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In order to develop new anticoagulants as the potential alternatives of
heparin, microcrystalline cellulose (MCC) was used as a starting polymer
and chlorosulfonic acid in N,N-dimethylformamide (ClSO

3
H-DMF) was

used as a sulfation agent for the semi-synthesis of cellulose sulfate so-
dium, coded as Na-MCS. IR spectra showed that the sulfate group was
introduced by the reaction. The sulfation degree (D

S
) was estimated by

means of elemental analysis. 13CNMR indicated that sulfation occurred
mainly at C

6
, partially at C

2
 and no substitution at C

3
. Na-MCS with D

S
 of

1.70 was selected for anticoagulant activity investigation. The anticoagu-
lant efficacy was evaluated by coagulation assays and the anticoagulant
mechanism was further disclosed by inhibitory analysis of the coagula-
tion factors using chromogenic substrates. Results showed that 1mmol/L
Na-MCS could significantly prolong APTT and TT, but less effect on PT.
It represented potent anticoagulant in vitro reaching the efficacy of hep-
arin (150IU/mg) in a certain range of concentration. Further investigation
indicated that Na-MCS had a potent anticoagulant activity due to the
inhibition of II

a
 & X

a
 activities by antithrombin AT III.
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INTRODUCTION

Anticoagulants are the drugs of choice in the pre-
vention and treatment of thromboembolic disorders, and
clinical pre-surgical ? post-surgical prophylaxis of throm-
botic events. Heparin is one of the widely-used antico-
agulants in clinical application. However, heparin shows
wide variation in its structural parameters and conse-
quently in its anticoagulation activity[1]. Moreover, hep-
arin is isolated from animal materials, which tends to

cause the risk of contamination of animal-derived patho-
gens, such as BSE and AIV etc[2]. Therefore, the de-
velopment of alternatives to substitute heparin is attract-
ing more and more focus. The structurally well-defined
and no animal-derived heparin substitute is one of the
best choice, among which polysaccharide sulfates are
of special interest. Many polysaccharide sulfates with
anticoagulation activity have been developed, such as
pullulan sulfate, sulfated fucans, sulphated flavonoids,
etc[3-5].
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Cellulose sulfates(CS) are the analogies of polysac-
charide sulfates with -1,4-glucan as the main chain
and sulfation substitution at some hydroxyl. In 2001,
Groth T. et.al. reported that CS obtained by regiose
lective sulfation showed anticoagulation activity. The
results revealed that their anticoagulation activity was
varied with the raw material and the sulfation methods[6],
which affected the molecular weight (MW) and the
sulfation degree (Ds) of CS. It was pointed out that
medium MW and relatively high Ds were essential for
the potentiation of anticoagulation activity of some
heparinoids[6-8].

In this study, microcrystalline cellulose (MCC) was
used as starting polymers to prepare for cellulose sul-
fates with high anticoagulation activity. MCC is a cheap,
readily available, chemically well-defined natural
polysaccharide with proper MW, which meets the re-
quirement of a heparin substitute. Further, the antico-
agulation mechanism was investigated for a new anti-
coagulant agent development.

MATERIALS AND METHODS

Materials

Heparin (no less than 150 U/mg) and AT III were
obtained from Bo�ao Company (Shanghai, China).
APTT, PT and TT assay reagents and calcium chloride
(0.025 mol/L) were purchased from Biochem Science
Group of USA. Bovine Factor Xa (20nkat/mL), hu-
man Factor IIa, thrombin(8.4IU/mg) and chromozym
P were purchased from Dade-Behring Marburg, Ger-
many. CBS31.39 was from Diagnostica Stago, France.
Standard plasma was from Sun Bio-tech Company,
Shanghai, China. All other chemicals used were of ana-
lytical grade.

Preparation of microcrystalline cellulose sulfate
sodium

Dried MCC(2.0g) was suspended in anhydrous
DMF(10mL) and stirred over night at room tempera-
ture for activation. The sulfation agent ClSO

3
H-DMF

was prepared by slowly adding 40mL of ClSO
3
H into

360mL of DMF during a period of 3045min, with
continuous stirring and cooling in an ice bath to main-
tain the temperature at 5100C. Sulfation was carried
out by continuous addition of sulfation agent and vigor-

ous stirring. After 3 h at 300C, the reaction was inter-
rupted by pouring the reaction mixture into 3 volumes
of cold ethanol saturated with anhydrous sodium ac-
etate. The precipitate was collected by contrifuging and
washed with anhydrous alcohol to obtain raw prod-
ucts. The raw products were then dissolved in water
and neutralized with 0.5mol/L NaOH to get the sodium
salt form. The neutralized products were dialyzed against
distilled water for 12h and dried under vacuum. The
final product cellulose sulfate sodium was coded as Na-
MCS.

Structural characterization methods.

Ds of each product was determined by Vario El
CHNOS elemental analyzer based on the carbon to
sulfur ratio. The sulfation pattern was determined by
13C NMR spectra. The samples were dissolved in D

2
O.

DDS was used as internal standard. 13C NMR spectra
(100.6MHz) were recorded on a Bruker DRX-400
NMR spectrometer at ambient temperature. IR spec-
tra were recorded with KBr pellets on a Bruker Vec-
tor-33 IR instrument. The number average molecular
weight(Mn) were measured by a gel permeation
chromatography(GPC) system incorporated a TSP
P100 instrument, using polyethylene glycol standards
of known molecular weight for calibration.

Coagulation assays

The coagulation assays were performed using
citrated human platelet poor plasma (PPP). All parts of
blood collected from individual healthy donors were
drawn into one part of 3.8% trisodium citrate. The ra-
tio of blood to trisodium citrate was 9:1 by volume.
The blood was contrifuged for 20min at 2400g to
obtain PPP and the plasma was stored at 40C until use.

The anticoagulant activity of Na-MCS in vitro was
investigated by the classical coagulation assay of APTT
(Activated Partial Thromboplastin Time), TT(Thrombin
Time) and PT (Prothrombin Time) with heparin (150IU/
mg) as reference. APTT assay was carried out as fol-
lows: 50L of anticoagulant solution with different con-
centrate was mixed with 500L of citrated normal
plasma and incubated at 370C for 1min. Then the APTT
assay reagent 100L Cephatin was added to the mix-
ture and incubated at 370C for 3min. Thereafter, 100L
of aqueous CaCl

2
(0.025mol/L) was added and the
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clotting time, i.e., APTT was recorded with CA-1500
Automatic Blood Coagulation Instrument (Diagnostica
Stago, France). TT and PT were determined as APTT,
using their relative assay reagents thrombin containing
Calcium and thrombin respectively instead of Cephatin.

Inhibition mechanism investigation

1. IIa & Xa activities assays with chromogenic sub-
strates

IIa & Xa activities assays were carried out on the
base of the absorbance at 405nm (A

405
) of their spe-

cific chromogenic substrates released p-nitroaniline. A
405

was positively related to IIa & Xa activities.A
405

 was
analyzed as follows: Chromogenic Xa substrate
CBS31.39 or Chromogenic IIa substrate Chromozym
P was added into 100?L of the system to be detected.
After mixing and incubating at 370C for 4min, 50?L of
interrupting agent was added to stop the reaction. A

405

was measured on an ELX800 microplate reader. To
investigate the inhibition of IIa & Xa activities of Na-
MCS, the residual IIa & Xa activities after the addition
of Na-MCS were calculated according to the formula:
Residual activity (%)=100%(A

405
/A

405�
), where A

405�

and A
405 

were the absorbance at 405nm before and
after the addition of Na-MCS in the system to be de-
tected.

Four systems, including the diluted plasma system,
IIa+Xa pure system, AT III-in-presence and AT III-in
absence systems were applied for the inhibition mecha-
nism investigation of Na-MCS.

2. Inhibition of IIa & Xa activities in diluted plasma
system

0.1mL of standard plasma was diluted by 2.0mL of
Tris-HCl buffer (pH7.4) to obtain diluted plasma. IIa
& Xa activities were recorded as A

405IIa 
and A

405Xa
.

0.1mL of Na-MCS with various concentrates was mixed
with 0.9mL of the diluted plasma system to form the
diluted plasma system to be detected. The residual IIa
& Xa activities at various Na-MCS concentrations were
measured according to 1.5.1.

3. Inhibition of IIa & Xa activities in the IIa+Xa
pure system

The IIa+Xa pure system included 0.2mL IIa, 0.5mL
Xa and 0.3mL buffer. Direct inhibitions of Na-MCS on
IIa and Xa activities were determined by employing the
same assay as 1.5.2, only incorporating IIa+Xa pure
system in place of the diluted plasma.

4. Inhibition of IIa & Xa activities in AT III-in-
presence and AT III-in absence systems

AT III-mediated inhibition of IIa and Xa activities
were investigated in AT III-in-presence and AT III-in
absence systems. AT III-in-presence system contained
40L AT III, 15L IIa and 45L Xa. AT III-in-ab-
sence system was established according to the meth-
ods by S. Alban[9], by adding 2.0mL AT III antibody
serum into 0.1mL standard plasma.

RESULTS

Preparation and characterization of Na-MCS

Sulfation of MCC was performed at different con-
ditions and resulted in Na-MCS having different levels
of sulfation. The sulfation degree (D

S
) of the prepara-

tions was shown in TABLE 1, presented in molar ratio
to an anhydroglucose unit (AGU). The degree of the
sulfations estimated by elemental analysis was in the
range of 0.6 to 1.70. The Ds of the preparations in-
creased with increasing the amount of sulfation agent.
Na-MCS with Ds of 1.70 was selected from the four

TABLE 1 : Sulfation of microcrystalline cellulose

Reaction conditions Results 

Products MCC/g 
Sulfation agent 

/mol.mol-1AGU 
Time/h Temperature/C 

Yield 

/g 

Mn 

(×104) 
C content /% S content/% Ds 

Na-MCS1 2.0 4.5 2.0 25 2.2 2.5 18.98 15.81 1.70 

Na-MCS2 2.0 6.0 3.0 20 1.9 - 20.66 13.07 1.45 

Na-MCS3 2.0 1.5 2.0 30 2.1 - 23.92 12.61 1.19 

Na-MCS4 2.0 3.0 1.0 25 2.1 - 24.22 12.07 1.10 
�-�no detection
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products for structural assay.
The occurring of the sulfate group in Na-MCS was

confirmed by the infrared spectra (IR) as shown in fig-
ure 1. Compared with MCC, the �OH stretching vi-
bration bands of Na-MCS at 3400cm-1 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 2900cm -1, 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-1 were as-
signed to the S=O stretching of

 
and -COSO

3
. The ab-

sorptions at about 800-820cm-1 were tentatively as-
cribed to sulfate half-esters. In addition, the absorption
bands at 1040cm-1(C-OH) significantly decreased due
to sulfation substitution. This result indicated that sulfation
derivative Na-MCS was successfully prepared from
MCC.

The position and distribution of the sulfate group in
Na-MCS was investigated by 13C NMR spectroscopy
in D

2
O. As shown in figure 2 and TABLE 2, the assign-

ment of the peaks was determined by reference to the
relative works[10]. The chemical shifts of C

1
 to C

6
 were

at 102, 74.1, 73.8, 79.5, 77.4 and 60.1ppm respec-
tively. The C

6
 absorption of MCC, which appeared at

60.1ppm, shifted completely to 66.3ppm after sulfation.
Thus, all the hydroxyl group of MCC at C

6
 position

were sulfated. The C
2
 absorption of MCC shifted par-

tially from 74.1ppm to 81.5ppm, indicating that the C
2

position was partially sulfated. Sulfation at C
3
 position

was negligibly small. Thus, the selected product Na-
MCS with Ds of 1.70 has sulfate groups at all C

6
 and

some C
2
 position.

Anticoagulation activity of Na-MCS

The anticoagulant properties were assessed by
APTT, TT and PT assays using normal human plasma
as shown in figure 3~figure 5. In the positive control,

Figure 1 : IR spectra of Na-MCS
 
and MCC

Figure  2 : 13CNMR spectra of Na-MCS

Figure 3:  Effect of Na-MCS() and heparin ()on the
prolongation of APTT

A
P

T
T

/S

TABLE 2: 13CNMR chemical shifts of Na-MCS

 C1 C1 C2 C2S C3 C4 C5 C5 C6 C6S 

Na- 

MCS 

102.0 100.3 74.1 81.5 73.8 79.5 77.4 72.8 - 66.3

Figure 4: Effect of Na-MCS() and heparin ()on the pro-
longation of TT

T
T

/S

C/g.mL-1

C/g.mL-1
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heparin (150IU/mg) at 1.0g/mL prolonged APTT and
TT, whereas no clotting inhibition was observed in PT
assay at the same concentrate. Similarly, APTT and TT
were significantly prolonged by Na-MCS and there was
no significant prolongation of PT at the test concentra-
tion range. Compared with heparin, the prolongation
on APTT of Na-MCS was stronger at 0.6~1.4?g/mL
concentration range and that on TT was weaker.

The double APTT concentrate value is an indica-
tion of the effective dose in clinical application of anti-
coagulants. It was detected based on the APTT-con-
centration curve and the double APTT value[11]. As
shown in figure 6, the required concentration of Na-
MCS to prolong the coagulation time to the doubled
baseline value in APTT was 0.7L/mL, lower than that
of heparin(1.3L/mL) . It indicated that Na-MCS was
likely to be more effective than heparin in clinical.

Anticoagulation mechanism of Na-MCS

1. Inhibition of IIa and Xa activities by Na-MCS
in diluted plasma

Due to the marked prolongation of APTT and TT,
the interference of Na-MCS with some coagulation fac-
tors, i.e., IIa and Xa was further examined. Na-MCS
was tested at concentration ranging from 1g/mL to
1000g/mL in the diluted plasma system. As shown in
figure 7, it was apparent that the residual activities of
IIa and Xa decreased immediately with the addition of
Na-MCS in the diluted plasma. At concentration
100g/mL, there were about 40% IIa and Xa re-
sidual activities left. It can be seen that most part of IIa
and Xa were inhibited by Na-MCS. Thus, Na-MCS
showed anticoagulation by inhibition of IIa and Xa ac-
tivity in some extent.

2. Ability of Na-MCS on direct inhibition of IIa &
Xa activities

In order to further clarify the inhibition mechanism,
IIa+Xa pure system was firstly established for the in-
vestigation of the direct inhibition of IIa and Xa activi-
ties by Na-MCS. The residual IIa and Xa activities in

P
T

/S

C/g.mL-1

Figure 5 : Effect of Na-MCS() and heparin ()on the
prolongation of PT

A
P

T
T

/S

C/g.mL-1

Figure 6: The double APTT concentrate value of Na-MCS
() and heparin ()
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Figure 7 : Effect of Na-MCS on IIa ()and Xa() residual
activity in diluted plasma system
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Figure 8 : Effect of Na-MCS on IIa() and Xa() residual
activity in IIa+Xa pure system
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the pure system after the addition of Na-MCS with
various concentrations were shown in figure 8. It re-
mained as high as above 96% even at the concentra-
tion of Na-MCS up to 1000g/mL. It indicated that
there was no significant direct inhibition of IIa and Xa
activities by Na-MCS.

3. Ability of Na-MCS on AT-III-mediated inhibi-
tion of IIa & Xa activities

Since Na-MCS exerted no inhibition effect on IIa
& Xa activities by a direct manner, the next experiment
investigated whether Na-MCS could enhance AT-III-
mediated inhibition of IIa and Xa by comparing the re-
sidual activities in AT-III-in-presence system and AT-
III-in-absence system. As shown in figure 9 and figure
10, Na-MCS exhibited a strong concentration-depen-
dent inhibition of IIa and Xa activities in the AT-III-in-
presence system. In contrast to this, the residual IIa
activity and the residual Xa activity remained high level
even at the concentration of Na-MCS above 100g/

mL. It demonstrated that Na-MCS inhibited IIa & Xa
activities in the presence of AT-III and it was almost
inactive in the absence of AT-III. Thus, it can be safely
concluded that Na-MCS exerted anticoagulation mainly
by AT-III-mediated inhibition of IIa & Xa activities.

DISCUSSIONS

As the various coagulation assays indicated the in-
teractions with different stages of the coagulation, they
provide basic information about the mode of action of
anticoagulants. Na-MCS can prolong APTT and TT,
but not PT even at a high concentration. Prolongation
of APTT suggests the inhibition of intrinsic and/or com-
mon pathway, whereas the prolongation of TT indicates
inhibition of thrombin activity or fibrin polymerization[12].
No effect of Na-MCS on PT shows that it does not
inhibit extrinsic pathway of coagulation.

In order to disclose the anticoagulation pathway in
detail, amidolytic analysis was performed for coagula-
tion factors activities investigation. IIa and Xa are the
most sensitive thrombin to anticoagulants and its activi-
ties are closely related with the blood coagulation. Thus,
the change of IIa and Xa activities in diluted plasma
was examined firstly to find out the final aim of Na-
MCS during anticoagulation. Results indicated that Na-
MCS had a strong inhibitory on coagulation factors IIa
and Xa activities in diluted plasma, similar to most of
the anticoagulants, such as heparin, dextran sulfate,
ect[12,13].

To further elucidate the inhibitory mechanism of Na-
MCS, three systems were established for the investi-
gation of the change of IIa and Xa activities with the
addition of Na-MCS. Examination with IIa+Xa pure
system showed that Na-MCS had no direct inhibition
on IIa or Xa activities. AT-III is a common antithrom-
bin in plasma and was reported to participate in antico-
agulation trigged by many anticoagulants[14-16]. To in-
vestigate the participation of AT-III in the inhibition of
IIa  and Xa activities, the residual IIa and Xa activities
was compared in the presence or in the absence of AT-
III. It was deduced from the result that AT-III mediated
the inhibitory of IIa and Xa activities by Na-MCS.
In conclusion, Na-MCS had a potent anticoagulant
activity due to the inhibition of IIa and Xa activities by
AT III, not by a direct manner.
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Figure 9 : Effect of Na-MCS on the inactivation of IIa in the
presence () and in the absence() of AT III
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Figure 10 : Effect of Na-MCS on the inactivation of Xa in
the presence () and in the absence () of AT III



.110 Preparation and anticoagulation activity of cellulose sulfate sodium

Full Paper
MSAIJ, 4(2) January 2008

An Indian Journal
Materials ScienceMaterials Science

ACKNOWLEGMENTS

This work was financially supported by Key project
of national natural science foundation of China (No.
20436020) and Guangdong province�s natural science
fund

The authors are grateful to Doctor Zeng Shuyan
for her helpful discussion.

REFERENCES

[1] D.M.Mc Ginnis, A.S.Outschoorn; Pharmacopeial
Forum, 5, 2438-41 (1991).

[2] A.S.Paulo, Mourao, S.P.Mariana; Trends Cardiovasc
Med., 9, 225-232 (1999).

[3] M.S.Pereira, B.Mulloy, P.A.S.Mourao; J.of Biologi-
cal Chemistry., 274(12), 7656-7667 (1999).

[4] H.A.Guglielmone, A.M.Agnese, S.C.N.Montoya et
al.; Thromb Res., 105, 183-188 (2002).

[5] S.Alban, A.Schauerte, G.Franz; Carbohydr Polym.,
47(2), 267-276 (2002).

[6] T.Groth, W.Wagenknecht; Biomaterials., 22, 2719-
2729 (2001).

[7] S.Alban, G.Franz; Pure.Appl.Chem., 66, 2403-2406
(1994).

[8] T.Nishino, T.Nagumo; Carbohydr Res., 214, 193-
197 (1991).

[9] S.Alban, G.Franz; Thromb Res., 99, 377-388 (2000).
[10] I.Nehls, W.Wagenknecht, B.Philipp et al.; Prog.

Polym.Sci., 19, 29-78 (1994).
[11] R.E.Merton, D.P.Thomas; Thromb Haemost, 8,

839-42 (1987).
[12] S.Beguin, T.Lindhout, H.C.Hemker; Thromb

Haemost., 60, 457-462 (1988).
[13] K.Hatanaka, T.Hirobo, T.Yoshida et al.; Polym J.,

22, 435-441 (1990).
[14] K.Matsubara, Y.Matsuura, A.Bacic et al.; Int.J.of

Biol.Macromol., 28(2), 395-399 (2001).
[15] R.W.Carrell; Br.J.Haematal., 82, 189-196 (1992).
[16] P.Sie, F.Ofosu, F.Femandez, et al.; Br.J.Haematol.,

64, 707-712 (1986).


