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ABSTRACT
Dermatan sulfates and heparin, similar to the mammalian glycosaminoglycans, but with differences in the
degree and position of sulfation were previously isolated from the body of the as8giéa plicata and
Ascidia nigra. These differences produce profound effects on their anticoagulant prope®igticata
dermatan sulfate composed by 2-O-sulfateld-iduronic acid and 4-O-sulfated N-acetgHD-galactosamine
residues is a potent anticoagulant due to a high heparin cofactor Il activity. Surprisingly, it has a lower
potency to prevent thrombus formation on an experimental model and a lower bleeding effect in rats than
the mammalian dermatan sulfate. In contrAsfigra dermatan sulfate, also enriched in 2-O-sulfateld-
iduronic acid, but in this case sulfated at O-6 of the N-acgtj}-galactosamine units, has novitro or in
vivo anticoagulant activity, does not prevent thrombus formation but shows a bleeding effect similar to the
mammalian glycosaminoglycan. Ascidian heparin, composed by 2-O-sulfdteiduronic acid, N- and 6-
O-sulfated glucosamine (75%) aael_-iduronic acid, N- and 6-O-sulfated glucosamine (25%) disaccharide
units has an anticoagulant activity 10 times lower than the mammalian heparin, is about 20 times less potent
in the inhibition of thrombin by antithrombin, but has the same heparin cofactor Il activity as mammalian
heparin.

Key words: ascidian, heparin, dermatan sulfate, heparin cofactor Il, anticoagulant, antithrombotic.

INTRODUCTION but with less 2-O-sulfation. On the other hand, the

. ascidian dermatan sulfate contains the same back-
Heparin and dermatan sulfate polymers have re-

. . ne structur t with different patterns of sulfa-
cently been isolated from test cells and tissues oPo € structure bu different patterns of sulfa

e . . Hon. All of the ascidians dermatan sulfates had a
ascidians (Chordate — Tunicate), and characterized. ) ) ) )
. . high content of iduronic acid 2-sulfate residues, but
in our laboratory. These glycosaminoglycans pos-

. they differed in the pattern of sulfation of the N-
sess unique structural features, when compared to

theirmammalian counterparts. The ascidian heparir?cetylgalactosamme units. These differences pro-

. . . duce profound effects on the anticoagulant and an-
has the same basic structure of mammalian heparin,

tithrombotic activities of the ascidian glycosamino-
Correspondence to: Mauro Sérgio Gongalves Pavdo glycans. In the present review we describe our find-

E-mail: mpavao@hucff.ufrj.br ings about the structure and the anticoagulant prop-
*Invited paper.
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106 MAURO S. G. PAVAO

erties of these compounds. ATIII appears to be sufficient for the acceleration of
the inactivation of factor Xa (Rosenberg and Domus
MAMMALIAN GLYCOSAMINOGLYCANS 1973). In contrast, acceleration of the thrombin in-

hibition reaction by AT Il requires an interaction

The ability of certain glycosaminoglycans to inter- between heparin and thrombin as well as heparin

fere with blood coagulation has_ been known foroveranol ATIII (Griffith 1983, Oosta el al. 1981, Laurent
50 years (McLean 1916), as illustrated by the ot al 1978)
tensive use of heparin as an antithrombotic agent '
(Rodén 1989). The effect of heparin is to acceler-DgrmaTAN SULFATE
ate the inactivation of plasma coagulation enzymes, . . .

i . T . ermatan sulfate is an anticoagulant glycosamino-
by the serpins (serine protease inhibitor) antithrom-

: . i i glycan consisting of alternating disaccharide units
bin (Bourin and Lindahl 1993) and heparin cofactor ST . . . .
) T i of hexuronic acid (iduronic acid or glucuronic acid)
I, another serpin, which is also activated by der-

) ) o 1, 3 linked to N-acetylgalactosamine. Variations in
matan sulfate, and which selectively inhibits throm- . . .
. the degree of sulfation on both hexuronic acid (2-O-
bin (Tollefsen et al. 1982).

sulfated) and N-acetylgalactosamine (4-O- or/and
6-O-sulfated) are responsible for the extensive
heterogeneity of this polymer (Kjellén and Lin-
Heparin is a highly sulfated glycosaminoglycandahl 1991). The anticoagulant activity of der-
composed by disaccharide repeats of hexuronic acithatan sulfate is due to the binding of a
(a-L-iduronic acid org-D-glucuronic acid) linked specific region within the molecule, consisting of
1,4 to D-glucosamine. The heparin molecules iso{IdoA(2SOy)-GalNA(4SQ)] n (n > 3) (Scully et
lated from highly vascularized tissues, such as bee#l. 1988, Maimone and Tollefsen 1990, Pavéo et al.
lung and hog mucosa are made up of a heterogeneod$98) to a glycosaminoglycan binding site in hep-
mixture of polymers with a similar backbone. The arin cofactor Il (HCII), a serine protease inhibitor
heterogeneity results from variations of sulfationfrom plasma (Tollefsen et al. 1982). The binding
on the D-glucosamine (N-acetylated, N-sulfated, O-of dermatan sulfate increases by 1000 fold the spe-
sulfated at C6 and/or C3) and on the uronic acidcific inhibition of thrombin by HCII (Tollefsen et
residue (O-sulfated at C2). Because of its uniqueal. 1983). Since [IdoA(2S§)-GalNA(4SQ)] com-
binding to antithrombin (ATIII), involving a spe- prises only 5% of the disaccharides present in der-
cific pentasaccharide sequence, heparin is endowetatan sulfate, clustering of this subunit to form the
of a potent anticoagulant activity (McLean 1916). high affinity hexasaccharide must not be a random
In the presence of heparin, the rates of inhibitionbiosynthetic event (i.e., the random probability of
of thrombin, factor Xa, and factor I1Xa by AT Il three such disaccharides occurring together would
are increased- 1000-fold (Jordon et al. 1980) so be 0.000125).

that inhibition is essentially instantaneous. AT llI
inhibits the target protease by forming a 1:1 stabl
complex with the protease (Rosenberg and Domu&§-YCOSAMINOGLYCANS

1973). The AT llI-binding pentasaccharide has beerHeparin has been used clinically for almost 70 years.
identified as GICNAc(6S9-GIcA-GICNS(3-SQ)-  Itis an important therapeutic agent in the treatment
IdoA(2-SQy)-GIcNS(6-SQ) (Conrad 1998). The of patients with thrombosis or patients at risk to de-
O-sulfate group at C3 of the glucosamine residuevelop it. Heparin is highly used in the prevention
is always present, and represents a unique structui thromboembolic events frequently observed after
found only in the ATIlI-binding sequences of hep- some kind of surgery, especially pelvic and ortho-
arin. The induction of a conformational change in pedics (Leyvraz et al. 1983, Poller 1985). How-

HEPARIN

eANTITHROMBOTIC USE OF MAMMALIAN
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ever, the unrestricted use of heparin as an antithromet al. 1986) and that dermatan sulfate in combina-
botic agent is limited due to its various side ef- tion with low molecular weight heparin may pro-
fect, such as thrombocytopenia, osteoporosis, anduce synergistic antithrombotic effect (Cosmi et al.
hemorrhagic complications (Ockelford et al. 1982,1993). Human clinical trials have shown that der-
Carreras 1980, Matzsch et al. 1986). More re-matan sulfate prevents thrombosis during hemodial-
cently, heparin has been gradually replaced by itysis (Lane etal. 1992) and that in the post-operative
low molecular weight derivative (less than 3,000 andsetting (Agnelli et al. 1992, Prandoni et al. 1992).
~ 9,000, comparing te- 13,000 of native heparin), However, the mechanism of antithrombotic activity
obtained by partial fragmentation and fractionationof dermatan sulfate has not been clearly established
of native heparin (Hamulyak etal. 1995, Meyeretal.yet. The antithrombotic mechanism of dermatan
1995). Fragments below 16 to 20 monosaccharidsulfate is a matter of controversy. Fernandez et al.
units per heparin molecule (MW 5, 000), while  (1987) showed that there is a good correlation be-
containing the specific pentasaccharide sequence esveen antithrombotic potency and HCII activity of
sential for binding AT IIl, are notlong enough to per- dermatan sulfate. However, Dol et al. (1988) re-
mit binding to thrombin; they therefore inhibit only ported that enhance of the catalytic activity of der-
activated factor X (Choay et al. 1981). Low molec- matan sulfate fail to increase its antithrombotic ac-
ular weight heparins prolong moderately the clottingtivity. More recently, Sie et al. (1993) showed that
time (indicating no thrombin inhibition) but are still the antithrombotic effect of dermatan sulfate is es-
capable of potentiating the inhibition of activated sentially dependent of HCII binding and activation.
factor X. This fact at first raised the hope of dissoci-
ating the antithrombotic property (anti-Xa) from the ASCIDIAN GLYCOSAMINOGLYCANS
anticoagulant (inhibition of thrombin), which then
would avoid the hemorrhage-inducing effect of un-
fractionated heparin. However, it has been showrA heparin with similar structure and lower anticoag-
more recently in animal experiments, that anti-Xaulant properties to the mammalian heparin has been
activity is a prerequisite, although not sufficient in identified in the test cells and tissues of the ascid-
itself, for a thrombosis-preventing effect. Heparinian Styela plicata (Cavalcante et al. 2000). An ex-
molecules, large enough to retain some thrombintensive structural analysis of the polymer indicated
blocking action are indeed also necessary (Holmethat the invertebrate heparin is composed mainly
et al. 1982, Thomas et al. 1982, Thomas et alby the disaccharidexfL-IdoA(2SQy)-1 — 48-D-
1989). GIcN(SQy)(6SOy)-1]n. About 25% of the disaccha-
Dermatan sulfate was initially shown to have ride [o-L-IdoA-1 — 48-D-GIcN(SQ,)(6SQy)-1]n
antithrombotic activity in the rabbit jugular venous is also present. This molecule was shown to occur
stasis model (Fernandez et al. 1986). The amourih cytoplasmic granules of test cells, and also inside
of bleeding from a standardized incision was muchgranules of epithelial cells forming a layer along the
greater with heparin than with dermatan sulfate ajumen of intestine and pharynx of the ascid&yela
equivalent antithrombotic doses, suggesting thaplicata (Cavalcante et al. 2000).
dermatan sulfate might be a safer therapeutic agent.  The anticoagulant properties of the ascidian
The relative hemorrhagic effects of the two gly- heparin (Table 1) show that the polymer has an an-
cosaminoglycans appeared to be correlated with théicoagulant activity 10 times lower than the mam-
ability to inhibit collagen-induced platelet aggrega- malian heparin. In addition, it is about 20 times less
tion in vitro. Recent studies suggest that dermatarpotent in the inhibition of thrombin by antithrom-
sulfate is amore potentinhibitor than heparin of clot-bin, when compared to the mammalian counterpart
bound thrombin (Fernandez et al. 1986, BuchanarfTable I). However, it activates heparin cofactor Il

HEPARIN
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108 MAURO S. G. PAVAO

(HCII) by the same extent, as indicated by thgdC dermatan sulfate samples were injected intravascu-
for thrombin inhibition in the presence of the in- larly as a bolus in the carotid artery of anesthetized
hibitors. Wistar rats. Blood was collected at different times
after administration of the glycans for aPTT analy-

TABLE | Tere _

sis (Vicente et al. 2001). We observed an increase
Valuesof plasmaaPTT and | Csp for thrombinin- in the aPTT up to~ 3-fold during the first 10 min,
hibition by AT and HCI1 inthepresenceof bovine following injection of theS plicata dermatan sul-

or S. plicata heparin. fate, returning to basal levels after 20 min. Bovine

lung dermatan sulfate induced a less intense change

aPTT 1G0 i th | ith ) ) ¢
Units/img AT wg/ml)  HCll |1n; felzllP'l"ll'sva L-JeS, \;wt Ia mtaX|mum Imc:emen]fto
.5- min, returnin normal v r
Bovine 193 0.0005 0.06 9 a . , el gfono _a alues atte
) 20 min. A. nigra dermatan sulfate did not produce
S plicata 19.3 0.01 0.1

any significant change in the aPTT during the 60-
min experiment. These results show a good corre-
lation with the experiments obtainéuavitro, where

the aPTT was measured in human plasma. Intravas-
cular administration in rats of the low HCII active
Dermatan sulfates, similar to the mammalian gly-nigra dermatan sulfate, which showed a discernible
cosaminoglycan, but with differences in the degreeapTT activityin vitro (Table 11), also did not pro-
and position of sulfation was previously isolated dyce a significative change in the aPTT in the exper-
from the body of the ascidiahscidia nigra (Pavao  jmentin vivo. Mammalian dermatan sulfate, which
etal. 1995) andiyela plicata (Pavéo et al. 1998) has an intermediate HCII activity, produced a mild
(Table I1). The dermatan sulfate in the tissues of thegronounced change in the aPTT in the experiments
ascidian occurs in the extracellular matrix of intes-in vivo S. Plicata dermatan sulfate which has the
tine and pharynx (Gandra et al. 2000). Theigra  higher HCII activity, produced the higher change in
dermatan sulfate, composed predominantly by [4the aPTTin vivo (Vicente et al. 2001).
a-L-IdoA(2SOy)-1 — 3-8-D-GalNAc(6SQ)-1]n,

where n> 3, has no discernible aPTT activity and IN VIVO ANTITHROMBOTIC ACTIVITY OF

has very low ability to potentiate heparin cofactor ASCIDIAN DERMATAN SULFATES

Il, as indicated by the 1€ for thrombin inhibition  The effect of ascidian and bovine lung dermatan
(Table 11). On the other hand, the dermatan sulfateifate samples on thrombosis was investigated pre-
from S plicata, composed by [4¢-L-IdOA(2SQs)-  |iminarily, using an experimental venous thrombosis
1 — 3-p-D-GalNAc(4SQ)-1]n, where n= 3, has  model. A single injection o&. plicata dermatan sul-

an aPTT activity 4 times higher than mammalianfate given 5 min before the thrombogenic stimulus
dermatan sulfate and is a potent activator of hepyyith prain thromboplastin caused a dose-dependent
arin cofactor Il, possessing a HCll activity 10 times jnibition of thrombus formation. With the dosage
higher when compared to the mammalian counterys 1 g mg/kg body weight, a 50% reduction was ob-
part (Table II). served and with 4 mg/kg body weight, thrombosis
was not observed in any of the animals. Surpris-
ingly, mammalian dermatan sulfate was more effec-
tive thanS. plicata dermatan sulfate in dosages up
We have started to investigate the effect of ascidiario 3 mg/kg body weight. A 50% reduction was ob-
and mammalian dermatan sulfates on coagulatiorserved at the dosage of 0.9 mg/kg body weight and
using an experimental model in rats. 4 mg/kg of thewith 4 mg/kg, mammalian dermatan sulfate totally

DERMATAN SULFATE

IN VIVO ANTICOAGULANT ACTIVITY OF
ASCIDIAN DERMATAN SULFATES

An. Acad. Bras. Cienc., (2002)74 (1)
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TABLE Il

Major repetitive disaccharide units of bovine der matan sulfate, Styela plicata der-
matan sulfate and Ascidia nigra dermatan sulfate, and their anticoagulant proper-
tiesin vitro®.

DS sample Major disaccharide units aPTT HCII activity
(units/mg¥  1Cs (ug/ml)°

Bovine lung [4e-L-lIdOA-1 — 3-8-D-

GalNAc(4SQ)-1]n 2 3.0
Syelaplicata [4-a-L-1d0A(2SOy)-1 — 3-B-D-

GalNAc(4SQ)-1]n 8 0.31
Ascidianigra [4-a-L-IdOA(2SOy)-1 — 3-8-D-

GalNAc(6SQ)-1]n 0.5 320

aThese glycosaminoglycans have the same backbone structure-JdloA-1 — 3-8-
D-GalNAc-1]n, but possess different patterns of sulfation. The repetitive disaccharide
units of bovine dermatan sulfate are sulfated at carbon 4 of the galactosamine moiety;
small amountg < 5%) of 2-O-sulfatedx-L-iduronic acid residues are also present.
The S. plicata dermatan sulfate is sulfated at both 2-O-position ofdhe-iduronic

acid and the 6-position of the N-acet§tD-galactosamine units. On thke nigra
dermatan sulfate most of theL-iduronic units are 2-O-sulfated and the N-acetyl-
B-D-galactosamine are 6-O-sulfated. These differences produce profound effects on
their anticoagulant properties. TiSeplicata dermatan sulfate has the higher aPTT
and HCII activities, whereas th® nigra dermatan sulfate has the lowest anticoagu-
lant properties. Bovine lung dermatan sulfate possesses intermediate aPTT and HCII
activities. HCII, heparin cofactor 11l°PaPTT activity is expressed in units/mg, using a
standard curve based on the international Heparin standard (193 unitsfWajles
obtained from Pavéo et al. 1998./smallskip

prevented thrombus formatiorA. nigra dermatan  washed platelets, and the platelets in solution were
sulfate, up to 4 mg/kg body weight, was totally in- counted by a cell counter. Alternatively, platelet
effective in the reduction of thrombosis. These re-aggregation was evaluated in human platelet rich
sults suggest that HCII activity is required for the plasma (PRP) by aggregometry. In control experi-
antithrombotic activity of dermatan sulfate, but in ments ADP was used as an inductor of plasma aggre-
our case an enhancement of the HCII activity did notgation. ADP reduced the single platelet count from
increase antithrombotic potency of the polymer, in~ 300x 10° platelets/ml to~ 50x 10° platelets/ml.
the experimental model used (Vicente et al. 2001).Addition of S plicata, A. nigra or bovine lung der-
matan sulfate did not produce a reduction in the
EFFECT OF ASCIDIAN DERMATAN SULFATES ON single platelet count. After addition of ascidian or
PLATELETS AND HEMORRHAGIC EFFECT mammalian dermatan sulfate samples to a human

To investigate the effect of dermatan sulfate sampleg RP preparation no aggregation was observed dur-

on platelet aggregation, ascidian or bovine lung der-!”g 4 20-min experlment.. ADP, on the other hand,
matan sulfates were added to a suspension of humdﬂduced platelet aggregation almost instantaneously

An. Acad. Bras. Cienc., (2002)74 (1)



110 MAURO S. G. PAVAO

(Vicente et al. 2001). Moreover, the hemorrhagic effect of these polymers
The hemorrhagic risk of dermatan sulfate sam-does not seen to be associated with their anticoagu-

ples was assessed based on blood loss from a r&nt effect.

cut-tail, after intravascular administration of the gly-

cans. At the dosage of 4mg/kg body weight, the

plicata dermatan sulfate did not modify the blood ACKNOWLEDGMENTS

loss compared with rats receiving saline. SurprisThe author would like to thank FAPERJ, PEW-Latin
ingly, the blood loss was increased2-fold in rats American Fellows Program and PRONEX for finan-
receiving the same dosagefohigraorbovinelung 5 support, and CNPq for Research Fellowship.
dermatan sulfate (Vicente et al. 2001).

Generally, bleeding effect results from modifi-
cation of blood coagulation induced by polysaccha- RESUMO
rides. An increase in plasma aPPT values is usu-

ally related with high bleeding effect (Hirsh 1984, Dermatam sulfato e heparina semelhantes aos glicosami-

Thomas and Roberts 1997). We used a rat cut-taiTOincanos de mamiferos, mas apresentando diferencas
no grau e posicao de sulfatag&o foram previamente isola-

bleeding experimental model to compare the hem- o _ T
orrhagic effect of the ascidian and mammalian der-d°S d0 corpo das ascidiglyela plicata e Ascidia nigra.
matan sulfates. Surprisingly, tSeplicatadermatan Estas diferencas produzem efeitos profundos nas suas pro-
sulfate atthe dosage where the higher antithromboti€ riedades antlcoagulatnes. o d?rr.nata.\m Sfjlf_a‘ﬁ fe-
effect is observed (4mg/kg body weight), showedcata’ composto por residuos de &cigld -idurdnico 2-O-

the same hemorrhagic effect as that of the Controlsulfatados e N-acetilgalactosamina 4-O-sulfatados é um
In contrast, mammalian anil nigra dermatan sul- potente anticoagulante devido a sua alta atividade de cofa-

fate. increased blood loss almost 2-fold Compareéor Il da heparina. Surpreendentemente, este polimero
to the control. The high bleeding effect of mam- possui uma menor poténcia na prevengao da formagéao de

malian andA. nigra dermatan sulfate observed doestrombOS € um efeito de sangramento menor, guando com-

not seem to be related to an effect of these polysacgarado com o dermatam sulfato de mamiferos em mode-

. . | Xperimentais em r . Por ro | rmatam
charides on platelets, since none of the dermatang® &xPerimentais em ratos. Por outro ado, 0 dermata

induced platelet aggregation (Vicente et al. 2001). sulfato deA. nigra, também enriquecido em residuos de
acido idurdnico 2-O-sulfatados, mas neste caso sulfatado
na posicdo O-6 das unidades de N-acetilgalactosamina,
CONCLUSION nao apresenta atividade anticoagulantétro ouin vivo,

. . . . . nao previne a formacao de trombos, mas possui um efeito
The data reported in the present review provide im- P ¢ P

. . . de sangramento semelhante ao glicosaminoglicano de
portant information about the chemical structures 9 9 9

. . . mamifero. A heparina da ascidia, composta por unidades
in glycosaminoglycans that produce the anticoagu-
. . . dissacaridicas de acideL-idurénico 2-O-sulfatado, glu-
lant, antithrombotic and hemorrhagic effects of 18 N e 6.0-sulfatada (75%) e Acigd idurs
these polymers. Thus, the anticoagulant activity of-°52mna N- € 6-O-sulfata a (75%) e acid.-iduro-

) ) e 0 .
dermatan sulfate is related to sulfation at specificmco’ glucosamina N-  6-O-sulfatada (25%), possui uma

. . . . atividade anticoagulante 10 vezes menor que a hepa-
positions at carbon 2 of iduronic acid and at carbon” 9 g P

. . rina de mamiferos, é aproximadamente 20 vezes menos
4 of the N-acetylgalactosamine residues, that are re- ibicio d bi ] bi
quired to bind and activate heparin cofactor Il. Bind- potente na inibigao da trombina por antitrombina, mas

. L . . ossui a mesma atividade de cofator Il da heparina de
ing and activation of heparin cofactor Il is necessaryp

for the antithrombotic activity of dermatan sulfate, mamiferos.

but an enhancement of the HCII activity does notPalavras-chave: ascidias, heparina, dermatam sulfato,
increase the antithrombotic potency of the polymer.heparina cofator II, anticoagulante, antitrombético.

An. Acad. Bras. Cienc., (2002)74 (1)
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