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ABSTRACT

In order to develop new anticoagulants as the potential alternatives of
heparin, microcrystalline cellulose (M CC) was used as a starting polymer
and chlorosulfonic acid in N,N-dimethylformamide (CISO,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) was estimated by
means of elemental analysis. *CNMR indicated that sulfation occurred
mainly at C, partialy at C, and no substitution at C,. Na-MCSwith D of
1.70 was sel ected 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 chromogeni ¢ 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 (1501U/mg) in acertain range of concentration. Further investigation
indicated that Na-M CS had a potent anticoagulant activity due to the
inhibitionof 11_& X_activitiesby antithrombin AT 111.
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INTRODUCTION

Anticoagulantsarethedrugsof choiceinthepre-
vention and trestment of thromboembolic disorders, and
dinicd pre-aurgicd ?pogst-surgicd prophylaxisof throm-
botic events. Heparinisone of thewiddy-used antico-
agulantsinclinica gpplication. However, heparin shows
widevariationinitsstructura parametersand conse-
quently initsanticoagul ation activity™. Moreover, hep-
arinisisolated from anima materias, whichtendsto

causetherisk of contamination of animd-derived patho-
gens, such asBSE and AlV etc?. Therefore, the de-
velopment of dternativesto substitute heparinisattract-
ingmoreand morefocus. Thestructuraly well-defined
and no animal-derived heparin substituteisone of the
best choi ce, among which polysaccharide sulfatesare
of specia interest. Many polysaccharide sulfateswith
anticoagul ation activity have been developed, such as
pullulan sulfate, sulfated fucans, sul phated flavonoids,
etctd,
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Cdlulosesulfates(CS) aretheandogiesof polysac-
charide sulfateswith 3-1,4-glucan asthemain chain
and sulfation substitution at some hydroxyl. In 2001,
Groth T. et.al. reported that CS obtained by regiose
lective sulfation showed anticoagul ation activity. The
resultsreveda ed that their anticoagul ation activity was
varied withtheraw materid and the sulfation methods®,
which affected the molecular weight (MW) and the
sulfation degree (Ds) of CS. It was pointed out that
medium MW and relatively high Dswereessentid for
the potentiation of anticoagul ation activity of some
heparinoidg®8.

Inthisstudy, microcrystalinecellulose(MCC) was
used as starting polymersto preparefor cellulose sul-
fateswith high anticoagul ation activity. MCCisachesp,
readily available, chemically well-defined natural
polysaccharidewith proper MW, which meetsthere-
quirement of aheparin substitute. Further, the antico-
agulation mechanismwasinvestigated for anew anti-
coagul ant agent devel opment.

MATERIALSAND METHODS

Materials

Heparin (no lessthan 150 U/mg) and AT 111 were
obtained from Bo’ao Company (Shanghai, China).
APTT, PTand TT assay reagentsand calcium chloride
(0.025 mol/L) were purchased from Biochem Science
Group of USA. Bovine Factor Xa (20nkat/mL), hu-
man Factor |13, thrombin(8.41U/mg) and chromozym
Pwere purchased from Dade-Behring Marburg, Ger-
many. CBS31.39 wasfrom DiagnosticaStago, France.
Standard plasmawas from Sun Bio-tech Company,
Shanghai, China. All other chemica sused wereof ana-
Iytical grade.

Preparation of microcrystalline cellulose sulfate
sodium

Dried MCC(2.0g) was suspended in anhydrous
DMF(10mL) and stirred over night at room tempera-
turefor activation. The sulfation agent CISO,H-DMF
was prepared by slowly adding 40mL of CISO,H into
360mL of DMF during a period of 30~45min, with
continuousstirring and coolingin anicebathto main-
tainthetemperature at 5~10°C. Sulfationwascarried
out by continuousaddition of sulfation agent and vigor-

—= Fyll Peper

ousstirring. After 3h at 30°C, thereaction wasinter-
rupted by pouring the reaction mixtureinto 3 volumes
of cold ethanol saturated with anhydrous sodium ac-
etate. Thepreci pitate was collected by contrifugingand
washed with anhydrous al cohol to obtain raw prod-
ucts. Theraw productswerethen dissolved in water
and neutraized with 0.5mol/L NaOH to get thesodium
sdtform. Theneutrdized productsweredidyzed aganst
distilled water for 12h and dried under vacuum. The
find product cdlulosesulfate sodium wascoded asNa-
MCS.

Sructural 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
BCNMR spectra Thesamplesweredissolvedin D, 0.
DDSwasused asinterna standard. *C NMR spectra
(100.6MHz) were recorded on a Bruker DRX-400
NM R spectrometer at ambient temperature. IR spec-
trawererecorded with KBr pelletson aBruker Vec-
tor-33 IR instrument. The number average molecul ar
weight(Mn) were measured by a gel permeation
chromatography(GPC) system incorporated a TSP
P100instrument, using polyethyleneglycol standards
of known molecular weight for caibration.

Coagulation assays

The coagulation assays were performed using
citrated human platelet poor plasma (PPP). All partsof
blood collected fromindividual healthy donorswere
drawninto onepart of 3.8% trisodium citrate. Thera-
tio of blood to trisodium citrate was 9:1 by volume.
The blood was contrifuged for 20min at 2400xg to
obtain PPP and the plasmawas stored at 4°C until use.

Theanticoagulant activity of NaM CSinvitrowas
investigated by theclassicd coagulationassay of APTT
(Activated Partid Thromboplastin Time), TT(Thrombin
Time) and PT (Prothrombin Time) with heparin (1501U/
mg) asreference. APTT assay was carried out asfol-
lows: 50uL of anticoagulant solution with different con-
centrate was mixed with 500uL of citrated normal
plasmaand incubated at 37°C for Imin. ThentheAPTT
assay reagent 100uL Cephatin was added to the mix-
tureandincubated at 37°C for 3min. Theresfter, 100uL
of aqueous CaCl,(0.025mol/L) was added and the
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clottingtime, i.e., APTT wasrecorded with CA-1500
Autometic Blood Coagulation Instrument (Diagnostica
Stago, France). TT and PT weredetermined asAPTT,
usingther rel ative assay reagentsthrombin containing
Cd cium and thrombin respectively instead of Cephatin.

I nhibition mechanism investigation

1. Ila& Xaactivitiesassayswith chromogenic sub-
strates

lla& Xaactivitiesassayswere carried out onthe
base of the absorbance at 405nm (A, ) of their spe-
dificchromogenic substratesreleased p-nitroaniline A , .
waspositively related to lla& Xaactivities A, was
analyzed as follows. Chromogenic Xa substrate
CBS31.39 or Chromogenicllasubstrate Chromozym
P was added into 10071 of the systemto be detected.
After mixing andincubating at 37°C for 4min, 502L of
interrupting agent was added to stop thereaction. A ,
was measured on an EL X800 microplate reader. To
investigatetheinhibition of Ila& Xaactivitiesof Na-
MCS, theresdua lla& Xaactivitiesafter theaddition
of Na-M CSwerecd culated according to theformula
Residual activity (%)=100%x(A /A ), whereA
and A, were the absorbance at 405nm before and
after the addition of Na-M CSin the systemto be de-
tected.

Four systems, including thediluted plasmasystem,
llatXapuresystem, AT IlI-in-presenceand AT I11-in
absence systemswere gpplied for theinhibition mecha
nisminvestigation of Na-MCS.

2. Inhibition of I1a& Xaactivitiesin diluted plasma
system

0.1mL of standard plasmawasdiluted by 2.0mL of
Tris-HCI buffer (pH7.4) to obtain diluted plasma. lla

& Xa activities were recorded as A and A

405l1a 405Xa’

0.1mL of Na-M CSwith variousconcentrateswas mixed
with 0.9mL of thediluted plasmasystemto formthe
diluted plasmasystem to bedetected. Theresidua Illa
& Xaactivitiesat variousNa-M CS concentrationswere
measured accordingto 1.5.1.

3. Inhibition of Ila & Xaactivitiesin thella+Xa
puresystem

ThellatXapuresystemincluded 0.2mL Il 0.5mL
Xaand 0.3mL buffer. Directinhibitionsof NaMCSon
[laand X aactivitieswere determined by employing the
sameassay as 1.5.2, only incorporating llat+Xapure
systemin placeof thediluted plasma.

4. Inhibition of 1la & Xa activitiesin AT Il1-in-
presence and AT I11-in absence systems

AT lllI-mediated inhibition of [laand Xaactivities
wereinvestigated inAT Il1-in-presenceand AT I1l1-in
absence systems. AT I11-in-presence system contained
40uL AT 111, 15uL llaand 45ulL Xa. AT Ill-in-ab-
sence system was establi shed according to the meth-
ods by S. Alban!¥, by adding 2.0mL AT 111 antibody
seruminto 0.1mL standard plasma.

RESULTS

Prepar ation and char acterization of Na-MCS

Sulfation of MCC was performed at different con-
ditionsand resultedin Na-M CShaving different levels
of sulfation. Thesulfation degree(D,) of the prepara-
tionswasshownin TABLE 1, presentedin molar ratio
to an anhydroglucose unit (AGU). Thedegree of the
sulfations estimated by el emental anaysiswasinthe
range of 0.6 to 1.70. The Ds of the preparationsin-
creased with increasi ng theamount of sulfation agent.
Na-MCSwith Dsof 1.70 was sel ected from thefour

TABLE 1: Sulfation of microcrystalline cellulose

Reaction conditions Results
Sulfation agent ___ Yield Mn
Products MCCl/g 4 Time/h Temperature/°C . Cecontent/% Scontent/% Ds
/mol.mol“AGU /g (x10%
Na-MCS, 20 4.5 20 25 22 25 18.98 15.81 1.70
Na-MCS, 20 6.0 3.0 20 19 - 20.66 13.07 1.45
Na-MCS; 20 15 20 30 21 - 23.92 12.61 1.19
Na-MCS, 20 3.0 1.0 25 21 - 24.22 12.07 1.10

“-”no detection
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MCC

Figure 2: ®*CNMR spectraof Na-MCS

1

APTT/S

C/ug.mL?

Figure 3: Effect of Na-M CS(e) and heparin (m)on the
prolongation of APTT

TABLE 2: *CNM R chemical shiftsof Na-M CS
C;, C C, Cxs C3 C4 C5 GCs

C6 CGS

Na-

s 102.0100.374.181.573.879.577.472.8 - 66.3

productsfor structural assay.

Theoccurring of thesulfategroupin NaaMCSwas
confirmed by theinfrared spectra(IR) asshowninfig-
ure 1. Compared with MCC, the—OH stretching vi-
bration bands of Na-M CS at 3400cm* gppeared wider
and shifted to higher wave-number, suggesting that the
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origina intermolecular hydrogen bondinginMCC was
broken during sulfation. Similarly, theintensity of the
bandsat 2900cm 2, attributed to the stretching and/or
deformation vibration of C-O-H bonds, wasdecreased
in the spectrum of Na-M CS. In the spectrum of Na-
MCS, new absorption bands at 1240cm* were as-
signed to the S=O stretching of and -COSO,. The ab-
sorptions at about 800-820cn* were tentatively as-
cribed to sulfate haf-esters. In addition, the absorption
bandsat 1040cm*(C-OH) significantly decreased due
tosulfationsubgtitution. Thisresultindicated thet sulfation
derivative Na-M CSwas successfully prepared from
MCC.

Thepositionand distribution of thesulfategroupin
Na-MCSwasinvestigated by *C NM R spectroscopy
inD,0.Asshowninfigure2and TABLE 2, theassign-
ment of the peakswas determined by referenceto the
relativeworks'®. Thechemical shiftsof C, to C, were
at 102, 74.1, 73.8, 79.5, 77.4 and 60.1ppm respec-
tively. The C, absorption of MCC, which appeared at
60.1ppm, shifted completely to 66.3ppm after sulfation.
Thus, al the hydroxyl group of MCC at C_ position
weresulfated. The C, absorption of MCC shifted par-
tially from74.1ppmto 81.5ppm, indicating that the C,
positionwaspartialy sulfated. Sulfation a C, position
wasnegligibly small. Thus, the selected product Na-
MCSwith Dsof 1.70 hassulfategroupsat al C,and
someC, position.

Anticoagulation activity of Na-M CS

The anticoagulant properties were assessed by
APTT, TT and PT assaysusing normal human plasma
asshowninfigure3~figure5. Inthe positive control,

200

a0 /
£ /
ol ///
- ,._r"""
-

1 I
o o0& 1D 18 2D 5
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Figure4: Effect of Na-M CS(e) and heparin (m)on thepro-
longationof TT
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Figure5: Effect of Na-M CS(e) and heparin (m)on the
prolongation of PT
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Figure6: ThedoubleAPTT concentratevalueof Na-M CS
(e) and heparin (m)
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Residual activity/%
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Figure7: Effect of Na-M CSonlla(m)and Xa(e) resdual
activity indiluted plasma system

heparin (1501U/mg) at 1.0ug/mL prolonged APTT and
TT, whereasno clotting inhibition wasobserved in PT
assay a thesame concentrate. Similarly, APTTand TT
weresgnificantly prolonged by NaMCSandtherewas
no significant prolongation of PT at thetest concentra:
tion range. Compared with heparin, the prolongation
OonAPTT of NaeMCSwas stronger at 0.6~1.4?g/mL
concentration rangeand that on TT wasweaker.

Residual activity/%

C/ug.mL?
Figure8: Effect of Na-M CSon | la(m) and Xa(e) residual
activity inlla+Xapuresysem

ThedoubleAPTT concentratevalueisanindica
tion of theeffectivedosein clinical gpplication of anti-
coagulants. It was detected based onthe APT T-con-
centration curve and the double APTT valueg. As
showninfigure 6, the required concentration of Na-
M CSto prolong the coagul ation time to the doubl ed
basdinevalueinAPTT was0.7uL/mL, lower than that
of heparin(1.3uL/mL) . Itindicated that Na-M CSwas
likely to bemoreeffectivethan heparinindinical.

Anticoagulation mechanism of Na-MCS

1. Inhibition of Ilaand Xaactivitiesby Na-MCS
indiluted plasma

Duetothemarked prolongation of APTT and TT,
theinterferenceof Na-M CSwith somecoagulation fac-
tors, i.e., llaand Xawasfurther examined. NaMCS
wastested at concentration ranging from 1ug/mL to
1000ug/mL inthediluted plasmasystem. Asshownin
figure7, it wasapparent that theresidual activitiesof
[laand Xadecreased immediately with the addition of
Na-MCS in the diluted plasma. At concentration
>100ug/mL, there were about 40% Ila and Xare-
Sidud activities|eft. It can be seenthat most part of Ila
and Xawereinhibited by NaMCS. Thus, NaMCS
showed anticoagul ation by inhibition of llaand Xaac-
tivity insomeextent.

2.Ability of Na-M CSon direct inhibition of I la&
Xaactivities

Inorder tofurther clarify theinhibition mechanism,
lla+Xapuresystemwasfirstly established for thein-
vestigation of thedirect inhibition of [laand Xaactivi-
tiesby Na-MCS. Theresidua llaand Xaactivitiesin
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Residual Ila activity/%

- C/pg.mL-?
Figure9: Effect of Na-M CSon theinactivation of I1ain the
presence(m) andintheabsence(s) of AT I
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Figure10: Effect of Na-M CSon theinactivation of Xain
thepresence(m) and intheabsence(s) Of AT 111

the pure system after the addition of Na-MCS with
various concentrationswere showninfigure8. It re-
mained as high as above 96% even at the concentra-
tion of Na-MCS up to 1000ug/mL. It indicated that
therewasno significant direct inhibition of llaand Xa
activitiesby NaMCS.

3. Ability of Na-M CSon AT-111-mediated inhibi-
tion of Ila& Xaactivities

SinceNa-M CSexerted noinhibition effectonlla
& Xaactivitiesby adirect manner, the next experiment
investigated whether Na-M CS could enhance AT-I11-
mediated inhibition of llaand Xaby comparingthere-
sidual activitiesin AT-111-in-presence system and AT-
[11-in-absence system. Asshowninfigure9 andfigure
10, Na-M CS exhibited astrong concentrati on-depen-
dentinhibition of llaand XaactivitiesintheAT-llI-in-
presence system. In contrast to this, theresidual I1a
activity andtheresidud Xaactivity remained highlevel
even at the concentration of Na-M CS above 100ug/
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mL. It demonstrated that NaM CSinhibited Ila& Xa
activitiesin the presence of AT-111 and it was almost
inactiveintheabsence of AT-111. Thus, it can be safely
concluded that Na-M CSexerted anticoagulaion mainly
by AT-lIl-mediatedinhibition of [la& Xaactivities.

DISCUSSIONS

Asthevariouscoagul ation assaysindicated thein-
teractionswith different stages of the coagul ation, they
provide bas cinformation about the mode of action of
anticoagulants. NaM CS can prolongAPTT and TT,
but not PT even at ahigh concentration. Prolongation
of APTT suggeststheinhibition of intrinsc and/or com-
mon pathway, whereasthe prolongation of TT indicates
inhibition of thrombinactivity or fibrin polymerization.
No effect of Na-MCS on PT shows that it does not
inhibit extring c pathway of coagulation.

In order to disclosetheanticoagul ation pathway in
detall, amidolytic andysiswasperformed for coagula
tionfactorsactivitiesinvestigation. llaand Xaarethe
most sengitivethrombin to anticoagulantsand itsactivi-
tiesareclosdy rd ated with theblood coagulaion. Thus,
the change of Ilaand Xaactivitiesin diluted plasma
was examined firstly to find out thefinal aim of Na-
M CSduring anticoagul ation. Resultsindicated that Na-
MCShad astrong inhibitory on coagulation factorslla
and Xaactivitiesin diluted plasma, similar to most of
the anti coagul ants, such as heparin, dextran sulfate,
ect[12,13] .

Tofurther d ucidatetheinhibitory mechanismof Na-
MCS, three systemswere established for theinvesti-
gation of thechange of Ilaand Xaactivitieswith the
addition of NaMCS. Examination with [la+Xapure
system showed that Na-M CS had no direct inhibition
onllaor Xaactivities. AT-111 isacommon antithrom-
binin plasmaand wasreported to participatein antico-
agulation trigged by many anticoagulants?+*¢. Toin-
vestigatethe participation of AT-111 intheinhibition of
[la and Xaactivities, theresdud Ilaand Xaactivities
wascompared inthe presence or in theabsenceof AT-
[11. It wasdeduced from theresult that AT-111 mediated
theinhibitory of llaand Xaactivitiesby Na-MCS.

In conclusion, Na-MCS had a potent anticoagul ant
activity duetotheinhibition of Ilaand Xaactivitiesby
AT I1, not by adirect manner.
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