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ABSTRACT: The whole brown seaweed has been known for its antidiabetic properties, but the antidiabetic
activity of its fractionation results has not yet been known. This research was performed to investigate the
ability of laminaran, fucoidan and alginic fractions from Sargassum duplicatum and Turbinaria decurens
brown seaweed as an antidiabetic agent. On the first stage of this research, extraction and fractionation
processes were performed to obtain laminaran, fucoidan and alginic fractions. On the second stage,
characterization of the fractions and in vitro antidiabetic activity were performed using a-glucosidase enzyme.
The results showed that the fractions from Sargassum duplicatum and Turbinaria decurens seaweed had similar
FTIR (Fourier Transformation Infra Red) characteristics, but had different characteristic in A-max absorption.
For the inhibition activity toward a-glucosidase enzyme, laminaran fraction of brown seaweed showed higher
activity compared to fucoidan fraction, whereas the alginic fraction showed no inhibition activity. Based on 1Cs
inhibition toward a-glucosidase, the fraction which had the highest potential as a type 2 antidiabetic agent was
laminaran fraction from Sargassum (ICsy = 36.13 ppm), followed by laminaran of Turbinaria (ICso = 44.48
ppm), fucoidan of Turbinaria (ICs, = 63.39 ppm) and fucoidan of Sargassum (ICsp = 75.10 ppm), respectively.
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I. INTRODUCTION
Diabetes is a condition in which blood sugar levels are seen hyperglycemia. Hyperglycemia is caused
by a decrease in insulin secretion and insulin action. According to the Ministry of health of Indonesia[1],
hyperglycemia can be treated in two ways, namely by using injections of insulin and oral antidiabetic
medications such as sulfonylureas, biguanide, thiazolidinedion, and to supplement or functional food.
Functional foods are like a drug and there are also an inhibiting the enzyme glucosidase and amylase work so
that it can inhibit the absorption of glucose for patients with diabetic type two [2].

One of the many functional foodstuffs belonging to Indonesia's seaweed that reach over 70% of the
natural wealth of the sea. Brown seaweed is one of a class of seaweed in Indonesia and still not optimally
utilized by the people of Indonesia[3]. Some type of Brown seaweed, Cystoseirra sp., Dictyopteris sp., Dictyota,
Hormophysa, Hydroclathrus, Padina, Sargassum and Turbinaria.

Hardoko [4] has reported that seaweed may reduce blood sugar levels in the blood for invivo.
According Limantara and Heryanto [5],in the brown seaweed found fucoxanthine can inhibit the accumulation
of fat in preventing obesity and can be used as antidiabet. In addition, brown seaweed containing
polysaccharides such as laminaran, fucoidan, and alginate [6].Therefore, it is necessary to do research on brown
seaweed commonly found in Indonesia, such as Sargassumduplicatum and Turbinaria decurens to determine
the activity of laminaran, fucoidan and alginate as antidiabet. If the results are found antidiabet fraction, then the
brown seaweed will be developed further in the food processing industry, such as the manufacture of food
supplements antidiabetic.

1. MATERIAL AND METHODS
2.1 Materials and Equipment
Materials studied were brown seaweed Sargassum duplicatum and Turbinariadecurens obtained from
Pari Island, Seribu Islands, Jakarta. In addition, the required supporting material used for the extraction and
fractionation: ethanol 85%, 2% CaCl,, HCI, and 3% Na,CO; and materials used for such analysis a-glucosidase
enzyme, phosphate-buffer (pH 7), serum albumin, p-nitrophenyil a-D-glucopyranose, dimethyl sulfoksid
(DMSO), and water demineralisation.
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The equipments used for extraction are a rotary evaporator, double beam UV -Vis spectrophotometer,
pH meter, water bath, sterile glass bottles, analytical balance, test tubes, measuring cup, volumetric pipette,
elenmeyer, Whatman filter paper # 4, round gourd, stir, centrifuge apparatus, funnel, vacuum filter. The tools
used for analysis are waterbath, elenmeyer, micropipette, test tubes, measuring cup, volumetric pipette, micro
pipette, beaker glass.

2.2 Research Methods

The method used experimental methods fraction kinds of brown algae on antidiabet activity in vitro
using a-glucosidase enzyme. This experiment is divided into two stages namely fractionation stage and phase of
in vitro antidiabet activity assay. Brown algae fractionation stage based on the method of Rioux et al. [6] to
obtain laminaran, fucoidan and alginate fractions. Parameters observed seaweed proximate [7],the fraction of
water content, yield fraction, the fraction of the maximum wavelength (UV - Vis), FTIR spectrum of the
fraction, and a-glucosidase inhibitory activity [8].

2.3 Brown Seaweed Fractionations Procedure

Sample of brown seaweed (Sargassum duplicatumand Turbinaria decurens) were extracted by using
the method of Rioux et al. [6]. Seaweed is reduced in size to be extracted with a blender and weighed then
performed using a maceration with 85% ethanol (ethanol and seaweed ratio is 1:4) [9] at a temperature of 23°C
for 2 times of 12 hours (after the first 12 hours and then replaced solvent extracted samples again for 12 hours)
and at 70°C for 2 times of 5 hour.

After that, the solution is filtered using a vacuum filter and using a Whatman # 1 filter paper, and
obtained filtrate and residue. The seaweed residue was extracted again using 2% CaCl, solution with a 1: 4 ratio
on temperature of 70°C for 3 times of 3 hours. The solution filtered using a vacuum filter with a Whatman # 1
filter paper. The obtained filtrate then was evaporated using a rotary evaporator with a temperature of 60°C to
get extract as laminaran (fraction A), and then calculated moisture content and yield of the extracts as laminaran.
The seaweed residue was extracted again by using HCI pH 2 with a ratio of 1: 4 at a temperature of 70°C for
3times of 3 hours. After that, the solution filtered using a vacuum filter and using a Whatman # 1 filter paper
and obtained filtrate and residue. The filtrate then is evaporated using a temperature of 60°C to get extract
fucoidan (fraction B), and then calculated moisture content and yield of extract fucoidan. While the residue was
extracted by using 3% Na,COj3 again with 1: 4 ratio on temperature of 70°C for 3 times 3 hours. After that, the
solution is filtered using a vacuum filter and using a Whatman # 1 filter paper. The filtrate evaporated using a
temperature of 60°C to get extract alginate (fraction C) is then calculated moisture content and yield of extract
alginate. All fractions obtained were performed a test using FTIR to know the functional group isomers of the
faction and invitro tested by using a-glucosidase enzyme.

2.4 Method of Invitro Antidiabet Test

Antidiabet activity in vitro was tested using the method of a-glucosidase enzyme inhibition by [7] with
modified. Glucosidase enzyme solution made by dissolving 1 mg a-glucosidase enzymes in 100 mL of
phosphate buffer (pH 7.0) containing 200 mg of albumin serum. Before use, the enzyme solution 1 ml diluted as
much as 25 times with phosphate buffer (pH 7.0) wich containing 200 mg of albumin serum.

Each the obtained faction (fraction A = laminaran, B = fucoidan, and aginate = C fraction) was
dissolved into the solution of DMSO, then added 250 pul of 20 mM p-nitrofenil a-D-glucopyranose is used as a
substrate and 490 pl 100 mM phosphate buffer (pH 7.0). After that, the mixture is incubated in a waterbath at
37° C for 5 minutes. Once incubated, mix added 250 pl of enzyme solution and stored in the waterbath for 15
minutes, then add 100 ul 200 mM solution of sodium carbonate. Results of p-nitrophenol is then tested using a
Double Beam Spectrophotometer with a wavelength of 440 nm. Doses to the concentration of the fraction used
was 6.25 ppm, 12.50 ppm, 25.00 ppm, and 50 ppm.

Absorbance is then measured using a Double-beam spectrophotometer. Phosphate buffer solution was
added into the spectrophotometer to calibrate (make zero absorbance value), then inserted a blank front
arrangement is blank of enzyme, and the rear is the control and the numbers will appear on the screen which is
the absorbance value of the blank (C). After that, do the same for sample testing by injecting samples into the
spectrophotometer and the absorbance obtained a sample absorbance (S). Percent inhibition can be calculated by
the equation:

O inhibition = x 100%;

Where: C = absorbance control; S = sample absorbance.
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ICso value calculation used was obtained from the calculation of the concentration of the samples used on the
activity of enzyme inhibition of 50 percent. Done after getting a plot of the data in the form % inhibition (Y)
against concentration sample (X) using linear regression. It was created out of the equation Y = 50% value so as
to get the value of X which is the value of the 1Cs, in the sample.

I1l.  RESULT AND DISCUSSIONS
3.1 The characteristics of physico-chemical fractions of Brown Seaweed
Chemical and physical characteristics of each fraction of the Brown seaweeds Sargassum duplicatum

and Turbinaria decurens can be seen in Table 1.

Table 1. Characteristics of physico-chemical fractions from the brown seaweed

Sargassum duplicatum Turbinaria decurrens
Parameters Laminaran Fucoidan Alginate Laminaran Fucoidan Alginate
Yield (%) 3.42 2.09 33.13 3.92 1.45 16.53
Moisture content (%) 67.65 84.61 90.05 62.84 83.75 81.87
Amax (nm) 262.8 583.4 600.5 282.0 579.8 596.3

C=0 1641.42 1610.56 1647.21 1641.42 1622.73 1641.42
FTIR (cm?) S=0 1192.01 1215.15 1224.8 1315.45 1220.94 1367.53
C-O0 1028.06 1010.70 1028.06  1055.36 1010.70 1029.99
O-H 3466.08 3468.01 3452.58  3458.37 3429.43 3462.22

Based on Table 1 of the largest proportion of seaweed Sargasum and Turbinaria are alginate, but in
quantity seen no difference in the amount of alginate between both types of seaweed.Another character that
looks different is at a wavelength of maximum (Ana) as laminaran and fucoidan. This characteristic differences
can be caused by various factors. Factors that may affect differences in the characteristics of polysaccharides is
a variation of species, molecular weight, molecular structure, and composition [10], purity, and the source, as
well as the extraction method. [11-13].

Turbinaria decurens of fucoidan fractions have a yield of 1.45% extract, whereas from Sargassum
duplicatum 2.09%. According to [14], fucoidan extract crude results was of 2.7%, while the Fitton [10] stated
that yield fucoidan in general is 2-10%. This shows that the yield obtained is not much different and possible
illicit can be caused by the existence of different types of seaweed, where different types of seaweed affecting
the amount of fucoidan yield generated. Besides the factors age and local climate also affects the yield and the
structure of fucoidan [15].

FTIR characteristics of crude fraction as laminaran, alginate, and both types of fucoidan from the
seaweed is similar to that reported by [16, 17 and [18] so that it can be said that the crude fraction each contain a
alginate as laminaran, and fucoidan. Moisture content of each faction is quite high. This corresponds with the
solvent used is polar and the nature of the polysaccharide is to absorb water. Rioux, et al [19] said that fucoidan
is also included into compounds that are water soluble so that it can generate high water levels. According [20],
that alginate is hydrophilic hydrocolloid, so easily bind water.

3.2 Inhibition activity of Fractions of Brown Seaweed

Enzymes a-glucosidase was included in the group of hydrolase or often called maltase. These enzymes
can hydrolyze maltose into glucose. In addition the enzyme a-glucosidase work break down branches o-(1.6).
Polysaccharides such as amylopectin, glycogen, and the limit of dextrin can be broken down into glucose and
maltose by small amounts of amylase enzyme and inhibition of the enzyme a-glucosidase, so the a-glucosidase
can prevent the increase of glucose in the blood [21]. Substances that can inhibit the enzyme a-glucosidase
work is commonly used as a type 2 anti diabetic drugs work by inhibiting the digestion of carbohydrates such as
starch and sugar [22].

Test results of enzyme inhibition a-glucosidase from the fraction as laminaran, fucoidan, and alginate
from Brown algae Turbinarium decurens and Sargasum duplicatum presented in Figure 1.
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Figure 1. Inhibitory activity of the brown algae fractions on a-glucosidase
Description : T = Turbinaria; S= Sargassum

Based on Figure 1 it can be seen that there is a noticeable difference between the fraction and dosage of
enzyme inhibition of a-glucosidase. In this case up to the dose or concentration of 25 ppm alginate faction of
Sargassum duplicatum and Turbinaria decurens unable to inhibit a-glucosidase enzyme activity. If a alginate
doses are known to want to start inhibit the a-glucosidase enzyme regression can be carried out and replace the
Y values, such as Figure 2. For example, if Y = 0 estimated alginate Turbinaria decurens will start to impede on
the concentration of 37.89 ppm and if Y = 1 then a alginate could hamper already at concentrations 40.46 ppm
and so on. By invivo reported [23], [24 and 25], that a alginate salt was able to lower blood sugar. This may
indicate that the inability of the alginate in inhibiting a-glucosidase enzyme is because less dose factors or doe
the nature of alginate in lowering blood glucose instead of the other way is not working inhibit a-glucosidase

enzymes.
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Figure 2. Correlation of dose fractions with inhibitory activity of brown seaweed a-glucosidase enzyme
Description: T = Turbinaria; S= Sargassum

Based on the type of brown seaweed (Figure 2) shows that the inhibitory activity of each faction is
almost the same, but when examined seen a change at some point (intersection of the equation) between
laminaran fractions from Turbinaria decurens with Sargassum duplicatum and between fractions of alginate.
These changes are thought to be related to the differences as well as alginate polymer structure laminaran of
both types of seaweed or other factors that have been mentioned by [10-13] related characteristics.

In general, based on Figure 1 and 2 shows that the inhibitory activity of fractions of brown seaweed
(Sargassum and Turbinaria) are highest in laminaran and followed fucoidan fraction. Inhibitory ability of
laminaran and fucoidan can be shown that both the potential as drug antidabetic type 2 that could lower blood
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glucose in vivo. This is supported by [10, 26 and 27],who showed that in vivo laminaran and fucoidan can lower
blood glucose of type 2 diabetes and even type 1 diabetes.

3.3 ICs Value Fractions of Brown Seaweed

In order to compare the inhibitory activity on the same basis, so it can use their respective 1Cs, values
of fraction of Brown seaweed. In this case the value of capability was indicated the ICs, (amount of) fractions of
the brown seaweed Sargassum duplicatum and Turbinaria decurens in inhibiting the a-glucosidase activity as
much as 50%. The lower of ICsy values showed inhibitory activity of a-glucosidase activity is higher. This
activity can be compared with the principle it works antidiabet drugs (acarbose) inhibit the enzyme activity of a-
glucosidase, which is shown in Figure 3.

Figure 3 shows that the ability of a-glucosidase inhibitory each fraction of one type of seaweed is
different, so too for the same fraction of seaweed. This is also demonstrated by the difference of the wavelength
of maximum absorption characteristics (Table 1). It can be caused by factors: species variation, molecular
weight, composition, and molecular structure, purity, and source [10-13].
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Figure 3. ICsq values of fractions of brown seaweed against a-glucosidase

Description: T = Turbinaria S = Sargassum, * Source: [28]; the notation of fraction showed significant
difference at o 00:05

Based on ICs, values, the most inhibiting a-glucosidase enzyme is a laminaran fraction ofSargassum
duplicatum, followed by laminaran of Turbinaria decurens, fucoidan of Turbinaria decurens, fucoidan of
Sargassum duplicatum and alginate ofSargassum and Turbinaria. However, when compared with the acarbose
so much better as laminaran faction and fucoidan fractions equivalent or slightly better in inhibiting the o-
glucosidase enzyme.

According to Sugiwati [2 and 22], that acarbose is one of the antidiabetic drugs that can be and has the
ability as an inhibitor of the a-glucosidase enzyme, and included into the competitive inhibitor because it has a
high affinity with a-glucosidase. Thus a alginate faction of the Brown algae have no potential as a functional
food or anti diabetic drugs, while another faction of the second fraction as laminaran and fucoidan still has
potential as an alternative medicine anti diabetic.

1IV. CONCLUSION
The fraction as laminaran, fucoidan, and alginate from Sargassum duplicatumand Turbinaria decurens
had characteristics that are similar in FTIR, but different in his Anaks absorption.
Inhibitory activity of a-glucosidase of Brown seaweed as laminaran faction is highest, followed by the
fraction of fucoidan, but the fraction of alginate had no inhibitory activity of a-glucosidase.
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The fraction of Brown seaweed that is potentially as antidiabet type 2 is as laminaran of Sargassum

duplicatum (ICs, = 36.13 ppm), laminaran of Turbinaria decurens (ICsy = 43.65 ppm), fucoidan of Turbinaria
decurens (ICsy = 63.39 ppm), and fucoidan of Sargassum duplicatum (ICsy = 75.10 ppm).

V. ACKNOWLEDGEMENTS
Thank you to the PelitaHarapanUniversity has funded this research through the research Faculty of

Industrial Technology scheme No. R. 010/PPMF-FTI1/IV/2013.

REFERENCES

Journal Papers:

(1]
[2]
(3]
(4]
(5]
(6]

[7]
(8]

(9]

[10]
[11]
[12]

[13]
[14]

[15]
[16]
[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]

Departemen Kesehatan, Direktorat Jendral Bina Kefarmasian dan Alat Kesehatan. 2005. Pharmaceutical Care Untuk Penyakit
Diabetes Mellitus. Jakarta: Dirjen Kefarmasian dan Alat Kesehatan Depkes RI.

Sugiwati S, Kardono LBS, dan Bintang M. 2006. o-Glucosidase inhibitory activity and hypoglycemic effect of Phaleria
macrocarpa fruit pericarp extracts by oral administration to Rats. Journal of Applied Science 6 (10) 2312-2316.

Handayani T, Sutarno, dan Setyawan AD. 2004. “Analisis Komposisi Nutrisi Rumput Laut Sargassum crassifolium”. Biofarmasi
2 (2): 45-52.

Hardoko. 2008. Pengaruh Konsumsi Gel dan Larutan Rumput Laut (Eucheuma cottonii) Terhadap Hiperkolesterolemia Darah
Tikus Wistar. Jurnal Teknologi dan Industri Pangan, Vol. XIX No. 2 Th. 2008.

Limantara L dan Heriyanto. 2011. Optimasi proses ekstraksi fukosantin rumput laut coklat Padina australis Hauck menggunakan
pelarut organik polar. Journal llmu Kelautan Juni 2011. Vol. 16 (2) 86-94.

Rioux LE, Turgeon SL, Beaulieu M.. 2007. Characterization of Polysaccharides Extracted from Brown Seaweeds. Journal of
Carbohydrate Polymers 69 (2007) 530-537.

AOAC. 1995. Official Methods of Analysis of The Association of Official Analytical Chemist 14" ed. AOAC Inc. Virginia
Sugiwati S, Setiasih S, dan Afifah E. 2009. Antihyperglycemic activity of the Mahkota Dewa [Phaleria macrocarpa (Scheff.)
Boerl.] leaf extracts as an alpha-Glucosidase inhibitor. Makara, Kesehatan, Vol.13, No.2 : 74-78.

Ernawati. 2007. Penapisan dan fraksinasi senyawa antibakteri dari rumput laut Bulu Ayam (Coulerpa sertularioides). [Skripsi].
Bogor: Institut Pertanian Bogor.

Fitton, JT. 2011. Therapies from Fucoidan; Multifunctional marine polymers. Mar Drugs. Vol. 9 (10) : 1731-1760.

Fitton JH, Irhimeh MR, and Teas J. 2008. Marine Algae and Polysaccharides with Therapeutic Applications. In: Barrow C,
Shahidi F, editors. Marine Nutraceuticals and Functional Foods. CRC Press, Taylor & Francis Group; Boca Raton, FL, USA. pp.
345-366.

Pomin VH and Mourao PA. 2008. Structure, biology, evolution, and medical importance of sulfated fucans and galactans.
Glycobiology 18 :1016-1027.

Li B, Lu F, Wei X, Zhao R. 2008. Fucoidan: Structure and bioactivity. Molecules VVolume 13 : 1671-1695.

Thinh PD, Roza VM, Svetlana PE, Stanislav DA, Bui M L and Tatiana NZ. 2013. Structural Characteristics and Anticancer
Activity of Fucoidan from the Brown Alga Sargassum mcclurei. Article Marine Drugs. Vol 11 : 1456-1476

Franck H, Elaine O, Spence J, Maria GTO, and Teranta G. 2004. Aqua feed: Formulation and Beyond, Volume |, Issue 4 : 1-5.
Shekhar, SHS, Lyons G, McRoberts C, McCall D, Carmichael E, Andres F, McCormack R. 2012. Brown seaweed species from
Strangford Lough: compositional analyses of seaweed species and biostimulant formulations by rapid instrumental methods.
Journal of Applied Phycology. Vol 24 No. 5.

Sakugawa K, A Ikeda, A Takemura, and H Ono. 2004. Simplified method for estimation of composition of alginates by FTIR.
Journal of Applied Polymer Science, Vol. 93, No. 3 : 1372-1377

Pereire L, Saly FG, and Paulo JA. Ribeiro-Claro. 2013. Analysis by vibrational spectroscopy of seaweed polysaccharides with
potential use in food, pharmaceutical, and cosmetic industries. International Journal of Carbohydrate Chemistry Volume 2013.
Article ID : 537202. 7 pages.

Rioux LE, Turgeon SL, and Beaulieu M. 2010. Structural characterization of laminaran and galactofucan extracted from the
brown seaweed Saccharina longicruris. Journal Phytochemistry 71 (2010) 1586—1595.

Manurung M. 2011. Sakarifikasi dan Fermentasi Simultan (SFS) dari Limbah Ekstraksi Alginate untuk Pembuatan Bioetanol.
[Skripsi]. Bogor : Institut Pertanian Bogor.

Sugiwati, S. 2005. Aktivitas hipoglikemik dari ekstrak buah Mahkota Dewa [Phaleria macrocarpa (Scheff.) Boerl.] sebagai
inhibitor alfa-glukosidase secara In Vitro dan In Vivo pada Tikus Putih. [Tesis Pascasarjana]. Bogor : Institut Pertanian Bogor.
Benalla W. Bellahcen S. Bnouham M. 2010. Current Diabetes Reviews. Antidiabetic medicinal plants as a source of alpha
glucosidase inhibitors. [Review] Current Diabetes Reviews. 6(4):247-54.

Kimura Y, Watanabe K, Okuda H. 1996. Effects of soluble sodium alginate on cholesterol excretion and glucose tolerance in
rats. J Ethnopharmacol 54(1):47-54.

Paxman JR, Richardson JC, Dettmar PW, Corfe BM. 2008. Alginate reduces the increased uptake of cholesterol and glucose in
overweight male subjects: a pilot study. Nutr Res 28(8):501-5.

Torsdottir 1, Alpsten M, Holm G, Sandberg AS, Tolli J. 1991. A small dose of soluble alginate-fiber affects postprandial
glycemia and gastric emptying in humans with diabetes. The Journal of Nutrition 121(6):795-799.

Kim KJ, Yoon KY, Lee BY. 2012. Fucoidan regulate blood glucose homeostasis in C57BL/KSJ m+/+db and C57BL/KSJ db/db
mice. Fitoterapia 83(6):1105-9.

Motshakeri M, Mahdi E, Yong MG, Patricia M. 2013. Sargassum polycystum reduces hyperglycaemia, dyslipidaemia and
oxidative stress via increasing insulin sensitivity in a rat model of type 2 diabetes. Journal of the Science of Food and
Agriculture. Volume 93, Issue 7 : 1772-1778.

Dineshkumar B, Analava M, dan Manjunatha M. 2010. Studies on the anti-diabetic and hypolipidemic potentials of mangiferin
(Xanthone Glucoside) in streptozotocin-induced type 1 and type 2 diabetic model rats. International Journal of Advances in
Pharmaceutical Sciences 1. 2010.

WWW.ijpsi.org 18|Page


http://www.ncbi.nlm.nih.gov/pubmed/?term=Fitton%20JH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8941868
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8941868
http://www.ncbi.nlm.nih.gov/pubmed?term=Okuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8941868
http://www.ncbi.nlm.nih.gov/pubmed?term=Paxman%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19083452
http://www.ncbi.nlm.nih.gov/pubmed?term=Richardson%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=19083452
http://www.ncbi.nlm.nih.gov/pubmed?term=Dettmar%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=19083452
http://www.ncbi.nlm.nih.gov/pubmed?term=Corfe%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=19083452
http://europepmc.org/search?page=1&query=AUTH:%22Torsdottir+I%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22Alpsten+M%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22Holm+G%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22Sandberg+AS%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22T%C3%B6lli+J%22&restrict=All+results
http://europepmc.org/search?page=1&query=ISSN:%220022-3166%22&restrict=All+results
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=22580164
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoon%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=22580164
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=22580164

