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Optimization of Extraction process of heparinoid from swim bladder

and evaluation its anticoagulant activity
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Abstract: A natural heparin-like compound was isolated from swim
bladder and its anticoagulant activities were determined. The
response surface analysis based on Box-Behnken design was adopted
to examine effects of protease consumption, extracting time and tem-
perature on heparin-like compound extraction. The anticoagulant ac-
tivity of swim bladder heparin-like compound was evaluated by

APTT, PT and TT method. Consequently, the optimum conditions
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were as follows. The concentration of protease from Bacillus licheni -
formis was 5.4 mg/mL, extracted at 50 ‘C for 20 h. Under the con-
trol of these conditions, the predicted extraction rate by
mathematical model was (1.7940.05) %, and the standard error was
3.24%. In addition, the heparin-like compound from swimming blad-
der (HSB) showed negligible in vitro anticoagulant activity, and
played a role through the exogenous coagulation pathway and the
common coagulation pathway.

Keywords: swim bladder; heparinoid; enzymic method; anticoagul-

ant activity
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Table 1 Factors and levels in response surface design

il Fhi 2 B/ (X10* U~ g 1) WEE/C  pH
il AT T P TR G 11 45 7.0
2709 BE M TR 10 50 8.0
RV TR At 5 50 7.0
g 25 11 25 40 8.0
K fik TR 10 50 7.0

1.2.5 BRHZERALE

(1) AL BRIt X 28 JF 2845 36 110 52 i - 35 5 B L
1:20 (g/mL), i fiff & 5.0 mg/mL. i f# W pH 8. iR &
50 C EgfEmd il 8 h, 43 5 % g S AL Ny 0.0, 6.0,
12.0,18.0,24.0 mg/mL HF JHF E B RM L.

(2) A} EL XoF 28 iF 22 45 26 1 52 i« 8 8 A0 BN S i R
6.0 mg/mL Nt 5.0 mg/mL B f K pH 8. R JE 50 °C [ Hf
fE It 8 ho A 2R bR 10 5.1 2 10,1 ¢ 15,1 © 20,
1:25,1 130 (g/mL) B RIFRMG A LB

(3) 7R G I i % 28 R AT R 09 5 - % WAL IR
J 6.0 mg/mL B 10 20 (g/mL) @R pH 8.5
50 °C \Flfig iy [|] 8 h, 43 5 2% 4¢ 2709 K IR & Ry 0.0,
1.0,3.0,5.0,7.0,9.0 mg/mL B R JF R BRI,

(4) BEARWE pH XS8R 44 209 & - e A AL # s
6.0 mg/mL . JEEE 5.0 mg/mL B 1 20 (g/mL),
T B 50 °C EEfEATIA] 8 h, 43 3 25 4 W% W pH {H N 6.7.8,
9,10 WFRJFEBG R AL,

(5) ik 0 J3 0o 28 JIF R A5 36 19 5% i) - 38 o AL AN In =
6.0 mg/mL . flf§ & 5.0 mg/mL HffK pH 8 B EL 11 20
(g/mL) AT IE] 8 h, 435I %5 %< W fif W B2 2 35,45,55,65,
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W 1020 (g/mL), 4 51 2% Ll i if 6] 9 10,12,14,16,18,
20,22,24 h R RMZ .
1.2.6  mpo o Y RS AR PR 3R G 5 L 8 BN G A
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i 4 GO 10 B I R S VT 3R A5 R LE At 4 £ T s 2R
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Effect of swimming bladder species on

Figure 1

extraction yield
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Figure 2 Effect of protease species on extraction yield
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Figure 4 Effect of material-liquid on extraction yield

2.3.3 HHAMEBEMEXNEFRGRNGZ W B 5 AT,k
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ik 5.0 mg/mL L BB, RFRGR LA TG, £HAM S
PRSI R I 25 i e B ) 96 0 £ 850 5 2R 1 O 3 M
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Effect of protease concentration on
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2.3.4 pHXMEERIFRMRNEW  pH AU R0
RO B2 AR B B S5 R R . R, S OE Y pH XY
R ERIREREZ ., WK 6 Pros. 24 pH Jy 8 i 2R
ENUEER SuntIEC SNEN AL NS s GNES ) A N P T e
TR ZEAE Bl pH {Hh 8, f B Bt pH 2 8K A
AR RO . U — S i Y T LA T A M B 1
M3 R A5 R . PR, pH (A 8 s R 2 R R R
SERFIE M . B, AR IR 2 OZ G 19 S pH Ol 8.

2.3.5 AR IR BE X RAT RAFARAE M W& 7 AL EATR
AP 2 I RE A b T TR e 24 R 255 °C Ik a1
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Figure 7 Effect of temperature on extraction yield
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Figure 8 Effect of extraction time on yield
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% 2 Box-Behnken if I Fl & K 7k &

Table 2 Factors and levels in response surface design

K A A/ (mg e mLTY) B EEFEE/CC O C EEEITE /D

R 1 HSBRESH ANOVA SR’

Table 4 ANOVA of the constructed regression model of

glycosaminoglycan sample

—1 3.0 45 16
0 5.0 55 20
1 7.0 65 24

£33 MEBEREINFRRARER
Table 3 Response surface design arrangement and

experimental results

Y= A B C KIFEGER/ %
1 —1 1 0 1.18
2 1 1 0 1.56
3 —1 —1 0 0.48
4 1 —1 0 0.73
5 —1 0 —1 0.82
6 1 0 —1 1.16
7 —1 0 1 0.88
8 1 0 1 1.10
9 0 —1 —1 1.33

10 0 1 —1 0.76
11 0 —1 1 1.51
12 0 1 1 0.63
13 0 0 0 1.71
14 0 0 0 1.74
15 0 0 0 1.75
16 0 0 0 1.76
17 0 0 0 1.72

2.4.2  ZWRBNEF M Z 00 8T A Design-Expert
8.0.6.1 Xt #% K £ k47 22 o0 Ml 3 LA, 454 21— ok [l 13 5
R

Y=—20.871 62+12.587 5A +0.384 18B+0.971 87C —
0.016 25AB — 0.037 5AC — 0.001 937 5BC — 10.2A* —
0.34B*—0.34C*, (2)

X 0 B AT 25 L SR LR 4. AR F{HAN P
E AT .3 AN R X B2 JF R AR R Sy B>A>C,
HP AMBARBERER.CHALREFRE; AB M AC L H
YER 3, BC 52 HAE A B % (P<T0.01); J5 & Z ) i
A* B CP g R BRSO (i H P AEAR/NT 0.000 1, 35610 4%
PR 2 0 2 AT 25 A5 S 00 5% e O A 46 06 &R L HL A ) TR JT O 1)

T AR
24 TR, B AR P<0.000 1, B A0 4 255 2 $0LI50
P=0.380 3>>0.05, N &, W% a1y A &, & el

A BB AE O R R® =0.998 9, &L IE R E R U Riy =
0.997 5;AF SR BN 1.08% <<10% s K B BE Ny 72.714>> 4513
B0 0 A MR, R LG R . B R R R A
e Al Ak £ BEIS T R A IR T 2R AT AT .

FERBE CPHEF BB H2% F 14 P {4 W
BiR 3,180 0 9 0.350 0 718.76 <C0.0001 % *
A 0.180 0 1

0.180 0 359.68 <C0.000 1 * %

B 1.110 0 1 1.110 0 2 255.54 <C0.000 1 * %

C 0.000 3 1 0.000 3 0.63 0.451 7
AB 0.004 2 1 0.004 2 8.58 0.022 0 *
AC 0.003 6 1 0.003 6 7.31 0.030 4 *

BC 0.024 0 1 0.024 0 48.82 0.000 2 * %

A? 0.700 0 1 0.700 0 1 424.18 <C0.000 1 * %

B 0.490 0 1 0.490 0 991.93 <C0.000 1  x *
C? 0.480 0 1 0.480 0 977.41 <C0.0001  x *
S 00034 7 00005
I 0.001 7 3 0.000 6 1.34  0.380 3
fixtiR7E 0.001 7 4 0.000 4
MBI 3.1900 16

t % % P<<0.01 AW 3FH; » P<0.05 hEREFH.

2.4.3 W o TR AR R LR AN AT 45 28 LR R A v 37 il TR
MERKEILE 9, B9 rh i o F A R 3 22 B4R
i 2 0 it fige i) 5 LR D A 6 v 4 T SR A TR O el i o T L
e T o U6 A 58 A P S s A A 3R N 8 e I 1R) 58 B4R
V18 25 v 248 ] 2k o AW 150 T2 L i 7 b v ¢ B L - 106V 58 A
FWE., REW S LB E MR -8 g a
5t 30 S R S A TR0 1) 38 A PR A B A 55 AT RE O R O IR
5 15 T T 1o R A R R W B A K 7 (45 °C) 78 2B 1 Il A R
JE P 5 ELG R O ) SR AR K 7 S 16 b A8 X G I Y
st ok D) R AR A o T S SR R S R (7 52 A R A
F o PR 2 T A AR R I AR T LA AH I b 4
B i) 5 8 A 308 B — 7 T 0T A 0 2 % T BBUAK A 0 45 A AN T
P BEIR L 53— J7 11 MCAE KT IR R ARG T AR B R
2,44 BUESER 3@ e N I 43 AT 75 2 f0 658 T K i
PEAEAE O - 2709 Bl ME AR B S 0 A 5. 40 mg/mL, i B
49.67 “C,IF[H] 20.00 ho M A5 F T . 0 BE S I 245 50 150
B 1.85%0, 25 pE B 52 by 48 45 (9 7T AT L % 2 I Z B 4%
22709 Bk MR I EE A N & 5.4 mg/mL. R EE 50 C, B[]
20 ho FE A T RIFE A% K (1.7940.05) % . 5 T {5 A
#3240 il — B UL IIZAE R AT AT,

2.5 HSB @K%

KA 1.2.1 BER T2 42 U ' 60 B3 8 JHF 2 1) 35 A4 B Ak 4
PRULFE 5, HSB B JF 2 & S8 . ly (86.35£1.21) 65
JEZ M A%, S (4.944£0.33) U/mg. SCHk #8619 28 T %
SO 58 A% » Arumugam Y — B 88 ( Twurritella atten-
uata) T2 M & 16 U/mg; Balamurugan %5522 JL
SRS IR (Conus musicus) PP BT Z 3 M 0 12 U/mg;
T A JHE 28 B T B ORE R TG 28 JF 2 AL B L o 30 ~
50 U/mgt® 2,
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Figure 9

Response surface and contour plots showing the interaction effects of fators on the extraction yeild of HSB

x5 HSBARES

Table 5 The main chemical composition of HSB
KIFR/%  MWEMMH/(U-mg )  HAK/ % WEEE B2/ V% c b/ % BiER %/ %
86.3511.21 4.944+0.33 1.1940.03 29.64+0.18 33.58+1.49 17.7140.90

M2 5 AT, HSB Ay 8 [ IR & K B I 4R U 5
RERIr s K R 5| A B Z K% 4 8 F ok . HSB (4
T8 TR R 2 W o % it AH O L XA A S R M 45 )RR AE . HSB
MRS ERE. M (17.714+0.90) %, #EiRHE" Z 8
T R 25 5 4 5 0 M U0 A 3G, — Y BN B R AR Y A o A
TS ARG PERRR . Gloria 2670V B TF 55 b & AR B2 Ak 19§ hir
JEEBUE L5 P BT T 30 £ 5 A S T S R 5T 4 UK
E B IR AL & o (23.000.03) % » B B0 By BT EE 1
BrAn A AE A . 1 HSB R B A R E A WG A
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fa K R (9 1A Sk Bt e = 3048 AR W& 10, PT,
APTT Fl TT 3 4484543 3 Bz it 0 U5 1 38 1 38 5t N 5 1 6
1M ZR 58 R0 3 7] i & 4. i ] 10 BTN, HSB By APTT Fi
TT (i Bl & R S v BE 19 b 248 38 15 5 10 PT (E 75 % FF il ik
FEJE FI AR AS K RFFAE 16 ~19 s, 5 B M X B (4 340
AOMTE 35 2 5. HSBYREETE 1~10 mg/mL I, #k 5
APTT W [ £ 76 1EAH OG5 M5 s APTT i (] B 5 ok B 119 42



E3MEFETH

JEV A5 - 0 B2 T SR AR T A A B o B il 0 M Y
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