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ABSTRACT: This study aims to Obtain a pure extract of Sargassum filipendula, fucoxanthin, determine the
effect of concentration fucoxanthin against HeLa cells and determine the effect of concentration fucoxanthin
against cancer cell lymphocytes. The benefit of this research is to find out that fucoxanthin can be used as an
anti-cancer treatment. The study was conducted in September 2013 at the Laboratory of Fishery Product
Technology, Faculty of Fisheries and Marine Science and Medical Biomedical Laboratories, University of
Brawijaya, Malang. Sampling brown seaweed (Sargassum filipendula) of the District Rural Padike Talango
Sumenep Madura. Extracted isolated by column chromatography using silica gel stationary phase and mobile
phase hexane : ethyl acetate (6:4, v/v) + 100 ml, then identified by TLC using the stationary phase a silica gel F
- 254 HPLC with ODS stationary phase (C-18) 5 ml with a mobile phase of methanol, acetone and ammonium
acetate (1M) (80:10:10, v/v) andinjected a flow rate of 1.0 ml / min pigment solution of 20 mL compared with
the standard of Japan. Research results indicate that, spectra maximum wavelength of 450 nm and 446 nm
with a minimum of acetone solvent. HPLC has the same retention time = 10.12 standard, while Sargassum
filipendula = 10.11. The best concentrations for lethal Hela cells at 100 ppm was 4.717% which means that
fucoxanthin effect against HeLa cells have the potential fucoxanthin that can induce cell apoptosis that occurs
in HeLa cells, it is possible because of the anti- carcinogenic fucoxanthin hasstructure unique. While the cell
lymphocytes in the dosage of 100 ppm were dead at 9.543 %, the effect of the toxicity of a substance can be
observed from how many dead lymphocytes when compared with the state charity by observing level of
lymphocyte proliferation.
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INTRODUCTION

Cancer is the one of the important health problems in the world. Number of cancer deaths increasing each
year. Two types of cancer with the greatest incidence in Indonesia is cervical cancer and breast cancer. Each year
about 8,000 Indonesian women died from cervical cancer [1].

The magnitude of the mortality rate due largely to the delay cancer treatment or medical treatment for
various reasons. In addition, many cancer drugs available today have a low therapeutic indication, and the
maximum dose given only give the minimum effectiveness. Not all types of cancer patients and or drug-
responsive to existing cancer drugs. In fact, many cancer drugs that cause side effects and are resistant to the
effects of patient [2]. To answer these problems, research to find potential candidates of new antitumor drugs is
needed. Compounds from macroalgae natural ingredients have been proven to be one source of new bioactive
compounds [3, 4]. Brown algae (P australis, T conoides, filipendula S, S and S echinocarpumcinereum) reported to
contain large amounts of the dye, ie fucoxanthin and other substances, which act as an anti-obesity [5], anti-
oxidant [6]. Fucoxanthin as the main part of the carotenoid in brown algae have certain Alenic bond, where 5,6 -
monoepoxida play an important role in the structure of fucoxanthin [7, 8, 9], anti-coagulant [10], anti-diabetic
[11], anti-cancer [9], anti-tumor and colon cancer [12].

Ideal model in search of potential antitumor drugs are bioactive compounds that can kill tumor cells but
has low toxicity to normal cells. Three initial stages that must be passed to nutrasetikal product development
include: extraction stage, biological screening stage, and testing stage of pharmacology and toxicology and safety
testing wear [13].

This research aims to study the potential bioactivity of extracts of macroalgae Sargassum filipendula as
antitumor HeLa (cervical tumors) as well as in vitro toxicology tests on human blood cells. An orange pigment
fucoxanthin including xanthophyll group of carotenoids which have clusters of oxygen (02). The main framework
of an isoprenoid polyene formed by the merger of eight isoprene units [14]. Fucoxanthin pigment found in brown
algae, green and red, but not found in higher plants [15]. Poliene chain of carotenoids, containing conjugated
double bonds which are responsible for the formation of carotenoid pigments and has the ability to absorb
photons at a wavelength of visible light [16].

Pure fucoxanthin with spectrophotometer measurements indicate that the compound has a molecular
weight of 658.92 gmol and consists of one molecule of acetyl groups and two hydroxyl groups [17]. Isoprene units
connected by a regular way between the head of the tail, except at the center of the molecule, where the order
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between the head and the tail inverted, so that the configuration of the molecule is symmetrical. Thus, the two
methyl groups are located in the center of the molecule are separated by C-6 atoms and groups of atoms
separated by metil other C - 5 [18]. Its chemical formula is C42H5806 and fucoxanthin has a unique structure
with bond alenat and two heterocyclic group at both ends of the molecule, where one of its cyclic structure
containing ester groups and the structure of 5,6 - monoepoksida the cyclic structure [17]. Fucoxanthin functional
groups which are 2 hydroxyl group (OH) at C - 3 and 5', and a keto group at position C-8[19]. Moss [20] proposed
the name of fucoxanthin in the International Union of Pure and Applied Chemistry (IUPAC) is (3S, 5S, 6R, 3'S, 5'R,
6'R)-3"-Acetoxy-5,6-epoxy-3,5'-dihydroxy-6',7'-didehydro-5,6,7,8,5',6'-hexahydro-f3, B-carotene-8-one. Gross [21]
suggested that based on the content of some of the hydroxyl groups attached to the ring structure, and variations
in the structure, then fucoxanthin can be classified into three groups, namely :

1) Hydroxyl (example: manols, diols) hydroxyl substituent at C3

2) Epoxy (eg, methoxy, aldehyde, oxo, carboxy, ester)

3) Acetylene (example: C = C = C on one end of the chain, the C = C at position 7,8)

Based on the configuration of the molecule, fucoxanthin consists of three kinds , namely mono - cis , cis -
and trans in - fucoxanthin. Fucoxanthin resulted in the trans configuration , associated with OH (C - 3) and the
epoxide group, so that 3 - hydroxy - 5,6 - epoxide carotenoids have 3 'S configuration, 5'R, 6'R and configuration
(3S,5S, 6R) epoxides can synthesized via epoxidation of the carotenoid -containing ring - 3 using perptalat acid or
perbenzoat [22]. Allenic carotenoid fucoxanthin is a configuration that has the 3S, 5S, 6R, 3 'S, 5'R. Fucoxanthin
found in brown algae are mostly trans-fucoxanthin [7]. Haugan [23] analyze stereomutasi using iodine catalyst
and separated by semi-preparative HPLC resulted in eight forms molecular configuration of fucoxanthin isolated
from Fucus serratus, which is 15 - cis, 13.9 ' - di- cis, 13, 13" - di- cis, 9 ', 13" - di- cis, 13 - cis, 13" - di- cis, 9' -
cis, and trans.

Fucoxanthin melting point is at a temperature of 1640C , with a density of 1.09 and fucoxanthin soluble in
ethanol and slightly soluble in carbon disulfide and ether , but insoluble in petroleum ether . In addition to these
characteristics , fucoxanthin also be labile to bases [23]. Fucoxanthin has the green light spectrum, blue to yellow
with a peak wavelength between 450-540 nm [25].

Synthesis of fucoxanthin according to Jeffrey[17] first derived from the synthesized lycopene into f -
carotene through the process of cyclization or ring formation at the f position. § - carotene which has been
formed into zeasantin undergo hydroxylation, and epoxidation process into the next stage which later became
violasantin antesantin. Violasantin formed undergo structural arrangement into a new pigment called neosantin .
In addition to forming neosantin , violasantin also formed diadinosantin which further leads to the formation
diotasantin and fucoxanthin.]Jeffrey [17] reported that the spectral pattern of brown algae fucoxanthin have a
minimum absorption at a wavelength of 446 nm and maximum absorption at a wavelength of 468.3 nm .

MATERIAL AND METHODS

Sampling, Extraction, and Fractionation

Microalgae Sargassum filipendula taken from coastal tidal zone Padike, district. Talango, Madura Islands.
Sample S. filipendula gained as much as 10 kg. Samples were washed with fresh water to remove dirt and
attached epiphytes, then macerated in 10 L 95% ethanol for 3 days. The solution obtained was filtered with
Whatman # 41 filter paper and evaporated with a Buchi Rotavapor. After all the ethanol evaporates, extract
(freeze-dried) at a temperature of 280-430C x 10-3 mbar pressure to obtain a dry powder form of the extract
(crude extract ethanol). After testing bioactivity, the ethanol crude extract further fractionated in solid-liquid.
Fractionation process carried out in succession by an increase in solvent polarity using n-hexane, ethyl acetate,
and methanol.

Cell Culture HeLa and T47D

HeLa tumor cells used in this fieldwork came from the U.S. NAMRU (United States Naval Medical Research
Unit) Jakarta, whereas T4 7D cells derived from a collection of UB's Faculty of Medicine, Malang.

HeLa cells were grown in RPMI 1640 medium (Sigma) containing the complete fetal bovine serum (FBS)
10% (Gibco), fungizon 0.5% (Gibco), penicillin-streptomycin and 2% (Gibco). T47D cells were grown in DMEM
medium (Gibco) containing complete 10% FBS (Gibco) and Penicillin-Streptomycin 2%. Both cells were cultured
using 25 mL flasks (Nunc) in a CO2 incubator at a temperature of 370 C and 5% CO2 stream.

Isolation of Lymphocyte Cells

Isolation of lymphocytes was performed according to the method used by Wahyuni [25]. Blood was taken
from healthy respondents are sterile and plus anticoagulants. Separation of cellular components is done by
centrifugation of blood samples at a speed of 1,000 rpm vacutteiner for 10 minutes. Part severe blood (red blood
cells) are under separate blood and plasma at the top. Buffy coat layer (containing lymphocytes) are located in
between the two layers is taken then coupled with RPMI medium. Furthermore, the lymphocyte suspension is
passed on Ficoll - Hypaque solution slowly to form two layers separated. Then, the tubes were centrifuged again
with less speed of 1,500 rpm for 30 minutes. Lymphocytes, monocytes, and platelets are in the top layer of Ficoll
surface and does not penetrate to the bottom, whereas granulocytes and red blood cells separated on the basis of
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centrifuge tubes . Layer containing lymphocytes , monocytes , and platelets were washed with RPMI medium and
centrifuged at 1500 rpm for 10 minutes. Supernatant was discarded and then the pellet was washed and
centrifuged again at a speed of 1,500 rpm for 10 min to separate lymphocytes from platelets, monocytes and
Ficoll ( in the supernatant) . Cell pellet obtained was then added complete RPMI growth medium containing Fetal
Bovine museum (FBS) 10%, 0.5% Fungizone, penicillin - streptomycin and 2 % and homogenized, then performed
cell counts using a hemocytometer.

Cytotoxicity test against HeLa cancer cells and T47D

Cytotoxicity assay was conducted using MTT (3 - [4, 5-dimetilthiazol-2YL] -2, 5-diphenyl tetrazolium
bromide) by Zachary [26]. Created series of concentrations of the extract of S. filipendula of 12.5, 25, 50, 100, and
200 ppm using the solvent as much as 3 replications growth medium. Also made 3 kinds of control, namely:
control of tumor cell (100 ml + 100 ml of tumor cell media), media control (200 ml media), and the control sample
(100 ml extract of S. filipendula + 100 ml media). A total of 100 ml extract solution S. filipendula of each
concentration incorporated into microplate wells containing tumor cells that have as many as 2 x 10% cells (100
ml). Microplate and then incubated for 24 hours in a CO2 incubator, then added 10 ml of MTT into each
microplate wells and incubated again for 4 hours in a CO2 incubator. MTT reaction was stopped by adding sodium
dodecyl sulfate (SDS) 10% then back microplate was incubated for 12 hours in the dark at room temperature.
After the incubation, the absorbance of each of the wells was measured by spectrophotometer microplate reader
(DYNEX Technologies MRX type) at a wavelength of 570 nm.

Determination of the percentage of cell death was calculated based on the formula:

. (A-D)(B-C)

Mortality = —ao * 100 %

Description:

A = absorbance of control cells

B = absorbance of the sample

C = absorbance of control samples

D = absorbance of control media

Lethal concentration50 value calculation (LC50) was performed using the probit analysis in MINITAB

program version 13.2 with 95% confidence interval.

Lymphocyte proliferation test

Lymphocyte proliferation test was also conducted using MTT (3 - [4,5-dimetilthiazol-2YL] -2,5-diphenyl
tetrazolium bromide) by Zachary [26]. However, the number of lymphocytes used were as many as 2 x 105 cells
in each of the wells.

Determination of the percentage of lymphocyte proliferation was performed using the formula:
absorbance of sample x 100%

Lymphocyte proliferation =

absorbance of control
RESULT AND DISCUSSION
The results of the study of brown algae fucoxanthin isolation (Sargassum filipendula) with the results of
column parameters, test identification by TLC (thin layer chromatography), test pattern identification spectra

with a spectrophotometer Shimadzu UV-Vis 1601 and yield calculations can be seen from Table 1.

Tabel 1. [dentification of Pigment Fucoxanthin Test Data

No Identification Test Tool Result Literature
1. 0,029825%
Chromatography 135 isolates of pigment in the reaction Fucoxanthin coloured orange
2 Column column tube. [17]
Isolates fucoxanthin from 96-121 tube
3. TLC TLC Rf 0,28 Rf fucoxanthin 0,25-0,28 [27]
Solvent In ethanol solvents [17]
Spektrofotometer
Uv-Vis 1601 acetone ethanol 446.3nm wavelength
4. Pattern Spectra . In Solvents Ethanol [28]
Shimadzu Wavelenoth 450
447 nm 451nm aveleng m

The ability of fucoxanthin as an anti-carcinogenic agent fregmented due to its ability to induce DNA that
causes apoptosis [11]. Fucoxanthin role induce apoptosis in Hela cells. Anticarcinogenic mechanism was obtained
through its ability to decrease the expression of the protein bcl-2 and bcl-xl in the cell wall of the mitochondria
[33].
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Fucoxanthin has the ability to increase catalase perokisom located in the cell that converts H,0; (peroxide)
into molecular oxygen and water. Fucoxanthin prominent effect on DNA and the damage, inhibit the activity of
DNA associated with fucoxanthin's ability to increase catalase [30]. Figure 1 shows the percentage of cell death
caused by the influence of the dose fukosantin againts hela and lymphocytes cell.
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Figure 1. Fucoxanthin dose effect on hela cells and lymphocytes

Results of the study reported that the compound fucoxanthin with dosing more dead HeLa cells but at a dose
of 200 ppm decreased HeLa cell death, so the medication/ administration of herbal effects when most would be
toxic [29].This research report shows that the maximum dose at 100 ppm dosing fucoxanthin will turn off HeLa
cells by 4,717 %, which means that fucoxanthin has the effect on HeLa cells. Fucoxanthin potential to induce cell
apoptosis that occurs in HeLa cells. This is possible because of the anti-carcinogens of fucoxanthin that has a
unique structure that is 5.6 epoxide and alenik bond. Figure 2 shows morphological observation on Hela Cell.
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Figure 2. Morphological observation of Hela cell (1000x) (a. control; b. Fucoxanthin dose of 12.5 ppm; c. Fucoxanthin dose of 25 ppm; d.
Fucoxanthin dose of 50 ppm; e. Fucoxanthin dose of 100 ppm; f. Fucoxanthin dose of 200 ppm).
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Fucoxanthin has a bond alenik and 5.6 monoepoxide where these molecules play a role in the resistance of
the structure [11]. The antioxidant activity of fucoxanthin has a very good effect in the inhibition of cancer cell
molecules. Fucoxanthin is able to inhibit the growth of cancer cells by inducing cell cycle arrest and enhance gap
junctional intercellular [30]. Dose of 100 ppm provide the best treatment. Fucoxanthin dose escalation to 200
ppm lead to a decrease in hela cell death. This may be due to a dose of 200 ppm fucoxanthin not be an antioxidant
but as a prooxidant.From the results of the study reported that fucoxanthin compound capable of suppressing
cancer cell proliferation [31]. Fucoxanthin effects on lymphocytes can be seen in Figure 3.

Figure 3. Morphological observation of Limphocyte cell (1000x) (a. control; b. Fucoxanthin dose of 12.5 ppm; c. Fucoxanthin dose of 25 ppm;
d. Fucoxanthin dose of 50 ppm; e. Fucoxanthin dose of 100 ppm; f. Fucoxanthin dose of 200 ppm).

Figure 1 shows that the administration of a dose of 12.5 ppm fucoxanthin showed lymphocytes that die at
3.500%, 25 ppm dose of fucoxanthin lymphocytes die by 4,567%, fucoxanthin dose of 50 ppm lymphocytes die by
4.313%, 100 ppm dose of fucoxanthin lymphocytes are dead amounting to 9.543%, while for the 200 ppm dose of
fucoxanthin lymphocytes die by 0.366% . This suggests that the use of fucoxanthin does not affect significantly on
human lymphocyte. It is agree with Molina [34], that human lymphocyte treated with fucoxanthin did not present
any significant alteration in the proliferation of T- and B-lymphocyte.

The use of human lymphocytes because lymphocytes are cells that are highly susceptible to chemicals .
Advantages of in vitro testing is a very sensitive test used and the impact can be seen directly [25].The effects of
the toxicity of a substance can be observed by how much the number of dead lymphocytes when compared with
the initial state and the observed rate of cell proliferation of lymphocytes [32]. Lymphocytes are the cells with
large nuclei and round and has little plasma. It has been calculated that in humans is about 3.5 x 1030
lymphocytes per day into the blood circulation.

Lymphocyte proliferation test was conducted to determine the bioactivity of fucoxanthin on cell
lymphocytes are treated as normal human cells. If the extract is not toxic to lymphocytes, it can be hypothesized
that the extract is not toxic to normal cells.Lymphocytes are the cells that are suspended in the blood , easily
isolated , and is highly sensitive cell types. Therefore fucoxanthin in vitro testing can be carried out to test the
properties of the bioactive component sitoktosis lymphocytes. Figure 1 shows the various concentrations of
fucoxanthin showed fairly good activity against the proliferation of lymphocytes. According Miksusanti [32], a
type of blood lymphocyte cells suspended in blood, easily isolated and is highly sensitive cell types. Therefore,
testing the activity of bioactive components (fucoxanthin) to do.

CONCLUSION

Fucoxanthin with dosing more dead HeLa cells but at a dose of 200 ppm decreased HeLa cell death, so the
medication/ administration of herbal effects when most would be toxic. Various concentrations showed fairly
good activity against the proliferation of lymphocytes cells. Generally seen that the synergistic effect of the
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molecules contained in extracts of brown algae (fucoxanthin) in improving the presentation of lymphocyte
proliferation higher.

®©

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.

23.

24,

25.

26.

REFERENCES

Anonymous, 2007. Cervical cancer Indonesian woman grabs 8,000 per year.
www.antara.co.id/arc/2007/9/20/kanker-mulut-rahim-renggut-8000-wanita-indonesia-per-tahun.
Retrieved March 28, 2008.

Williams, D.E. and Andersen, R.J. 2006. Coral reefs to clinical trials: Bio prospecting for drugs from the sea.
Report on International Seminar and Workshop on Marine Biodiversity and Their Potential for Developing
Bio-pharmaceutical Industry in Indonesia. Research Center for Marine and Fisheries Product Processing and
Biotechnology, Book 2. Jakarta. p. 80-92.

Boisson-Vidal, C., Haroun, F., Ellouali, M. Blondin, C., and Jozefonvics, J. 1995. Biological activities of
polysaccharides from marine algae. Drugs of the Future. 20: 1237-1249.

Deslandes, E. Pondaven, P., Auperin, T. Roussakis, C.C., Guezennec, ], Stiger, V. and Payri, C. 2000.
Preliminary study of the in vitro antiproliferative effect of a hydroethanolic extract from the subtropical
seaweed Turbinaria oenata (Tumer J. Agardh) on a human non-small-cell bronchopulmonary carcinoma line
(NSCLC-N6). J. of Applied Phycology. 12: 257-262.

Rupérez, P. and F.S. Calixto. 2000. dietary ibre and physicochemical properties of edible spanish seaweeds.
Eur. Food Res. Technol., 212: 349-354.

Doungporn, A, Y. Peeranpornpisal, T. Taesotikul, U. Jamjai, M. Nualchareo, and D. Kanjanapothi. 2007.
Antioxidant activity of Padina minor Yamada. KMITL Sci. Tech.]., 7: S1.

Haugan, J.A, and S.L. Jensen. 1995. C15-Allenic model compounds for carotenoid synthesis,
comparative!lHNMR data and a new in tramolecular reaction. ISSN 0904-213X.

Matsuno,T. 2001. Aquatic animal carotenoids. Fisheries Science, 67 : 771-783.

Pangestuti, R, L. Limantara. and A. Susanto. 2007. The content and activities fukosantin Sargassum
polycystum CAAgardh. Back to Nature Proceedings of the Natural Pigments, Salatiga. pp201-209.
Unpublished

Cumashi, A, A. Natalia., Ushakova, E. Marina. and D. Armida. 2007. A comparative study of the anti-
inflammatory, anticoagulant, antiangiogenic and anti adhesive activities of nine different fucoidans from
brown seaweeds. J.Glycobiology., 17 (5): 541-552.

Maeda, H., T. Tsukui, T. Sashima M. Hosokawa, and K. Miyashita. 2008. Seaweed carotenoid, fucoxanthin, as
amulti-functional nutrient. Asia Pac J CinNutr 2008; 17 (SI): 196-199.

Liqun, Y., L.I. Pengcheng and F. Shoujin. 2008. The extraction of pigments from fresh Laminaria japonica.
Chinese Journal of Oceanology and Limnology, 26 (2): 193-196.

Sumaryono, W. 2004. Prospects, Challenges and Strategies of Marine Biotechnology Development in
Indonesia. Biotechnology Forum Indonesian Fisheries, Jakarta.

Britton, G., L. S. Jensen and H. Pfander, 1995. Carotenoids Volume 1B: Spectroscopy. Birkauser Verlag,
Boston.

Ballard, L. ], L. A. Glasgow, L.C. Hoskins, and T. Krohe, (1989). The resonance Raman excitation pofile of
fucozanthin. Spectrochimica Acta., 454, (12), 1235-1238.

Eonseon, ], J. E. W. Polle, H. K. Lee, S. M. Hyun and M. Chang. 2003. Xanthophylls in microalgae: from
biosynthesis to biotechnological mass production and application. J. Microbiol. Biotechnol., 13 (2): 165-174.
Jeffrey, S. W,: R. F. C Mantoura, and S. W Wright. 1997. Phytoplankton pigments in oceanography. Guidelines
to Modern Methods. Unesco. Paris.

Bernhard, K., G. P. Moss, G. Toth and Weedon. 1976. Absolute conviguration of fucoxanthin. Tetrahedron
Letters, 115-118.

Garside, C. and J. P. Riley. 1968. The absorptivity of fucozantin. Deep sea research, 15 627.

Moss, G. P 2010. Intenational union of pure and applied chemistry (IUPAC) name of fucoxanthin.
http://www.chem.qmul.ac.uk/iupac/ fucoxanthin.

Gross, J. 1991. Pigments in vegetables chlorophylls and carotenoids. Van Nostrand Reinhold. New York.

Deli. J. and E. Osz, 2004. Carotenoid 5,6-, 5,6- and 3,6- epoxides. Departement of Biochemistry. University of
Pecs. Meedical School. ARKIVOC,7 :150-168.

Heriyanto dan L. Limantara. 2010. Photo stability and thermo stability studies on fucoxanthin isomerization.
Ma Chung Uiversity. Malang. Unpublished.

Kupper, H,, S. Seibert and A. Parameswaran, 2007. Fast, sensitive, and inexpensive alternative to analytical
pigment HPLC : quantification of chlorophylls and carotenoids in crude extracts by fitting with gauss peak
spectra. Anal. Chem., 79:7611-7627.

Wahyuni, S. 2006.Reaction enzymatic activity against kito oligomer results lymphocyte cell proliferation and
cancer cells. Dissertation. Graduate School, Bogor Agricultural University, Bogor. unpublished.

Zachary, I. 2003. Determination of cell number. In Hughes, D. and Mehmet, H. (eds.). Cell Proliferation and
Apoptosis. BIOS Scientific Publisher Limited. 373 pp.

PXEEERIVERE D@ Zailanie K, Kartikaningsih H, Kalsum U. 2014. Effect of Sargassum filipendula Fucoxanthin Against HeLa Cell and Lymphocyte Proliferation. J. Life
Sci. Biomed. 5(2): 53-59.

[[Xtlg VB tobeteyskeeehh ttp: / /jlsb.science-line.com/

58



27.

28.

29.

30.

31.

32.

33.

34.

Yan X,, Chuda Y., Suzuki M. and Nagata T. 1999. Fucoxanthin as the Major Antioxidan in Hijikia fusiformis, a
Common Edible seaweed. Bioci, Biotehnol. Biochem., 63 (3): 605-607.

Hirota N. and Kumagai A. 1990. Pigment Composition of Chlorophyll-Protein Complexes and Seasonal
Variations of Pigment in the Brown Algae Hizikia fusiformis. Nippon Suisan Gakkaishi Vol 56 (1990) No. 6 P
991-998.

Umi K, M. Ali, M.A. Widodo, K. Handono. 2013. Effect of methanol ic extract of Physalis minimaong astricin
flammation and gastriculcers formation.J.ExpIntegrMed, 2013; 3(4): x-x.

Miyashita, S., N. Ishikawa, F. Beppu, T. Tsukui, Mi Abe and M. A. Hosokawa. 2011. The allenicarotenoid
fucoxanthin, anovel marine nutraceutical from brown seaweed. J Sci Food Agric. Vol. 91.; 1166-1174.
Takeshi, M. and Y. Takeshi. 2011. Simultaneus treatment of cancercell lines with the anticancerdrug cisplatin
and the antioxidant fucoxanthin. British Journal of Pharmacology and Toxicology, 2 (3): 127-131.

Miksusanti. 2010. Cell proliferationlnvitroby lymphocytes in gathering key essential oilsand anti-Bacterial
adibelmovie. J.SainsResearch (C) 10: 06-07.

Muliartha, LK., Setyawati, S.K. and D. Chriswidarma. 2012. Brown algae (Sargassum sp.)extract role as
inhibitors of hela cells through cell apoptosis in vitro Medicine Faculty. Brawijaya University. Unpublished.
Molina, N. A.C. Morandi, A.P. Bolin and R. Otton. 2014. Comparative effect of fucoxanthin on oxidative and
functional parameters of human lymphocytes. International Inmunopharmacol, 22 (1): 41-50.

PXEEERIVERE D@ Zailanie K, Kartikaningsih H, Kalsum U. 2014. Effect of Sargassum filipendula Fucoxanthin Against HeLa Cell and Lymphocyte Proliferation. J. Life
Sci. Biomed. 5(2): 53-59.

[[Xtlg VB tobeteyskeeehh ttp: / /jlsb.science-line.com/

59



