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	Portulaca oleracea L. is a vegetable plant traditionally used to treat several conditions. A wide range of bioactivities of P. oleracea were reported. However, its potential in the treatment and prevention of heart diseases has rarely been documented. This study reports, for the first time, the inhibitory effect on human platelet aggregation and blood coagulation of the aerial part of P. oleracea L. The dried aerial part of P. oleracea was macerated with 80% ethanol, suspended in the water and then successively fractionated with n-hexane, ethyl acetate. Blood samples were collected from healthy volunteers. The antiplatelet effects of extracts were evaluated using the turbidimetric method. The anticoagulant activity was assessed by measuring prothrombin time (PT), activated partial thromboplastin time (APTT) and thrombin time. The results showed that the aerial part of P. oleracea had potent inhibitory effects on human platelet aggregation and blood coagulation. The ethyl acetate fraction showed the strongest antiplatelet effects (p < 0.05) regardless of agonists used. At 2 mg/mL, percentage inhibition of platelet aggregation of the ethyl acetate fraction was  up to 99.5%. Moreover, both ethanol extract and ethyl acetate fraction exhibited anticoagulant activities by prolonging both APTT and PT (p < 0.05), while the n-hexane fraction prolonged APTT (p < 0.05), indicating possible effects on both intrinsic and extrinsic factors involved in the coagulation pathway of aerial PO. This vegetable plant could be a valuable natural source to develop supplementary products or to investigate novel antithrombotic agents for the treatment and prevention of heart diseases.
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Introduction 
Cardiovascular diseases (CVDs), including coronary heart disease, cerebrovascular disease, stroke and other problems, are a group of disorders of the heart and blood vessels. They are one of the leading worldwide causes of death.1 One of the primary reasons for CVDs is the obstruction of blood flow to the heart or brain, caused by the build-up of fatty deposits on the inner wall of the blood arteries. If the arteries leading to the heart muscle is blocked by blood clots, a heart attack will occur. If the arteries in the brain is blocked by blood clots, this will lead to a stroke.1 Current antithrombotic agents, including antiplatelet and anticoagulant drugs, play an important role in the treatment of CVDs. However, numerous side effects such as gastrointestinal complications, hemorrhage and drug resistance are associated with their use.2 There is an increasing interest in medicinal herbs since 30-50% of currently used pharmaceutical and nutraceutical products derives from plants. Medicinal plants serve as a potential source for the discovery of alternative therapies with improved efficacy and decreased side effects.3
Portulaca oleracea L. (PO), often called common purslane, is a well-known leafy vegetable. It is widely ditributed in many countries, especially in tropical and subtropical regions. PO is known to have great nutritional values because it is rich in vitamins, -carotene, ascorbic acid, and -linolenic acid.4
 
*Corresponding author. E mail: nguyen-thi-van.anh@usth.edu.vn
Tel: +84-2437916920
 
Citation: Nguyen TVA and Le HL. Potential Inhibitory Effects on Human Platelet Aggregation and blood Coagulation of the Aerial Part of Portulaca oleracea L.Trop J Nat Prod Res. 2024; 8(1):6001-6005. http://www.doi.org/10.26538/tjnpr/v8i1.42
 
Official Journal of Natural Product Research Group, Faculty of Pharmacy, 
University of Benin, Benin City, Nigeria
In traditional medicine, PO was used for the treatment of several conditions such as respiratory and gastrointestinal disorders, headaches, inflammations, kidney and liver diseases.4,5 Studies have revealed that PO has a wide range of biological activities, including antioxidant, antiinflammatory, antimicrobial, anticancer, immunoregulatory, antidiabetic, antiulcerogenic, hepatoprotective, antiasthmatic, neuroprotective and hypocholesterolemic activities.4,6-9 Especially, this plant was reported to reduce hyperglycemia and could be effectively and safely used as an adjunctive and alternative therapy for type-2 diabetes.10,11 However, its potential in the treatment and prevention of CVDs has rarely been documented. A recent study reported the protective effect of PO on cardiovascular parameters such as malondialdehyde levels and cardiac index in rat with cardiac dysfunction caused by subclinical hyperthyroidism.12 This study reports, for the first time, the potent inhibitory effect on human platelet aggregation and blood coagulation of the aerial part of PO collected in Vietnam. The novel findings from this study will provide scientific information about the promising functions of PO in the drug development for the treatment and prevention of CVDs.
 
Materials and Methods
Plant collection and identification
Portulaca oleracea L. was collected in July, 2021 in Thai Nguyen, Vietnam, identified and deposited at the Department of Life Sciences, University of Science and Technology of Hanoi, Vietnam Academy of Science and Technology, Vietnam with a voucher number of PO.A.TN01
 
Chemical materials
Chemicals used in this study were dimethyl sulfoxide (DMSO) and aspirin from Sigma-Aldrich, adenosine diphosphate (ADP) and collagen from Chrono‑Log Corporation (USA), PT (prothrombin time), APTT (activated partial thromboplastin time) and TT (thrombin time) reagents from Dade Behring Marburg GmbH (Marburg, Germany). In addition, ethanol (EtOH), n-hexane and ethyl acetate (EtOAc) were purchased from China.
 
Plant extraction
The aerial part was washed, dried at room temperature and then powdered. The fine powder (1.0 kg) was macerated in 80% EtOH at room temperature three times. The extract was combined, filtered and evaporated under reduced pressure to obtain the total EtOH extract (APO.Et, 90 g). Then the EtOH extract (45 g) was suspended in the water, and fractionated successively with organic solvents to obtain the n-hexane (APO.H, 0.81 g), EtOAc (APO.EA, 0.31 g) and water fraction (APO.W, 3.6 g). The extracts were stored at 4 - 6 °C for further use. The yield of extraction was calculated as follow: Yield (%) = me/m  100, where me is the weight of dried extracts and m is the weight of the dried plant material.
 
Preparation of plasma samples
The study was approved by the Ethical Committee of the Vietnam National University, Hanoi, Vietnam. Healthy volunteers, who were aged 18 - 35 years old and did not use any medications for at least 3 weeks, were recruited for the study. A complete blood count test was performed before experiments to ensure that studied volunteers had normal blood cell counts. Venous blood samples were drawn from fasting volunteers and put in 3.2 % sodium citrate tubes. In order to obtain platelet-rich plasma (PRP), centrifugation of blood samples at 500 rpm in 10 min were done. However, to obtain platelet-poor plasma (PPP), blood samples were centrifuged at 3000 rpm in 10 min. 
 
Determination of antiplatelet aggregation activity
The total extract and fractions were dissolved and diluted in DMSO to obtain working concentrations of 20, 10, 5 mg/mL. The antiplatelet effects of PO aerial extracts were evaluated using the turbidimetric method described previously by Mustard et al.13 In brief, mixtures of 450 µL PRP and 50 µL of the plant extracts at different concentrations were incubated at 37 °C for 3 mins. Then, ADP (10 µM) or collagen (2 µg/mL) was added to the prepared mixtures for stimulation of platelet aggregation. The curves of platelet aggregation were determined by the change of light transmission. Three platelet parameters were collected over 6 min: maximum amplitude, maximum slope (S) and area under the aggregation curve (AUC). The maximum amplitude resembles the maximum platelet aggregation. While maximum slope shows the velocity of platelet aggregation, AUC indicates the overall platelet aggregation. Ticagrelor 0.002 mg/mL was used as the positive control in the case of ADP, while aspirin 0.1 mg/mL was used as the positive control in case of collagen. DMSO 0.1% was used as the negative control. The percentage inhibition (%I) of platelet aggregation was calculated by the following formula:
 
%I = (X – Y)/X  100%
Where X was the maximum aggregation of the negative control, Y was the maximum aggregation of the samples. 
 
Determination of anticoagulant activity
The anticoagulant activity of the samples was assessed following the previously described method.14 Mixtures of 450 µL PPP and 50 µL plant extracts at different concentrations were pre-incubated at 37°C. Then, 50 µL APTT and PT reagents were incubated with 50 µL of prepared mixtures at 37°C for 5 min, for APTT and TT assay, respectively. However, for the TT assay, 10 µL TT reagent was incubated with 50 µL of the prepared mixture at 37 °C for 5 min. The APTT, PT and TT parameters were measured using Sysmex CS-2100i machine (Japan). The positive control was heparin 2 IU/mL for PT assay, and heparin 0.2 IU/mL for both APTT and TT assays. The negative control was DMSO 0.1%.
 
Data analysis
The experiments were performed in triplicate. Data were presented in the form of mean ± standard deviation (SD). The SPSS software version 25.0 (Armonk, NY: IBM Corp.) was utilized to perform independent sample t-test and one-way ANOVA test to evaluate the difference between groups. Pearson’s correlation coefficient (r) test was applied to determine the associations between variables. The results reached statistically significant if p < 0.05.
 
Results and Discussion
The percentage yield of the extraction of the aerial part of P. oleracea was 9.0% for the total EtOH extract (APO.Et), 0.16% for the n-hexane fraction (APO.H), 0.06% for the EtOAc fraction (PO.EA) and 0.72% for the water fraction (PO.W). 
 
Inhibitory effect of P. oleracea aerial extracts on platelet aggregation induced by ADP
It was observed that the total EtOH extract and three fractions of the aerial part of PO expressed significant inhibitory effects on platelet aggregation in a dose-dependent manner (Pearson correlation coefficient, r > 0.8 for all extracts). The total EtOH extract APO.Et and the EtOAc fraction APO.EA showed strong antiaggregatory effects. At 2 mg/mL, both APO.Et and APO.EA showed very high values of percentage inhibition (%I > 90%) when platelet aggregation was induced by ADP. In addition, the EtOAc fraction exhibited the strongest antiplatelet effect compared to the total extract and other fractions (p < 0.05). %I of APO.EA at 2 mg/mL was up to 99.5%, which was significantly higher than the one of the positive controls (p < 0.05). At 2 mg/mL, the n-hexane fraction APO.H also showed higher %I than the positive control (p < 0.05), while the water fraction APO.W showed similar %I compared to the positive control (p > 0.05). APO.W exhibited the lowest antiplatelet effects among extracts (p < 0.05) (Figure 1a).
 
	 
	 


Figure 1: The percentage inhibiton of platelet aggregation induced by a) ADP and b) collagen of P. oleracea aerial extracts (*: p < 0.05 compared to the positive control; APO.Et: total EtOH extract of aerial P. oleracea; APO.EA: ethyl acetate fraction of aerial P. oleracea; APO.H:  n-hexane fraction of aerial P. oleracea; APO.W: water fraction of aerial P. oleracea; ADP: adenosine diphosphate)
	 
	 


Figure 2: Area under the platelet aggregation curve induced by a) ADP and b) collagen of P. oleracea aerial extracts (*: p < 0.05 compared to the positive control; APO.Et: total EtOH extract of aerial P. oleracea; APO.EA: ethyl acetate fraction of aerial P. oleracea; APO.H:  n-hexane fraction of aerial P. oleracea; APO.W: water fraction of aerial P. oleracea; ADP: adenosine diphosphate)
 
Moreover, the results showed that all extracts significantly lowered AUC and slope compared to the negative control (p < 0.05). These two platelet parameters were negatively correlated with the tested concentrations (Pearson correlation coefficient, r < -0.76 for all extracts). At the highest tested concentration of 2 mg/mL, both APO.Et and APO.EA showed signicantly lower slope than the positive control (p < 0.05). Notably, APO.EA at 2 mg/mL exhibited the lowest AUC and slope among fractions, with significantly lower AUC and slope than the positive control (p < 0.05). Compared to the positive control ticagrelor 0.002 mg/mL, at 2 mg/mL, the n-hexane fraction APO.H had significantly lower slope ( p < 0.05) and similar AUC (p > 0.05), and APO.W had similar AUC and slope (p > 0.05) (Figure 2a, 3a).
 
Inhibitory effect of P. oleracea aerial extracts on platelet aggregation induced by collagen
Similar to the results obtained in the case of ADP agonist, when platelet aggregation was stimulated by collagen, the total EtOH extract and three fractions of the aerial part of PO also showed dose-dependent antiplatelet aggregation effects (Pearson correlation coefficient, r > 0.8 for all extracts). Both total EtOH extract APO.Et and EtOAc fraction APO.EA exhibited strong inhibitory activities with percentage inhibition values of > 90% at 2 mg/mL. Moreover, the EtOAc fraction had the strongest antiplatelet aggregation effect among extracts (p < 0.05). At 2 mg/mL, APO.EA showed extremely high %I of 99.5%, which was significantly higher than the one of the positive controls (p < 0.05). Both APO.H and APO.W at all tested concentrations showed antiplatelet effects, but %I was significantly lower than the postive control (p < 0.05). APO.W exhibited the lowest antiplatelet effects among extracts (p < 0.05) (Figure 1b).
Concerning AUC and slope of platelet aggregation, the results showed that these two platelet parameters of all extracts were negatively correlated with the tested concentrations (Pearson correlation coefficient, r < -0.76 for all extracts), which is also similar to the case of ADP. The total extract and three fractions significantly decreased both AUC and slope compared to the negative control (p < 0.05). It is noted that both APO.Et and APO.EA at the highest tested concentration of 2 mg/mL had signicantly lower slope than the positive control (p < 0.05). Moreover, the lowest AUC and slope among fractions were also observed for the EtOAc fraction APO.EA at 2 mg/mL. These two values of APO.EA were even significantly lower than the positive control (p < 0.05). However, the AUC and slope values of both n-hexane and water fraction were significantly higher than the ones of the positive control (p < 0.05). APO.W had the highest AUC and slope compared to the others (p < 0.05) (Figure 2b, 3b).
 
Anticoagulant effect of the aerial extracts of P. oleracea
The results indicated that the total EtOH extract, the EtOAc and n-hexane fraction of aerial PO significantly prolonged APTT compared to the negative control (p < 0.05). Both APO.Et and APO.EA at 8 and 12 mg/mL showed significantly higher APTT than the positive control (p < 0.05). The APTT of APO.H at 12 mg/mL was similar to the positive control (p < 0.05). Moreover, both APO.Et and APO.EA had higher PT than the negative control (p < 0.05). APO.EA at 12 mg/mL showed a greater prolongation of PT than heparin 2 IU (p < 0.05). All extracts did not have any effect on TT (Table 1). 
 
Discussion
Platelets play an important role in wound healing, hemostasis and thrombosis. Physiologically, their primary function is to prevent and stop blood bleeding. However, in pathological processes, platelet aggregation occurs and arterial thrombi are formed, leading to the obstruction of blood flow and local ischemia. Platelet aggregation and platelet hyperactivity contribute to the development of CVDs.15,16 Therefore, plant extracts and compounds that can inhibit platelet activation could be beneficial for CVDs treatment and prevention.14
This study demonstrated, for the first time, the potent antiplatelet effects of the aerial part of PO. The total extract and all fractions could suppress the platelet aggregation induced by either ADP or collagen agonist. Similar to our recent studies, 14,17,18 three important platelet parameters were analyzed to evaluate the antiaggregatory effect, including %I, maximum slope and AUC. The maximum slope indicates the maximum platelet aggregation velocity. AUC reflects the relationship between aggregation velocity and maximum aggregation, hence it shows the overall platelet aggregation.19,20 Low AUC and slope values indicate the inhibitory effects of the sample on the overall platelet aggregation and aggregation velocity, respectively. The results proved that the aerial part of PO significantly inhibited not only the maximum aggregation, but also the aggregation velocity and the overall platelet aggregation. Moreover, the EtOAc fraction showed the strongest antiplatelet effect among fractions. The novel finding on antiplatelet effect of aerial PO would be useful for investigation of bioactive compounds from PO in further studies. 
ADP and collagen are commonly used agonists to stimulate platelet aggregation. ADP activates P2Y1 and P2Y12 receptors, while collagen activates the glycoprotein VI (GpVI), GpIa/IIa and GpIIb-IIIa receptors, granule release and the production of thromboxane A2.21 The potent antiplatelet activity for both ADP and collagen suggests that bioactive components present in the aerial part of PO could have different modes of actions. Active extracts and molecules of PO might stimulate P2Y1 and/or P2Y12 receptors of ADP agonist or interfere with the thromboxane production pathway.
 Moreover, this is also the first study to report the anticoagulant activity of PO. It is known that PT, APTT and TT are coagulant assays commonly used to evaluate the anticoagulant effect of plants.14,17,18 While the APTT assay measures the clotting time in the intrinsic pathway and reflects the influence on intrinsic factors such as factors XII, XI, IX, VIII, and V, the PT test measures the clotting time in the extrinsic pathway and indicates the effects on extrinsic factors such as factors I, II, V, X and VII.22 The EtOH extract and the EtOAc fraction of the aerial part of PO showed potent anticoagulant effects by prolonging both APTT and PT parameters. The observed results suggest that these two extracts might act on both intrinsic and extrinsic factors of coagulation pathway. The n-hexane fraction had ability to prolong APTT but not PT, suggesting that this fraction might interfere with the intrinsic but not extrinsic factors of the coagulation cascade. The TT assay measures the time taken for the conversion of fibrinogen to fibrin. In the present study, PO aerial extracts did not have any effects on TT value. This indicates that tested PO extracts might not affect the process of converting fibrinogen to fibrin in the last step of the coagulation cascade.17 
Previous studies also reported anticoagulant and antiplatelet effects of different plant extracts.14,17,18,23,24,25,26 Similar to the present results, the EtOAc fractions of Canna species were proved to exhibit the most potent antiaggregatory and anticoagulant activity among fractions.17,18 Further investigation led to the identification of antithrombotic compounds from the EtOAc fraction of Canna plants.14,17,24 The extracts from leaves of Meriandra dianthera also expressed anticoagulant effects on APTT and PT.23 The potential antiplatelet and anticoagulant activity of the aerial PO suggests that PO is a promissory candidate for the development of alternative therapies or supplementary products to prevent and treat CVDs. 
The detected antithrombotic effect of the PO aerial part could be explained by the abundant phytochemicals present in the plant, including flavonoids, terpenoids, carotenoids, alkaloids, polysaccharides, sterols, fatty acids, proteins, vitamins, and minerals.4 Several compounds were isolated from the aerial part of PO, in which some compounds such as kaempferol, apigenin, luteolin, genistein, quercetin, p-coumaric acid, cafeic acid and ferulic acid were reported to have antiplatelet and anticoagulant effect.4,6,27,28 It could be seen that the aerial part of PO is a rich source of antithrombotic molecules. Further studies could investigate novel antiplatelet and anticoagulant compounds from this interesting vegetable plant. 
Although PO can be nutritious and help prevent CVDs, the significant antithrombotic findings suggest that excessive consumption of this vegetable could be associated with bleeding risk. Moreover, the concomitant use of PO with anticoagulant drugs should be cautious because it can cause potentiation of conventional drugs and increase the risk of hemorrage. Nevertheless, more research should be done to investigate these possible unwanted effects and the modes of action. 
 
	 
	 


Figure 3: Slope of the platelet aggregation curve induced by a) ADP and b) collagen of P. oleracea aerial extracts (*: p < 0.05 compared to the positive control; APO.Et: total EtOH extract of aerial P. oleracea; APO.EA: ethyl acetate fraction of aerial P. oleracea; APO.H:  n-hexane fraction of aerial P. oleracea; APO.W: water fraction of aerial P. oleracea; ADP: adenosine diphosphate)
 
Table 1: Anticoagulant effect of the total extract and fractions of PO aerial part
 
	Sample
	Conc. (mg/mL)
	APTT (s)
	PT (s)
	TT (s)

	APO.Et
	12
	91.40  2.19*
	19.97  0.61*
	17.2  0.26

	8
	54.90  3.42*
	12.57  0.58
	16.87 0.71

	4
	27.60  0.78
	12.50  1.40
	15.77 0.25

	APO.EA
	12
	91.43  4.10*
	28.77  1.21*
	17.47 0.15

	8
	63.60  3.73*
	14.90  0.40
	17.87  0.68

	4
	27.93  0.55
	12.60 0.26
	17.30  0.46

	APO.H
	12
	48.00  2.21*
	13.67  1.25
	17.67  0.57

	8
	26.80  0.61
	12.57  0.61
	17.90  0.53

	4
	26.67  0.32
	12.07  0.75
	17.23  0.51

	APO.W
	12
	27.57  0.95
	12.83  0.85
	17.90  0.30

	8
	24.67  6.30
	12.33  1.08
	17.17  0.95

	4
	23.60  6.50
	12.13  0.35
	17.43  0.65

	DMSO
	0.1%
	27.83  1.10
	12.03  0.61
	17.50  0.40

	Heparin
	0.2 IU
	45.10  1.14
	 
	31.70  2.33

	Heparin
	2 IU
	 
	28.93  0.91
	 


 
Conclusion
This study demonstrated, for the first time, the ability of the PO aerial part to inhibit human platelet aggregation and blood coagulation. The EtOAc fraction expressed the strongest antiplatelet activity for both ADP and collagen agonists. Moreover, the PO aerial part, especially the total EtOH extract and the EtOAc fraction exhibited anticoagulant activities by prolonging APTT and PT parameters, indicating the possible effects on both intrinsic and extrinsic factors involved in the coagulation pathway. This vegetable plant could be a valuable natural source to develop supplementary products or to investigate novel antithrombotic agents for the treatment and prevention of CVDs.
 
Conflict of Interest 
The authors declare no conflict of interest.
 
Authors’ Declaration
The authors hereby declare that the work presented in this article is original and that any liability for claims relating to the content of this article will be borne by them.
 
References
WHO. Cardiovascular diseases (CVDs). [Online]. 2021 [Cited 2023 December 5]. Available from: https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds).
Chan NCW, J. I. Antithrombotic agents. Cir Res. 2019; 124(3):426-36.
Anand U, Jacobo-Herrera N, Altemimi A, Lakhssassi N. A comprehensive review on medicinal plants as antimicrobial therapeutics: potential avenues of biocompatible drug discovery. Metabolites. 2019; 9(11):258.
Ghorani V, Saadat S, Khazdair MR, Gholamnezhad Z, El-Seedi H, Boskabady MH. Phytochemical characteristics and anti-inflammatory, immunoregulatory, and antioxidant effects of Portulaca oleracea L.: A comprehensive review. Evid Based Complement Alternat Med. 2023; 2023:2075444.
Zhao CQ, Zhou Y, Ping J, Xu LM. Traditional Chinese medicine for treatment of liver diseases: progress, challenges and opportunities. J Integr Med. 2014; 12(5):401-8.
Sun P, Wang J, Yang G, Khas E, Liu Q. Effects of different doses of free alpha-linolenic acid infused to the duodenum on the immune function of lactating dairy cows. Arch Anim Nutr. 2010; 64(6):504-13.
Khazdair MR, Anaeigoudari A, Kianmehr M. Anti-asthmatic effects of Portulaca Oleracea and its constituents, a review. J Pharmacopuncture. 2019; 22(3):122-30.
Chan K, Islam MW, Kamil M, Radhakrishnan R, Zakaria MN, Habibullah M, Attas A. The analgesic and anti-inflammatory effects of Portulaca oleracea L. subsp. Sativa (Haw.) Celak. J Ethnopharmacol. 2000; 73(3):445-51.
Farkhondeh T, Samarghandian S, Azimi-Nezhad M, Hozeifi S. The hepato-protective effects of Portulaca oleracea L. extract: review. Curr Drug Discov Technol. 2019; 16(2):122-6.
Lee JH, Park JE, Han JS. Portulaca oleracea L. extract reduces hyperglycemia via PI3k/Akt and AMPK pathways in the skeletal muscles of C57BL/Ksj-db/db mice. J Ethnopharmacol. 2020; 260:112973.
El-Sayed M-IK. Effects of Portulaca oleracea L. seeds in treatment of type-2 diabetes mellitus patients as adjunctive and alternative therapy. J Ethnopharmacol. 2011; 137(1):643-51.
Hadjzadeh M-a-R, Khodadadi H, Sohrabi F, Hedayati-Moghadam M, Ghorbani A, Hosseinian S. Protective effects of Portulaca oleracea and vitamin E on cardiovascular parameters in rats with subclinical hyperthyroidism. Clin Exp Hypertens. 2022; 44(7):663-9.
Mustard JF, Perry DW, Ardlie NG, Packham MA. Preparation of suspensions of washed platelets from humans. Br J Haematol. 1972; 22(2):193-204.
Le HL, Nguyen TMH, Vu TT, Nguyen TTO, Ly HDT, Le NT, Nguyen VH, Nguyen TVA. Potent antiplatelet aggregation, anticoagulant and antioxidant activity of aerial Canna x generalis L.H Bailey & E.Z Bailey and its phytoconstituents. South Afr J Bot. 2022; 147:882-93.
Fuentes E, Palomo I. Relationship between platelet PPARs, cAMP levels, and p-selectin expression: antiplatelet activity of natural products. Evid Based Complement Alternat Med. 2013; 2013:861786.
Knight CJ. Antiplatelet treatment in stable coronary artery disease. Heart. 2003; 89(10):1273-8.
Nguyen TMH, Le HL, Ha TT, Bui BH, Le NT, Nguyen VH, Nguyen TVA. Inhibitory effect on human platelet aggregation and coagulation and antioxidant activity of C. edulis Ker Gawl rhizome and its secondary metabolites. J Ethnopharmacol. 2020; 263:113136.
Le HL, Vu TT, Le TTH, Duong TLH, Nguyen TVA. Inhibitory effect on human platelet aggregation, antioxidant activity, and phytochemicals of Canna warszewiczii (A. Dietr) Nb. Tanaka. Pharmacog Res. 2020; 12:47-52.
Calatzis A, Wittwer M, Krueger B. 2004. Platelets. A new approach to platelet function analysis in whole blood - the multiplate analyzer. Platelets. 2004; 15:485-6.
Hanke AA, Roberg K, Monaca E, Sellmann T, Weber CF, Rahe-Meyer N, Görlinger K. Impact of platelet count on results obtained from multiple electrode platelet aggregometry (Multiplate). Eur J Med Res. 2010; 15(5):214-9.
Zhou L, Schmaier AH. Platelet aggregation testing in platelet-rich plasma: description of procedures with the aim to develop standards in the field. Am J Clin Pathol. 2005; 123(2):172-83.
Bates SM, Weitz JI. Coagulation assays. Circulation. 2005; 112(4):e53-60.
Kiflemariam F, Tewelde A, Hamid A, Beshir B, Solomon S, Eman T, Abraha D, Kahsu R, J I, Kaushik J. Meriandra dianthera aqueous extract and its fraction prevents blood coagulation by specifically inhibiting the Intrinsic coagulation pathway: an in vitro study. J Exp Pharmacol. 2022; 14:205-12.
Nguyen TVA, Nguyen TMH, Le HL, Bui DH. Potential antithrombotic effect of two new phenylpropanoid sucrose esters and other secondary metabolites of Canna indica L. rhizome. Nat Prod Res. 2023:1-9.
Herlyanti K, Murwanti R, Wahyono, Fukhrudin N. Antiplatelet activity of Piper cubeca fruit ethanol extract. Trop J Nat Prod Res. 2022; 6(11): 1832-1835.
Nwaogu LA, Igwe CU, Iwueke AV, Chukwudoruo CS. In vitro aggregation inhibition activity of n-hexane leaf extract of Azadirachta indica of human platelet. Trop J Nat Prod Res. 2022; 6(9): 1487-1491.
Navarro-Núñez L, Lozano ML, Palomo M, Martínez C, Vicente V, Castillo J, Benavente-García O, Diaz-Ricart M, Escolar G, Rivera J. Apigenin inhibits platelet adhesion and thrombus formation and synergizes with aspirin in the suppression of the arachidonic acid pathway. J Agric Food Chem. 2008; 56(9):2970-6.
Guerrero JA, Lozano ML, Castillo J, Benavente-García O, Vicente V, Rivera J. Flavonoids inhibit platelet function through binding to the thromboxane A2 receptor. J Thromb Haemost. 2005; 3(2):369-76.
 
 
  
 
 
 
OEBPS/toc.xhtml
		Section 1





OEBPS/images/image0002.jpg
i

B

=/
7|
E






OEBPS/images/image0001.jpg





