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Seaweeds have been recognized as a health food, having anti-obesity, anti-constipation and anti-
coagulation activities, and the use of seaweeds in the food, medicine, and cosmetic industries have
recently significantly increased. In this study, methanol extracts were prepared from 35 different sea-
weeds (17 phaeophyta, 11 rhodophyta and 7 chlorophyta), and thrombin time (TT), prothrombin time
(PT) and activated partial thromboplastin time (aPTT) were determined in order to develop safe and
novel anticoagulation agents from natural products. In TT experiments, Ecklonia cava, Ecklonia stoloni-
fera, Eisenia bicyclis (Kjellman) Setchell, shige foliacea, I okamurai, Sargassum confusum and 5. yamade
showed strong thrombin inhibition activity among the 35 different seaweeds. In PT experiments, the
inhibitions of prothrombin were identified in the selected seaweeds from TT experiment, with the ex-
ception of S yamade In aPTT experiments, the seaweeds with blood coagulation inhibition factors
were E. cava, E. stolonifera, E. bicyclis (Kjellman) Setchell, /. foliaces, I okamurai, 5. confusum and Hixikia
fusiforme Okamura. Further anticoagulation assay with the selected 8 seaweeds suggested that 5. con-
fusum is most effective in antithrombosis, and E. stolonifera, E. bicyclis (Kjellman) Setchell, and £ fofiacea
have high potential as antithrombosis agents. Based on components-activity correlation analysis, fla-
vonoids are considered as active anticoagulation components of seaweeds These results suggest that
edible seaweeds, especially 5. canfusum, have potential as safe and novel anticoagulants, and S. yamade
and H fusiforme Okamura could be used as a thrombin-specific and coagulation factor-specific

inhibitors.

Key words : Edible seaweeds, anticoagulation activity, activated partial thromboplastin time, prothrombin
time, thrombin time, Sargassum confusum
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Table 1. The list of algae used in this study
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Scientific name Korean name Extraction (%)  Sources
Phaeophyta
Colpomenia sinucsa Bulregi-mal 7.66 Deabyun, Pusan (2007, 02)
Costaria costata Saemiyeuk 4.76 Kijang, Pusan (2006, 04)
Ecklonia cava Gamtae 8.34 Kijang, Pusan (2008, 04)
Ecklonia stolonifera Gompi 3.43 Youngdo, Pusan (2008, 08)
Eisenia bicyclis (Kjellman) Setchell Daehwang 11.10 Ulleung, Kyungpook (2006, 08)
Hixikia fusiforme Okamura Tot 4.39 Wando, Chonnam (2008, 03)
Ishige foliacea Nueppae 271 Kijjang, Pusan (2003, 10)
Ishige okamurai Pae 4.29 Kijang, Pusan (2003, 10)
Laminaria japonica Areschong Dasima 3.34 Songjung, Pusan (2008, 05)
Sargassum confusum Alsongi-Mojaban 10.53 Songjung, Pusan (2004, 02)
Sargassum fulvellum Mojaban 6.07 Sinan, Chonnam (2006, 03)
Sargassum hemiphyllum Jakip-Mojaban 711 Geoje Island, Kyungnam (2008. 04)
Sargassum horneri Gengsengi-Mojaban 6.28 Pohang, Kyungpook (2007, 02)
Sargassum thunbergii Jichungei 4.67 Geoje Island, Kyungnam (2008. 04)
Sargassum yamade Yamada-Mojaban 7.54 Geoje Island, Kyungnam (2008)
Scytosiphon lomentaria Gorimae 7.67 Songjung, Pusan (2005, 02)
Undaria pinnatifida Miyeuk 6.67 Dongbak, Pusan (2006, 01)
Rhodophyta
Chondrus ocellatus Holmes Jindubal 7.35 Chungsapo, Pusan (2008, 05)
Corallina pilulifera Jaeungusel-Sanhomal 1.83 Wando, Chonnam (2008, 03)
Gigartina tenella Harvey Dolgasari 5.51 Deabyun, Pusan (2005, 03)
Grateloupia elliptica Holmes Cham-Dovak 2.50 Deabyun, Pusan (2008, 03)
Halymeniopsis dilatata Eulruk-Dovak 4.89 Pohang, Kyungpook (2007, 02)
Kappaphycus alvarezii Kotoni 3.97 Kanmun jawa, Indonesia (2008. 09)
Lomentaria catenata Harvey Madi-Jalroki 711 Deabyun, Pusan (2005, 03)
Pachymeniopsis elliptica Yamada Dovak 452 Deabyun, Pusan (2003, 06)
Pachymeniopsis lanceolata Gae-Dovak 6.29 Pohang, Kyungpook (2007, 02)
Porphyra yezoensis Ueda Bansamuni-Kim 719 Chungsapo, Pusan (2004, 03)
Zanardinula cornea Bulkeun-Gamaksal 6.57 Chungsapo, Pusan (2007, 03)
Chlorophyta
Capsosiphon fulvescens Maesengi 543 Kijang, Pusan (2008, 12)
Caulerpa racemosa Podosongi-Heacho 3.68 Khanh Hoa, Vietnam (2008, 01)
Codium fragile (Suringar) Hariot Chungkak 6.29 Samchunpo, Kyungnam (2008, 08)
Enteromorpha conyressa Napjak-Parae 5.49 Songjung, Pusan (2004, 02)
Enteromorpha linza Ip-Parae 5.24 Chungsapo, Pusan (2008, 05)
Ulva pertusa Gumunggal-Parae 3.58 Chungsapo, Pusan (2008, 05)
Zostera marina Jalpi 13.19 Deabyun, Pusan (2008, 03)
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Table 2. In-vitro anticoagulation activity of 35 different algae

Scientific name

Coagulation (x control)

T PT aPTT
Phaeophyta
Colpomenia sinucsa 1.10+0.02 0.91+0.01 2.66+0.31
Costaria costata 0.89+0.01 0.96=0.01 1.45+0.12
Eckdonia cava >14.0 >14.0 >14.0
Ecklonia stolonifera >14.0 >14.0 >14.0
Eisenia bicyclis (Kjellman) Setchell >14.0 >14.0 >14.0
Hixikia fusiforme Okamura 1.59+0.00 1.00+0.00 >14.0
Ishige foliacea >14.0 >14.0 >14.0
Ishige okamurai >14.0 >14.0 >14.0
Laminaria japonica Areschong 1.23+0.03 0.97+0.01 1.96£0.17
Sargassum confusum >14.0 >14.0 >14.0
Sargassum fulvellum 1.00+0.06 0.84+0.03 2.43+0.27
Sargassum hemiphyllum 1.12£0.00 0.93+0.02 3.330.31
Sargassum horneri 1.23+0.07 0.92£0.01 3.14£0.30
Sargassum thunbergii 1.11+0.04 0.99+0.02 2.38+0.25
Sargassum yamade >14.0 1.13+0.08 2.89£0.27
Scytosiphon lomentaria 0.88+0.01 1.060.03 2.03+0.18
Undaria pinnatifich 0.91+0.01 1.12+0.02 1.79+0.09
Rhodophyta
Chondrus ocellatus Holmes 0.93+0.10 1.06+0.00 1.57+0.11
Corallina pilulifera 1.1040.01 1.01+0.02 0.94+0.15
Gigartina tenella Harvey 1.02+0.14 1.04£0.01 1.63+0.27
Grateloupia elliptica Holmes 1.18+0.09 1.03+0.03 1.54+0.18
Halymeniopsis dilatata 1.03£0.12 1.11+0.01 1.19+0.07
Kappaphycus alvarezii 0.92+0.07 1.00+0.01 2.08+0.10
Lomentaria catenata Harvey 0.92+0.02 1.11+0.02 1.45£0.08
Pachymeniopsis elliptica Yamada 1.12+0.01 1.03+0.01 1.28+0.05
Pachymeniopsis lanceolata 0.96+0.05 1.04+0.02 1.39+0.07
Porphyra yezoensis Ueda 0.83+0.09 1.09+0.01 1.52+0.09
Zanardinula cornea 1.00+0.02 0.92£0.03 1.41£0.11
Chlorophyta
Capsosiphon fulvescens 1.20£0.13 0.98+0.01 1.34£0.19
Caulerpa racemosa 2.25+0.01 1.06+0.01 2.81+0.22
Codium fragile (Suringar) Hariot 1.17+0.01 0.94+0.02 2.32£0.18
Enteromorpha comypressa 1.09+0.03 0.94+0.01 1.26+0.06
Enteromorpha linza 1.76=0.00 1.00£0.01 3.38+0.31
Ulva pertusa 1.06+0.07 1.01£0.01 2.59+0.12
Zostera marina 1.19£0.01 0.95+0.02 1.73+0.07
Positive control
Heparin (1.5 pg/ml) >14.0 1.12+0.01 1.27+0.02
Aspirin (1.5 mg/ml) 2.60+0.14 1.06+0.03 1.01£0.02

The concentrations of algae extract, heparin and aspirin as positive controls used were 5 mg/ml, 1.5 pg/ml and 1.5 mg/ml
respectively. Data are reported as relative clotting time based on solvent control (x control). The thrombin time (TT), prothrombin
time (PT) and activated partial thromboplastin time (aPTT) of solvent control (dimethylsulfoxide) were 32.5 sec, 18.5 sec and 39.5
sec, respectively.



g ¥ F2AE 2o} A w5t BEE AXsT AH

A2F] FHARE Table 19 dehhdlch FE8&
DMSO (dimethylsulfoxide)oll %<1 ¥ 2 3¢t =& 343}
& coagulation parameter?! TT, PT ¥ aPTTE 37431921,
%]'H 54 &892 938 F flavonoid, ¥ polyphenol, 3 2
A FFS ST AR A AL UHE F
¢h FE RS WA F2 A9 A2 RY Ao,
HE F 4°CollA 5000% g2 5% T dAlEelste] €4S
Testa YEna 3}%1 B, QA oA sEst] A
3ttt PT9} aPTTEA] ol = MD Pacific Hemostasis (Tianjin
MD Pacific Co., China)®] #AA]%F B EFEZH(MD Pacific
Co., China )& AHg-3le SA3tH

IN'

r
i‘l

r
ol

[T

SHEM &y
B8 AL f2F AEEY TT, PTZ aPTTE 2435}
of Prhstgon, 719 Bt W F YA Amelung

stof Qolg34]
FoRt o3
To 2= DMSOE

coagulometer KC-1A (Tokyo, Japan)& ©]-&

Jete] Bk ATH26] AR =
7} &9} (Sigma Co., USA)S, &1f t=
AHESHGTE AR Y] 38 84, xR AR TT, PTY
aPTTE 247} 38 o) WHEd 4] B7A 2 o) Yx7
1 DMSO9| TT, PT % aPTT Ht €] Hl2 247} Yehl Ao

\_E_|

7|El 24

27 A2 % flavonoidd g 2L 7|&9 Hidh
Iﬂh1“21‘[27]01] upet St om, 2t7e] A5 1847 MlekE
Wik FE8k3 Qg 5 AA 400 plell 90% diethylene gly-
col 4 mlE #7}ska ©A] 1 N NaOH 40 ul& ¥ 11 37°Col| A
142 9H 3 420 nmoll A §2EE ST BEAGe
2¥ ruting AH-EAT F polyphenol 2 F& HY 400
ulell 50 ul9) Folin-ciocalteau, 100 pl2] NayCO; ¥3H-gAS 4
3 A A 1AZF BRI F F 725 nmell A FREE
TH27]. BFEAI 2.2 & tannic acidE AHES3IAH &
AlE 100 1S 5% HE=-8H 300 ul 2 F3HE 1.
220 A 3087F HPQ/\]?J %, 490 nmell A FHEE
AAEA2H, sucroses o]-&3td JAISE HFE AT o3|
Axbstet AT A A58 200 ul &
acid reagent 600 p19+ P29 F 100°Coll A 1027 S

5

%
o
=
o
2]
o)
=
n
=
n

SHEM

A% A= SPSS 18.0 W AS AF314] meantSDE e
flon, 2t #7k9) 2foli= ANOVA Tukey LSD F7 A2 %
How SA4 o4 B34S 2ARIIH. F5ES <005
2

Oll

tach 8 243 25 AeHe A8 HES

Journal of Life Science 2010, Vol. 20. No. 11 1643

(@

=
al
J

Relative thrombin time (x control)

(b)

Relative prothrombin time (x control)

Py
.4

(c)

>
L
»

Relative aPTT (x control)
©

o 4

0 : 2 s .
Concentration (mg/ml)
Fig. 1. Comparison of anticoagulation activity of the selected
algae. (a) Inhibition of thrombin and (b) Inhibition of
prothrombin (®: Ecklonia cava, O: Ecklonia stolonifera, w
Eisenia bicyclis (Kjellman) Setchell, V: Ishige okanuirai, m:
Ishige foliacea, 11: Sargassum confusumy, and #: Sargassum
yamads, (c) Inhibition of coagulation factors (®: Ecklonia
cava, O: Ecklonia stolonifera, w: Eisenia bicyclis (Kjellman)
Setchell, V: Ishige okamurai, w: Ishige foliacea, [
Sargassum confusum, and $: Hixikia fusiforme Okamura).

SigmaPlot 2001 (Ver 7.0)9] linear regression ©]-&3}$1tt.
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Table 3. The contents of total flavonoid, total polyphenol, total sugar and reducing sugar of methanol extracts prepared from 35

different algae

Content (mg/g)

Scientific name

Total flavonoid

Total polyphenol Total sugar Reducing Sugar

Phaeophyta
Colpomenia sinucsa 1.38+0.55
Cuostaria costata 2.31£0.11
Eckdonia cava 52.10£2.75
Eckdonia stolonifera 41.29+0.00
Eisenia bicyclis (Kjellman) Setchell 55.68+1.65
Hixikia tusiforme Okamura 9.16+0.33
Ishige foliacea 19.8241.32
Ishige okamurai 15.77+0.22
Laminaria japonica Areschong 6.44+1.54
Sargassum confusum 15.3140.44
Sargassum fulvellum 5.35+0.44
Sargassum hemiphyllum 2.55+0.44
Sargassum horneri 3.6410.88
Sargassum thunbergii 4.34+2.09
Sargassum yamade 12.74+0.99
Scytosiphon lomentaria 2.39+0.44
Undaria pinnatifida 1.85+0.11

Rhodophyta
Chondrus ocellatus Holmes 0.81+0.02
Corallina pilulifera 1.86+0.09
Gigartina tenella Harvey 0.89+0.00
Grateloupia elliptica Holmes 1.27£0.07
Halymeniopsis dilatata 1.29+0.08
Kappaphycus alvarezii 0.99+0.01
Lomentaria catenata Harvey 1.29+0.43
Pachymeniopsis elliptica Yamada 0.79+0.03
Pachymeniopsis lanceolata 0.98+0.01
Porphyra yezoensis Ueda 3.89+0.43
Zanardinula cornea 0.71+0.01

Chlorophyta
Capsosiphon fulvescens 496+1.21
Caulerpa racemosa 2.70£0.88
Codium fragile (Suringar) Hariot 4.10£1.32
Enteromorpha conyressa 4.65%0.55
Enteromorpha linza 3.95+1.10
Ulva pertusa 5.04:0.44
Zostera marina 8.46£0.55

4.09+0.26 33.50+2.36 14.62+0.11
5.48+0.11 38.11+0.56 13.99+0.11
148.01+1.46 45.17£0.56 35.38+2.66
144144146 44.57+0.00 33.03£1.55
189.03+0.36 82.1541.41 43.53+3.77
19.05+1.50 66.99+1.80 16.65+0.55
74.62+3.83 81.39+3.94 46.28+2.11
36.40+1.46 76.77+0.56 35.15£1.00
6.15£0.40 68.83£3.94 10.85+0.11
34.4412.48 32.5410.79 26.21+0.78
37.2842.12 71.60+4.72 18.46+1.55
6.77£0.26 29.12+0.90 12.74+0.78
6.26+0.04 42.98+2.25 14.07+0.22
8.22+0.04 45.51+2.70 27.31+1.44
79.01+0.91 51.71£1.57 23.32+0.44
6.67£0.11 60.68+0.84 15.32+0.00
7.44+0.26 59.68+4.22 10.85+0.78
4.44+0.20 272.25+7.42 5.76+0.00
4.19+0.05 06.4412.25 7.33£0.00
11.78+0.40 74.00+1.41 5.13+0.00
5.67+0.18 76.19+6.47 8.42+0.22
4.07+0.47 68.83+6.19 11.32+0.78
5.79+0.05 57.30£1.97 7.01+0.66
4.11£0.05 60.28+0.28 6.62+0.55
4.16+0.24 51.16+0.34 5.60+0.00
4.97+0.04 64.06£5.62 7.71%0.00
7.46%0.75 61.8718.16 12.26+1.00
2.30+0.09 72414225 6.00+0.78
15.87+0.58 97.21£1.12 19.95+1.22
6.03£0.22 156.53+5.06 20.65+0.66
10.69+0.40 91.73+0.34 14.46+1.00
10.23+0.77 257.55+8.72 41.97+0.44
10.26+0.58 222.75+1.69 33.11£0.78
7.47+0.66 58.00+0.56 13.44+0.00
22.66+0.91 373.89+10.41 50.20£2.11
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Fig. 2. The relationship between the contents of total flavonoid (a, d, and g), total polyphenol (b, e, and h) and total
sugars (c, f, and i) and the anticoagulation activities (TT, PT, and aPTT). CC; correlation coefficient.
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