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Abstract. Laelia furfuracea is an endemic orchid from Mexico, with antioxidant activity. The objective of this
study was to evaluate the effect of hydroethanolic extract and fractions obtained from the orchid leaves on the
clotting times of patients with venous thromboembolic disease (VTD) and to identify their tentative compounds.
The anticoagulant activity was evaluated by determining prothrombin (PT), thrombin (TT) and, activated partial
thromboplastin (APTT) times. Identification of the compounds was carried out using a chromatographic
technique with an ultra-high-performance liquid chromatographic analyzer coupled with electrospray ionization
with quadrupole time of flight-mass-mass spectrometry. The extract prolonged the clotting times depending on
the concentration-response (5-60 mg / mL); 25 mg/mL prolonged the PT (33.2 ± 2.3 s) and TT (33.1 ± 0.3 s);
and APTT (61.8 ± 3.4 s) at a concentration of 15 mg/mL. The main groups tentatively identified were xanthine,
carboxylic acid, amino acid, and phenolic compounds. These compounds or the synergy between them prolong
clotting times. Laelia furfuracea is an orchid with research potential in the search for new anticoagulant agents.
Keywords: Phenolic compounds; clotting times; thrombin; UPLC-ESI-MS-qTOF.
Resumen. Laelia furfuracea es una orquídea endémica de México, la cual posee actividad antioxidante. El
objetivo de este estudio fue evaluar el efecto del extracto hidroetanólico y fracciones obtenidas de hojas de la
orquídea sobre los tiempos de coagulación de pacientes con enfermedad tromboembólica venosa (ETV) e
identificar sus posibles compuestos. La actividad anticoagulante se evaluó determinando los tiempos de
protrombina (TP), trombina (TT) y tromboplastina parcial activada (TTPA). La identificación de los
compuestos se realizó usando una técnica cromatográfica con un analizador cromatográfico líquido de Ultra
Alta Resolución con Ionización por electroespray acoplado a espectrometría de masas con Cuadrupolo y
Tiempo de Vuelo. El extracto prolongó los tiempos de coagulación dependiente de la concentración-respuesta
(5-60 mg/mL); 25 mg/mL prolongó el TP (33.2±2.3 s) y TT (33.1±0.3 s); y TTPA (61.8±3.4 s) a una
concentración de 15 mg/mL. Los principales grupos de posibles compuestos identificados fueron xantina, ácido
carboxílico, aminoácido y compuestos fenólicos. Estos compuestos o la sinergia entre ellos prolongan los
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tiempos de coagulación. Laelia furfuracea es una orquídea con potencial en investigación para la búsqueda de
nuevos agentes anticoagulantes.
Palabras clave: Compuestos fenólicos; tiempos de coagulación; trombina; UPLC-ESI-MS-qTOF.

Introduction
Plant extracts with antioxidant properties have anticoagulant potential [1], which is attributed to the
phenolic compounds they have [2]. Phenolic compounds have been reported to protect vascular health [3],
reduce the risk of developing cardiovascular and cerebrovascular diseases [4,5], decrease fibrinogen
concentration, improve antithrombin activity [6], have an antithrombotic effect by inhibiting platelet activity
and active coagulation factors X and II [7,9,10]. This has contributed to the search for new inhibitors of the
amidolytic activity of activated factor X (FXa), among which are the flavonoids procyanidin B2, cyanidin,
quercetin, and silybin [7]. It has also been suggested that the -OH group of the β ring of flavonoids structures
increase the inhibition of FXa [1] and thrombin [11]. However, it is not clear how these compounds act on the
coagulation system. In the liquid phase of hemostasis, there are two activation pathways, intrinsic and extrinsic,
which converge in the activation of FX. The current cellular model considers that clot formation occurs in three
phases. At initiation, once tissue factor (TF), and factor VII (FVII) are exposed, they promote the activation of
FX, FIX, and FVII, producing small amounts of thrombin and platelet activation. In amplification, thrombin
activates FIX, FVIII, and FV, releasing the content of the alpha granules from the activated platelet generating
large amounts of thrombin. In the third phase, fibrinogen is transformed into fibrin [12,13].
Phytochemical studies in orchids show phenols in their extracts, such as flavonoids and phenolic acids,
which could have therapeutic properties to be used in thrombotic conditions [14]. In traditional medicine,
Prosthechea karwinskii named as ita ndeka (flower that grows on oak in Mixtec language) amarilla, monja
amarilla (yellow nun in Spanish) [15], Catasetum integerrimum named as Ch´it ku´uk (inside inflamation) in
Maya, Rhyncholaelia digbyana [16], Bletilla striata [17], and Laelia autumnalis, known in Spanish as flor de
las ánimas (flower of all souls), flor de Todos los Santos (Flower of all saints), lirio de San Francisco (lily of
Saint Francisco), gallito (cocky) [18] are used to heal wounds [19]; Calanthe discolor and C. liukiuensis
increase blood flow [20]; some Dendrobium species promote regulation of blood pressure [21], and components
of D. densiflorum show antiplatelet activity [22]. Bletilla striata stops wound bleeding [23] and increases
platelet aggregation [24]. Laelia anceps has cytotoxic [25] and antihypertensive [26,27] activity, while L.
autumnalis and L. speciosa have vasorelaxant activity [26,28,29].
Laelia furfuracea Lindl. is an endemic orchid to Mexico, it is distributed in the mountains that surround
the Central Valleys of Oaxaca, where it grows as an epiphyte in Quercus or Quercus-Pinus forests [30]. It is
used by some indigenous communities, especially the Mixtec ethnic group, as a ceremonial plant during the
Christmas festivities [31]. In the literature, there are no reports on medicinal uses for this orchid by any ethnic
group in Oaxaca. However, in a Mixtec community (San Pedro and San Pablo Teposcolula) one of the coauthors (RS) was informed about an herbal remedy for L. furfuracea, which consists of preparing an infusion
of flowers that is drunk to treat cough. López et al., [32] reported that L. furfuracea has antioxidant activity.
Venous thromboembolic disease (VTD) includes deep vein thrombosis (DVT) and pulmonary
embolism (PE); these diseases represent a public health problem since statistics show that 1 in 4 individuals
worldwide dies from these conditions [33]. In Mexico, it is estimated that there is an incidence between 400 to
500 thousand cases per year, being one of the diseases with high mortality [34], which implies a high
consumption of anticoagulants for its treatment. However, these drugs are not always safe and effective for
patients [1], some require frequent monitoring and dose adjustment, such as vitamin K antagonists [35]. For
this reason, the discovery of new agents with anticoagulant potential is important. Some species of orchids may
be candidates for this type of study due to their medicinal uses and the presence of phenolic compounds. Due
to this and the antioxidant activity of L. furfuracea, the hypothesis proposed is that the extract and fractions of
this species will prolong clotting times, thus having anticoagulant activity. Derived from this, the aim of the
study was to evaluate the effect of the hydroethanolic foliar extract of L. furfuracea, as well as its organic
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fractions, on the coagulation times in samples of patients with VTE and to tentative identify compounds. Venous
thromboembolic disease (VTD) includes deep vein thrombosis (DVT) and pulmonary embolism (PE); these
diseases represent a public health problem since statistics show that 1 in 4 individuals worldwide dies from
these conditions [33]. In Mexico, it is estimated that there is an incidence between 400 to 500 thousand cases
per year, being one of the diseases with high mortality [34], which implies a high consumption of anticoagulants
for its treatment. However, these drugs are not always safe and effective for patients [1], some require frequent
monitoring and dose adjustment, such as vitamin K antagonists [35].

Experimental
Vegetal material
The vegetal material of L. furfuracea was collected in the municipality of Santo Domingo Yanhuitlán,
Oaxaca, Mexico (17°31’01’’ North latitude and 97°19’59’’ West longitude). The collection was carried out
with the permission of the authorities of the Commissariat of Communal Property and the license of the
Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT) granted to RS. A voucher specimen was
herborized and deposited in OAX Herbarium (OAX-FLO-129-0402) of the Centro Interdisciplinario de
Investigación para el Desarrollo Integral Regional Oaxaca, Instituto Politécnico Nacional, (R. Solano 4244)
which was taxonomically determined by RS.

Leaves extraction
Only the leaves were obtained from the vegetal material, which were dehydrated at 40 °C, pulverized
in an M20 IKA WERKE (256890) mill, and subject to a solid-liquid extraction in Soxhlet equipment. The
extraction was carried out with 5 g of foliar material using as a solvent a water-ethanol mixture in a 1: 1 ratio,
at a temperature of 78.2 °C for 2 h.

Fractions of the extract
The extract was fractionated by increasing polarities [36,37], all solvents used were analytical grade
(J. T. Baker). Fractionation process started by mixing in a separatory funnel equal volumes (100 mL) of the
hydroethanolic extract and hexane, stirring vigorously for 5 min and constantly eliminating the pressure
generated. From the two phases obtained, the organic fraction of hexane (Hexane) was separated from the
aqueous phase containing the extract mixture. An equal volume of chloroform was added to this aqueous phase,
it was mixed and stirred vigorously for 5 min, it was left to stand for 15 min and the two phases were separated,
which resulted in the fraction of chloroform (CHCl3) and the other was aqueous. The same procedure described
above was used with ethyl acetate and butanol to obtain the fractions of ethyl acetate (EtOAc), butanolic fraction
(ButOH) and aqueous fraction (H2O) (according to Table 3). The extract and fractions were evaporated to
dryness on a rotary evaporator (BUCHI, R-210) and stored at 5-10 °C until processing.

Identification of compounds by UPLC-ESI-MS-qTOF
The chromatographic separations were carried out with a UPLC liquid chromatography system
(Thermo Scientific, Ultimate 3000) ESI-MS-qTOF in the Impact II equipment (Bruker Daltonics), with a
negative ionization source. The column used was Thermo Scientific Acclaim 120 C18 (2.2 µm, 120 Å, 50 ×
2.1 mm). The mobile phase was A: 0.1% formic acid in water and B: acetonitrile. The gradient system: 0 % B
(0–2 min), 1 % B (2–3 min), 3 % B (3–4 min), 32 % B (4–5 min), 36 % B (5–6 min), 40 % B (6–8 min), 45 %
B (8–9 min), 80% B (9–11 min), 0 % B (12–14). The injection temperature was 25 °C. Diode Array Detector
(DAD) analysis was run in the 200-800 nm range and set at 280 and 255 nm. The mass spectrometer was
operated in negative electrospray mode at 0.4 Bar (5.8 psi), with a mass range of 50-1000 m/z, a flow rate of
0.35 mL/min, in autoMs. The ionization of the capillary voltage (Vcap) was 2700 V [38]. Internal calibration
was carried out with sodium formate. Data were processed using Data Analysis for Mass Spectrometry software
(Bruker Daltonics). Compounds were identified by comparing the mass spectra with MetaBase Bruker's, Plant
metabolites, CompoundCrawler, and Bruker Sumner MetaboBase Plant Library.
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Selection of patients
The samples were obtained from patients with VTE who attended thrombophilia studies at the Unidad
de Investigación Médica en Trombosis, Hemostasia y Aterogénesis of the Hospital General Regional No. 1, Dr.
Carlos Mac-Gregor Sánchez Navarro, of the Instituto Mexicano del Seguro Social. All participants were
informed about the study and their consent was requested to participate voluntarily, having to meet certain
characteristics such as being older than 18 years, not being on anticoagulant drug therapy that will prolong
clotting times. The results were compared with those obtained from a control plasma (plasma pool of 20 healthy
donors). Samples from patients with lupus anticoagulant were discarded, as well as plasmas with evidence of
lipemia or hemolysis. A minute was requested to the Institution's Ethics and Research Committee, which
approved the research protocol.

Obtaining platelet-poor plasma
From the clinical samples obtained for thrombophilia studies, 5.4 mL of blood was taken from each
patient and distributed in 2 vaccum plastic tubes (vacutainer®) containing sodium citrate as an anticoagulant
(3.2 %), maintaining a blood-anticoagulant ratio 9: 1. With this strategy, no additional venipuncture was
required in the patients to obtain the study samples. Platelet poor plasma (PPP) was obtained after centrifuging
the blood contained in the tubes at 2,500 x g for 15 min. Aliquots of the plasma of 200 μL were prepared in
microvials, which were stored at -80 °C until processing.

Hemostatic tests
These tests included the determination of clotting times. The clotting time was considered prolonged
when the difference in seconds with respect to the coagulation time of the control plasma was ≥ 3 s for PT and
TT, and ≥ 5 s for APTT. Commercial reagents (Neoplastin Plus, Asnieres, France and STA-APTT, Diagnostica
Stago) and the standardized techniques available in an STA-COMPACT (Diagnostica Stago) equipment were
used to determine the PT, TT, and APTT, with some modifications. To determine the PT, the patient's PPP was
mixed with Owren Koller buffer (basal) or with orchid extract and fractions in a 2:1 ratio (previously diluted in
Owren Koller). The effects of different concentrations of the extract (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55
and 60 mg/mL) and fractions (1.0, 2.5, 5.0, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28 and 30 mg/mL) at different
incubation times (0.5, 1, 2, 5, 10 and 20 min) were evaluated. The resulting extract or fraction with PPP was
incubated at 37 °C for 180 s; subsequently, 50 µL of a calcium thromboplastin solution were added to 25 µL of
this mixture at 37 °C; the time of the appearance of the fibrin mesh was recorded with a coagulometer (STACOMPACT, Diagnostica Stago). To determine the APTT and TT, the PPP of the patients were treated under
the same conditions as the PT. The APTT was determined by mixing 25 µL of PPP (basal or post-extract) with
25 µL of partial thromboplastin; the mixture was incubated for 180 s at 37 °C and immediately, 25 µL of CaCl2
(0.25 M) were added and the clotting time was recorded. Finally, the TT was determined when 25 µL of PPP
(basal or post-extract) and 25 µL of thrombin (2 IU/mL) were mixed and incubated for 180 s at 37 °C, recording
the clotting time at the appearance of the fibrin mesh. Additionally, the effects of the extract (25 mg/mL) on
thrombin time were evaluated using increasing concentrations of thrombin (1 to 40 IU/mL). Unfractionated
heparin (5,000 IU/mL; Inhepar) was used as a positive control for all coagulation tests.

Statistical analysis
The clotting times, measured in seconds, were expressed as mean ± standard deviation of five-fold
experiments. The clotting times recorded had a normal distribution (Shapiro Wilk test), so an ANOVA was
used to determine significant variation among groups, while multiple comparisons of means were recorded with
Newman Keuls test; both analyses were implemented in GraphPad Prism 9 software. Values with p <0.05 were
considered as significantly different.
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Results and discussion
Identification of phenolic compounds by UPLC-ESI-MS-qTOF
The chromatogram of Fig. 1 shows the different phenolic tentative identified compounds in the L.
furfuracea extract, some of them are reported in the literature as blood anticoagulants. These compounds are
derived from flavonoids as kaempferol, luteolin, and phenolic acids, such as syringic acid acetate (Table 1).
These compounds have been identified in other orchid genus as Eulophia, Cypripedium, Gastrodia, Bletilla,
Bulbophyllum, Anoectochilus, Arundina, Eria, Malaxis, Habenaria, and Vanda [14], but they have not been
identified in species of Laelia genus. In a previous study we reported the presence of flavonoids and tannins in
L. furfuracea extract [32]. It is the only related study for this species, so all tentative compounds here have been
identified for first time in L. furfuracea.

Fig. 1. UPLC-ESI-MS-qTOF chromatogram of the hydroethanolic extract of Laelia furfuracea leaves, the
tentative identified compounds (negative ionization) were 1) 3-methylxanthine, 2) malic acid, 3) isocitric acid,
4) succinic acid, 5) O-methyl-D-glucopyranose, 6) protocatechuic acid, 7) rosmarinic acid, 8) tryptophan, 9)
syringic acid acetate, 10) luteolin-7,3'-di-O-glucoside, 11) kaempferol-3-O-rutinoside, 12) kaempferol-7-Oglucoside, 13) apigetrin, 14) (+) - pinoresinol 4-glucoside, 15) N-acetyl-L-glutamine, 16) N-acetylarginine. The
yellow continuous line represents the base chromatogram of the extract, and the color peaks represent the ion
signals after deconvolution of the base chromatogram.

Syringic acid acetate was the compound with the highest intensity putatively identified in L. furfuracea
leaves. It is derived from syringic acid, which is synthesized via shikimic acid pathway in plants. The reported
activity for this compound is in prevention of cardiovascular diseases [39,40], as antioxidant [41,42], antiinflammatory, neuro and hepatoprotective [39]. The therapeutic property of syringic acid is attributed to the
presence of methoxy groups at positions 3 and 5 of the aromatic ring, which confers its antioxidant capacity
[39]. However, it is also reported a reduction of blood clotting time and procoagulant effect for syringic acid
and protocatechuic acid present in Blumea riparia [43].
On the other hand, the protocatechuic acid is a member of catechols and a dihydroxybenzoic acid. It
derives from a benzoic acid [44]. It has an antithrombotic effect [45], antiplatelet activity by reducing platelet
aggregation mediated by blocking the interaction between von Willebrand factor (vWF) and glycoprotein Ib
(GP Ib). In addition, this compound inhibits the shear- induced granular secretion of dense granules and α
granules and attenuates GP IIb/IIIa activation [46]. Rosmarinic acid is a polyphenol derived from cinnamic
acids and hydroxycinnamic acids [47], is an antioxidant [48-49], inhibits platelets [50], and has anticoagulant
activity [51].
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Table 1. Compounds tentative identified in the hydroethanolic extract of Laelia furfuracea leaves.
Peak
number

Retention
time
(min)

m/z
[M-H]-

Error
[ppm]

Chemical
formula

Compound

1

0.9

165.0399

11.4

C6H6N4O2

3-Methylxanthinea

Molecular structure

Compound type

Xanthine

Carboxylic acid
2

0.7

133.0137

3.8

C4H6O5

Malic acid

a

Carboxylic acid
3

1.1

191.0192

2.9

4

1.2

117.0188

3.9

5

1.3

161.0450

3.4

6

2.5

153.018

2.9

a

C6H8O7

Isocitric acid

C4H6O4

Succinic acida

Dicarboxylic acid

C7H14O6

O-Methyl-Dglucopyranosea

Monosaccharide

C7H6O4

Protocatechuic
acida

Phenolic acid
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3.2

359.0762

3.4

C18H16O8

Rosmarinic acida

Phenolic acid

8

3.3

203.0823

1.4

C11H12
N2O2

Tryptophana

Amino acid

9

5.3

239.0552

3.9

C11H11O6

Syringic acid
acetateb

Phenolic acid

Flavone
10

5.7

609.1410

1.8

C27H30O16

Luteolin-7,3´-di-Oglucosidec

11

6.0

539.1491

1.2

C27H30O15

Kaempferol-3-Orutinosidec

Flavonol
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12

6.1

447.0915

1.9

C21H20O11

Kaempferol-7-Oglucosidec

Flavonol

13

6.4

593.1511

0.9

C21H20O11

Apigetrinc

Flavonoid

14

6.5

413.1441

2.8

C19H26O10

(+)-Pinoresinol 4glucosidea

Flavonol glucoside

15

7.0

187.0968

4.0

C7H12
N2O4

N-Acetyl-Lglutaminea

Amino acid

16

8.1

4.2

C8H16
N40O3

N-Acetyl-Largeninea

Amino acid

187.0968

Databases used for the identification of the different compounds: aPlant metabolites, bCompoundCrawler, cBruker Sumner MetaboBASE Plant Library.
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Flavonoids derived from luteolin show antiplatelet and vasorelaxant activity [52], and kaempferol such
as Kaempferol-3-o-glucose, Kaempferol-3-o-glucose (2-1) rhamnose, Kaempferol-3-o-(2"-di-E-pcoumaroyl)rhamnoside, and Kaempferol-3-o-(2",4"-di-E-pcoumaroyl)-rhamnoside in other types of plants created an
anticoagulant effect by prolonging PT and APTT [11,53]. The way flavonoids interact to inhibit FXa activity
is by substituting the hydroxyl at the R1 and R2 position in the B ring of the flavonoid structure [7].
A database of bioactive at Chemical Entities of Biological Interest molecules with pharmaceutical
properties [54-57] consulted executes the interaction between the molecular structure and the bioactivity of the
compounds, in this case, syringic acid [54], protocatechuic acid [55], rosmarinic acid [56] and apigetrin [57]
with coagulation FX. Thus, the scientific background and the consultation made in this database suggest that
the tentatively identified phenolic compounds or the synergy between all the compounds present in the extract
could be the bioactive agents responsible for the anticoagulant effect of L. furfuracea.

Effect of hydroethanolic extract on clotting times
The results of the clotting times of the patients with VTE show that the APTT is shortened compared
to the control plasma (30.7 ± 2.2 s vs. 32.0 ± 0.8 s; p = 0.046), but not the PT (13.4 ± 1.4 s vs. 13.2 ± 0.6 s; p =
0.235) and TT (16.1 ± 1.6 s vs. 16.2 ± 0.6 s). Shortening of APTT may be due to thrombophilia in patients with
VTE. Given this procoagulant scenario of the samples from patients with thrombosis, the anticoagulant activity
of the orchid extracts was estimated as described below.
The hydroethanolic extract of L. furfuracea leaves prolonged the PT, APTT, and TT depending on the
concentration-response. On average and, in comparison with the baseline time, the PT was prolonged from 13.7
± 0.3 s to 49.1 ± 0.8 s with the concentration of 25 mg/mL of the extract; under this same concentration, the TT
was prolonged from 16.6 ± 0.5 s to 30.1 ± 0.9 s; APTT lasted from 32.0 ± 1.2 to 61.8 ± 3.4 s using a
concentration of 15 mg/mL. In these determinations, the maximum measurable time was 300 s when using a
concentration of 60 mg/mL of extract. Fig. 2 shows the concentrations that resulted in a clotting time <300 s
when the extract was incubated with PPP for 0.5 min to 20 min. Only the results of incubation at 0.5 min are
presented because there were no significant differences with other incubation times (1, 2, 5, 10, 15, 20 min).
The hydroethanolic extract of L. furfuracea prolonged PT, APTT and TT in a concentration-dependent,
unlike other plants with anticoagulant activity [58-61] L. furfuracea prolongs the three times of clotting. In
Echinacea purpurea and Fragaria vesca, the coagulation times were prolonged to more than 600 s for APTT
and more than 300 s for PT [61]; meanwhile, the Crataegus monogyna extract prolonged clotting times from
37.9 to 350.5 s for APTT and from 13.4 to 16.5 s for PT [58]. However, these species prolong clotting times in
such a way that they act on factors IX, XI, and XII of the intrinsic pathway (APTT) and fVII of the extrinsic
pathway (PT) of the in vitro coagulation system.
The L. furfuracea extract (25 mg/mL) continued to have the same concentration-dependent effect on
TT, even when thrombin concentrations increased (Fig. 3). The L. furfuracea extract may act on thrombin since
this enzyme participates in the final stage of secondary hemostasis and its inhibition is reflected in the
prolongation of the three clotting times. It was found that even at the highest concentration of thrombin (40
IU/mL), the L. furfuracea extract maintained its anticoagulant effects and has a concentration-dependent effect,
like that of heparin (positive control). The prolongation of thrombin time due to the orchid extract suggests that
in vitro coagulation inhibition occurs in the final stage of hemostasis, in which thrombin (activated factor II)
acts on fibrinogen to form fibrin. Due to exogenous thrombin is added to the study plasma, none of the
hemostatic factors (II, V, VII, VIII, IX, X, XI, XII) participates in the formation of fibrin, with the exception of
the fibrinogen (factor I) [62]. Under these conditions, the prolongation of the thrombin time can only be
explained in two ways: that the extract inhibits thrombin or that the extract binds to fibrinogen preventing fibrin
formation. In both cases, the extract inhibits the hemostatic effect of thrombin. On the other hand, if the extract
had prolonged PT and APTT, but not TT, we would have focused our attention on common pathway factors,
including factor II (prothrombin). However, the prolongation of TT suggests that the prolongation of PT and
APTT can be explained in the same way as for TT, that is, the extract inhibits the hemostatic activity of
thrombin, which, unlike the TT test, is generated in vitro after activation of FVII (PT) and FXII (APTT).
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Fig. 2. Effect of the hydroethanolic extract of Laelia furfuracea on clotting times. 1A) prothrombin time (PT),
1B) thrombin time (TT), 1C) activated partial thromboplastin time (APTT) in platelet-poor plasma (PPP)
samples from patients with thrombosis. p <0.05. Asterisks represent significant differences between different
groups.

From another point of view, the effect of L. furfuracea extract on thrombin may be due to the active
compounds it may contain. Flavonoids have been shown to act as anticoagulants by competitively inhibiting
thrombin [7] by interacting with the active site of the enzyme [51]. This suggests that more -OH groups in the
B ring of the structure of a flavonoid would increase the inhibition of thrombin [11], since thrombin has a much
higher affinity for the proteins that are its physiological substrates (fibrinogen or protease-activated receptors
(PAR) [7]. This means that these compounds mimic the structure of physiological substrates and bind reversibly
to the free form of the enzyme in competition with the substrate of the thrombin active site [63]. A molecular
coupling analysis partially explains the potential mechanism of interaction of polyphenols with the active site
of thrombin. It was shown that the 3'-hydroxyl and 4'-hydroxyl group in the Ring B of the structure of a
flavonoid, as well as the 3-hydroxyl residue in ring C, are very important for the inhibition of thrombin activity
[51]. Ring B and C in flavonoids can interact with thrombin anchor S1 and S2, while ring A only partially
interacts with S3 [64]. This suggests that the 3'-hydroxyl group and the 4'-hydroxyl group on the B ring of a
flavonoid form hydrogen bond with amino acids to form the S1 anchor, which means that the B ring with
hydroxyl groups at the position of R1 and R2 can mimic the arginine residue in P1 of thrombin substrates [65].
In general, the polyphenols have numerous biological effects. They reduce the risk of cardiovascular
diseases [66], and participate in neurovascular protection, including antiplatelet activity [67]. They can also
increase the bioavailability of nitric oxide (NO), thus antagonizing the development of endothelial function;
they decrease blood viscosity, plasma levels of vWF, fibrinogen, and FVII [68]. Flavonoids prevent platelet
aggregation by inhibiting the intracellular signals of the pathways and the enzymatic activity of phospholipase
C (FLC), phospholipase A2 (FLA2) and COX-1, as well as the signals of the initiation pathways of
thromboxanes A2 (TXA2), ADP, thrombin, collagen receptors and integrin αIIbβ3 [69]. Flavonoids also
attenuate the activation of GPIIb / IIIa [70].
Unfractionated heparin prolonged clotting times in a concentration-response-dependent manner.
Besides, it presented a similar effect to the L. furfuracea extract, but unlike this, the heparin concentrations
were less than 1 µg/mL (Table 2). In this study, the ATTP was prolonged > 300 s from 0.4 µg/mL of heparin,
while the fractions of polyphenolic-polysaccharide isolated from the medicinal plant Erigeron canadensis L.
required 390 µg/mL, and the Unfractionated Heparin 1 µg/mL prolonged this same time [71]. On the other
hand, the polyphenolic fractions of Sargassum sp. in the APTT values were lower compared to heparin [72].
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Fig. 3. Effect of the hydroethanolic extract of Laelia furfuracea (25 mg/mL) on thrombin kinetics in plateletpoor plasma (PPP) samples from patients with thrombosis.

Table 2. The concentration-dependent anticoagulant effect of unfractionated heparin (UFH) on clotting times.
UFH (µg/mL)
PT (s)
APTT (s)
TT (s)
0
12.6±0.9
35.7±1.3
17.1±1.0
0.01
12.5±0.6
45.5±1.8
16.9±0.7
0.02
12.6±0.6
52.8±3.1
17.2±0.3
0.04
14.2±0.3
62.6±1.0
17.4±0.3
0.06
12.3±0.6
68.4±2.4
17.4±0.6
0.08
12.1±0.4
94.8±6.0**
17.9±0.6
0.1
12.9±1.4
111.3±3.4**
17.9±0.7
0.2
13.2±1.0
233.9±7.8**
19.4±0.4
0.4
15.4±1.3
>300
19.6±0.3
0.6
18.0±2.5
>300
21.4±1.4
0.8
19.8±3.8
>300
42.1±8.2**
0.9
34.6±9.2**
>300
75.4±8.4**
1.0
83.6±5.9**
>300
108.3±11.2**
UFH: Unfractionated Heparin; PT: prothrombin time; APTT: activated partial
thromboplastin time; TT: thrombin time. s: seconds; p <0.05. Asterisks represent
significant differences between different groups.

Effect of organic fractions on coagulation times
Of the five fractions evaluated, the fractions showed the greatest anticoagulant effect, in this order:
ethyl acetate> butanol> water. The ethyl acetate fraction reached a clotting time greater than 300 s with a
concentration of 30 mg/mL for TT, 28 mg/mL for PT and 15 mg/mL for APTT (Table 3). The apolar hexane
and chloroform fractions prolonged clotting times to a lesser extent than the ethyl acetate fraction (Table 3). In
species of other groups of plants, for example, the phenolic fractions of Taraxacum officinale prolong TT
between 17 and 20 s, but not the TP and APTT [73]; phenolic fractions of Elaeagnus rhamnoides prolong
APTT, TP, and TT by 1–2 s [66]. In the present study, the five fractions of L. furfuracea prolonged the three
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clotting times to a greater extent compared to the aforementioned species, this could be due to the components
that are present in the fractions of L. furfuracea and the aforementioned species.

Conclusion
The hydroethanolic extract and ethyl acetate fraction of L. furfuracea leaves prolong clotting times
(PT, APTT and TT) depending on the concentration-response. The tentatively identified compounds in L.
furfuracea hydroethanolic foliar extract belong to groups xanthine, carboxylic acid, amino acid, and phenolic
compounds. Among phenolic compounds there are derivatives of phenolic acids and flavonoids mainly, which
could be acting as anticoagulant active agents. The results of the hemostatic tests suggest that the action
mechanism is on thrombin, but this hypothesis should be confirmed by further studies. Laelia furfuracea is a
species with potential for the search of new anticoagulant compounds.
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Table 3. Clotting times for thrombin time (TT), prothrombin time (PT), and activated partial thromboplastin time (APTT) in plasma of venous thromboembolic
disease (VTE) patients incubated with organic fractions of Laelia furfuracea.

16

