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Abstract

potential of the brown marine alga Chnoospora minima.

exhibited anti-angiogenic effects on chick embryos.

molecule.

Background: Algae being one of the dominant organisms in nature can provide best opportunity for the discovery
of new anti-cancer drugs. The aim of the present study was to investigate the anti-cancer and anti-angiogenic

Result: The methanol extract of C. minima and its bioactive fraction (CF4) have highly significant cytotoxic effects
to HepG2, Hela and MCF-7 cancer cell lines. The fraction’s ability to induce apoptosis in the cancer cells was
evidenced by increased caspase activity (caspase-3, 7 and 10), DNA fragmentation pattern and upregulated
expressions of Bax and p53 genes. The bioactive fraction was not toxic to human peripheral lymphocytes. HPLC,
ESI-MS and GC-MS analysis of CF4 fraction indicated the presence of the compound hexadecanoic acid which
might be responsible for the observed anti-cancer activity of C. minima. The methanol extract of C. minima

Conclusion: It can be concluded that fraction, CF4, from C. minima is a promising source of an anti-cancer lead

Keywords: Angiogenesis, Apoptosis, Bax, Caspase, Chnoospora minima, p53 expression

Background

Cancer is a major challenge for humans throughout the
world, being the second leading cause of death [1]. Can-
cer affects all age groups, genders, organs and tissues.
Despite the advancements in the technology to diagnose
and treat this disease, the mortality rate is very high
among the affected people. The current treatment mo-
dalities of chemotherapy, surgery and radiotherapy are
not efficient enough due to their significant side effects
and unequal responses. Search for novel and efficient
compounds from natural sources thus becomes very im-
portant in cancer management. Many molecules have
been isolated from natural sources like plants/microor-
ganisms which are being used as anti-cancer agents.
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The marine environment with its enormous undiscov-
ered compounds is an attractive source for bioactive
compounds. Already, more than 20,000 compounds have
been isolated from marine invertebrates. Marine algae
comprise one of the fascinating groups of organisms that
provide us a large window of opportunity to find novel
compounds, owing to their diverse subspecies and var-
iety of unknown, unimaginable molecules which can be
used in research against cancer. Many marine algae have
been reported to possess anti-tumour activities [2-4].
To find an alternative therapy for cancer, the present re-
search work is focussed to evaluate the brown marine
alga, named Chnoospora minima, which comes under
the phaeophycean group of marine algae.
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Methods

Collection of algal sample and preparation of extracts
Marine algal sample was collected from Gulf of Mannar,
south east coast of India (Long N 9 16.313 Lat E 79
00.073) Rameshwaram in the state of Tamilnadu. The
sample was identified and authenticated as Chnoospora
minima. Samples were washed with tap water, rinsed
with distilled water for 3-4 times and allowed to dry
under the shade. Dried samples were powdered in an
electric mixer. Ten grammes of the sample was extracted
with methanol using a soxhlet apparatus. Extracts were
filtered using Whatman filter paper and concentrated in
a rotary evaporator under reduced pressure.

Purification of methanol extract by thin-layer
chromatography (TLC)

The methanol extract of C. minima (2g) was partially
purified by preparative TLC using commercially avail-
able Silica gel-coated chromatography sheets (50 x 20
cm size, Merck), following standard methods [5].

HPLC analysis of fraction CF4

The partially purified fraction CF4 was purified by run-
ning the sample in a semi-preparative HPLC (LC-20 AD
plus Detector, Shimadzu, Japan) connected to a system
with LabSolutions software. The pumps (pump A and
pump B) were used to pass the pressurized liquid solvent
(water to methanol) along with the sample. Pump A was
always maintained as water (default) and pump B was
set as methanol. The fractions from the sample were
separated based on the gradient applied in the system as
shown in Table 1.

When the TLC-purified sample (2 L) was injected
into the analytical column (C18, 5uM: dimension 4.6 x
250 mm), at a flow rate of 0.5 mL/min, the sample was
separated into different fractions at different retention
times. To collect the separated fractions from the sample
mixtures, preparatory column was used. Hundred micro-
litres of injection volume were used in the preparatory
column (5uM, C18: 10 x 50 mm dimensions) with a
flow rate of 1.2 mL/min and total run was for 25 min.

Table 1 Separation of samples based on the gradient applied
in the HPLC programme

Time (min) Module Command Value (%)
0.01 Pumps Pump B conc 10

2.00 Pumps Pump B conc 10

6.00 Pumps Pump B conc 90

10.00 Pumps Pump B conc 90

13.00 Pumps Pump B conc 10

20.00 Pumps Pump B conc 10

25.00 Controller Stop
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ESI-MS analysis

The major fractions separated through HPLC were sub-
jected to QTOF Mass spectrometer ESI-QUAD-TOF
(Bruker Impact HD, USA) at Indian Institute of Science
(IISc, Bengaluru). Spectra were acquired at a maximum
rate of 50 Hz.

GC-MS analysis

The bioactive fraction of C. minima (CF4) was subjected
to GC-MS analysis at Central Silk Technological Re-
search Institute, Bangalore. The system is equipped with
HP-5MS capillary column of 30 mm x 0.25mm and
0.25 mm of I mm thickness with 70 eV of ionization en-
ergy. Helium was used as the carrier gas at a constant
flow rate of 1 mL/min. One microlitre of the sample was
injected into the GC-MS system, the injector port and
detector temperature maintained at 280°C. The initial
temperature was 50°C for 3 min, then increased to
280 °C and held for 2 min. The resulting GC-MS peaks
of unknown compounds were analysed and were com-
pared with the database present in the MS library and
other anti-cancer compound databases.

Cell lines and culture conditions

The breast cancer cell line MCF-7, cervical cancer cell
line HeLa and liver cancer cell line HepG2 were pro-
cured from National Centre for Cell Sciences (NCCS),
Pune. They were grown in minimal essential medium
(MEM, HiMedia, India) containing 10% foetal bovine
serum, 1000 U/mL penicillin, 100 pg/mL streptomycin
and pH 7.4 in 25 cm? culture flasks. The flasks were in-
cubated at 37°C in a CO, Incubator (Thermofisher,
USA).

MTT Assay

Exponentially growing cells were plated in 96-well plates
at a density of 3 x 10° cells/mL in 100 uL of culture
medium and were allowed to adhere for 16h before
treatment. Increasing concentrations of samples pre-
pared in DMSO were added. Cytotoxicity was checked
using  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay as per the standard protocol
[6]. Each experiment was performed in triplicates.

Viability by trypan blue staining

Trypan blue staining solution was prepared at 0.4% con-
centration in phosphate buffer saline (PBS). The cells,
48 h after treatment with sample, were harvested by
trypsinization and resuspended in 1 mL of PBS. Equal
volumes of the dye and the cell suspension were thor-
oughly mixed in a sterile vial. The stained cells were ob-
served under a microscope and counted using a
haemocytometer [7].
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Cytotoxicity assessment by LDH assay
The cytotoxicity was analysed by using Cytoscan™ LDH
Assay method (G-Biosciences, India, kit #786-210) [8].
In this method the cytosolic enzyme lactate dehydrogen-
ase (LDH) was measured in the cancer cells after treat-
ment with the sample. The enzymatic reaction results in
the conversion of iodonitrotetrazolium (INT) to red-
coloured formazan. The reduction of INT was measured
quantitatively at 490 nm over a defined time period. The
percentage cytotoxicity was calculated using the formula:
Cytotoxicity (%) = O.Dggo of sample — O.Dyg of
blank/O.D 49 of positive control x 100

Caspase-3, 7 and10 activity assay

The activity of caspases (caspase-3, 7 and 10) was
assessed in the cancer cells after sample treatment using
the Caspase Colorimetric Assay Kit (G Biosciences,
India, kit # 786-205A). The assay was performed follow-
ing the manufacturer’s instructions.

DNA fragmentation analysis

Extract treated or untreated cells were harvested by tryp-
sinization and centrifugation. For DNA fragmentation
analysis, cellular DNA was extracted using the Blood
and Cell Culture Mini DNA kit as per the manufac-
turer’s instructions (Bangalore Genei, India). The DNA
was visualized by ethidium bromide staining after agar-
ose gel electrophoresis [9].

Flow cytometry for cell cycle analysis

Propidium iodide staining

The cells were treated with the sample for 48 h. The ad-
herent cells were harvested by trypsinization and washed
with serum-containing media. To fix the cells, 0.3 mL of
cell suspension was taken in a vial and 0.7 mL of chilled
100% ethanol was added and overnight stored at 4 °C.
The cells were centrifuged at 2500 rpm and washed
twice with PBS prior to staining. Appropriate quantity of
RNase (final concentration of 0.2—0.5 mg/mL) was added
and incubated at 37 °C for 20 min. To the cell suspen-
sion, PI stock stain solution (to get a final concentration
of 40 ug/mL) was added and incubated in the dark for
10 min. The cells were scored by FACScan flow cyt-
ometer (488nm) and the data were analysed using
MACS Quant analyser [10].

Bax and p53 expression studies by quantitative real-time
PCR (gqRTPCR)

The cells (2 x 10° cells/mL) were treated with 50 pg/mL
of the bioactive fraction (CF4) for 48 h. The cells were
harvested by trypsinization followed by centrifugation at
1000 rpm for 10 min. Total RNA was extracted from the
cell pellet according to the instruction given in the kit
manual. After RNA isolation, the concentration and

(2020) 6:19

Page 3 of 14

purity of RNA were assessed using a spectrophotometer
(Sartorius, Germany). The purity of RNA was confirmed
with an absorbance ratio at 260 and 280 nm (A260/
A280) between 1.8 and 2.2. For reverse transcription,
¢DNA was first synthesized from RNA using cDNA
synthesizer provided in the kit. The ¢cDNA was con-
firmed by performing PCR for actin gene (housekeeping
gene) and it was analysed by 2% agarose gel electrophor-
esis. The sample was run in applied Biosystem one-step
real-time PCR using SYBR Green Chemistry kit (Sensi-
fast SYBR HiRoxkit, Bioline, USA) according to the pro-
cedure given in the instruction manual. The qRTPCR
conditions were started with an initial denaturation at
95 °C for 10 min and continued with 40 cycles of 15s at
95 °C, annealing at 60 °C for 30 s and extension at 72°C
for 30 s using the specific primers for p53 and Bax genes
(Table 2). B-actin was used as the housekeeping gene.

The results were analyzed by calculating the relative
quantification (RQ) values both in calibrator and treated
sample using gbase plus software 13. To calculate the
expression of a target gene (TG) relative to the EC, the
comparative Ct (AACt) method 148 (Step one Software
v2.2.2) was used as per the following equation:

AACt = (Ct target gene)—(Ct EC) — (Ct target gene)—(Ct
EC) test sample calibrator.

The AACt values will be converted to a linear form
using the formula: E —AACt

ACt = Average Ct of test sample — Average Ct of
calibrator.

The ACt values will be converted to a linear form
using the formula: E-ACt, where E = amplification
efficiency.

Assay for anti-angiogenesis on chick embryos

Inhibition of blood vessel formation was analysed by the
modified chick chorioallantoic membrane (CAM) assay
[11]. Instead of using filter paper or silicone ring on the
CAM layer, the sample was directly injected to 8-day-
old chick embryos and its effect on the blood capillaries
was checked after 72 h. Fertilized chicken eggs were col-
lected from Veterinary College, Hebbal, Bangalore, and
were maintained in CO, incubator at 55-60% humidity.
Fertilized eggs (8th—12th day) were used for the study.
The eggs were wiped with 70% ethanol, a mark was
made below the air space of the eggs and a hole was
made on the mark using an egg puncher under sterile

Table 2 Forward and reverse primer sequences used for the

study

Gene Forward primer (5'-3') Reverse primer (5'-3")

p53 AGAGTCTATAGGCCCACCCC GCTCGACGCTAGGATCTGAC
Bax TTTGCTTCAGGGTTTCATCC CAGTTGAAGTTGCCGTCAGA
-actin GGACTTCGAGCAAGAGATGG AGCACTGTGTTGGCGTACAG




Parveen and Nadumane Future Journal of Pharmaceutical Sciences

conditions. The needle of the syringe was carefully
placed at 45° angle into the allantoic cavity. A hundred
microlitres of different concentrations of the samples
(0.5, 1.0 and 2.0 mg/mL) was directly injected to the
eggs. A hundred microlitres of DMSO in phosphate
buffered saline (1:9) was used as the negative control
and eggs without any injections were used as normal
controls. After injection, the hole was sealed with paraf-
ilm wax to avoid contamination from external sources.
The eggs were returned to the incubator for 72 h. The
anti-angiogenesis activity was examined both macro-
scopically and microscopically after 72h of treatment.
The number of eggs used for the study was six and all
the experiments were carried out thrice.

Macroscopic observation

The egg shell was opened and the effect was visualized
under the dissection microscope. The quantification and
inhibitory effect of extracts on the blood vessels were
calculated manually by counting the number of blood
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vessels in control as well as in the treated group, using
the following formula [12].

Inhibition of blood vessel (%) = No. of blood vessel in
control - No. of blood vessel in treated/number of blood
vessels in control x 100

Histopathological studies

Slides were prepared from different layers of control and
treated chick embryos for histopathology and were
stained with haematoxylin and eosin stain. The stained
slides were examined under a binocular microscope,
(Olympus, Germany 5X 541) and were photographed.
Slides were scored for (1) structure of blood vessel
mainly highlighting endothelial cells, (2) number and
frequency of blood vessels and (3) membrane integrity.

Statistical analysis

The experiments were carried out in triplicates and the
results were expressed as mean * standard error. Data
from the experiments were analysed using one-way ana-
lysis of variance (ANOVA) with the help of GraphPad

Fig. 1 TLC separated fractions of C. minima as observed under UV transilluminator

——> Band 5
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Prism 6.0 software. Using Duncan’s multiple range test
(DMRT), the sample means were compared. Differences
were considered significant at p < 0.05.

Results

Purification of C. minima extract by TLC

The partial purification of the methanol extract of C.
minima by TLC using the solvent combination of di-
chloromethane and chloroform (3:7) resulted in five dif-
ferent bands (Fig. 1)

HPLC purification

Out of the five fractions separated by TLC, the bioactive
fraction CF4 was purified by HPLC method and the
resulting chromatogram showed maximum peak at reten-
tion times (RT) 0.4—0.9 min and 6.5-6.6 min (Fig. 2a).

ESI-MS analysis

When the HPLC eluted fractions were further analysed by
mass spectrometry, maximum spectral intensity was ob-
served for the eluent with an m/z value of 274.3 (Fig. 2b).

GC-MS Analysis
As per GC-MS results, the compounds present in the bio-
active fraction are hexadecanoic acid, undecane, ethanol 2-

(2020) 6:19

Page 5 of 14

phenoxy,7.7.9.9.11.11-hexamethyl-3.6.8.10.12.15-hexaox-
a7.9.11 trisilaheptadecane, cyclotetrasiloxane, octamethyl-, di-
ethyl pthalate, hexasiloxane, tetradecamethyl-, 16-
octadecenoic acid, methyl ester and bis (2-ethylhexyl) phthal-
ate. The maximum peak was obtained at 18.1 retention time
and the compound laid on that peak was hexadecanoic acid
(Fig. 3a, b).

Cytotoxicity of C. minima to different cancer cell lines

When the methanol extract from C. minima was
screened for cytotoxicity by MTT assay on MCF-7, HeLa
and HepG2 cancer cell lines at two different concentra-
tions (50 pug/mL and 100 pg/mL), it was found that the
extract was effective against all the cell lines and max-
imum effect was on MCEF-7 cell line with a viability of
63% at 100 pg/mL (Fig. 4a). The screening of all 5 TLC
separated fractions of C. minima extract indicated the
4th fraction (CF4) as having highest cytotoxicity to
MCE-7 cells with 48% viability and was identified as the
bioactive fraction (Fig. 4b). When cancer cells were
treated with 50 pg/mL of CF4, the percentage viability of
the treated MCF-7 cells was 48%, HelLa was 54% and
HepG2 was 55% (Fig. 4c). The IC50 concentration of
CF4 fraction was 37 ug/mL in the case of MCF-7 cells,
50 pg/mL on HeLa cells and 45 pg/mL on HepG2 cells
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Fig. 3 GC-MS analysis of fraction CF4. a Gas chromatogram of bioactive fraction CF4. b Mass spectra of CF4 along with structure of

for 72h of treatment. The effect was found to be
dose- and time-dependent, thus indicating the anti-
proliferative property of CF4. When fraction CF4 was
tested on normal human peripheral lymphocytes, the
percentage viability of lymphocytes was found to be ~
100 at all treatment periods, indicating the safety of
CF4 to normal cells.

Cell concentration and cell viability

The cancer cells treated by CF4 were found to be af-
fected at a concentration 50 pg/mL with a cell concen-
tration of 7.2 x 10° cells/mL, 3.15 x 10° cells/mL and
5.8 x 10° cells/mL for HeLa, MCF-7 and HepG2 cells,
respectively (Fig. 5a). These cell concentrations were sig-
nificantly lesser than that of the control cells. The per-
centage viability of CF4-treated normal lymphocytes was
almost close to 100.

LDH cytotoxicity

The maximum release of LDH was observed for CF4
treatment on MCEF-7 cells with a cytotoxicity of 42.75%
(Fig. 5b), followed by 31.63% in HeLa cells and 11.24%
in HepG2cells. The effect of CF4 was cell line-specific.
No cytotoxicity was caused by CF4 to normal human
lymphocytes.

Caspase-3, 7 and 10 activities

When caspase enzyme activity was analysed in the treated
cancer cells, we found a gradual increase of activity in
MCE-7, HeLa and HepG2 cells (Fig. 6). The activity was
49.59% higher in MCF-7, 40% higher in HeLa and 7.3%
higher in HepG2 cells as compared to the control cells.

DNA fragmentation
When the DNA extracted from the treated and un-
treated cancer cells were run in agarose gel, it was found
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that the DNA was appearing as a smear due to frag-
mentation in the treated cancer cells (MCF-7,
HepG2 and Hela) as compared to the control
groups (Fig. 7).

Cell cycle of CF4-treated cancer cells

When the cells were analysed through flow cytometry
after 48 h of treatment with CF4, we found that (Fig. 8)
in MCF-7 cells, a significant proportion (35.7%) of cells
were in sub GO/G1 phase, indicating apoptosis. In the
case of HeLa cells, G2/M phase arrest was seen with
85.9% of cells in this phase as compared to the control
group where only 19.3% cells were in G2/M phase. In
the case of HepG2 cells, a higher proportion of apoptotic
cells (43.0%) were found in sub GO/G1 phase. S phase
cells increased from 13.5 to 17.3% along with a decrease
of G2/M phase cells from 13.5 to 9.7%.

Relative expression of Bax and p53 genes

When the expression pattern of Bax and p53 inMCEF-
7 cells treated with the sample were checked by
qRTPCR, we found 3.2-fold higher expression of Bax
gene than that of the untreated control cells (Fig. 9a).
The expression of p53 was also found to be upregu-
lated (2.7-folds higher) than that of the untreated
control cells (Fig. 9b).

Anti-angiogenesis effect

Macroscopic observation

When different concentrations (0.5, 1.0 and 2.0 mg/mL)
of C. minima extract were injected to 8-day-old chick
embryos, anti-angiogenic property was evidenced after
72h of treatment. At 2 mg/mL concentration of treat-
ment, we found significant inhibition of blood capillaries,
while moderate inhibition of blood vessels was seen at
0.5 and 1 mg/mL concentrations (Fig. 10a, b).

Histopathology observation of chick embryos

The anti-angiogenic potential of C. minima was ob-
served by studying the histological preparations of the
blood vessel formed in the chick embryos. From Fig. 11,
it can be seen that the control embryos had thick-walled
endothelial cells and the number of blood vessels was
higher. In the case of treated embryos, significant reduc-
tion of large and small blood vessels along with the pres-
ence of thin endothelial cells was seen. The anti-
angiogenic effect of C. minima was found to be dose-
dependent.

Discussion

One way to control the proliferation of cancer growth is
by inducing cell death in the cancer cells. Hence, drugs
should be designed in order to induce cell death either
by apoptosis or necrosis. Marine algae comprise one of
the important sources of natural bioactive compounds
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[13, 14]. In the current study, the brown marine alga,
Chnoospora minima, demonstrated significant anti-
proliferative activity against the tested cancer cell lines.
In the mitochondrial activity assay, the bioactive fraction
CF4 demonstrated an effective response against the pro-
liferation of cells. The IC5, concentration of this fraction
was 37 pug/mL on MCEF-7, followed by 50 pg/mL on
HeLa and 45 pg/mL on HepG2 cells for 72 h. In another
study [15], the seaweed Chnoospora implexa was re-
ported as to inhibit the growth of MCEF-7 cell lines. The
LCso value (lethal concentration) of C. implexa, U. lac-
tuca and C. hornemanni seaweeds were 125 pg/mL. In
one more study, the fractions of brown algae such as
Sargassum swartzii, Cystoseira myrica and Colpomenia

sinuosa had anti-proliferative effects against cancer cell
lines. Here, the ICsy values were greater than that of
methotrexate, the positive control [16]. From these re-
ports, we came to the conclusion that C. minima has ef-
fective cytotoxicity to the cancer cells at a lower
concentration (50 ug/mL). TLC purified fraction showed
higher activities than the whole extracts. This could be
due to the presence of lesser quantities of bioactive com-
ponents in whole extracts and these compounds becom-
ing concentrated during TLC fractionation [17]. The
mechanism of action of the bioactive fraction CF4 in
inhibiting cancer cell growth appears to be through
the induction of apoptosis as well as by preventing
angiogenesis.
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Caspases are a family of protease enzymes involved in
playing crucial roles such as initiation and execution of
programmed cell death. Accordingly, we found an in-
crease in the activity of caspase-3, 7 and 10 in C. minima
treated cancer cells giving an evidence for the ongoing
apoptotic process in these cells. Correlating well with
this event, DNA fragmentation was also observed in the
treated HeLa, MCF-7 and HepG2 cells indicating that
CF4 is causing the cancer cell death through caspase ac-
tivation and inducing apoptosis. The initiation of DNA
fragmentation can be related to the activation of
caspase-3 activity [18].

The growth of tumour and its metastasis are mainly
dependent on angiogenesis as suggested by Folkman
[19] that the inhibition of angiogenesis could be a valu-
able approach for cancer therapy. The use of animal
models for the study of angiogenesis is an important tool
for screening new agents that might inhibit or activate
angiogenesis. The chick embryo assay is a widely used
method for in vivo study to analyse the anti-
angiogenesis activity. Through our study on chick em-
bryos, it was found that C. minima extract efficiently

inhibited the formation of new blood capillaries from
the pre-existing blood vessels [20]. The formation of ca-
pillary plexus is accompanied by decrease in CAM thick-
ness and reduction in mesenchymal cells [21]. Namvar
et al. [22] reported that the marine brown alga, Sargas-
sum muticum, has anti-angiogenic effect. Ganesan et al.
[23] reported the anti-angiogenesis effect of the sipho-
naxanthin from the green seaweed. In our study, C.
minima extract suppressed angiogenesis by inhibiting
the migration of mesodermal blood vessels to the base-
ment membrane leading to the decrease in the capillary
plexus and thereby reducing the thickness of CAM layer.

A strong evidence for apoptosis being induced by the
bioactive compound from C. minima was provided by
the results of qRT-PCR analysis of Bax and p53 genes.
Generally, cancer cells proliferate due to the higher ex-
pression of the anti-apoptotic genes and downregulating
the pro-apoptotic genes and thereby evading apoptosis.
In this study, the expression of pro-apoptotic Bax gene
was upregulated in the treated cells indicating that the
cells are undergoing apoptosis due to Bax overexpression.
In the same cells, the tumour suppressor gene, p53, was
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Fig. 11 Histopathological examination of chick embryos at x 40 magnification. a Control CAM. b DMSO treated control. ¢ 0.5 mg/mL treated. d
1 mg/mL treated. e 2 mg/mL treated. Black arrow indicates the presence of large and small blood vessels

also found to be overexpressed. This p53 gene plays a vital
role in inducing cell death after DNA damage and gen-
omic instability, as it is a nuclear transcription activator of
the Bax gene [24] which interacts with Bcl-2 to enhance
outer mitochondrial membrane permeabilization. The in-
creased expression of p53 might be responsible for the in-
crease in the Bax to Bcl-2 ratio, resulting in the release of
cytochrome ¢, the activation of caspases and ultimately
apoptosis [25, 26]. This was strongly supported by the
bioactive fraction CF4 induced apoptosis in the MCEF-
7 cells where a 2.7-fold increase in the mRNA level
of p53 in the treated group was observed when com-
pared to the control cells.

Due to the promising anticancer potential demon-
strated by the TLC-purified fraction CF4, it was further
purified by HPLC and the major fraction was further
characterized through ESI-MS analysis. The maximum
spectral intensity was observed at 274.3 m/z ratio. The
molecular ion peak obtained from MS data was found to
be closely related to the compound hexadecanoic acid
(m/z ratio 270) separated out from the GC-MS results.
The molecular ion peaks for methylpalmitate was at 270
m/z ratio [27]. Characterization of CF4 through GC-MS
studies also indicated hexadecanoic acid as a major com-
ponent in CF4. All these results collectively suggest that
the major compound present in C. minima as an
analogue of the fatty acid hexadecanoic acid. Hexadeca-
noic acid is a saturated fatty acid, synonyms of palmitic
acid and is known to have anti-microbial, anti-oxidant

activities and known to reduce the risk of coronary ar-
tery diseases [28]. In the present study, we found that
the bioactive compound in C. minima has anti-
proliferative activity against the cancer cell lines at
50 pg/mL concentration. Relevant to this study [29],
there is a report that palmitic acid from the marine red
alga Amphiroa zonata as a cytotoxic substance at 50 pg/
mL concentration to human leukemic cells. N-
hexadecanoic acid extracted from the leaves of Kigelia
pinnata demonstrated anti-cancer activity [30]. Palmitic
acid was reported as to be present in higher amounts in
some marine red algae [31-38]. The previous studies on
C. minima reported its anti-inflammatory and anti-
oxidant activities. According to a previous report [39],
polysaccharides from C. minima (SLBS11P) had high
anti-oxidant activities. To the best of our knowledge, the
anti-cancer potential of C. minima is being reported for
the first time through the outcomes of the current study.

Conclusion

In summary, it can be concluded that the bioactive frac-
tion from the brown macroalga, C. minima, is efficient
in suppressing the growth of the cancer cells and at the
same time is non-toxic to normal human peripheral
lymphocytes. It also demonstrated anti-angiogenic activ-
ity on chick embryo model, providing the alternative
source for cancer therapy. Presence of hexadecanoic acid
along with other bioactive compounds appears as the
main reason for the anti-cancer property of C. minima.
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To the best of our knowledge, this study on C.
minima is the first published report about its anti-
proliferative activity. Further in vivo studies need to
be carried out in order to find the efficiency of hex-
adecanoic and its analogues as anti-cancer
compounds.
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