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Absiract

This study was undertaken to purily the anticoagulant polysaccharide from Pachymeniopsis elliptica.
The anticoagulant compound (PE-2IVe-2-1) was isolated from the crude polysaccharide (FE-2) by
the sequential sieps such as ultrafiltration (PE-2IV), anion—-cxchange chromatography of DEAE-Toyopearl
650C (PE-21V<c), size—exclusion chromatography of Sepharose CL~6B (PE-2IVc-2), and HPLC Shodex
OHpak column chromatography (PE-2IVc-2-1). The apparent molecular weight of purified polysaccharide
(PE-2IV¢-2-1) was approximatcely 710 kDa. It was mainly composed of galactose (48.6%) and 3,6-
anhydrogalactose (44.0%) with 27.1% of sullale residue, in addition a trace amount of xylose (3.6%), glucose
(1.1%4), mannose (1.1%), arabinosc (0.8%) and fucose (0.82%). The IR sepctrum of the polysacchandc
showed the characteristic bands of S=0 {1116.74 and 1143.17 cm ™'} and C—0-5 (828.19 cm ) stretchings,
respeclively. The anticoagulant effect of PE-2 in ex vive was proportional to the concentration of in-

travenously injected dose, up to 100 mg/kg.
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PE-2
Ultralilatration with Milipore Co
,_ Masterflex
FE-21 PE-21T PE-21II PE-2IV
30 kDaz=MW 30 KDa=MW=100 kDa 100 kDa <MW <300 kDa MW =300 kDa

DEAT-Toyopearl 650C stepwise ehiled with NaCl solution |

PE-2[Va PE-2IVb PE-2IVc PE-2TVd PE-2IVe PE-2TVT PE-21V PE-21V
DIW 025 M NaCl 05 M NaCl 078 M NaCl 10 M NaCl 125 M NaCl 1.5 M NalCl 20 M NaCl
Dhalvsis

Sepharosc CL-6B

PE-2IVc-1 FE-2TVe-2 PE-2IVe-3 PE-Z2IVe-4
| HPLC(Shadex OHpak KB-805 column)

PE-2IVc-2-1 FPE-2IVc-2-2
{the achve purified fraction)

Fig. 1. Purification of the anticoagulant polysaccharide fraction PE-2IVc—2-1 from PE-2 of Pacdwmeniopsis elfiptica.
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Table 1. Anticoagulant activitics of subfractions ob-—
tained from PE—2 on Ullrafiliration and DEAE
~Toyopearl 650C

Dase Subfrations aFTT

(g/ml) activity" {see)
500 PE-2 =6000+00%
PE-21 833+ 12"
PE-2II 162.4+28
FE-211 2358+ 25
Experiment 1 PE-21V =6000£007
(Ultrafiltration) 250 PE-2 A7R0LZ.0
PE-2I 453£0.6
PE-2II 74.1£08
PE-2I0 1048+1.2
PE-2IV 4580425
500 PE-2IV =600 00,0
PE-2[Va 33.3205
PE-2IVD 787E10
PE-2Ve  =60001007
PE-2IVd  =6000£0.0%
PE-2IVe 1700+25
PE-2IV{ 7224132
PE-2iVg 66,115
Experiment. 2 PE-2IVE 746425
(DEAE- :
Toyopearl) 2950  PE-JIV 159.0+38
PE-2IVa 31205
FE-2IVh 106+04
PE-2TVe  =600.0%£0.0™
PE-2IVd 3483+2.7
PE-2IVe 39.44+0.
PL-21vE 47705
PE-21Vg f42%£15
PE-21¥h 49306

MClotting time of activated parlial thromboplastin time and
ils control time was 30 sec.

The activity value of 2600.0 means over-range of mea-
surement.

Al analyses are done m triplicate.

"p<0.05 ) p<0.01 . Signilicance between the ongmal fra-
clion and subflraction.

AL §e) A webond PE-2IVe-2%F2] 1,000 ;ng/mL"]
Al 2T oA 7_};4 4129} 7322 PTF TToHE 2

9ltH g, 3). 8%, aPTT, PTS TTell 4 =% ﬁ}/‘* =
Hal PE-2IVe-2+ 59.2%9) =3 (53%9] 4k 2
2.89%2] S E3Es glel T v 50.8%2] galac-
tosc2} 41,1969} 3 6-anhvdrogalactose?} F 87 T2
o gAdshyl o 39 ke 265%9]¢ v Tahle 2). &
Z o 2 PE-2Ve-2 822 Shodex OHpak KB-8059]
GPC columng o] HPLCE A& gete] 27¢] g1
(PE-2T¥c-2-13 PE-2IVe-2-2r8 292wl (Fig. 44).
o s 21 E 2 PE-2Ve-2-10] 1,000 Lg
/mLe] Ti»‘gioﬂ»ﬂ aPTT, PT TT 25 =& @4

g2
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Table 2, Physicochemical properlics of subfractions purified from PE-2 of Pachymentopsis elliptica

PE-2 PE-2IV PE-2IVe PL-2IVc-2 PE-2IVe-2-1
Content {%3)
Carbohydrate” 54.8 5R.2 536 59.2 67.3
Uronic acid” 12.0 24.7 193 153 12.7
Protein” 49 45 34 28 1.2
Sulfur® 287 25.6 26.2 26.5 27.1
Yield 34.3 23.0 159 18 08
Component sugar (mol. %)
Fucose 12 0.8 09 08 08
Arszhinose trace 1.8 L1 07 0.8
Xylose 45 46 15 3.8 36
Mannose 19 1.3 15 1.8 11
Galactose 453 530 516 508 43.6
Glucose 10.4 08 11 1.0 L1
3,6-AnhvdroGal 36.7 375 30.3 41,1 444

“C"L'[‘boh} drate contenl. Phenol-sulfuric acid method (as Gal)
UromL and content ' m-hyvdroxydipheny]l melhod {as GalAl
¥Protein content Lowry method (as BSA).

Suliur content ! Dodgson’ modified method (as Ke5043).

4

5 Component sugar of polysaccharide was deterrmned by GC as alditol acetate derivatives.

PE-2IVe2
o
FE-2UVe-3
—
o]
o
PE2Ve-1D O
02
3 g @
= ol
[
a
= PE-2IVed
Q &1 m—
A o)
O
o o
01 G f‘: ]
a0

Fraction

Fig. 2. Elution pattern of PE-2IVc on Sepharose CL—6B.
The column {2 2=95 cm) of Sepharose CL-6B was
eluted with 02 M NaCl at llow rate of 0 2 mL/min
and lhe {raction size was 3 mlLAube
o, Carbohvdrate (490 nm) . », Uronic acid (320 nm);
e, UV absorplion (280 nm}

Bglan 100 pg/mlel| 4 T ZHz) 128, 14, 2857 w2 &
& ¥k Fig. 5). ot AAHHE2 Fe] 6
T 1279% s sy o 1992 Foke) 23
2} ek ol A2 HAE] sk F
£ 909t 9 a3 pAAEA R SAEE 3
2] gftlactosev‘i’—]- 14.0%4] 3 F-anhydrogalactose® -4 =
oA Y= TR BAE 45 gy ghake] 271%
wnoF -?401 o] AFmkRto] Ak 2 A ghE o] A

71edE Redgw )tk Table 2). 54 HPLCY
& B3l fdeolAl gl A EEql PE- 2IVe-2-1
hodex OHpak KB-805 column-2 ]85+ HPLC=
Zh H3l, 488 PE-2IVe—2-12 w4 peak 2

e,

22,
o

He e e
g R

00

Fig. 3. Anlicoagulant activitics of sublractions obtained

[rom PPE-2IVe an Scpharose CL-6B.
PE-2IVe-1, 2IVe-2, 2IVce-3 and 2IVc-4 were ob-
tamed [rom PE-2[Vc using Sepharose CL-6B. "Clot-
ting tme of activated partial thromhoplastin time
and 1is control time was 30 sec. 2’C]()L‘Ling tune of pro-
thrombin Lime and its control time was 15 sec. *Cloi-
ting lime of thrombin time and its contrel time was
12 sec. Valucs represeni the means+t3D. (n=4]
"p=<0.05; “p< 0.01 , Signilicance between the orgmal
fraction and subﬁ action.

o, 10 ug/mlL: &, 100 pg/mL ; », 1,000 ug/ml.
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| E&f&%éi o] Feix] ¢l4-g Al F 4 glalvt w4 heparn 7122 8514 EA el alelA #akr
(Fig. 4B). gt A A% 2] gk S $)8 52 = ZgAel PRelw 2 f‘ﬂ-ﬂ&oﬂ nje} dbAe] FH5-5lo)
4 2 dextran T—z,ODO(M.W. 122107, T- B0O(MW. : 5 (2. Freate 7 2e ) g As S48 2l PE-2[Ve-
10%, T-70(MW. : 73107, T-40M W, : 4310, T-10 2-12] 7 or“ﬂ 117;],;] »l 2otz e whe] Al
MW, : 1x10" 28]3 palactose® AME#re] Shodex o] Zal7|2 = oA gl & chp e Falalg o
OHpak KB-80541 4] 74 253347 K, 75 1] at&)o] ¢]of ulel [R % 548 5‘_46}0% "L%JL g o] A
2215t A3} A A g4 ZH) PE-2Ve-2-12 4710 kDa #AAAE FES 2, PE-2IVe-2-1% IR spectrumef]
2 £A9E 4 5 32k Fig. 1B 2§20 Bake] 2417]7) kz}]q}" }- }LH = 111674
em B 114317 cm ™ 328 7k 55 handr} GhERRE S

EHES 2T 2R PE2Ve-2-1)2 IR BT 54 wl ebs}A| B C-0-S H 32 el 828,10 em 'R0

Heparin antithrombin M3k 2 38k 224 antithrom- E hand= Heod T23 Fy Gﬂ Feolal s walr]e] =
bin M12) 332 B4 & 2HAA e ez o) 1 FFEE AN
F 23 2lele] Ak R dahE] yhel A A= dae
} heparin®] negative charge?! #4+7]%} antithrombin
M2 Lys/Arg #b7] Atelo A &) FAr]4 454 5Helee
trostatic mteraction)=l] 7|glghetm B 7= o o) 170,

A)
9+
PE-21Ve-2-2
B o0+
7 00
& O
=
500
+ 00
300+ TE-21Ve-2-1
200
IUIOC] 2000
Minutes
B)
BD\'J%
ok
I’vDD—:
& 2 gpd
T
4 003 a0 02 04 G6 08
E *Kav
3003 ,,,,,,
200E
. ——————— —
500 1000 ] ; B
Minutes PE-2Ve-2  PE-21Ve-2-1  PE-2[Ve-2:2
Fig. 4. (A) Elution pallern of PE-2IVc-2 by gel fl— Fig. 5. Anticoagulant activilics of subfractions obtained
tration on HPLC with Shodex OHpak KB-805. (B) from PE-2IVc—2 on HPLC with Shodex Ofipak
HPLC profile of the active purified fraction, PE—~ EB-305. . .
MVe-2~1 on Shodex Olipak KB-805. PE-2IVe-2-1 and 2[Ve-2-2 were oblained from FE-
HPLC was performed on a Waters 2690 equipped AlVe-2 using HPLC l)Clott:mg ume of aclivated
with column of Shodex OHpak KB~ 805 and developed partial tln omboplasun twme and 1ls control {ime was
willh 02 M NaCl at low rate 1.0 mLAmin. Molecular 30 sce “'Clotung lime of p] glhrombin time and its
weighls of polysaccharides were eslimated [rom a control lime was 15 sec. Clottmg 1ime of thrombin
cahibration curve of elution volumes of standard dex— time and its control 1ime was 12 sec Values repre—
tran {T-2,000, 500, 10, 10 and glucose). Inset, standard senl the means =50, (n=1) "p<0.01; Significance
calibration curve of elution volumes of standard between the ongmal {raction and subfraclion.

dextran and PE-2IVc-2-1 O, 10 ug/mL; 1, 100 pg/mL . =, 1.000 ueg/mL.
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Tahle 3. Effect of the crude polysaccharide fraction, PE~2 on A) acute and B) subchrome toxicity of mouse by oral ad—

mimstration

A) acule toxicity

Crou Mouse No Initial body Final hody Survived Survival rate
P ) welght () weight (g} mouse No (96)
Saline (Contral) 6 2882+152" 3395+185 6 100
500 mg/kg 0 2085+1.56 3517147 8 100
1,000 mg/kg 6 20551175 3507177 & 100
2,000 mg/ke 6 2086206 34.35+2.15 & 100
4,000 mg/kg 6 288511.25 3467127 5 100
5,000 mg/key 6 2983247 34.15+155 6 100
UThe values represent the gram ol weight with standard dewviabion of the mean of 6 mice per group
B) subchronic tosucity

Days Control 100 mg/kg 300 mg/ske 500 mg/ke

1 2821+ 1.76" 28455196 2806175 2844+ 1.98

3 2989%1.81 30.50E£250 20434197 2894216

8 31.49£1.01 3203223 31.92-+1.42 30.83£237

13 32.87+143 3453207 33.18:-297 3257297

18 3410+1.50 35.60= 2.60 3490£160 34.40F2.90

24 32.60E170 37.90=3.30 36.20£1.10 35.80E2 40

28 37.50£1 60 3960370 37.40E 150 3770280

37 3770190 40.10+4.20 370120 37.90£2.60

Survival rate (% 100 100 100 100

YThe values represent the gram of weight wilh standard deviation of the mean of 10 mice per group.

Table 4. Antilethal effect of the crude polysaccharide fraction, PE-2 againslL thrombin by intravenous injection

B Mouse Time {h) Survrval rate
Group N Death (07
1 3 6 24 43

Saline 10 3 1 1 a 0 20

50 make 10 1 2 2 1 0 40
100 mg/kg 10 2 1 1 1 0 50
150 mg/kg 10 1 0 1 1 0 70
200 mg/kg 10 0 0 0 0 1 90
200 me/kg 10 0 0 0 1] 0 100

1’Samp]e was admirusiered mlravenously into the lail vems of mice
Survival ratio (%) expressed as the percentage of No of alive mice to No ol all Lested mice.
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Fig. 6. Ex—vivo effect of PE-2 fraclion by intravenous

injection on anti—ecapgulant activity
The crude polysacchuride fraction, PE-2, was admi-

nistered inlravenously inte the tail veins ol mice at
thfferent dose Values represent the means ¥ S.I3 (n
=4) @, aPT'T (Cloliing time of activaled partial throm-
hoplaslin time and 1ts control time was 30 sec);
%, TT (Cletting time of thrombin time and its con-
trol lime was 12 sec)
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Fig. 7. Time course of anticoagulant activity of PE-2 frac—
tion afler iniravenocus injeciion.
The crude polysacchande fraction. PE-2, was ad-

mristered intravencusly inte the tail veins of mice at
100 ma/ke @, aPTT (Clotting time of activated partial
thrombaplastin tune and its control lime was 30 sec.)
, = TT (Clotting time of thrombin bme and 1ts con—
trol tune was 12 sec.).
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