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ABSTRACT

In this research, we develop Indonesia marine resource of seaweed Gracilaria verrucosa
as an anti-colorectal cancer agent. Seaweed Gracilaria verrucosa which was collected from east
Lombok beach, Nusa Tenggara Barat, Indonesia, were extracted into four different organic solvents,
thatis n-hexane, ethylacetate, chloroform and ethanol. The extracts were analyzed by Phytochemical
test and Thin Layer Chromatography (TLC). Subsequently, anticancer activity of n-hexane,
ethyl acetate, chloroform and ethanol extracts of Gracilaria verrucosa were evaluated against
colorectal HCT-116 cells by MTT cell proliferation assay. Based on Phytochemical analysis, the
extracts of Gracilaria verrucosa containing secondary metabolite of saponin, while TLC analysis
indicated that the extracts were composed by five chemical compounds. Among four concentrated
extracts of Gracilaria verrucosa, ethanolic extract showed the strongest anticancer activity against
colorectal HCT-116 cells with IC_; of 43.9 pg/mL.Ethanolic extract of seaweed Gracilaria verrucosa
is potential to be further developed as a promising anti-colorectal cancer agents.
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INTRODUCTION a carcinoma. Based on WHO record, colorectal

cancer is the fourth biggest cancer in the world’s

Colorectal cancer is one of malignant  population. In Indonesia itself, colorectal cancer has

tumors which occurs in human’s colon. This cancer  the second position after the lung cancer. Based
originates from adenoma polyps that develops into  on data of Kementerian Kesehatan Indonesia,
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incidence of colorectal cancer is 1.8 per 100.000
population. For additional data, Dharmais Hospital
in Jakarta-Indonesia, stated that colorectal cancer
is sixth reason of man’s death and tenth reason of
woman’s death. For the development of the cancer
itself is still unknown.!

Asril Zahari on his book entitled “Early
Detection, Diagnose and Treatment of Colorectal
and Rectum Cancer”, stated that the patients of
colorectal cancer are classified into three kind of
groups which are familial, congenital and sporadic.
This cancer can occur through two processes, LOH
process and ROH process. LOH or known as Loss
of Heterozygosity can develop from mutation of
supressor genes such as APC genes. Meanwhile
ROH (Retention of Heterozygosity) process can
easily occur to the patient which has the mutation
of germinativum cell HNPCC. There are some risk
factors that will influence colorectal cancer, which
are dietary pattern, tribe, lifestyle, history of familial
cancer and history of polyp cases.? National Cancer
Institute has already declared that colorectal cancer
can be treated in many ways, for example surgery,
radiofrequency ablation, chemothrapy, radiation
therapy and targeted therapy. Even if the treatment
was done accordingly to the right procedure, there
are so many complaints of the patient about relaps
cases of their cancer. About 30-50% colorectal
cancer patient are the relaps ones. To decrease
the number of relaps case, ESMO Clinical Practice
for diagnosis by Labianca stated that the patient of
colorectal cancer that has been treated should follow
the follow-up plans. The follow-up plans is usually
done by using CEA or carcinoembryonic antigen and
CT Scan. Not only the follow-up plans, the patient
should also follow the survivorship care plans which
consists of relap prevention method, rehabilitation
process of the patient, side effect assesment, and
health promotion to prevent relaps cases.®*

In fact, the relaps cases occured caused
by incompliance of the patient due to many side
effects4, such as hemicolectomy and gastrointestinal
dysfunction. Based on that reason, the researcher
then thought about using some alternative medicine
that will reduce the side effect. Macroalgae is one
of natural resources that contains fiber, vitamin,
mineral, fat, omega3 acid, protein, polisaccharides,
essential amino acid and many others substances
Not only that, macroalgae also know to have some
activities which are useful for human’s helath such
as anti-oxidant, anti-inflamation, anti-mirobial and
anti-cancer.®
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Gracilaria verrucosa is one of the species
of Gracilaria sp. This macroalgae can be found in
tropical or subtropical marine. Gracilaria verrucosa
usually used for making jelly. But in fact, this species
also produce bioactive substance and eicosanoid
which is useful as anticancer agent.® Previous
researcher reported that Gracilaria tenuispitata
had an anti-cancer effect against oral cancer cells
Ca9-22. Another previous experiment revealed
that Gracilaria verrucosa can induce cell apoptosis
by increasing y-H2AX-based DNA double strand
breakdown. That process would induce ROS to
penetrate the cells via H2AX-Nox1/Rac1 pathway.
Beside DNA breakdwon, Gracilaria tenuispitata can
also reduce glutathione or GSH which caused ROS
to easily produced in the cells.5”

Gracilaria verrucosa has a secondary
metabolit of saponin, that is a substance which
has aglycone hydrofobic structure with addtional
part of sugar hyrofilic. This structure make saponin
becomes sureface-active amphipathic compounds
that has many benefits for its biological activity
such as cell hemolytic. Francis et al revealed that
aglycone hydrofobic of saponin make that substance
becomes easier to be attached to the cholesterol
of cell membrane. This attachment will induce pore
formation and degradation of cell permeability. it will
allows ROS to penetrates easily to the cells and it
will induce apoptosis.®

As declared by NCBI, Gracilaria verrucosa
did not have any toxic effect, analgesic effect and
anti-convulsant effect for the patient. So it is assumed
that Gracilaria verrucosa (Fig. 1) is safe to be used
as a new anti-cancer agent.

Fig. 1. Gracilaria verrucosa
Here is the taxonomy of Gracilaria verrucosa:8

Kingdom : Plantae
Subkingdom : Biliphyta

Divison : Rhodophyta
Subdivision : Eurhodophyta
Class : Florideophyceae
Subclass : Rhodymeniphycidae
Order : Gracilariales

Family : Gracilariceae
Genus : Gracilaria Grev.
Species : Gracilaria verrucosa

(Hudson) Papenfuss
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The novelty of this study is to explore
macroalgae Gracilaria verrucosa collected from
Labuhan Haji beach, Lombok, Province of Nusa
Tenggara Barat, Indonesia, as an anti-colorectal
cancer against HCT 116 cells. This study will be
conducted in several stages are as follows: the first
stage is collection and identification of Gracilaria
verrucosa. The second stage is extraction of
Gracilaria verrucosa into four different polarity of
organic solvents, that are n-hexane (non-polar),
chloroform (non-polar), ethylacetate (semipolar),
and ethanol (polar). The third stage is phytochemical
test and Thin Layer Chromatography analysis of
Gracilaria verrucosa extracts. The fourth stage is
in vitro anticancer activity evaluation of n-hexane,
chloroform, ethylacetate, and ethanol extracts of
Gracilaria verrucosa against colorectal cancer cells
HCT 116 by MTT assay.®'®

EXPERIMENTAL

Extraction and Fractionation Samples of
Seaweeds

In this research, we use 1000 g dry powder
of macroalgae Gracilaria verrucosa, which was
macerated in ethyl acetate. Concentrated crude
extract of ethylacetate of Gracillaria verrucosa was
then fractioned by column chromatography on silica
gel G60 (230-400 mesh ASTM) using non-polar
solvent of chloroform and n-hexane, semi-polar
solvent of ethylacetate, and polar solvent of ethanol,
successively afforded n-hexane extract, chloroform
extract, ethyl acetate extract and ethanol extract,
respectively. Subsequently, these four kinds of
Gracillaria verrucosa extract were analyzed using
thin layer chromatography to identify the amount of
chemical component containing in the extract, as
well as to be subjected for phytochemical test to
determine the secondary metabolites in four kinds
extract of Gracillaria verrucosa. Furthermore, in vitro
cytotoxic activities of those four extracts of Gracillaria
verrucosa were evaluated against HCT 116 cells by
MTT method.™

Phytochemistry Test

This method is done so that we can identify
the secondary metabolite contained in concentrated
fraction of macroalgae Gracilaria verrucosa. The
procedure of phytochemical test are listed as
following"!
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Saponin test

Saponin screening is done by using 10
mL solution placed in a tube; then is shaken for 10
seconds vertically before let it stand for 10 seconds.
The presence of saponin is pointed out by a foam
formation lasted more than 10 min., which has
1-10 cm height.

Flavonoid test

A total of 1 mL solution was evaporated
until dry, then being moistened using acetone. Boric
acid and oxalic acid powder was added into the
moistening dried-solution placed over a hot water;
be careful not to be overheating the solution. The
residual of the mixture then mingled together with
10 mL eter; afterward was identified under ultraviolet
ray of 366 nm. The presence of flavonoid is indicated
by the presence of yellow fluorescence.

Triterpenoid and steroid test

The reaction used to indicate the presence
of triterpenoid and steroid in Liebermann Burchard.
This test used 2 mL solution that was evaporated
in a procelain cup. The residual of evaporation
process then was dissolved in 0.5 mL chloroform.
Subsequently, we added acetic acid anhyride and
2 mL concentrated sulfuric acid through the wall of
tube. The presence of triterpenoid was indicated
by the formation of brownish or violet ring at the
boundary of solution, meanwhile the presence
of steroid was indicated by the formation of

blue-greenish ring.

Alkaloid test

A solution of 2 mL was placed in a porcelain
cup to be evaporated until there was a residue; later
mixed with 5 mL of 2 N-HCI. Later on, the mixture
were divided into three tubes; the first one was a
blanko which was mixed with HCI 2 N, the second
tube was mixed with 3 drops of Dragendorff agent,
and lastly we added 3 drops ofMayer reagents onto
the third tube. The formation of an orange precipitate
in the second tue and yellow precipitate in the third
tube showed the presence of alkaloid.

Tannin test

This procedure was conducted by reacting
1 mL solution with 10% iron (lll) chloride solution. The
formation of dark-blue or greenish black precipitation
indicated the presence of tannin.
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Glycosides test

A total of 0.1 mL solution was evaporated
in a water bath; afterward was dissolved with
5 mL acetic acid anhydride. Then, the solution was
mixed with 10 drops of concentrated sulfuric acid.
A bluish or greenish product indicated a glycoside
presence.

Thin Layer Chromatography

Thin layer chromatography (TLC) is a
procedure to identify the amount of substances
contained in the extract sample, which is expressed
by Rf values. This process was began by preparing
TLC plate with size of 5cm x 20 cm x 0.2 mm. The
extract sample was then applied on the plates by
capillary pipe. The plate and mixture of solvent
(CHCI:CH,OH = 3:1) as a mobile phase was added
into the TLC chamber. The mobile phase will diffuse
and move along the plate. After this process was
complete, the plate were placed under ultraviolet
lamp with wavelenght of 254 nm and 366 nm in order
to visualize the spots of chemical component, and
determine the Rf value of each spot.'213

In Vitro Cytotoxicity Assay

Gracilaria verrucosa has a cytotoxic effect
which inhibit the proliferation of HCT 116 cells. That
effect can be evaluated by using MTT assay. We
diluted the sample extract; later was added to target
cells with triple methode in eight final concentration
which were 200, 100, 50, 25, 12.5, 6.25, 3.125,
and 1.5625 pg/ml, consecutively. The cells, later,
were incubated for 48 h, before was was mixed with
20 pg of 5 mg/mL solution of MTT in phosphate-
buffered saline. The plates were incubated for 4 h
more; afterwards were centrifuged while the medium
was removed. 200 pL of dimethyl sulphoxide was
added in each well to dissolve the purple-blue
sediment. Later, we identified the absorbance of the
plates using 590nm microplate reader (Model 550,
Bio Rad, USA). The inhibiton rate was calculated
using this following formula."

PR ‘Absorbance of treatment group
%lnhltmon_1_(F~J:30rtancﬂofmntmlgmup )xﬂ]ﬂ%
While the inhibitory concentration that
diminished 50% of cancer cells, we called as IC_,
are calculated with assay.

1260

RESULT AND DISCUSSION

Phytochemical composition

Phytochemistry test of Gracilaria verrucosa
is displyed in Table 1, whic indicated that Gracilaria
verrucosa extracts contained secondary metabolites
of saponin and triterpenoid. Saponin was composed
by hydrophobic aglycone with additional functional
hydrofilic-sugar part. Because of this structure,
saponin could do its biological function easily such as
pore formation and degradation of cell permeability.
The aglycone component in Gracilaria verrucosa
consist of two structures which are steroid and
triterpenoid. The steroid structure composed by six
membered-ring of spirostane and five membered-
ring of furostane, meanwhile triterpenoid consists
of four and five membered-ring of olenan. Those
structures made saponin can easily be engaged
to membrane cholesterol; causing membrane
distabilisation, furthermore the cell membrane get
ruptured. Besides anti-cytotoxic effect, saponin
in Gracilaria verrucosa has some other functions
such as immune stimulator, anti-microbial agents,
anti-protozoa, and anti-oxidant.' Besides saponin,
Gracilaria verrucosa was also identified to have
triterpenoid substances derived from isoprene unit
through biosynthetic process, MVA pathway and
catalase oxidative. Both triterpenoid and saponin
seem to have the same effect to induce cell apoptosis
process in HT 116 cells.

Thin layer chromatography

TLC results of extracts of Gracilaria
verrucosa is summarized in Table 2. As shown,
R, value of Gracilaria verrucosa extract in n-hexane,
ethylacetate and chloroform has no signficant
difference, which means that the secondary metabolit
of these three solvents are similar. Meanwhile, the
difference of Rf value was observed in ethanolic
extract of Gracilaria verrucosa which indicated the
difference secondary metabolit components.

Anticancer activity of macrolagae Gracilaria
verrucosa

Cytotoxic effect of Gracilaria verrucosa
extract as an anti-colorectal cancer agent is showed
by its inhibitory acitivity and IC_, value on HCT
116 cells. The stronger inhibitory activity and the
lower IC; value indicated the higher anti-colorectal
cancer activity of Gracilaria verrucosa against HT
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Table 1: Phytochemicals analysis of Gracilaria verrucosa

Secondary

metabolites n-Hexane

Gracilaria verrucosa extract
Etyl Acetate Chloroform Ethanol

Saponin +
Flavonoid -
Triterpenoid +
Steroid -
Alkaloid -
Tannin -
Glycosides

Tabel 2: TLC analysis and Retention factor (Rf) value of
Gracilaria verrucosa extracts

Extract Retention (Rf) value
Spot1 Spot2 Spot3 Spot4 Spot5 Spot6 Spot7

Ethanol 0.4 0.7

n-hexane 0.95 1.1 15 1.7 2 2.3

Chloroform 1 1.1 1.3 1.7 2 2.3 2.7

Ethyl acetate 0.9 1.1 1.8 2 2.2 2.7 2.7
Table 3: Anticancer activity (IC50 value) ® Chioraform

W Ethyl Acetate

of Gracilaria verrucosa extracts against
colorectal HCT 116 cells

Tested extract IC,, (ug/mL)

n-hexane 49.9
Ethyl acetate 445
Chloroform 44.9
Ethanol 43.9

*IC,, is the 50% half maximal inhibitory activity in
pg/mL

116 cells. Table 3 summarizes anticancer activity of
Gracilaria verrucosa extracts. As shown, inhibitory
activity of Gracilaria verrucosa extracts will gradually
increase after concentration of 6.25 pg/mL. Overall,
the percentage of inhibition of Gracilaria verrucosa
extracts varies from 21.2% to 68.4%. Besides the
percentage of inhibition, the anti-cancer activity
of the extract is also represented by IC,, value.
IC,, value below than 100 pg/mL indicates a good
anticancer activity, meanwhile IC50 more than 300
pg/mL indicated no anticancer activity of the extract.
The value of IC_ between 100 to 300 pg/mL indicates

® N-hexan

Alcohol

el

Fig. 2. The relationship between relative
concentrations of Gracilaria verrucosa extracts and
their percentage of inhibition (inhibition rate) against
colorectal HCT 116 cells.

Inhibiton rate

Concentration

that the extract has a weak anticancer activity. In this
research, n-hexane, ethylacetate, chloroform, and
ethanol (alcohol) extracts have IC,; value of 49.9,
44.5, 44.9, 43.9 pg/mL, respectively. Therefore, all
extracts of Gracilaria verrucosa have a good anti-
colorectal cancer agents against HCT 116 cells.
Fig. 2 displays the percentage of inhibition (inhibition
rate) which is proportional to the concentration of the
extracts in pg/mL. It means, all extracts of Gracilaria
verrucosa are concentration-dependent in terms of
inhibiting the proliferation of HCT-116 cancer cells.
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Result findings in this research are similar and
supported by previous research conducted by De
Almeida and co-workers (2011) and Fitri (2015) that
reported Gracilaria verrucosa showed anticancer
activity and containing saponin which function to
induce apoptosis of cancer cells.>®

CONCLUSION

Seaweed Gracilaria verrucosa originated
from Labuhan Aji beach, Lombok, Nusa Tenggara
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Barat, Indonesia, demonstrated anticancer activity
against HCT 116 cancer cells (IC,, value: 43.9 to
49.9 yg/mL), which is potential to be developed as
promising new anticolorectal cancer agent.
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