 13C and 1H NMR  spectral data (data are not shown) and
rmacognosia 26 (2016) 705–709

RP-18 TLC (MeOH:H2O; 6:4) analyses showed that the mixture is
consisted of at least four–five compounds.

Transesterfication of compound 1 and GC-MS analyses of the
resulting fatty acid methyl ester

Compound 1 (1 mg)  was  transesterified using 250 �l of a 10% BF3
in MeOH as described previously (Jassbi et al., 2013). The GC–MS
analyses of the resulting ester was  performed on a 7890A GC cou-
pled to HP-6890 mass spectrometer operating in EI mode at 70 eV.
The column was a DB-5 MS  (J&W Scientific column, 30 m × 0.25 mm
i.d., 0.25 �m film thickness). One microliter of the fatty acid methyl
esters in a hexane solution was  analyzed in the same condition
described previously; the oven temperature was set at 150 ◦C and
after 4 min, rose to 250 ◦C at 4 ◦C/min and kept for 10 min  at 250 ◦C
(Jassbi et al., 2013).

Spectroscopic data

Trans-phytyl palmitate (codioester, 1): EI-MS m/z  (rel. int.%):
534 [C36H70O2]+ (trace), 296 [M-palmitate] + (1), 292 (3), 278 (6),
256 (45), 227 (5), 213 (18), 185 (11), 157 (10), 123 (32), 111 (20),
97 (31), 71 (100), 55 (54). 1H NMR  (500 MHz, CDC13): ı 5.40 (1H, t,
J = 7.1 Hz, H-2), 4.16 (2H, d, J = 7.0 Hz, H-1,1′), 2.33 (2H, t, J = 7.6 Hz,
H-2′), 1.2–1.65 (20 H, m, CH2), 1.66 (3H, s, H-3a), 0.88 (3H, t,
J = 7.0 Hz, H-16′), 0.84 (12 H, d, J = 6.5 Hz, H-7a, 11a, 15a, 16). 13C
NMR (125 MHz, CDC13): ı 179.9 (C-1′), 140.4 (C-3), 122.9 (C-2), 59.4
(C-1), 39.88 (C-4), 39.4 (C-14), 37.45 (C-10), 37.37 (C-8), 37.3 (C-12),
36.75 (C-6), 34.12 (C-2′), 32.81 (C-11), 32.73 (C-7), 29.78–29.02 (C-
3′-13′), 28.01 (C-15), 24.82 (C-13), 25.1 (C-5), 24.51 (C-9), 22.72
(C-15a), 22.68 (C-16), 19.71 (C-11a), 19.76 (C-7a), 16.2 (C-3a), 14.14
(C-16′).

�-Tocopherol (2): EI-MS m/z (rel. int.): 416 [M]+ (100), 191
[C12H15O2]+ (20), and 151 [C9H11O2]+ (85). 1H NMR  (500 MHz,
CDCl3): ı 6.94 (1H, s, H-5), 2.50 (2H, m,  H-4), 2.09 (s, C7-CH3), 2.00
(s, C8-CH3), 1.58 (2H, m,  H-3), 1.54 (m, H-12′), 1.50 (m,  H-1′), 1.4 (m,
4H, H-9′, 8′, 7′, 3′), 1.33 (m,  H-2′), 1.27 (m,  H-10′), 1.22 (m,  H-6′), 1.15
(m, H-11′), 1.08 (2H, m, H-4′, 5′), 1.07 (s, C-2-CH3), 0.88 (d, J = 6.6 Hz,
H-13′, C12′-CH3), 0.86 (d, J = 6.6 Hz, C-8′-CH3), 0.85 (d, J = 6.6 Hz,
C-4′-CH3) (Baker and Myers, 1991). 13C NMR  (125 MHz, CDCl3): ı
149.3 (C-9), 142.3 (C-6), 128.8 (C-7), 125.3 (C-8), 119.7 (C-5), 118.3
(C-10), 75.8 (C-2), 40.9 (C-1′), 39.4 (C-11′), 37.59 (C-3′), 37.6 (C-7′),
37.5 (C-5′), 37.3 (C-9′), 32.8 (C-4′), 32.8 (C-8′), 31.1 (C-3), 28.0 (C-
12′), 24.8 (C-10′), 24.5 (C-6′), 23.5 (C2-CH3), 22.7 (C12′-CH3), 22.6
(C-13′), 21.9 (C-4), 21.0 (C-2′), 19.7 (C8′-CH3), 19.6 (C4′-CH3), 13.0
(C7-CH3), 11.9 (C8-CH3) (Baker and Myers, 1991).

Statistical analyses

The IC50 values in Table 1 are the average of 3–5 replicates.
One-way analyses of variance (ANOVA) and post hoc multiple com-
parison tests were used for determination of signification p ≤ 0.05
between different measurements using SPSS (version 11.5 for win-
dows) software.

Cytotoxicity assay

Cell lines
LS180 (human colon adenocarcinoma), MCF-7 (human breast

adenocarcinoma) and MOLT-4 cells (human acute lymphoblastic
leukemia) cells were obtained from the National Cell Bank of Iran,

Pasteur Institute, Tehran, Iran. LS180 and MCF-7 cells were grown in
monolayer cultures, while MOLT-4 cells were grown in suspension.
Cell lines were maintained at 37 ◦C in humidified air containing 5%
CO2 and were grown in RPMI 1640 supplemented with 10% FBS,
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Table  1
Cytotoxic activity of the algal extracts, fractions from column chromatography and the isolated pure compounds against selected human cancer cell lines.

Algal extracts/fractions/pure compounds IC50 LS180A IC50 MCF-7 IC50 MOLT-4

Aqueous fraction –B – >50A

Ethyl acetate fraction – – 30.6 ± 7.9bcC

Dichloromethane fraction – – 29.8 ± 3.1bc
F7-9  – – 21.8 ± 2.2cd
F10-12 – – 25.1 ± 3.4c
F13-15 – – 27.1 ± 4.8c
F16-21 – – 28.4 ± 4.1c
F7-12  (1) 43.4 ± 1.6a 53.2 ± 9.3a 40.0 ± 4.1b
F13-13 (2) – >100 48.8 ± 1.8a
F13-14 20.3 ± 6.2b 27.6 ± 6.9b 15.9 ± 0.3d
Doxorubicin 0.017 ± 0.006c 0.036 ± 0.004c 0.013 ± 0.002e
Cisplatin 1.7 ± 0.7c 2.4 ± 0.8c 0.7 ± 0.4e

A .

 < 0.05
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IC50 values are expressed as �g/ml and are the mean ± S.D. of 3–4 experiments
B Not determined.
C Values that do not share any letter have a statistically significant difference at p

00 units/ml penicillin-G and 100 �g/ml streptomycin. The passage
umber after thawing cells was kept below twelve.

Cell viability following exposure to plant extracts was measured
y the MTT  reduction assay (Firuzi et al., 2010; Mosmann, 1983).
riefly, 5000 cells were seeded in 96-well microplates and after
vernight incubation, 3–4 different concentrations of the extracts
r pure compounds (5, 10, 25 and 50 �g/ml) were added to the
ells in duplicate. Extracts or isolated compounds were first dis-

olved in dimethyl sulfoxide (DMSO) and then diluted in the growth
edium at the desired concentration. DMSO concentration in the
ells was kept under 0.25%. Cells were further incubated for 72 h

nd their growth medium was replaced with fresh medium con-
aining 0.5 mg/ml  MTT  and incubated for 4 h at 37 ◦C. The media
as removed and the formazan crystals were dissolved by adding

00 �l DMSO to each well. The absorbance was measured at 570 nm
ith background correction at 655 nm using a Bio-Rad microplate

eader (Model 680). For MOLT-4 cells that grow in suspension, the
lates were centrifuged at 500 × g for 10 min  before each step that
otal or partial removal of the media was necessary. The percent
nhibition of viability for each concentration of the extract or pure
ompound was calculated with reference to the untreated cells and
C50 values were calculated with the software Curve Expert version
.34 for Windows (Fig. 1). Each experiment was repeated 3–4 times.
nown cytotoxic agents, doxorubicin and cisplatin were tested as
ositive controls.

esult and discussion

The cytotoxic activity of EtOAc, water and DCM soluble parts of
he DCM-MeOH extract of D. obtusata were assayed against MOLT-

 cell line in MTT  colorimetric assay. The EtOAc and DCM extracts
ould effectively lower the viability of cancer cells with IC50s
f 30.6 ± 7.9 and 29.8 ± 3.1 (mean ± S.D.), respectively and were
ore effective than the aqueous phase (IC50 > 50 �g/ml) (Table 1).

herefore, we combined both DCM and EtOAc extracts and sub-
ected them to different chromatography techniques to separate
he bioactive constituents of the extracts in bioassay guided purifi-
ation (Table 1).

Trans-phytyl-1-palmitate (Codioester) (1) and �-tocopherol (2)
nd fraction F-13-14 exhibited cytotoxic activities against three
ancer cell lines LS180 (human colon adenocarcinoma), MCF-7
human breast adenocarcinoma) and MOLT-4 cells (human acute
ymphoblastic leukemia) with IC50s ranging from 15.9 to more than
00 �g/ml (Table 1). All of 2 compounds and F-13-14 showed activ-
ties that were significantly lower than standard cytotoxic agents,
oxorubicin and cisplatin.

Compounds 1 and 2 were purified using silica gel CC, flash col-
mn  chromatography (FCC) and preparative TLC. The chemical
.

structures of the compounds were elucidated using different spec-
tral data including 1D and 2D NMR  and EI-MS and comparing their
spectral data with those described in the literature (Ali et al., 2001;
Baker and Myers, 1991).

Briefly, compound 1 (104 mg)  was  purified as a white pre-
cipitate and then subjected to EIMS exhibiting ions at m/z 296
(M+-C16H32O2), 278, 71 (100%) and m/z 256 suggesting the terpene
fragments (C20H38), (C5H11) and the acyl moiety (C16H32O2) of the
molecule. However the molecular ion [C36H70O2]+ at m/z 534 in
the spectrum was detected as trace peak due to easy loss of the
ester fragment from the molecule. In the 1H NMR  spectrum of the
compound 1, a group of multiplets at ı 0.84–0.88 represented 15
hydrogen atoms of four isoprenoid methyl groups and one terminal
methyl group of the long chain acyl group. A singlet at ı 1.66 for
the olefinic methyl group, a triplet of H-2 at ı 5.41 (J = 7.1 Hz) and
a doublet at ı 4.16 (J = 7.0 Hz) of the phytol hydroxymethylene part
of molecule completed the assignments. The configuration at the
phytol double bond was  determined using the attached proton test
(APT) 13C NMR  spectrum by observing signals at ı 59.4 (C-1), 122.9
(C-2) and 140.4 (C-3) recorded previously for trans-phytol palmi-
tate (Codioester) isolated from a green algae Codium iyengarii (Ali
et al., 2001). Compound 1 was  transesterified to its methyl ester
using 10% BF3 in methanol as described previously (Jassbi et al.,
2013). The GC–MS analysis of the resulting fatty acid methyl ester
of the compound resulted in detection of methyl palmitate.

Compound (2) has shown molecular ion at EIMS m/z 416 [M]+,

191 [C12H15O2]+, and 151 [C9H11O2]+. Analysis of the 1H NMR  spec-
trum exhibited a singlet at ı 6.94 (1H), 2.1 (3H) and 2.0 (3H) for
an aromatic proton and two methyls connected to a phenyl ring,
respectively. The signals at ı 0.88 (d, 6H) and 0.86 (d, 6H) and a
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Fig. 1. Assessment of cytotoxicity of compounds 1, 3 and F-13-14 against human
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�), compound 2 (�) and F-13-14 (�) were tested at different concentrations against
S180, MCF-7 and MOLT-4 cancer cell lines by MTT  reduction assay.

inglet at 1.13 (3H) suggested a saturated acyclic diterpene moiety
n the molecule. The APT 13C NMR  spectrum was more informative

ith representing 29 signals consisting of five quaternary carbons,
our methynes, fourteen methylene and six methyl signals. The
uaternary carbons at ı 149.3, 142.3, 128.6, 125.3, 118.3 and a
ethyne at ı 119.7 suggested a five carbon substituted phenyl

roup in the molecule. A downfield signal at ı 75.8 together with
ts HMBC correlation with the methyl signal at ı 1.13 and two

ethylene signals at ı 21.9 and 31.18 were a part of a chromane
ystem. An HMBC correlation between the H-5 and C-4 confirmed
he structure of the compound 2 as gamma  isomer of tocopherol

Fig. 2). The above mentioned spectral data were compatible with
he �-tocopherol (�T) structure biosynthesized by different algae
Baker and Myers, 1991). However there were differences between
Fig. 2. The HMBC correlations (500 MHz, CDCl3) for assignment of the substitution
and  chemical shifts of 1H and 13C NMR  signals of �-tocopherol (2).

chemical shifts of the aromatic ring of compound 2 with those
recorded for d-�T (Baker and Myers, 1991).

Several biological activities including antioxidant, anticancer
and anti-inflammatory activities have been reported for vitamin
E including �T, �T, �T, �T and also their metabolic products such
as tocopheryl quinines (Hensley et al., 2004). Our results that show
the abundant presence of �T in D. obtusata may explain the anti-
inflammatory and antinociceptive activity of the methanol and
aqueous extracts of this alga previously reported for a collection
from Cuban coasts (García Delgado et al., 2013; Vázquez et al.,
2011).

In a recent study, phytol alcohol has shown anticancer activity in
hepatocellular carcinoma cells (Kim et al., 2015). Phytol’s cytotox-
icity has also been reported against several other cancer cell lines
(Pejin et al., 2014). This may  suggest that the cytotoxic activity of
compound 1 is mainly due to the presence of its diterpenoid part
rather than its fatty acid moiety. However, to the best of our knowl-
edge, this is the first report on the cytotoxic activity of a phytol ester
against cancer cells.

Conclusion

The red algae collected from the Persian Gulf contained com-
pounds 1 and 2 and other unidentified substances (F-13-14) that
could inhibit the growth of human cancer cell lines and may  repre-
sent a natural source for the discovery of novel anticancer agents.
Our primary cytotoxic bioassays showed that we  still need to
characterize the structures of the phytochemicals of other active
fractions (F-13-14) in the future.
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