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Abstract
Background: Laelia furfuracea is an orchid with anticoagulant properties; however, it is unknown which coagulation factors are inhibited and 
whether the plant has antiplatelet activity.
Questions: Does the hydroethanolic extract of leaves of L. furfuracea inhibit coagulation factor activity and platelet aggregation?
Studied species: Laelia furfuracea.
Study site and dates: Plant material was collected in April 2023 in Santo Domingo Yanhuitlán, Oaxaca, Mexico.
Methods: The anticoagulant and antiplatelet effects of the extracts of L. furfuracea were evaluated in samples from patients with thrombosis 
through coagulometric assays and light transmission aggregometry. 
Results: The extract of L. furfuracea inhibited the activity of factors II, V, VIII, and XI in a concentration-dependent manner. The highest extract 
concentration, 14.0 mg/mL, inhibited about 60 % of factors II and V activity, but ˃ 95 % of factors VIII and XI. Moreover, at a 1.0 mg/mL con-
centration, the extract inhibited platelet aggregation induced by ADP, thrombin, and epinephrine in 85, 97, and 83 %, respectively.
Conclusions: It was demonstrated that the orchid extract inhibits both the activity of factors II, V, VIII, XI, and thrombin-, ADP-, and epi-
nephrine-induced platelet aggregation. Polyphenols stand out among the possible bioactive compounds of the orchid with anticoagulant and/or 
antiplatelet activity.
Keywords: coagulation factors, antiplatelet, polyphenols, orchid, thrombosis.  

Resumen
Antecedentes: Laelia furfuracea es una orquídea con propiedades anticoagulantes; sin embargo, se desconoce qué factores de coagulación 
inhibe y si la planta tiene actividad antiplaquetaria.
Preguntas: ¿El extracto hidroetanólico de hojas de L. furfuracea inhibe la actividad de los factores de coagulación y la agregación plaquetaria?
Especie estudiada: Laelia furfuracea.
Sitio y fechas de estudio:  El material vegetal fue colectado en abril de 2023, en Santo Domingo Yanhuitlán, Oaxaca, México.
Métodos: El efecto anticoagulante y antiplaquetario de los extractos de L. furfuracea fueron evaluados en muestras de pacientes con trombosis 
mediante ensayos coagulométricos y de agregación plaquetaria.
Resultados: El extracto de L. furfuracea inhibió la actividad de los factores II, V, VIII y XI de manera dependiente de la concentración. A la 
concentración de 14.0 mg/mL, el extracto inhibió aproximadamente el 60 % de la actividad de los factores II y V, pero ˃ 95 % la de los factores 
VIII y XI. Además, a la concentración de 1.0 mg/mL, el extracto inhibió la agregación plaquetaria inducida por ADP, trombina y epinefrina en 
85, 97 y 83 %, respectivamente.
Conclusiones: Se demostró que el extracto de la orquídea inhibe la actividad de los factores II, V, VIII y XI, y la agregación plaquetaria inducida 
con trombina, ADP y epinefrina. Los polifenoles destacan entre los posibles compuestos bioactivos de la orquídea con actividad anticoagulante 
y/o antiplaquetaria.
Palabras clave: factores de coagulación, antiplaquetarios, polifenoles, orquídea, trombosis.
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Hemostasis is a physiological response to vessel damage that comprises the sequential activation of the 
blood coagulation factors on the cell membrane of activated platelets. In contrast, thrombosis is a patho-
logical response of the coagulation system in which an obstruction of the blood flow in veins, arteries, 
or cardiac cavities occurs. Because thrombotic diseases are responsible for the largest number of deaths 

worldwide (Raskob et al. 2014, Wendelboe & Raskob 2016), identifying and developing new antithrombotic agents 
is highly desirable. 

Current anticoagulant drugs include vitamin K antagonists (VKA), heparins, fondaparinux, and the direct inhibi-
tors of activated factor X and thrombin. Despite this variety of anticoagulant agents, none is entirely effective and 
safe for patients (van der Hulle et al. 2014, Li et al. 2023). On the other hand, due to the role of platelets in the 
pathophysiology of arterial thrombosis (AT) and its main clinical manifestations, acute myocardial infarction and 
stroke (Huseynov et al. 2023), it is also essential to search for better antiplatelet treatments. Moreover, in some cases, 
anticoagulant treatment (Hand & Hale 2021, Rivera-Caravaca et al. 2021) requires antiplatelet drugs.

Under this scenario, it would be desirable to have agents with a dual effect on hemostasis, in order to regulate both 
thrombin generation and platelet aggregation in a controlled manner.

Bioactive compounds derived from plants represent an alternative for treating and preventing thrombosis. Today, 
it is possible to identify and purify compounds with anticoagulant, antiplatelet, and/or fibrinolytic effects derived 
from plants (Yoon et al. 2002, Pawlaczyk et al. 2009, 2011, Pawlaczyk-Graja et al. 2016, 2019, Sadeghi et al. 2017, 
Silva et al. 2018, Singh et al. 2021). These compounds have potential to treat or prevent thrombotic episodes after 
improving their bioactive properties through chemical processes (Shi et al. 2012). Polyphenols are just one example 
among many plant-derived natural compounds with inhibitory properties on hemostasis (Bijak et al. 2014a,b).

Orchids are plants with antithrombotic properties in vitro and in vivo assays. In fact, some studies have shown that 
these plants mainly contain antiplatelet compounds (Chen et al. 1994, Paik et al. 1995, Chen et al. 2000, Fan et al. 
2001, Pyo et al. 2004, Lin et al. 2006, Ding et al. 2007, Hu et al. 2008a,b, Lee et al. 2014, Jeon et al. 2016, Sharma 
et al. 2018, Swe et al. 2021, Rahman et al. 2022), however, the evidence is scare regarding their mechanism of ac-
tion on the hemostasis pathways (Ding et al. 2007, López-Pérez et al. 2022). Laelia furfuracea Lindl. is an endemic 
orchid from Mexico. In a previous study, it was demonstrated that hydroethanolic extract and organic fractions of L. 
furfuracea leaves induced a concentration-dependent prolongation of prothrombin (PT), activated partial thrombo-
plastin (APTT), and thrombin (TT) times (López-Pérez et al. 2022). These findings motivated us to investigate which 
coagulation factors may be inhibited by the hydroethanolic extract of L. furfuracea and to explore its mechanisms 
of action and whether the extract also exhibited an antiplatelet effect. Blood coagulation factors are plasma proteins 
synthesized in the liver which, after being sequentially activated, promote fibrin formation on the membrane of 
activated platelets. Factors II, VII, IX, X, XI, and XII are serine proteases; factors V and VIII act as cofactors; and 
factor I acts as a substrate for activated factor II (Yong & Toh 2023). It must be emphasized that today, knowledge 
regarding the inhibitory effects of the extract on blood coagulation factors that the extract may inhibit is imperative in 
the current era due to a global trend that seeks the development of a new generation of antithrombotic drugs. Today, 
may anticoagulants focus on blood coagulation factor XI (Barnes 2025) and this is important because the inhibitory 
activity of natural compounds against activated factors II and X is well known (Pawlaczyk et al. 2011, Bijak et al. 
2014a,b, Choi et al. 2016, Olas et al. 2018, Lamponi et al. 2021). Although the pharmacological inhibition of blood 
coagulation factors II and X is associated with evident benefits for patients with thrombosis (Pollack et al. 2020), the 
chemistry of natural products should focus on searching for new anticoagulant compounds with other specific action 
targets. Therefore, the study aimed to evaluate further the effects of the hydroethanolic extract of L. furfuracea leaves 
on the activity of coagulation factors and platelet aggregation.

Materials and methods

Plant material and extraction. Collection of vegetable material and extraction from L. furfuracea leaves was carried 
out as described previously in López-Pérez et al. (2022). Rodolfo Solano identified the plant and a voucher speci-
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men was herborized and deposited at the OAX Herbarium (OAX-FLO-129-0402) of the Centro Interdisciplinario de 
Investigación para el Desarrollo Integral Regional Oaxaca, Instituto Politécnico Nacional, (R. Solano 4244). Briefly, 
orchid leaves were dehydrated at 40 °C until constant weight and pulverized in a mill (IKA® M20, Northchase Park-
way SE, Wilmington, NC, USA), before being subjected to solid-liquid extraction. The extraction was performed 
using Soxhlet equipment, with 5 g of leaf material added to a water-ethanol solution in a 1:1 ratio at 78.2 °C for 2 h. 
The extract was dried on a rotary evaporator (BÜCHI, R-210, Darmstadt, Germany) and stored at 5-10 °C until 
processing. 

Preparation of blood samples. Platelet-poor plasma (PPP) and platelet-rich plasma (PRP) samples were obtained 
from patients with venous thromboembolism (VTE) and arterial thrombosis (AT) at Unidad de Investigacion Médica 
en Trombosis Hemostasia y Aterogénesis, of the Instituto Mexicano del Seguro Social. PPP was obtained from VTE 
patients (n = 10) after centrifuging 5.4 mL of blood collected in vacuum plastic tubes (BD Vacutainer®, Franklin 
Lakes, NJ, USA) with sodium citrate (3.2 %) at 2,500 g for 15 min. Sodium citrate in vacuum plastic tubes acted as 
a reversible anticoagulant by binding to calcium ions and subsequently interrupting the activation of coagulation fac-
tors, allowing us to obtain PPP after centrifuging whole blood. PPP was preserved at -80 °C and thawed at 37 °C for 
6 min before processing. Samples with prolonged clotting times as compared with control plasma ≥ 3 s for prothrom-
bin time (PT) and thrombin time (TT) and ≥ 5 s for activated partial thromboplastin time (APTT) were discharged. 
For PRP, blood samples were drawn by venipuncture from AT patients (n = 10) and were collected in vacuum plastic 
tubes (BD Vacutainer®, Franklin Lakes, NJ, USA) with sodium citrate (3.2 %). Subsequently, the tubes were centri-
fuged at 800 g for 10 min to obtain PRP. PPP was used as a blank in platelet aggregation assays. Platelet aggregation 
assays were performed immediately after PRP was obtained.

For thrombin assays, platelets were washed and quantified in a Cell-Dyn® 3700 automated blood cell counter (Ab-
bott Park, IL, USA); platelet concentrations ranged from 200,000 to 300,000 platelets/μL. We also obtained serum 
for blood chemical analysis (Table 1) in the Synchron LX 20 automated analyzer (Beckman Coulter, Fullerton, CA, 
USA). Serum samples were obtained after centrifuging whole blood collected in plastic tubes without anticoagulant 
at 2,000 g for 10 min.

Parameters Mean ± SEM Parameters Mean ± SEM

Glucose (mg/dL) 82.8 ± 8.8 AP (IU/L) 91.0 ± 45.7
Urea (mg/dL) 33.2 ± 11.2 LDH (IU/L) 162.5 ± 28.2
Creatinine (mg/dL) 0.8 ± 0.2 GGT (g/L) 29.3 ± 16.2
Triglycerides (mg/dL) 130.3 ± 68.3 PT (s) 171.8 ± 30.7
Total cholesterol (mg/dL) 171.8 ± 30.7 APTT (s) 53.1 ± 11.3
HDL-C (mg/dL) 53.1 ± 11.3 TT (s) 92.4 ± 36.8
LDL-C (mg/dL) 92.4 ± 36.8 TI-PA (%) 81.0 (65 – 87)
VLDL-C (mg/dL) 91.0 ± 45.7 ADPI-PA (%) 86.0 (72 – 92)
sGOT (IU/L) 22.5 ± 8.2 EI-PA (%) 87.0 (78 – 95)
sGPT (IU/L) 18.8 ± 5.5

Table 1. Screening blood tests in patients with thrombosis.

Results are expressed as the mean ± SEM. HDL-C: high-density lipoprotein cholesterol: LDL-C: 
low-density lipoprotein cholesterol; VLDL-C: very low-density lipoprotein cholesterol; sGOT: se-
rum glutamic oxaloacetic transaminase; sGPT: serum glutamic pyruvic transaminase; AP: alkaline 
phosphatase; LDH: lactic dehydrogenase; GGT: gamma glutamyl transferase. TI-PA: thrombin-
induced platelet aggregation; ADPI-PA: ADP-induced platelet aggregation; EI-PA: epinephrine-
induced platelet aggregation; n = 20.
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Anticoagulant assays. Stago brand reagents (Neoplastin Plus, Diagnostica Stago, Asnieres, France and STA-aPTT, 
Diagnostica Stago) were used to measure TT, PT, and APTT in a STA-COMPAQ equipment (Diagnostica STAGO), 
according to the procedure described in López-Pérez et al. (2022). Briefly, the clotting time was measured after 
incubating the plasma with the orchid extract. To determine PT, 50 µL the patient’s PPP was mixed with either 
Owren’s saline buffer (OSB; basal) or with orchid extract in a 2:1 ratio of each mixture to obtain a final concen-
tration of 0.01, 0.03, 0.06, 0.12, 0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 7.0, 10.0, and 15.0 mg/
mL. Mixtures were incubated at 37 °C for 180 s, and then, 100 µL of the PT reagent (calcium thromboplastin at 
37 °C) was added. Time required for fibrin formation was registered. Similarly, TT was determined by incubating 
100 µL of PPP (basal or post-extract) at 37 °C for 180 s with 100 µL of thrombin (2 IU/mL; 37 °C). Finally, APTT 
was determined by mixing 50 µL of PPP (basal or post-extract) with 50 µL of partial thromboplastin reagent. The 
mixture was incubated for 180 s at 37 °C, and immediately after, 50 µL of CaCl2 (0.25 M; 37 °C) was added, and 
the clotting time was recorded. Unfractionated heparin (UFH: 1,000 IU/mL; Inhepar, PiSA, Mexico) was a positive 
anticoagulant control. Clotting times were measured at a final concentration of 0.01 mg/mL UFH. Ten samples from 
VTE patients were analyzed.

One-stage coagulation factor activity assays. A calibration curve was constructed for each coagulation factor assay 
(Diagnostica Stago, Asnieres, France). A one-step coagulometric assay based on the measurement of clotting time 
was used with some modifications. The activity of factors II, V, VII, and X was evaluated using PT, while APTT was 
used to assay the activity of factors VIII, IX, XI, and XII. First, 25 µL of the patient’s PPP diluted (1:10, 1:20, 1:40, 
or 1:80) with OSB was mixed with 25 µL of factors II, V, VII, VIII, IX, X, XI, or XII deficient plasma. Then, 25 µL 
of OSB (basal) or 25 µL of extract were added to the mixture to obtain the final concentrations (1.0, 3.5, 7.0, 10.0, 
and 15.0 mg/mL) used for PT and APTT; mixtures were incubated for 1 min at 37 °C and, subsequently, PT or APTT 
were performed. For the calibration curve, the standard plasma was diluted 1:10, 1:20, 1:40, and 1:80 with OSB; each 
dilution was mixed with an equal volume of factor-deficient plasma to evaluate the coagulation time. PT or APTT 
from standard plasma dilution 1:10 corresponded to the maximum activity of each coagulation factor (usually equal 
to or >100 IU/dL or 100 % of activity), while the dilutions 1:20, 1:40, and 1:80 correspond to 50, 25, and 12.5 %, 
respectively. The activity of each coagulation factor in the tested plasmas was obtained by interpolating the result of 
PT or APTT in the calibration curve. Straight lines, parallel to each other, were obtained between tested plasmas in-
cubated with the extract and standard plasma; otherwise, the results were discarded because of possible interference 
in the test. Considering a standard plasma concentration of 99, 113, 118, 114, 103, 105, 95, and 99 IU/dL for factors 
II, V, VII, VIII, IX, X, XI and XII, respectively. The activity values expressed in percentage of activation for each 
coagulation factor were converted into IU/dL as follows: [(factor activity (%) / 100 %) × factor activity (IU/dL)].

UFH (0.01 mg/mL) was used as a positive control of inhibition of coagulation factors. The percentage of inhibi-
tion for each coagulation factor was calculated as follows: % inhibition = 100 – [((% activity with extract or UFH) / 
(% activity basal)) × 100 %].

These assays were performed in samples from VTE patients (n = 10).

Antiplatelet aggregation assays. The effect of the L. furfuracea extracts on platelets was evaluated with a turbidimetric 
method using a Chrono-Log 700-2 platelet aggregometer (Chrono-log Corp., Havertown, PA, USA). For these assays, 
platelets from AT patients (n = 10) were activated with thrombin (1.0 U/mL), adenosine diphosphate (ADP) (2.5 µM), or 
epinephrine (10.0 µM), the three reagents from Chrono-log brand (Chrono-log Corp., Havertown, PA, USA). For each 
assay, before adding the agonists, either 20 μL of phosphate buffer (PBS) or 20 μL of orchid extract (0.01, 0.03, 0.06, 
0.12, 0.25, 0.50, 0.75, and 1.0 mg/mL) were added to PRP and incubated for 1 min at 37 °C. Higher concentrations were 
not evaluated because they interfered with the test. Then, platelets were activated with thrombin, ADP, or epinephrine. 
As a positive inhibition control, we used PRP from patients under treatment with acetylsalicylic acid (ASA) (100 mg/d) 
or clopidogrel (75 mg/d). A platelet aggregation test was performed for 10 min after adding the agonist or until aggre-
gation was stable. Maximal platelet aggregation was expressed as a percentage corresponding to the maximum light 
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transmission in the PRP (with and without extract) as a function of time. The percentage of inhibition of platelet aggre-
gation was calculated as follows: % inhibition = 100 – [((% aggregation with extract) / (% aggregation basal)) × 100%]. 

The extract (0.01 - 1.0 mg/mL) underwent a comprehensive cytotoxicity assay before platelet aggregation was 
evaluated, ensuring the extract´s safety for further research and potential use.

Statistical analysis. It was performed using GraphPad Prism 8 software. Results are expressed as means ± stan-
dard error of the mean (SEM). Variance analysis (ANOVA) and Tukey tests were used to compare the results between 
different concentrations of the orchid extract. Results were considered statistically significant if p < 0.05.

Results

Demographics and blood analysis in samples from thrombotic patients. Blood samples were obtained from 20 pa-
tients with thrombosis (VTE, n = 10; and AT, n = 10). Median age for VTE patients was 41 years old (ranges 19-59) 
and 55 years old (ranges 36-66) for AT patients (p ˃ 0.05). The results of blood chemistry analysis and the screening 
blood coagulation tests in samples of patients with thrombosis are shown in Table 1.

The anticoagulant effect of the hydroethanolic extract of L. furfuracea leaves. As previously published (López-Pérez 
et al. 2022), L. furfuracea extracts significantly prolonged PT, APTT, and TT assays. For the PT and APTT, prolon-
gation was observed from 2.5 and 1.0 mg/mL, respectively, while for TT, the effect started at 3.0 mg/mL (Table 2). 
Results for the positive control were 17.4 ± 1.3 s, 293.7 ± 2.5 s, and 20.6 ± 1.4 s for PT, APTT, and TT, respectively. 
On the other hand, the extract of L. furfuracea inhibited the activity of factors II, V, VIII, and XI in a concentration-
dependent manner (Table 3). The greatest inhibitory effect was observed at 15.0 mg/mL, decreasing the activity 
of factors VIII and XI by > 95 % as compared to the basal activity. Moreover, the extract decreased the activity of 
factors II and V by almost 60 % (Figure 1). On the contrary, the extract increased the activity of factors VII, IX, and 
XII concerning the baseline values, while factor X remained unchanged (Table 3). UFH decreased the activity of 
coagulation factors, mainly factors II, V, VIII, X, and XI (Table 3).

Antiplatelet effect of hydroethanolic extract of L. furfuracea leaves. The orchid extract decreased platelet aggregation con-
centration-dependently manner when platelets were activated with thrombin, ADP, and epinephrine (Table 4). Thrombin-
induced platelet aggregation decreased 64.3 ± 4.2 % at 0.06 mg/mL of the extract, but the inhibition was up to 97.0 % using 
the highest concentration (1.0 mg/mL) (Figure 2). On the other hand, the extract inhibited ADP-induced (29.2 ± 4.6 %), as 
well as epinephrine-induced platelet aggregation (23.8 ± 6.7 %) since the concentration of 0.25 mg/mL (Figure 2).

Discussion

The leaf extract of L. furfuracea inhibited the in vitro activity of coagulation factors II, V, VIII, and XI, with a more 
prominent effect on factors VIII and XI; these findings were not observed in other orchids, and, to our knowledge, 
there are no other reports of natural extracts or compounds that exert inhibitory activity against FXI. However, an 
overall comprehensive analysis, including the results of blood coagulation tests and the coagulation factors’ activity, 
suggests that the orchid’s anticoagulant mechanism relies on thrombin inhibition. Thus, thrombin inhibition may be 
responsible for the decreased activation of factors II, V, VIII, and XI, as well as for the lower conversion of fibrino-
gen into fibrin (Hoffman 2003, Choi et al. 2011, Mann 2011). In addition, the profiles of the blood coagulation test 
between the orchid extract and those observed with well-known anticoagulant drugs support a likely inhibition of 
thrombin. Indeed, the orchid extract induces a different profile of coagulation tests compared to VKA or direct oral 
factor X- activated inhibitors but a similar profile to those induced by direct thrombin inhibitors or UFH. VKA exert 
their anticoagulant effect by inhibiting the liver enzyme vitamin K oxide reductase, affecting the carboxylation of 
vitamin K-dependent factors (mainly factor VII). Depending on the dose, VKA prolong PT (Gómez-Rosas et al. 
2021) and occasionally APTT, but not TT. Similarly, FXa inhibitors may prolong PT and APTT but not TT (Dunois 
2021, Margetić et al. 2022).
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In contrast, direct thrombin inhibitors prolong these clotting assays in a dose-dependent manner, although TT as-
say best assesses the anticoagulant effect (Dunois 2021, Margetić et al. 2022). On the other hand, UFH potentiates 
the anticoagulant effect of antithrombin, which mainly inhibits FXa and thrombin. Therefore, the clotting assays 
could be prolonged (Apipongrat et al. 2022), although APTT is more sensitive to UFH. However, the extract of L. 
furfuracea did not affect FX activity, suggesting another possible mechanism. Although the L. furfuracea extract 
showed an anticoagulant effect on coagulation factors (II, V, VIII, and XI) and coagulation times (PT, APTT, and 
TT), this appears to be very weak compared to UFH (positive control) and other drugs used in clinical practice. 
However, these results should not be misinterpreted. The study aimed not to prove that the leaf extract has a more 
potent anticoagulant effect than UFH but to demonstrate that the orchid contains compounds with this activity. Once 
we know the mechanism of action, the potency of the anticoagulant effect will be established. However, we must 
point out that the efficacy of an anticoagulant drug is not directly related to the magnitude of its inhibitory effect 
(May & Moll 2024). In fact, the current investigation looks for the development of new anticoagulants with specific 
mechanisms of action which increase their safety, namely, less bleeding side effects. Direct oral anticoagulants 
brought benefits to antithrombotic treatment because of their ease of use, favorable pharmacological profile, and lack 
of monitoring requirements. However, despite having a better safety profile than other anticoagulants, such as VKA, 
their bleeding risk persists (Pasqualotto et al. 2024). A new strategy to reduce the risk of bleeding is to act on the pre-

Extract (mg/mL) Extract (mg/mL)

Extract (mg/mL) Extract (mg/mL)
Figure 1. Percentage of inhibition of the hydroethanolic extract of Laelia furfuracea leaves on the activity of blood coagulation factors. The results are 
expressed as mean ± SEM. At 15 mg/mL of extract, the activity of factors II, V, VIII, and XI decreased 64 ± 8.8 %, 68 ± 4.8 %, 99 ± 0.9 %, and 97 ± 0.8 %, 
respectively, compared with basal activity. For the positive control (UFH 10.0 µg/mL), the activity of factors II, V, VIII, and XI decreased by 37 ± 3.4 %, 10 
± 4.1 %, 82 ± 4.5 %, and 83 ± 3.9 %, respectively. *: Significant difference between experimental conditions (Extract 1, 3.5, 7, 10, and 15 mg/mL) and 
basal determination (0 mg/mL). #: Significant difference between experimental conditions and UFH; n = 10. 
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viously known intrinsic pathway of hemostasis, particularly FXI, to prevent thrombosis without harming hemostasis 
(Bentounes et al. 2023). It is known that patients with FXI deficiency have a reduced tendency toward thrombosis 
and bleeding, suggesting that FXI plays a crucial role in thrombosis but not in hemostasis (Barnes 2025). In other 
words, FXI inhibition could alter thrombus formation and growth without significantly affecting clot formation. This 
unique feature makes FXI inhibitors effective (less thrombosis) and safer (less bleeding) than current anticoagulants 
(Cave & Shah 2021). The extract under study in our research inhibited FXI, directly or indirectly. Of course, one 
important aim for our group is to identify the natural compound in the L. furfuracea extract acting as a FXI inhibitor. 
Therefore, regarding anticoagulant therapy, searching for a potential FXI inhibitor in the studied extract undoubtedly 
represents the beginning of a new line of research.

In an opposite scenario, we must highlight the likely presence of procoagulant compounds in the leaves of L. 
furfuracea, which could increase the activity of factors VII, IX, and XII. It is possible that the increased activity of 
these factors affected the overall anticoagulant effect of the extract. The procoagulant effect of the extract was most 
evident when measuring the activity of FVII, which increased up to 148 IU/dL at the highest concentration tested, 
probably reducing the anticoagulant effect of the extract on PT. Similarly, we assume that the increased activity of 
factors IX and XII decreased the anticoagulant effect of the extract on APTT, even though factors VIII and XI were 
strongly inhibited. We also assume that the lack of anticoagulant effect of the extract at the lowest concentrations 
tested (0.01 to 3.0 mg/mL) may be due to procoagulant compounds. In our previous study (López-Pérez et al. 2022), 
the results showed that hexane and chloroform partitions (1.0, 2.5, and 5.0 mg/mL) from the hydroethanolic extract 

Extract (mg/mL) PT (s) APTT (s) TT (s)

0 14.4 ± 0.4 33.7 ± 1.3 16.1 ± 0.6
0.01 14.2 ± 0.5 33.2 ± 0.4 16.3 ± 0.6
0.03 14.4 ± 0.8 33.3 ± 0.2 17.8 ± 0.3
0.06 14.0 ± 0.1 33.6 ± 0.2 17.0 ± 0.2
0.12 14.8 ± 0.7 33.8 ± 0.5 16.9 ± 0.1
0.25 15.1 ± 0.3 34.7 ± 0.4 17.3 ±0.2
0.50 15.4 ± 0.8 35.2 ± 0.4 17.4 ± 0.2
0.75 15.6 ± 0.4 37.2 ± 0.4 17.9 ± 0.1
1.0 15.7 ± 0.8 38.3 ± 0.3* 18.1 ± 0.2
1.5 16.2 ± 1.5 40.0 ± 2.4* 17.5 ± 0.6
2.0 17.0 ± 0.8 42.6 ± 1.9 * 17.8 ± 0.4
2.5 17.4 ± 2.2* 43.4 ± 2.6* 18.2 ± 0.5
3.0 18.2 ± 1.4* 43.9 ± 1.7* 18.5 ± 0.8*
3.5 18.4 ± 0.8* 44.4 ± 0.7* 19.0 ± 0.7*
4.0 23.4 ± 0.4* 58.9 ± 1.3* 23.0 ± 0.9*
4.5 26.3 ± 1.1* 66.3 ± 0.9* 25.9 ± 0.3*
5.0 30.3 ± 0.9* 75.7 ± 1.7* 28.8 ± 1.2*
7.0 43.5 ± 0.6* 133.9 ± 1.9* 35.5 ± 0.8*

10.0   87.1 ± 1.5* 205.2 ± 3.1*   83.4 ± 1.4*
15.0 141.0 ± 2.1* 298.1 ± 2.8* 137.9 ± 2.3*

UFH (0.01 mg/mL) 17.4 ± 1.3 293.7 ± 2.1* 20.6 ± 1.4*

Table 2. Concentration-dependent effects of hydroethanolic extract of Laelia furfuracea leaves on PT, APTT, and TT

Results are expressed as the mean ± SEM. PT, APTT, and TT are expressed in seconds 
(s). CT: clotting times. *: significant comparisons to the baseline determination (0 mg/
mL); n = 10.
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Factor
Hydroethanolic extract (mg/mL) UFH (mg/mL)

0 1.0 3.5 7.0 10.0 15.0 0.01

II 84 ± 6.7 80 ± 5.8 78 ± 9.0 63 ± 8.1* 42 ± 10.3* 31 ± 8.2* 52 ± 2.5*
V 78 ± 3.5 75 ± 4.8 74 ± 4.7 52 ± 5.1* 37 ± 4.3* 24 ± 4.6* 70 ± 3.7

VII 94 ± 3.2 109 ± 6.5 133 ± 10.2* 139 ± 8.6* 143 ± 5.8* 148 ± 5.6* 88 ± 2.5
VIII 89 ± 7.7 68 ± 5.6* 43 ± 6.1* 17 ± 4.6* 5 ± 5.3* 0.8 ± 0.7* 16 ± 4.2*
IX 96 ± 3.8 159 ± 4.6* 150 ± 4.8* 137 ± 5.2* 124 ± 4.7* 113 ± 4.9* 82 ± 3.8*
X 90 ± 3.6 87 ± 4.2 83 ± 3.8 89 ± 5.5 87 ± 2.7 88 ± 4.7 75 ± 4.1*
XI 75 ± 3.9 67 ± 5.1 44 ± 6.2* 16 ± 4.7* 7 ± 3.4* 2 ± 0.5* 12 ± 3.5*
XII 63 ± 4.4 152 ± 4.8* 144 ± 5.0* 140 ± 4.1* 117 ± 4.5 * 100 ± 5.1* 48 ± 4.3*

Extract (mg/mL) Thrombin ADP Epinephrine
PA (%) PA (%) PA (%)

0 77.0 ± 3.4 84.8 ± 3.6 86.5 ± 3.3
0.01 62.2 ± 4.7* 82.5 ± 3.2 86.0 ± 2.2
0.03 45.7 ± 6.1* 84.5 ± 2.4 85.0 ± 2.5
0.06 33.2 ± 5.8* 78.0 ± 2.8 80.7 ± 2.5
0.12 23.3 ± 4.3* 67.5 ± 3.9* 74.6 ± 2.8*
0.25 14.7 ± 3.1* 59.0 ± 4.9* 69.5 ± 4.2*
0.50 8.0 ± 2.2* 15.5 ± 2.9* 51.0 ± 3.8*
0.75 4.5 ± 1.5* 13.0 ± 2.2* 37.0 ± 3.1*
1.0 2.0 ± 1.0* 9.3 ± 1.8* 16.7 ± 1.2*
ASA 52.0 ± 5.2* 66.2 ± 4.5* 22.5 ± 3.7*
Clopidogrel 68.5 ± 4.2 7.4 ± 3.4* 10.4 ± 3.1*

Results are expressed as the mean ± SEM. PT, APTT, and TT are expressed in seconds (s), while the activity of blood 
coagulation factors is expressed in international units/deciliter (IU/dL). Normal ranges for all factors are as follows: 
II (78 – 133), V (53 – 125), VII (62 – 123), VIII (51 – 209), IX (67 – 209), X (78 – 138), XI (51 – 158), and XII (36 
– 159). CT: clotting times. *: significant comparisons to the baseline determination (0 mg/mL); n = 10.

Table 3. Anticoagulant effects of the hydroethanolic extract of Laelia furfuracea leaves.

Results are expressed as mean ± SEM. ASA: acetylsalicylic acid; PA: platelet aggregation. *: 
significant comparisons about the baseline determination (0 mg/mL); n = 10. 

Table 4. Concentration-dependent effects of hydroethanolic extract of Laelia furfuracea leaves 
on thrombin-, ADP-, and epinephrine-induced platelet aggregation.

of L. furfuracea were able to shorten PT and TT tests up to 5.0 s as compared to the basal condition, suggesting the 
presence of procoagulant compounds. Of course, all these hypotheses derived from our studies require to be clari-
fied in subsequent investigations. Meanwhile, given the effect of the polarity of orchid extract, it seems mandatory 
to identify, isolate, and purify the procoagulant and anticoagulant compounds in the leaves of L. furfuracea. These 
efforts could elucidate the mechanism of action of the bioactive compounds and evaluate their in vivo effects.

Accordingly, a previous chemical analysis by UPLC-ESI-MS/MS-qTOF (López-Pérez et al. 2022) revealed that 
the extract of L. furfuracea contains terpene, and polyphenolic compounds, which protocatechuic acid is the only one 
with a known effect on the secondary hemostasis (Huang et al. 2010, Cao et al. 2017). However, this phenol acts as a 
procoagulant rather than an anticoagulant, and other orchid compounds may determine the anticoagulant activity. The 
fact that the orchid extract contains procoagulant compounds should not be surprising because, in addition to protocat-
echuic acid, other phenols also possess this activity, such as vanillic acid, p-coumaric acid, syringic acid, and astragalin 



Anticoagulant and antiplatelet activity of Laelia furfuracea

652

(Huang et al. 2010, Kakkar & Bais 2014, Li et al. 2020, Mu et al. 2023), polycephalum A (saponin) and polycephalum 
B (flavanone glycoside) of Clinopodium polycephalum (Vaniot) C.Y Wu & S. J. Hsuan have procoagulant properties 
by shortening the APTT and PT, respectively (Tao et al. 2023). Besides, a more recent study about integrated metabolo-
mics and network pharmacology suggests that other natural compounds (naringenin, guanine, 2,4-di-tert-butylphenol, 
calycosin-7-O-beta-D-glucoside, flavone, vitexin, and tiliroside) may exert this activity (Yang et al. 2024). According to 
this study, vitexin another compound found in the extract of L. furfuracea may contribute to the procoagulant activity.

Regarding the antiplatelet effect, we showed that the extract contains compounds that inhibit platelet activation 
induced by thrombin, ADP, and epinephrine. The PRP from patients treated with ASA (COX-1 enzyme inhibitor) or 
clopidogrel (ADP receptor inhibitor) was used as positive controls for these assays. The epinephrine-induced platelet 
aggregation was mainly inhibited with ASA, while clopidogrel inhibited that with ADP. A different profile was seen 
when the extract was tested. This exerted an inhibitory effect almost on the same magnitude for the three agonists. 
The mechanism is unknown. However, we believe that the bioactive compounds in the leaves of L. furfuracea have 
a final common effect, decreasing the activation of the αIIbβ3 receptor required for platelet aggregation (Estevez & Du 
2017). Unlike coagulation factors, protocatechuic acid might contribute to the antiplatelet effect of the orchid extract. 
Protocatechuic acid inhibits platelet aggregation through the decrease in the mobilization of intracellular calcium and 
granular secretion mediated by the interaction between von Willebrand factor and glycoprotein Iba on the platelets 
(Kim et al. 2012). Despite this, it should be highlighted that the influence of protocatechuic acid on the activity of the 
L. furfuracea extract is probably not very significant because the extract seems to contain only small amounts of this 
compound. Therefore, we do not rule out that other compounds in the extract exert antiplatelet activity.

Figure 2. Inhibition of platelet aggregation by the hydroethanolic extract of Laelia furfuracea leaves. The results are expressed as mean ± SEM. For each ex-
perimental condition, samples from 10 patients with thrombosis were analyzed. For ASA, the percentage of inhibition for thrombin-, clopidogrel, the percent-
age of inhibition for ADP-, and epinephrine-induced platelet aggregation was 30.0 ± 6.4 %, 23.4 ± 9.0 %, and 76.2 ± 6.5 %, respectively. *Shows a significant 
difference between experimental conditions and basal determination (0 µg/mL). #: Significant difference between experimental conditions and ASA; n = 10.
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As stated above, the study did not aim to compare the antiplatelet effect of the leaf extract versus current drugs 
or purified natural compounds. Although the concentration used seems high (0.01 to 1.0 mg/mL), they are not. In 
fact, other studies with orchid extracts have used concentrations in a similar range or even higher (Paik et al. 1995, 
Lin et al. 2006). Although the concentrations of the extracts did not appear cytotoxic for platelets, we evaluated the 
viability of these cells before performing the aggregation assays. It was found that under the experimental condi-
tions of concentration (0.01 to 1.0 mg/mL) and incubation time (10 min) with the extract, the viability of platelets 
remained unchanged (data not shown).

In comparison to other orchid extracts and their effects, we found, for example, that the antiplatelet effect of 
the leaves extract of L. furfuracea is apparently more potent than Gastrodia elata Blume (Paik et al. 1995, Lin et 
al. 2006). The maximum concentration (2.4 mg/mL) of G2 fraction of G. elata decreased ADP-induced platelet 
aggregation from 49.74 ± 7.36 to 11.21 ± 6.47 % (Lin et al. 2006), while 1.0 mg/mL of the extract of L. furfuracea 
decreased platelet aggregation from 84.8 ± 3.6 to 9.3 ± 1.8 %. Moreover, the fractions II, III, and IV from the hy-
droethanolic extract of G. elata required a concentration of 1.0 mg/mL to exert an inhibitory effect on ADP-induced 
platelet aggregation (Paik et al. 1995), while 0.5 mg/mL of the extract of L. furfuracea inhibited platelet aggregation 
about 80 %. Notably, in these two previous studies, the inhibitory effect of G. elata fractions was achieved using 
higher concentrations than those used for the L. furfuracea extract. Nevertheless, we recognize that the antiplatelet 
potency of L. furfuracea extract is too low in comparison to the purified bioactive compounds in G. elata (Pyo et al. 
2004) and other orchids with antiplatelet activity, such as Dendrobium loddigesii Rolfe., D. densiflorum Lindl., D. 
longicornu Lindl., D. trigonopus Rchb.f., D. venustum Teijsm. & Binn., Calanthe arisanensis Hayata, Cephalancer-
opsis gracilis (Lindl.) S.Y.Hu., and Ephemerantha lonchophylla (Hook. f.) P.F. Hunt & Summerh. (Chen et al. 1994, 
2000, Fan et al. 2001, Hu et al. 2008a,b, Lee et al. 2014, Sharma et al. 2018, Swe et al. 2021) that exert their effects 
at the range of micromolar concentration. 

On the other hand, the possibility of finding an extract with a dual inhibitory effect on hemostasis (anticoagulant 
and antiplatelet) was demonstrated, but not as we expected. Although the extract showed both effects, we assume that 
different compounds exert these because platelet aggregation was inhibited at concentrations less than 1.0 mg/mL, 
while the anticoagulant effect required more than 1.0 mg/mL. Although the extract did not show the expected dual 
activity, it is still possible that the anticoagulant bioactive compounds in the orchid also behave as antiplatelet agents. 
This could become very relevant for the treatment of thrombosis because the anticoagulant and antiplatelet effects 
might benefit patients with acute coronary syndrome, atrial fibrillation, or transient cerebral ischemia in whom the 
combined use of anticoagulants and antiplatelet drugs is simultaneously indicated (Espinola-Klein 2022). To date, 
no drug in medical practice has both effects. However, the significance of these findings depends on identifying the 
orchid bioactive compounds. 

In conclusion, this study demonstrated for the first time that the hydroethanolic extract of L. furfuracea leaves in-
hibits in vitro coagulation factors II, V, VIII, and XI as well as a significant inhibition of platelet aggregation induced 
by thrombin, ADP, and epinephrine. In addition, the results suggest that some compounds in the extract may also act 
as procoagulants. The polarity of these findings makes the identification of the bioactive compounds unavoidable. 
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