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RESUMO

O numero crescente de casos envolvendo doencgas tromboembdlicas tem ampliado a
necessidade do uso de farmacos com atividade anticoagulante e antiplaquetéria.
Porém, eventos adversos estdo associados ao seu uso, incluindo risco de
sangramento, alteracdes gastrointestinais e risco de reincidéncia de distarbios
vasculares. Estudos da atividade dos polissacarideos de plantas na coagulagédo e
agregacdo plaquetaria tem mostrado efeitos promissores, sendo o efeito
anticoagulante atribuido a presenca de acido urénico na estrutura do polimero. Este
trabalho objetivou purificar, caracterizar quimica-estruturalmente os polissacarideos
das folhas de Genipa americana e cascas de Ximenia americana e avaliar 0s seus
efeitos e mecanismos de acdo na coagula¢cdo sanguinea e agregacéao plaquetéria, e
na trombose venosa e tendéncia hemorragica em ratos. Os glicoconjugados extraidos
das folhas de G. americana (EP-Ga) foram separados em duas fracdes, PFl (36%
carbohydrate, including 9% uronic acid, 4% proteins and 0.77 mg/g polyphenols) e FllI
(23% carbohydrate, including 30% uronic acid, 5% proteins and 0.81 mg/g
polyphenols)), compostas principalmente por arabinose, galactose e acido urénico,
apresentando massas moleculares polidispersas (~16 kDa) por eletroforese em gel de
poliacrilamida e GPC. Durante FT-IR (1410 e 1333 cm™?) e RMN (a-GalpA) também
detectaram a presenca de residuos de &cido urbnico. A desproteinizacdo dos
glicoconjugados mostrou niveis reduzidos de proteinas e polifendis, porém com perda
de seus efeitos anticoagulante e antiplaquetério. O EP-Ga e PFII prolongaram o tempo
de coagulacéo em 3,6 e 1,8x (TTPA), enquanto EP-Ga e PFI inibiram em 48% (100
pMg/mL) a agregacgao plaquetaria induzida pelo ADP. Apds tratamento diario por via
oral (7 dias: 1 mg/Kg) com PFIl e PFIl de G. americana, 1 h apds o tratamento, nos
dias 1, 3 e 7, foi obtido o plasma dos ratos que foram avaliados pelo teste do TTPA
(via intrinseca da coagulac¢do), prolongando o tempo de coagulacdo em 5,5x%, e quanto
a agregacao plaquetaria induzida por ADP, inibindo em 46%. Ambos PFl e PFII
diminuiram a formacgé&o de trombos em 33% e 28%, respectivamente, sem alteracéo
no tempo de sangramento, mostrando uma vantagem em relacdo ao acido
acetilsalicilico ou varfarina, que aumentaram o tempo de sangramento em 3,6 e 2,9,
respectivamente. Os polissacarideos extraidos das cascas de X. americana,
proteinados (EP-Xa) e desproteinados (EPd-Xa) foram separados em quatro fracbes

por cromatografia de troca ibnica (DEAE-celulose), denominadas PFI, PFid, PFIl e



PFIId (carboidrato total: 21,5-44,4%/acido urdnico: 5,2-25,0%; proteina: 0,6-2,4%,
polifendis: 0,78-4,6 mg/g). Estruturalmente, apresentaram baixos pesos moleculares
(eletroforese em gel de poliacrilamida e GPC: 79,8-120,5 kDa) e presenca de acido
urénico (FT-IR: 1623-1637 e 1405-1426 cm) e a-GalpA (RMN). O EPd-Xa e Flid
prolongaram o tempo de coagulacdo em até 4,2 e 1,3x (TTPA), enquanto somente a
PFI inibiu a agregacéao plaquetaria induzida por acido araquidénico em 28,2%. In vivo,
os polissacarideos (1 mg/Kg) inibiram a formacao de trombo venoso de 57-66% e néo
modificaram o tempo de sangramento. Apos desproteiniza¢do, o PEd-Xa manteve os
efeitos anticoagulante e antitrombdtico. Em concluséo, os glicoconjugados ricos em
arabinogalactana, contendo proteinas e polifendis, das folhas de G. americana e os
polissacarideos das cascas de X. americana, contendo &cido urénico, apresentam
efeitos antiplaguetario, anticoagulante (via intrinseca/comum) e antitromboético, com
baixo risco hemorragico. Estes resultados trazem novas possibilidades terapéuticas

para doencas de natureza tromboembodlicas.
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ABSTRACT

The growing number of cases involving thromboembolic diseases has increased the
need for the use of anticoagulant and antiplatelet drugs. However, adverse events are
associated with its use, including risk of bleeding, gastrointestinal reactions and risk of
recurrence of vascular disorders. The investigation of polysaccharide activity of higher
plants in coagulation and platelet aggregation has shown promising effects, being
attributed to the presence of uronic acid in its structure. This work aimed to purify,
characterize chemically-structurally the polysaccharides from Genipa americana
leaves and Ximenia americana barks and to evaluate their effects and mechanisms in
blood coagulation and platelet aggregation, venous thrombosis and hemorrhagic
tendency in rats. Glycoconjugates extracted from G. americana leaves (PE-Ga) were
separated into two fractions, denominated as PFl and PFIl (total carbohydrate: 23-
36%/uronic acid: 9-30%; protein: 4-5%; polyphenols:0.776-0.812 mg/g), mainly
composed by arabinose, galactose and uronic acid and showing polydisperse
molecular weights (~16 kDa) by polyacrylamide gel electrophoresis and GPC. FT-IR
(1410 and 1333 cm™) and NMR (a-GalpA) also detected the presence of uronic acid
residues. Deproteinization of glycoconjugates showed reduced protein and polyphenol
levels with loss of its biological effects. PE-Ga and PFIl prolonged clotting time-aPTT
(3.6 and 1.8 x), while PE-Ga and PFI inhibited by 48% (100 ug/uL) the ADP-induced
platelet aggregation. After daily per oral treatment (7 days: 1 mg / kg) with PFI or PFII
of G. americana, 1 h after treatment on days 1, 3 and 7, plasma of rats was obtained
and evaluated by the APTT (intrinsic coagulation pathway), prolonged in 5.5 fold, and
for platelet aggregation induced by ADP, inhibiting in 46%. Both PFI and PFII
prevented thrombus formation by 33% and 28%, respectively, without change in
bleeding time, showing an advantage over acetylsalicylic acid or warfarin, which
increased the bleeding time by 3.6 and 2.9 fold, respectively. Polysaccharide extracted
from Ximenia americana barks (PE-Xa) were deproteinated (PEd-Xa) and separated
into four fractions, denominated as PFI, PFId, PFIl and PFIId (total carbohydrate: 21.5-
44.4%/uronic acid: 5.2-25.0%; protein: 0.6-2.4%; polyphenols: 0.78-4.6 mg/Q).
Structurally, it presented low molecular weight (polyacrylamide electrophoresis gel and
GPC: 79.8-120.5 kDa), contained uronic acid (FT-IR: 1623-1637 and 1405-1426 cm™)
and a-GalpA (NMR). PEd-Xa and FlId prolonged clotting time by up to 4.2 and 1.3x
(@PTT), while only PFI inhibited arachidonic acid-induced platelet aggregation in



28.2%. In vivo, polysaccharides (1 mg/Kg) inhibited venous thrombus formation of 57-
66% and did not modify bleeding time. After deproteinization, EPd-Xa maintained the
anticoagulant and antithrombotic effects. In conclusion, the glycoconjugates rich in
arabinogalactan, containing proteins and polyphenols, of G. americana leaves and the
polysaccharides of X. americana barks, containing uronic acid, present antiplatelet,
anticoagulant (intrinsic/common) and antithrombotic, with low hemorrhagic risk. These

results bring new therapeutic possibilities for diseases of the thromboembolic nature.

Keywords: Plant polysaccharide. Purification. Uronic acid. Coagulation. Hemostasis.

Thrombosis.



