INTERNATIONAL JOURNAL OF
Biological
Macromolecules

STRUCTURE, FUNCTION AND INTERACTIONS

International Journal of Biological Macromolecules 41 (2007) 376-382

www.elsevier.com/locate/ijbiomac

Preparation and anticoagulation activity of sodium cellulose sulfate
Zhao Mei Wang®*, Lin Li?, Bi Sheng Zheng?, Nodirali Normakhamatov®, Si Yuan Guo?

2 Research Institute of Light Industry and Chemical Engineering, South China University of Technology, Guangzhou 510640, PR China
Y Institut fiir Lebensmittelchemie, Technische Universitdit Braunschweig, 38106 Braunschweig, Germany

Received 28 February 2007; received in revised form 11 May 2007; accepted 14 May 2007
Available online 18 May 2007

Abstract

Semi-synthesis of cellulose sulfate sodium (Na-MCS) was carried out by sulfation of microcrystalline cellulose (MCC) with chlorosulfonic
acid-dimethylformamide complex as sulfating agent. As shown by FT-IR, NMR spectroscopy, and elemental analysis, the sulfation occurred mainly
at Cg, partially at C,, and no substitution at Cs. The substitution degree ranged from 1.10 to 1.70 and the average molecular weight is between 1.1
and 3.5 x 10* Da. The anticoagulant efficacy and its possible mechanism were investigated using in vitro, in vivo coagulation assays and amidolytic
tests in comparison with heparin. Results indicated that Na-MCS exhibited higher anticoagulation activity based on activated partial thromboplastin
time (APTT) assay and prolonged the thrombin time (TT) to a lesser extent than heparin. No effect was detected on the prothrombin time (PT).
Subcutaneous administration of Na-MCS to mice increased the clotting time (CT) in a moderate dose-dependent manner with a longer duration.
Na-MCS exhibited anticoagulation activity mainly by accelerating the inhibition of antithrombin III (AT-IIT) on coagulation factors Flla and FXa

in plasma.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Anticoagulants have been widely used both in therapeutic
processes and in vitro medical treatments. It has been estimated
that 2—4 persons per 1000 require anticoagulant therapy each
year for symptomatic deep-vein thrombosis and/or pulmonary
embolism [1]. Natural heparin is one of the widely used antico-
agulants in clinical application. Unfortunately, heparin shows
some side effects, such as bleeding and other disadvantages
(heterogeneity and variability of anticoagulation activity [2]).
Moreover, heparin is isolated from animal materials, which
tends to cause the risk of contamination of animal-derived
pathogens, such as BSE and AIV etc. [3]. Therefore, develop-
ment of heparin alternatives is an important field of research.
The structurally well defined and nonmammalian source of
heparin derivative is one of the best choices, among which
polysaccharide sulfates are of special interest. Many polysaccha-
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ride sulfates with anticoagulation activity have been developed,
such as pullulan sulfate, sulfated galactan, sulfated flavonoids
[4-6].

Cellulose sulfates (CS) are the analogies of polysaccharide
sulfates with (3-1,4-glucan as the main chain and sulfate groups
substituted to possible hydroxyl groups (position 2, 3 and 6)
in cellulose anhydroglucose unit (AGU). In 2001, Groth et al.
reported that CS obtained by regioselective sulfation showed
an anticoagulation activity. The results indicated that the anti-
coagulation activity was varied with the raw material and the
sulfation method [7], which had effect on the molecular weight
(M,,)) and the degree of substitution (DS) of CS. It was pointed
out that medium M,, and relatively high DS were important
for increasing the anticoagulation activity of some heparinoids
[8-10].

In this study, microcrystalline cellulose (MCC) was used as
starting polymers to prepare sodium CS with high anticoagu-
lation activity. MCC is a cheap, readily available, chemically
well-defined natural polysaccharide with proper M,,, which is
suitable for the requirements of heparin substitute. We focused
on the anticoagulation activity evaluation and the action mech-
anism investigation of the preparation.
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2. Experimental
2.1. Materials

MCC with an average degree of polymerization 250 was
supplied by Shanghai forth reagent factory (Shanghai, China).
Heparin (no less than 150 IU/mg) and antithrombin III (AT-IIT)
were obtained from Bo’ao company (Shanghai, China). Acti-
vated partial thromboplastin time (APTT), prothrombin time
(PT), and thrombin time (TT) assay reagents and calcium chlo-
ride (0.025 mol/l) were purchased from Biochem science group
of USA. Bovine factor FXa (20 nkat/ml), human factor Flla
(8.41U/mg), and chromozym P were purchased from Dade-
Behring Marburg, Germany. CBS31.39 was from Diagnostica
stago, France. Standard plasma was from Sun bio-tech company,
Shanghai, China. All other chemicals used were of reagent grade
quality.

2.2. Animals

In vivo anticoagulation experiments were performed on
Sprague-Dawley mice weighing 200-250 g, 50% being male,
and obtained from the animal research center, Guangdong
province, China. The animals were kept on commercial standard
pellet diet, allowed free access to water and received humane
care according to Chinese version of guide for the care and use
of laboratory animals.

2.3. Preparation of Na-MCS

Dried MCC (2.0 g) was suspended in anhydrous dimethyl-
formamide (DMF) (10ml) and stirred overnight at room
temperature for activation. The sulfation agent, complex of
chlorosulfonic acid (CISO3H) and DMF was prepared by slowly
adding 40 ml of C1SO3H into 360 ml of DMF during a period of
30—45 min, with continuous stirring and cooling in an ice bath
by keeping the temperature at 5—10 °C. Sulfation was carried out
by continuous addition of sulfation agent to MCC with vigorous
stirring. After 3 h at 30 °C, the reaction was interrupted by pour-
ing the reaction mixture into three volumes of saturated ethanolic
solution of anhydrous sodium acetate. The precipitate was col-
lected by centrifugation and washing with anhydrous alcohol to
obtain raw products. The raw products were then dissolved in
water and neutralized with 0.5 mol/l NaOH to get the sodium
salt form. The neutralized products were dialyzed against dis-
tilled water for 12 h and dried under vacuum. The final product
of sodium CS was coded as Na-MCS.

2.4. Gel filtration chromatography

Molecular weights and the molecular size distribution analy-
sis were performed on a Waters HPLC instrument with TST5000
and TSK3000 gel column and a RI detector. TOSOH pullulans
with molecular weight ranging from 2.7 to 78 kDa were used
as a calibration standard. Tris—HCI buffer (pH 7.4) was used as
eluent, at a flow rate of 0.8 ml/min.

2.5. NMR spectroscopy

The sulfation pattern was determined by !3C NMR spectrom-
etry on a Bruker DRX-400 NMR spectrometer (100.6 MHz) at
room temperature. The samples were dissolved in D,O. DDS
was used as internal standard.

2.6. Infrared spectra (IR) spectroscopy

The IR spectra were obtained with KBr pellets on a Bruker
Vector-33 IR spectrometer.

2.7. Sulfur content and DS

Sulfur content was analyzed by the turbidimetric method of
Dodgson and Price [11]. DS of each product indicating molar
ratio to AGU was determined by elemental analyzer CHNOS
(Vario El, Foss Heraeus, Germany).

2.8. Anticoagulation activity assays in the in vitro system

2.8.1. Coagulation assay

In vitro anticoagulation assay were performed with citrated
human platelet poor plasma (PPP) as test system. PPP was pre-
pared according to the guidelines for preparing citrated plasma
for hemostaseological analyses [12]. Briefly, human blood was
pooled from individual healthy donors and mixed immedi-
ately with 3.8% trisodium citrate in volume ratio 9:1. Then
the mixture was centrifuged at 2500 x g for 15 min to obtain
PPP.

The in vitro anticoagulant activity of Na-MCS was evalu-
ated by the classical coagulation assay of APTT, TT, and PT
with heparin (150 IU/mg) as reference. APTT assay was carried
out as follows: 50 pl of test sample was mixed with 500 1 of
PPP and incubated at 37 °C for 1 min. Then the APTT assay
reagent 100 nl cephatin was added to the mixture and incu-
bated at 37 °C for 3 min. Thereafter, 100 1 of aqueous CaCl,
(0.025 mol/1) was added and the clotting time (CT), thatis, APTT
was recorded with CA-1500 automatic blood coagulation instru-
ment (Diagnostica Stago, France). TT and PT were determined
as for APTT, using their relative assay reagents throm-
bin containing calcium and thrombin respectively instead of
cephatin.

2.8.2. Coagulation factors activity assay

Activities of coagulation factor FIla or FXa were analyzed
on the base of the absorbance at 405 nm (A495) of their spe-
cific chromogenic substrates released p-nitroaniline. A40s5 was
positively related to Flla and FXa activities and analyzed as
follows: chromogenic FXa substrate CBS31.39 or chromogenic
FIla substrate chromozym P was added into 100 .l of the system
to be detected. After mixing and incubating at 37 °C for 4 min,
50 wl of interrupting agent was added to stop the reaction. A4os
was measured on an ELX800 micro plate reader. The inhibi-
tion on FIla or FXa by Na-MCS was investigated by comparing
the residual Flla or FXa activities in PPP after the addition of
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Na-MCS, which were calculated according to the formula:

Agos
/
405

x 100%

Residual activity(%) =

where, A;LOS and A40s were the absorbance value at 405 nm
before and after the addition of Na-MCS.

2.9. Invivo anticoagulation activity assays

CT in mice was assayed to evaluate the in vivo anticoagulation
activity by Na-MCS in comparison with that of heparin. The test
samples were dissolved at saline and given by sc. with an admin-
istration volume of 5 ml/kg. The mice were divided randomly
into 26 groups. Each group contained eight mice. Experiment
was designed as follows: (i) 11 groups of mice received Na-MCS
or heparin at doses of 0.3, 0.6, 0.9, 1.2, 1.5mg/kg or saline,
respectively. After 2h, blood was collected; (ii) 15 groups of
mice received Na-MCS or heparin at a dose of 1.2 mg/kg. Then
blood was collected at 0, 1.0, 1.5, 2.0, 2.5, 3.0, and 6.0 h after
12.0 h administration of the samples. Blood sample was obtained
from heart under an anesthesia by ketamine (10 mg/kg) muscle
injected. Each blood sample from the heart was drawn directly
into a plastic test tube to record the CT.

2.10. Anticoagulant mechanism investigation

2.10.1. Direct inhibition on Flla or FXa by Na-MCS

A model system consisting of 0.2 ml FIla, 0.5 ml FXa and
0.3ml tris—HCI buffer (pH 7.4) was established to exclude
the participation of any antithrombin during the anticoagu-
lation process. The residual FIla or FXa activities in this
system with addition of Na-MCS at various concentrations were
analyzed to investigate direct inhibition on FIla or FXa by
Na-MCS.

2.10.2. Inhibition on Flla or FXa mediated by AT-111

Three systems, including the diluted plasma system, AT-III-
in-presence and AT-III-in-absence systems were established for
investigating mechanism of the inhibition by Na-MCS. Diluted
plasma system was obtained by mixing 0.1 ml of standard
plasma and 2.0ml of buffer. AT-III-in-presence system con-
tained 40 wl AT-III, 15 ! FIla and 45 pl FXa. AT-III-in-absence
system was established according to the methods by Alban [12],
by adding 2.0ml AT-IIT antibody serum into 0.1 ml standard
plasma to neutralize AT-III in plasma. Inhibition on FIla or FXa

mediated by AT-III which was investigated by comparing the
residual Flla or FXa activities in these systems with addition of
Na-MCS at various concentrations.

2.11. Statistical analysis

All in vitro tests were made in triplicate and in vivo exper-
imental results are expressed in terms of mean = standard
deviation (S.D.). Statistical evaluations were performed by
Duncan’s multiple-range #-test. Significant differences were
considered at *p <0.01.

3. Results
3.1. Preparation and characterization of Na-MCS

Sulfation of MCC was performed at different conditions and
resulted in Na-MCS having varied levels of sulfation. Structure
parameters of the products were summarized in Table 1.The
DS was calculated by elemental analysis. The value of DS was
found between 0.6 and 1.7, and it increased with increasing
concentration of sulfation agent. The average M,, ranged from
1.2 t0 2.7 x 10* Da. Wide molecular mass distributions in most
products were observed. The polydispersity in most products
were observed may be due to the hydrolysis of main chain in
acid medium. Previous reports suggested that the anticoagulant
activity of polysaccharide sulfates always increased with the
increasing of their DS [10]. Therefore, samples of Na-MCS with
the highest DS of 1.70 were chosen for further structural and
activity assays.

The presence of sulfate groups in Na-MCS was confirmed
by the IR as shown in Fig. 1. Comparing with MCC, the
—OH stretching vibration bands of Na-MCS at 3400cm™!
appeared wider and shifted to higher wave number, suggesting
that the original intermolecular hydrogen bonding in MCC was
broken during sulfation. Similarly, the intensity of the bands
at 2900 cm™!, attributed to the stretching and/or deformation
vibration of C-O-H bonds, was decreased in the spectrum of
Na-MCS. In the spectrum of Na-MCS, new absorption bands
at 1240cm~! were assigned to the stretching of S=O and
—COSO03. The absorptions at about 800-820 cm ™! were tenta-
tively ascribed to sulfate half-esters. In addition, the absorption
bands at 1040cm~! (C-OH) were decreased due to sulfation
substitution. These IR spectroscopy data indicated that sulfation
derivatives Na-MCS were successfully prepared from MCC.

Table 1

Sulfation of microcrystalline cellulose

Reaction conditions Results

Products MCC (g) Sulfation agent (mol mol~! AGU) Time (h) Temperature (°C) Yield (g) M,, (x10%) S content (%) DS
Na-MCS; 2.0 45 2.0 25 22 2.1 15.81 1.70
Na-MCS; 2.0 6.0 3.0 30 1.9 2.7 13.07 1.45
Na-MCS3 2.0 1.5 2.0 30 2.1 1.4 12.61 1.19
Na-MCS4 2.0 3.0 1.0 25 2.1 1.2 12.07 1.10
Na-MCSs 2.0 1.0 3.0 30 1.8 1.5 10.87 0.81
Na-MCS¢ 2.0 0.8 35 25 1.3 1.3 8.13 0.59
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Fig. 1. IR spectra of Na-MCS and MCC: (1)MCC, (2)Na-MCS.

The positions and distributions of the sulfate groups in Na-
MCS were investigated by '3C NMR spectroscopy in D,0. As
shown in Fig. 2, the assignment of the peaks was determined
by reference to the relative work [13]. The chemical shifts of
C1—Cg were at 102, 74.1,73.8,79.5,77.4, and 60.1 ppm, respec-
tively. The Cg absorption of MCC, which appeared at 60.1 ppm,
shifted completely to 66.3 ppm after sulfation. All the hydroxyl
groups of MCC at Cg position were sulfated. The Cy absorp-
tion of MCC shifted partially from 74.1 to 81.5 ppm, indicating
that the —OH groups at C; position were partially sulfated. Sul-
fated —OH groups at C3 position were negligibly small. Thus,
there were sulfate groups at all Cg and some C; position for
Na-MCS;.

3.2. Invitro anticoagulation activity of Na-MCS

3.2.1. Prolongation on coagulation time
The anticoagulant properties of Na-MCS were assessed by
determining the coagulation time APTT, TT, and PT using

cs'

C3

ce6S

1
100 90 80 70 60 50 40 30
ppm

Fig. 2. '3C NMR spectroscopy of Na-MCS.

human PPP. The normal values of APTT, TT, and PT for
healthy human plasma were 26.3, 10.6, and 11.5 s, respectively.
As shown in Table 2, Na-MCS prolonged APTT and reached
50.5sat 0.6 wg/ml and 119.4 s at 1.4 pg/ml, which was approx-
imately 2.0- and 4.0- fold compared with the saline group (the
control), respectively. In comparison, heparin (150 IU/mg) pro-
longed APTT only above 1.0 pg/ml and reached 100.7s at
1.4 pg/ml. Thus, Na-MCS showed higher anticoagulant activ-
ity than that of heparin at the concentration range from 0.6 to
1.4 pg/ml based on APTT assay. Significant prolongation on
TT was observed by Na-MCS at 1.0 pg/ml. Compared with
heparin, the prolongation on TT was weaker by Na-MCS in
the experimental concentration range. On the contrary, Na-MCS
showed no prolongation effect on PT at the test concentration
range.

3.2.2. Inhibition on coagulation factors activity

In our experimental conditions, Na-MCS showed an impor-
tant in vitro anticoagulant action, evidenced by the increase of
APTT and TT times. To further investigate in vitro anticoagulant
potential, coagulation factors levels were assayed in samples of
normal human plasma incubated with Na-MCS. As shown in
Fig. 3, the residual activity of coagulation factor Ila (FIla or
thrombin) and FXa decreased immediately with the addition of
Na-MCS in PPP. The residual activity of Flla decreased to 73%
at 1 pg/ml, while that of FXa remained nearly 90% at the same
concentration. A sharp decrease in the residual activity of FXa
from 90 to 35% was observed when test concentration was raised
from 1 to 100 pg/ml, while the change of FIla was relatively mild
at the same concentration range. It indicated that most part of
FlIla and FXa (approximately 70%) was inhibited by Na-MCS.
The results showed that inhibition on FIla by Na-MCS can be
seen at low concentration and FXa was inactivated by Na-MCS
at a higher concentration.

3.3. Invivo anticoagulation activity of Na-MCS

3.3.1. Dose-dependent anticoagulation activity of Na-MCS
in mice

Na-MCS was administered to mice by sc. in various doses and
its anticoagulant activity was measured by CT assay with hep-
arin as positive control. As shown in Fig. 4, CT was prolonged
significantly by Na-MCS at 0.6 mg/kg and heparin at 0.3 mg/kg
according to statistic analysis compared with saline group (con-
trol). The prolongation on CT by Na-MCS was weaker than
that of heparin in the test concentration range. It demonstrated
that Na-MCS exhibited a little lower in vivo anticoagulation
activity than heparin. A dose-dependent increase in CT was
caused by Na-MCS in a lesser extent than by heparin. The
result demonstrated that Na-MCS showed relatively mild in vivo
anticoagulation activity in a slow dose-dependent manner.

3.3.2. Time-dependent anticoagulation activity of Na-MCS
in mice

Effect of the administration time on the anticoagulant activ-
ity of Na-MCS was studied by determining CT a certain period
after subcutaneous injection of samples to mice. As shown in
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Table 2

Anticoagulation activity of Na-MCS in the in vitro test compared with heparin(n =3)

Groups Concentration (g ml~!) APTT (s) TT (s) PT (s)

Saline 0.0 263+£13 10.6 £ 0.8 115+ 0.2

Na-MCS 0.2 332+ 1.1 135+ 1.2 11.6 £ 0.2
0.6 505 +£23 229+ 15 11.8 £ 0.2
1.0 83.1+£5.6 402 £32 11.9 £ 0.1
1.4 1194 £ 83 789 £ 6.8 12.1 £ 0.2
1.8 157.5 £ 104 141.7 £ 11.5 124 £ 0.3
22 200.8 £ 13.3 218.8 £ 16.2 13.6 £ 0.2

Heparin 0.6 395+ 1.8 296 £ 1.5 122 £ 04
1.0 49.6 £ 2.5 80.7 £ 4.9 125 £ 0.2
1.4 100.7 £ 7.3 167.3 £ 89 129 £ 0.2

Fig. 5, CT was prolonged to four-fold by Na-MCS and five-fold
by heparin 1h after administration. The action continued with
the increasing of the administration time and reached the highest
peak at 2.0 h after injection. Then CT decreased with the longer
administration time. The increase in CT induced by Na-MCS
continued to exist till 12 h after administration. In contrast, pro-
longation of CT promoted by heparin was restored to a normal
level only 3 h after administration. This demonstrated that the in
vivo anticoagulant efficacy of Na-MCS was maintained longer
than by heparin.

3.4. The mechanism of anticoagulant activity of Na-MCS

3.4.1. Direct inhibition on Flla or FXa activities by
Na-MCS

From the in vitro and in vivo tests, Na-MCS demonstrated a
marked prolongation on coagulation time and an obvious inhi-
bition on FIla and FXa. Therefore, further investigation was
devoted to disclosing the action mechanism of anticoagulant
activity by Na-MCS. Firstly, a test system including Flla and
FXa without any other coagulation-leading factor was estab-
lished to evaluate whether Na-MCS conduct a direct inhibition

90
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Residual activity(%)
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Fig. 3. Inhibition on the coagulation factor FIla, (l)) and FXa, (®) by Na-MCS
in PPP (n=3).
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on Flla or FXa. The residual FIla and FXa activities in the test
system after the addition of Na-MCS with various concentra-
tions were shown in Fig. 6. It remained as high as above 96%
even at the concentration of Na-MCS up to 1000 pg/ml, showing
that there was no significant direct inhibition on the FIla or FXa
activities by Na-MCS. Thus, Na-MCS did not exhibit anticoagu-
lant activity through a direct inhibition pathway. Other possible
anticoagulation pathways by Na-MCS, such as antithrombin-
mediated ways, were worth further studying.

3.4.2. AT-llI-mediated inhibition on Flla or FXa activities
by Na-MCS

AT-IIT is an important antithrombin in plasma and was
reported to participate in anticoagulation triggered by many
kinds of anticoagulants [2,14,15]. The experiment was designed
to investigate whether Na-MCS could enhance the AT-III-
mediated inhibition on Flla and FXa by comparing the
residual activities in AT-III-in-presence system and AT-III-in-
absence system. The diluted plasma system was used as a
control. As shown in Table 3, Na-MCS exhibited a strong
concentration-dependent inhibition on Flla and FXa activities
in the AT-III-in-presence system with the residual activity of
Flla 33.7% and FXa 32.7%, respectively at 1000 pg/ml. In con-
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Fig. 4. Effect on clotting time (CT) in mice by Na-MCS, (W)) or heparin, (®)
at different doses (n=38).



Z.M. Wang et al. / International Journal of Biological Macromolecules 41 (2007) 376-382 381

550 —
500 I
450
400 [
350 !
300 I

CT(s)

250 |
200 |
150

100

]
50

\ 1 . I . 1 , 1 L 1 A 1
0 2 4 6 8 10 12

Administration time(h)

Fig. 5. Effect on clotting time (CT) in mice by Na-MCS, (H)) or heparin, (®)
at different administration time (n=38).

trast to this, the residual activity of Flla and FXa remained at
a high level (72.1 and 69.0%, respectively) even at a concen-
tration of 10,000 pg/ml. It demonstrated that Na-MCS inhibited
FlIla and FXa activities in the presence of AT-III and it was much
less effective in the absence of AT-III. AT-III-in-presence sys-
tem was designed to have a higher amount of AT-III than that
in the diluted plasma system with other components remaining
the same. The residual activity of FIla and FXa was found to
be lower in the AT-III-in-presence system compared with that
in the diluted plasma system. It indicated that more AT-III con-
tributed to an even stronger inhibition on Flla and FXa, showing
that AT-IIT was further evidenced to be participant in the antico-
agulation process promoted by Na-MCS. Thus, it can be safely
concluded that Na-MCS exerted anticoagulation mainly by AT-
III-mediated inhibition on the activities of coagulation factors
Flla and FXa.
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Fig. 6. Direct inhibition on coagulation factor Flla, (H)) and FXa, (®) by Na-
MCS (n=3).

4. Discussion

Anticoagulants have a wide application in various fields as
mentioned [1]. A wide variety of applied fields or specific med-
ical conditions require anticoagulants with distinct properties.
For example, prevention of venous thromboembolism requires
an anticoagulant with a durable action and pre- and postsurgery
application needs an agent with the property to avoid bleed-
ing, which was found mainly due to the extreme high activity
and a sharp dose-dependent effect [16]. As proven in clinics,
the commonly used anticoagulant heparin can induce bleeding
and thrombocytopenia along with other disadvantages. Thus,
appropriate heparin alternatives for clinics purpose are in great
demand. According to the experiment in mice, Na-MCS contin-
ued to prolong CT to three times that of the control till 12 h after
subcutaneous administration, while heparin was found not to
existin blood 3 h later. Therefore, Na-MCS has a longer half-life
than heparin, which met the requirement of venous thromboem-
bolism prevention (Fig. 5). Moreover, Na-MCS showed lower
activity based on TT assay (Table 2) and CT determination
(Fig. 4) in mice compared with heparin. A mild dose-response
activity trigged by Na-MCS, not a sharp effect as conducted
by heparin was observed in in vivo test. Thus, Na-MCS
seemed to have the potential to take place of heparin in clinic
application.

Blood clotting is the result of a complex process initiated by
the intrinsic system or the extrinsic system and/or a common
pathway. As the various coagulation assays indicated the inter-
actions with different stages of the coagulation, they provided
basic information about the mode of action of anticoagulants.
Na-MCS can prolong APTT and TT, but not PT even at a high
concentration, which agreed with the published data about anti-
coagulation activities for sulfated pullulans, fucans, and other
sulfated polysaccharides [1,5]. The prolonging of APTT sug-
gests the inhibition of an intrinsic and/or common pathway,
whereas the prolongation of TT indicates inhibition of throm-
bin activity or fibrin polymerization [17]. No effect of Na-MCS
on PT shows that it does not inhibit extrinsic pathway of coag-
ulation. Therefore, it can be deduced that Na-MCS interfered
with the intrinsic coagulation process or common pathway, not
with the extrinsic process. Coagulation consists of a series of
zymogens that can be converted by limited proteolysis to active
enzymes leading to the generation of thrombin, which in turn
converts fibrinogen into fibrin [18]. FIla and FXa are two impor-
tant serine proteasegen in plasma. They play a vital role in
coagulation process via the intrinsic and/or common pathway.
FlIla and FXa were trigged by two serpin proteases AT-III and
HC-II. Na-MCS was found to conduct anticoagulation activity
by AT-III-mediated way. In this way, Na-MCS initiated its inter-
action with AT-III to cause the conformation change of AT-III.
The specific interaction between Na-MCS and AT-IIT was due
to the electrostatic interaction of positively charged amino acids
in the binding pocket of AT-III with negatively charged sulfate
residues [19]. Thus, a catalytic surface to which FlIla or FXa and
AT-III bind was formed. Then, a complex of Na-MCS, AT-III,
and FIla or FXa was formed, which caused the inhibition of Flla
or FXa activity. Finally, Na-MCS disassociated from the com-
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Table 3

Inhibition on coagulation factor FIla and FXa by Na-MCS in the test model systems (n=3)

Test system

Concentration(pg ml—")

1 10 100 1000 10,000

Diluted plasma system Flla 744 £ 3.0 59.8 £ 1.9 380+ 13 337+ 13 320+ 1.7

FXa 88.2 +3.9 551+ 1.6 38415 327+ 1.0 316 £ 1.3
AT-III-in-present-system Flla 70.0 £ 4.2 595 +£23 40.6 £ 1.6 356 £ 1.6 328+ 14

FXa 81.6 £ 4.0 493 £ 19 32115 27.8 £ 1.0 262 + 1.0
AT-III-in-absent-system Flla 944 + 43 89.8 £ 45 78.0 £ 3.5 73.7 £ 3.7 72.1 £3.1

FXa 972 +52 927 £ 64 839 + 438 719 £ 43 69.0 £29
plex once Flla or FXalostits activity and was ready to participate ~ Acknowledgements

the next inhibition process.

The participation of AT-IIT in the inhibition of Flla and FXa by
Na-MCS has been disclosed in this experiment. Except for AT-
III, there is another thrombin inhibitor heparin cofactor II(HC-II)
physiologically presenting in plasma. HC-II is one of the mem-
bers of the serpin superfaminly as AT-III and they share a similar
mechanism of action to inactivate thrombin. Heparin is known to
exert its anticoagulant effect through activation of two pathways
involving both AT-III and HC-II [20]. Na-MCS was found to
exert anticoagulation activity mainly by AT-III-mediated path-
way in this paper, whereas Flla and FXa activities were not
inhibited completely by this pathway according to amidolytic
analysis. As indicated in Table 3, there was residual activity with
32.8% for Flla and 26.2% for FXa left without inhibition by Na-
MCS in the AT-III-in-presence system, which was designed to
contain more AT-III than in plasma. It demonstrated that Flla
and FXa were not inhibited completely by Na-MCS in AT-III-
mediated pathway. Therefore, it is desirable to investigate the
contribution of HC-II-mediated pathway in the anticoagulation
process promoted by Na-MCS.

5. Conclusion

Na-MCS can be developed as a new anticoagulant prepared
by means of sulfonic modification of MCC using C1SO3H-DMF
as sulfation agent. Compared to heparin, Na-MCS can prolong
APTT to a greater extent, and to a lesser degree, increase TT.
There was no discernable change on PT in the test concentra-
tion range according to in vitro coagulation assays. Na-MCS
exhibited a weaker anticoagulation activity in mice in a mild
dose-dependent manner and seemed to maintain a longer action
time than heparin. It had a potent anticoagulation activity mainly
due to its ability to support the inactivation of Flla and FXa
activities by the mediation of AT-III, but not in a direct manner.
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20436020) and Guangdong province’s natural science fund
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Zeng for her helpful discussion.

References

[1] P.A.S. Mourio, S.P. Mariana, Trends Cardiovasc. Med. 9 (1999) 225-232.
[2] F. Han, W.B. Yao, X.B. Yang, X.N. Liu, X.D. Gao, Int. J. Biol. Macromol.
36 (2005) 201-207.
[3] W.J. Mao, X.X. Zang, Y. Li, J. Appl. Phycol. 18 (2006) 9-14.
[4] K. Matsubara, Y. Matsuura, A. Bacic, M.L. Liao, K. Hori, K. Miyazawa,
Int. J. Biol. Macromol. 28 (2001) 395-401.
[5] S. Alban, A. Schauerte, G. Franz, Carbohydr. Polym. 47 (2002) 267-276.
[6] H.A. Guglielmone, A.M. Agnese, S.C.N. Montoya, Thromb. Res. 105
(2002) 183-188.
[7] T. Groth, W. Wagenknecht, Biomaterials 22 (2001) 2719-2729.
[8] A.R. Rezaie, Thromb. Res. 119 (2007) 481-488.
[9] A. Chaidedgumjorn, H. Toyoda, E.R. Woo, K.B. Lee, Y.S. Kim, T. Toida,
T. Imanaria, Carbohydr. Res. 337 (2002) 925-933.
[10] J. Yang, Y. Du, R. Huang, Y. Wan, T. Li, Int. J. Biol. Macromol. 31 (2002)
55-62.
[11] K.S. Dodgson, R.G. Price, Biochem. J. 84 (1962) 106-110.
[12] S. Alban, G. Franz, Thromb. Res. 99 (2000) 377-388.
[13] I. Nehls, W. Wagenknecht, B. Philipp, Prog. Polym. Sci. 19 (1994)
29-78.
[14] N.N. Drozd, A.I. Sher, V.A. Makarov, G.A. Vichoreva, I.N. Gorbachiova,
L.S. Galbraich, Thromb. Res. 102 (2001) 445-455.
[15] P.S. Damus, M. Hicks, R.D. Rosenberg, Nature 246 (1973) 355-357.
[16] R.H. White, J.S. Ginsberg, Br. J. Haematol. 121 (2003) 12-20.
[17] AM. Ulyanov, L.A. Lyapina, V.E. Pastorova, Biol. Bull. 31 (2004)
281-284.
[18] U.R. Desai, Med. Res. Rev. 24 (2002) 151-181.
[19] G. Kindness, W.F. Long, F.B. Williamson, Br. J. Pharmacol. 69 (2004)
675-677.
[20] S. Hamano, M. Nishiyama, S. Kikuchi, H. Komatsu, H. Miyata, S. Ikeda,
N. Sakuragawa, Thromb. Res. 66 (1992) 299-307.



	Preparation and anticoagulation activity of sodium cellulose sulfate
	Introduction
	Experimental
	Materials
	Animals
	Preparation of Na-MCS
	Gel filtration chromatography
	NMR spectroscopy
	Infrared spectra (IR) spectroscopy
	Sulfur content and DS
	Anticoagulation activity assays in the in vitro system
	Coagulation assay
	Coagulation factors activity assay

	In vivo anticoagulation activity assays
	Anticoagulant mechanism investigation
	Direct inhibition on FIIa or FXa by Na-MCS
	Inhibition on FIIa or FXa mediated by AT-III

	Statistical analysis

	Results
	Preparation and characterization of Na-MCS
	In vitro anticoagulation activity of Na-MCS
	Prolongation on coagulation time
	Inhibition on coagulation factors activity

	In vivo anticoagulation activity of Na-MCS
	Dose-dependent anticoagulation activity of Na-MCS in mice
	Time-dependent anticoagulation activity of Na-MCS in mice

	The mechanism of anticoagulant activity of Na-MCS
	Direct inhibition on FIIa or FXa activities by Na-MCS
	AT-III-mediated inhibition on FIIa or FXa activities by Na-MCS


	Discussion
	Conclusion
	Acknowledgements
	References


