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Inhibitory Mechanism of Blood Coagulation and in vivo Anticoagulant
Activities of Polysaccharides Isolated from Codium fragile
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Abstract

Inhibitory mechanism of the anticoagulant polysaccharide purified from Codium fragile was investigated. The
anticoagulant compounds (Cf-30-1V-~4-ii, CF-30~1V) prolonged the clotting time at both activated partial thrombo-
plastin time (aPTT) and thrombin time (TT). The Inhibition factor assay of instrinsic coagulation pathway in the
blood showed that the anticoagulant polysaccharide (CF-30-IV-4-ii) inhibited other factors such as VIII, IX,
XI and XIII of the coagulation cascade, which did not affect the lupus anticoagulant AB activity. In the thrombin
inhibition pattern, the CF-30~IV-4-ii did not directly influence the fibrine formation mediated by thrombin but af-
fected the anticoagulant activity through the activation of antithrombin III. Base on these result, the anticoagulant
polysaccharide (CF-30-1V-4-ii) was considered to inhibit serine protease involved in the blood coagulation
cascade through the enhancing antithrombin III activity. The residual effects of anticoagulant activity and
antithrombosis were tested with ICR mice. The anticoagulant polysaccharide (CF-30-IV) kept its anticoagulant
activity for 6 hrs with 100% survival at a dose of 150 mg/kg in the antithromboisis test. The anticoagulant effect
of CF-30-1V in ex vivo was proportional to the concentration of intravenously injected dose up to 100 mg/kg.

Key words: Codium fragile, anticoagulant activity, antithrombosis effect
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£ 7S FRARE AR A Felieh Ao g S-S
£ Falgt F F9i8led AMS-51sith Activated par-
tial thromboplastin time(aPTT) 3-8 activated cephalo-
plastin reagent, prothrombin time(PT) £3J-& thromboplasti
n -CPlus ¥ thrombin time(TT) 3% 4 thrombin reagent=
Dade BehringAHNew York, DE), heparin(180 USP unit/mg)
3} fibrinogen<- SigmaAHSt. Louis, MO) AE& A8l L.
o 333 A FA Al o] 45 = ¥ A (platelet pool plasma)-&
sredofsha B4 ] P Aol A olsladt 1 99 Aok

A% AF FE SFAES Abgetadn.
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ICRA »F-2(3, 5 week, 25~30 g)& 152k &A-&A1Z1 F AL
S3tedch 48717 F AR YT E AR FLAATE
AfrZeol A&AA std o e - g 2AWLE 2+05C, 4
55 55205%)0l4 algFzge s W& 1d 1147HeA 9
A~ 2% 8 ZAlsld 2, A A EE 9] circadian rhythm? 32
g3lo] Al g o] Fojol AL o4 9 o4 114] Ale]el] #f &}
Aok AP FE-2 AT npe} 2+ 7 5~ 157k 2]
T3 AE FoAFLeR T3t
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2adgh Az A 2HE2 2 kg-S- hand mixer 2 2443 3 20w
%3] 9] ethanol 7}8he] 40°Cell A 12417} ot 23] 2t 2
g o}-g 73l ethanol ¥]714-8#2l CF-EE 2433t}
Ethanol ¥]7H8 &2 ) 200 32} 0.1 M G484 (pH 4)2
7ksted 70°Cell A 3413k gk 38 ik, % F F3sla A
*21(7,000 rpm, 302)3}+4 CF& 4o} CF& A 3sko]
ol Bl F 3 E 5% 30% ethanolZ HAA ] &S
F5 E FARAXEAY. FR2A2Y CF-308 (582 6L
96)-% Masterflex®} Prep/Scale-TFF(Millipore Co., LSA)%
18 Bxepd 2 el o aste] -a 4] 7 & 300
a o]Abe] B E(CF-30-1V: 582 444%)% ZA3hg o
o] B ®-5 in vivod} ex vivo A2 A2 A3} CF-
30-TV 828 |27 3 2l DEAE-Toyopearl 650C column
(CI” form, 35X 48 cm)ell F-2A17) ¥ FA43 3] 22 0.75 M NaCl
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Sepharose CL-6B column (2.4 %92 em)el] 341 A 3712] &
¥ (CF-30-1V-4-i, CF-30-1V-4-ii, CF-30-1V-4-iii)-& &
stglth. CF-30-1V-4-ii &4 Waters 2690914 TSK-gel
G4000PW £} GE000PW(Tosho Co., JP)2] columnZ o] &8}
0.2 M NaCl(flow rate 0.5 mL/min)2] -4 £, refractive index
detctor2 E2bek 224 A3t 1800 kDaal &8-S &2 AAs}
gt CF-30-TV-4-ii(58-2 04%) A ¥ F DL ara-
binoseE 89%, A7 1E 35.1% /3 FE o7 33w A
715 g doll g Ao e] 28 BA S A Esb=v] AHS-3}

At
THY A0 #3724
FAGe EAE Jonese Albersheim®] W (11)e] wha} 7}
2] %5 2.0 M trifluoroacetic acid(TCA)E 121°Cell 4] 1.54]
Fet A B85 JHp Rt F alditol acetate = A 2 A 3HA]

as liquid chromatography (GLC) 2 848}t GLCS] &
7-&- SP-2380 capillary column(30 m < 0.25 mm* 0.2 um)
o] AH2kEl Young Lin MD 600914 flame ionization detector
(FID)AHE-3153 22 column® %= 60°C(1#7F f-21)—220°C
(30°C/ )7 Abs & 1287} §-A]—250°C(R°C/E) A45-A171
31587 A8l e). 35 A S5 retention time2- Bl
slo] AR Fo] PGS A FAE mol % 7t
peakE2| HAu| 9} 247he] {0 FApske 2 5] A4k}
Jch(11). 8417] §8F-& Dodgson Price?] B} (12)-% ©]-4-
3lof 2 ‘5}“3_ &3 o729 sulfation¥} desulfation=]
2] Park 52 W (13)0l ofsil A X2+ 3¢ &4 5 53
stglel. =3 Kiyohara $-9] W3 (14)¢l] we} -2 &4
2AE Fal3}7] ¢)shA CF-30-1V &2 pronase digestion
¥} periodate 4tstA 2|8 Zbzt AAjERgdcl
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7 & (intrinsic pathway)el| 7] 3}=
aPTTe] =32 A Z(CF-30-1V, CF-30-1V-4-il) YA 5=}
45 AR Ao dA(platelet poor plasma) 100 uLS
aPTT &8 A|2F 100 nLo} £313te] 37°CoAl A 3871 A A%
)& 37°Coll A wlE] s 20 mM CaCl: 100 uLE 7}3F 3
blood coagulation analyzer (HOSPITEX Diagnostics, Italy)
2 ol g3t $3E WA Y AZE S oH, ETE
A A7 e 84 100 uiLE Abg-shedct oA 7 2(ex-
trinsic pathway)ell 71918} PT9] 24L& A12E d-5¢ 3
2150 iLE 37°Coll A 387k o8k vhg, 37°Coll 4] A=l PT
ZekAl S 150 uLgs
LA 7S &4 3].03

7}&} 2 blood coagulation analyzer®
3 Z% 7 Z(common pathway)ell 7121
A 87 6" A 150 pL3 37°CeliA]
37°ColA ulgl dld¥ TT A A<k 150
&l ok 15).
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NG A Ao 2 AE &3] 8 A= (CF-30-



IV 4-i))% 100 ng/ml.¢] 5%
7} Coasuper(# ] 2|3 o
(factor 11, V, VII, X)wu

Azt FEF2| thrombinoj] CHEE X5 24l

Al 5(CF-30-1V-4-ii )¢| thrombinel] ©§F #] &)
AF&}7] 9)8be] === fibrinogen 1.0 mL, thombin £ 0.1 mL,
A} §(25, 50, 100, 500, 1000 pg/ml) & 0.1 ml &€&
37°Cell A 5HE7F v 4171 F- 350 nmell 4] T4 2E &3 st
thrombinel] ®]&F # sjek2]-& A B3I ck(17).
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Thrombindll C{$t /n vivo AtollA e Sx[ALE Z3}

ICRA vF$-2(559, 158 A 2)& oA 7 A A A7) 2 e
Al el] 48l 2170 CF 30-1VE 5 X0, 10, 30, 70, 90, 120,
150 mg/kg) = e} Aol T3k 153 5, veronal bufferi
100 NIH unit/mL2] %2 3]4 A1 7! thrombin 0.08 mL-& A7
424 ol oﬂ o‘:} b—], ‘;], 158 %‘o‘} ;\}Uol-1 %x] olo] oj\k = X—l/ﬂn}-
Hl & g0l gt fuow 27t pitate] i 3]yl
A w5 AL RS2 ZAEIACHI8). ou ZF -e] 7R A

17 14mke] 2 shodch

me|MeFoio] 2gt ex vivo AoliMel 81
]2 edgell CF 30-1VE % =4(0, 10, 50~ 100 mg/kg)
2 B A Azd NGl v gt & 1702 o

ma] ] wol| FARSLL 154 F vhgAaz R Agdgdyog
ol 09 mLE #3led 3.8% sodium citrate -2 0.1 mlLe]

M
=S

E3% o5 3,000 rpm e F 1048 5t d4le]sle] A&
el a8 E aPTTe TTHOZ S 7HE S sts
th(19).

Ex vivo Aol|AM Q) Az L XE= M

Ae]aled ol g3 A1 7] CF-30-1V 100 mg/kg& vH$-2=o)
AN FEAEE Z oA 7 2PA 0 8 upe A g g AlAAEHW o g
ol 09 mLE # 3} 3.8% sodium citrate £ 0.1 mLLe} &%}

gk oh5 3000 rpm 22 103 FoF GAl e de] 2L P
&3R4 & aPTTO TTH 22 34 78 54 315 Th20).

4+ Fofof ofst J/gE
ICRA| #k$-2(0, 57
6ﬂ}alé*’ 4%1%;&;5}04 e
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2%t A3} Table 13} 7o) aPTT TTE 55 EHCE
=& A& ehd vbg PTE g4 o] Joie) A=) =2
CF-30-1V-4-ii 8 8- CF-30-1Vel v]3} aPTTF TT3A o]
20 F3tow PT 84 T oMo s 2718 asn in
vitro’dell A Al F5-2l AR 25 28-S of 5+ vk &
H CF-30-IvE 12 4-&x 84 2AE 737 913t
pronase digestion¥} periodate oxidationg #}sted 22 &
o] 848 &A% A7 pronase digestionA] ol = CF-30-IV el
8] &) 100 pg/mLe] XA aPTT7} 56%27H8 2.9l vk,
periodate digestionX] ol = 2F 45%2) &Ado] 7+t e 2 A
7o 2 RE] 53 B4 3¢ B EAw ohd FEe
ZANFE & 5 Uit 34 PT9 TT &4 = pronasse di~
gestionol] & &} Z7}3o 24 CF-30-IVE £ £9] 827 &
A o vl s} Aggl def 2 S st A o] A
A" W) & ¢y 4L Yehde o 5 Ak =A%
CF-30-1V¥} CF-30-1V-4-ii &2} g4tr| =2 717+ 325
%9} 35.19%01%) 3 ek 27k 43.4%9) 89.6% = SRl
arabinose”} §+ A oot} o] AREL A7+ 3
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Ao 2 RE] ZA3F CF-30-1VE sulfation? desulfationA]
71 F A 5o ib7| & A A A o] 325%
9l sulfation®} desulfationA] Z+7}F 45.8%%} 17.2%5 L1ep
Ak 7 Al gl sl 353 &4 & FA T A F-H ol B3
sulfationel} 213 &4 F7he 24 %321 desulfation®l ]
g 84 7FE aPTT 88%, PT 35%, TT 87% 2 8431 84
7 g4ly| gegale) 2 AR & ek C}J«‘D}(Table 2). 34
353 B ol 875 = #abr] 2 PTE TTS| A9 34t
71¢] 3=F F7tel vhe} BA4do] Folx|= S Bl vk
aPTT+x G &S vehliA] g2 Ao
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Table 1. Anticoagulant activities of CF-30-IV, CF-30-IV -4-ii
and modified CF-30-IV

Fraction Concentration aPTT ~ PT  TT
{(ug/mL) (sec)  (sec)  (sec)

100 600 186 3258

CF-30-1V 50 425 17 156
100 600 189 489

CF-30-1V-4-ii 50 £00 o
% 325 50 150

CF-30-1IvV 50 189 17 150

periodate oxidized

CF-30-1V 50 600 o o

pronase digested

Control clotting time of aPTT, PT and TT were 29, 15 and 11
sec, respectively.
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Table 2. Effect of sulfate content on anticoagulant activity

Anticoagulant I Sulfated Desulfated
activity CF-30-1V CF-30-IV* CF-30-IV*

aPTT (sec) 425 425 20

PT (sec) 17 20 11

TT (sec) 156 207 20.1

Sulfate content (%) 325 458 172

“The concentration of each sample was 50 ug/mL.

YA 2 g5 Ao 3477} BedstE Ao E A=
(13).

g Aol 2N 2 sy

Hol2 51 A o] 4] coumarin®= i 21l A Z(2), hep-
arine WAl A2l Foddloi(4) durd o 2 9]l H 2o
e ofF e szl dg S PTE WA 4=

ol

st 1 9l Th(22). In vitro Aol A Rzt o 2 RE]
A A CF-30-1V-4-ii9] aPTT, PT, TT
Fokctk aPTT#}F TT+ FXxo we} $7)shd PT
oo 2 oA ARV} obd WA ARe}
i‘)ﬂ 2}-8-3ko] g3 %""é—% et chgol it &
A3 10 ng/mLe] FEollA] 25 ZAdo] TUop ot TT
10 ug/mL, aPTT= 40 ng/ml. o] AF2] Fxoll 4] F2 3]
743t e 24 heparin?} A1 A &S vehligl ow, A A
2.2 TTelA & 48 B9 2 24 thrombin| 9] 8] fibri-
nogen.‘?_i-‘i’—Ei fibrine] A HE = L a3A 4] 7Fegt 2 s
A4S JelY = 7o s & ZA g9 th(23), T3k YA 7 2o
Todsls Gzl F ol Qlzle) 7)o mr} ER]E Folrr]
&l in vitroAy el A lupus anticoagulant(LA)2] factor assay
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Fig. 1. Dose activity of CF~30-IV under aPTT, PT and TT as-
say.
Control clotting time of aPTT, PT and TT was 29 sec, 15 sec

and 11 sec, respectively. @ Activated partial thromboplastine
(aPTT), ! Prothrombine time (PT), ¥: Thrombine time (TT).
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£- 0]-8-3}] phospholipid & &4 &1 FA-& A st vH24).
71 A3} Table 3419} 2ol &-23 84 A A oped CF-30-
IV-4-ii¥ lupus anticoagulant 3} 41 2] &Alol= 332 T

skoront -3 w3y 3 factor VIIL IX, XI, XI12| &l &)
& el el o] E factorel Wi JAl= g
o1 A)

4 246 aPTT2) @A4o] 4 Yehts At} 7 W
A2% 72 Adshe Aoz FHAAUHS).

Thrombindl| EfEt & 24

A Hoel] 23} thrombinoll 23k 8 )=k anti-
thrombin III(AT )¢} heparin cofactor I(HC 1)+ #A}F=ko]
Zyz} 62,000 Da, 65,000 Dagl gt o]y v]4=3) ofm] =4t

24 A2 9l Asf oFAel gle] AT e 84S
WalA «lz}el Xa, IXa, Xla, Xlla, kallikrein % thrombin2)

A& Aslst HC I+ 94 thrombine] A4S s}
(22). Heparine- AT MM¢} 283t factor Xa ¥ thrombin®]
288 Al sl 7ra g g-SaAe| Ak AP M7 §l= AH
of| A= thrombindll P8l g1 &4 & Vel A= Z3ot
(26). =&} heparin®] AP Il 93} thrombin *] 8]+ 5,000 Da
ol el ExFFN| A 7}5-8b FAPEke] SRS S
Qo2 HwHe] glrhb). Table 4& §-5-314 AA|ched CF-
30-1V-4-ii2] thrombinell tH3}F A s} oF2]-& el B7] 9l 3l fi-
brinogeng 714 & 3} thrombind] T3t A 3] FA-& A E3}
At CF-30-1V-4-iit =9 F3% sl glo] A3 e
Bo|A] 5.2 24 heparindt F-AF8HA| AT 17} 9l Al o
A A A A 02 thrombindll 2H§-317] ZF3¢& o 5 At =
2} A 7he] 3851 42 factor assay$} thrombin®] &l

18 ¢
=

Table 3. Factor assay of CF-30-1V -4-ii fraction purified from
Codium fragile

Anticoagulant  Standard range

Test factors activity (%) (%)

Factor I (fibrinogen) 50.8 33~ 66
Factor II (prothrombin) 105 60~140
Factor V 4.6 60~140
Factor VII 147 60~140
Factor VIII 122 60~ 140
Factor IX 9.71 60~140
Factor X 126 60~140
Factor XI 9.84 60~ 140
Factor XII 148 60~140
Lupus anticoagulant Ab 36.5 B~ 45

Sample was concentration of 100 ng/ml.

Table 4. Effects of CF-30-1V-4-ii and heparin on fibrin
formation

Concentration Turbidity (350 nm)
(ng/mL) CF--30-1V-4-ii Heparin
25 0.16 0.13
50 0.19 0.17
100 0.18 0.12
500 0.21 0.14
1,000 0.17 0.15
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Table 5. Survival effect of CF-30-IV fraction against throm-
bin in mice

Time of death or

Group”  No. of . Survival

(mg/kg) ~ mice 3 4paraéy51512( hr)20 5, Tate %)

Control 14 10 2 0 0 0 O 14.3
10 14 34 1 1 0 O 357
50 14 2 2 1 0 1 0 57.1
70 14 21 1 1 0 0 64.3
90 14 0 1 1 1 0 1 714
120 14 0 0 0 1 1 0O 8.7
150 14 0 0 0 0 0 0O 100

YSample was injected intravenously into mice.
ISurvival ratio expressed as the percentage of No. of alive mice
to No. of all tested mice.

700

Clotting time (sec)

0 20 40 60 80 100
Dose (mg/kg)

Fig. 2. Ex vivo effect of CF-30-IV on anticoagulant activity in
mice injected intravenously.

CF-30-1V was administered intravenously into the tail veins at
different dose. Values represent the mean*SD (n = 8). Control
clotting time of aPTT, TT was 29 sec and 11 sec. @ Activated
partial thromboplastine time (aPTT), < Thrombine time ('1I).

A2 R in vivo F-5I A 921

A& A7k aPTT 29 sec, TT 11 seck ¥ A 25 F
FAYTF F aPTTE60mg/kg oMd2] FxolA vlEH o=
243 YH-g 3 A7HE AdA g e TT &2 vlnlsisd
o} A o2 F g ool Slvk A H & Bate] Ef
&3 A7k AAkele] 231 A|7He] 3096 o)Al & mE F AS
A 7ke] oAb 3289 CF-30-IVE 70 mg/kg E= A%
949 Femasg vehds & 5 Aok

Ex vivo &ollMe] M| L THE &

CF-30-1Ve] Az} 7 3tel| mp2 QA e 383 &4E
aPTTe} TTZ 243 A7} (Fig. 3), CF-30-1Viz vh-#-2 A A
WellAl AlgFed 2417 F 8z &Aoo A2 —7#&

F743] it 6471 ol F 2+ A FAFH 224 CF-30-
IVE QAW AFAzke] 62417 o R A vid == B2
£ Jehggich

ATEo0{of 2ost FMEM =1}

Az}t 2% CF-30- V—1oo 500, 1,000 mg/kg ¥ =219

700
600 w
500 o
400

300 -

Clotting time (sec)

200 A

Time (hr)

Fig. 3. Residual anticoagulant activity of CF-30-1V intrave-
nously injected to mice.

The two fractions were assayed for anticoagulant activity as
aPTT (@) and TT (O). CF-30-IV was adminstered intravenously
in the tail veins of mice at 100 mg/kg. Each control clotting time
was 29 sec and 11 sec. Values represent the mean*SD (n=D5).

Table 6. Acute toxicity of CF-30-IV fraction by oral admin-
stration in mice

No. of Initial body Final body No. of Survival

1) P
Group mice weight (g) weight (g) survival ratio (%6)”
Control 6 302+12 366%*1.45 6 100
100 mg/kg 6 20.8*+1.1 3H4*13 6 100
500 mg/kg 6 295109 365+10 6 100
1000 mg/kg 6  209+13 348t14 6 100

VSample was administered orally into mice.
ISurvival ratio (%) expressed as the percentage of No. of live
mice to No. of all tested mice.
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A ztol| 4 B2l H 383 o F-o g A7) 2 A
2ot 8234 obd 8 B(CF-30-1V-ii, CF-30-IV)2 W
A A2l FE AR Fr o EH oS A el 5

B B(CF-30-1IV-i)-2 WA 7 2.2 factor asaay X lupus an-
ticoagulant &A1 2] g4 o) d kg 5] gt ot SR F
factor VIIL, IX, XI, X11¢] &4 & A s stad o}, CF-30-1V- 4-ii
= FEEAHCE fibrineS PAA7]A] 92224 throm-
binell 24 #-8-81#] ¢4& antithrombin [T Y &4 -5 &
A 7128 B gdvt A zhe] 33w AL factor assay £} throm-
bin®] & okA-& 3282 o antithrombin 18] 4% &
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