


In Vitro Anticoagulant Effect of Aqueous Garlic (Allium sativum) Extract on Human Plasma Coagulation

Abstract:
Background: Bleeding disorders is a dangerous situation affect population, and their treatment may have side effects, very expensive and not available so people resorted to use the herbal medicine because it’s safe, available and with low cost ,One of them is Garlic (Allium Sativum), in which there is a previous study confirming their activity as anticoagulant.
Objective: The present study aimed to detect the in vitro anticoagulant effect of Garlic extraction (Allium Sativum) on normal human plasma.
Materials and Methods: This was experimental study, 15 normal blood samples were collected and treated with varying concentrations (100%, 50%, and 25%) of aqueous extracts of Garlic (Allium Sativum). The PT and APTT were measured for each treatment group and control group. Statistical analysis was performed to determine the significance of the results by SPSS version 25.
Results: The median of prothrombin time in three different concentrations of extraction (Allium Sativum) was measured in fifteen (15) samples which was prolonged than the median of control group. The highest median of prothrombin time was founded when plasma incubated with 100% aqueous extraction (39 sec) compared to the median of control (12sec) with the P -value is less than 0 .05.
The median of activated thrompoblastin time (APTT) in three different concentrations of extraction (Allium Sativum) in fifteen (15) samples which was prolonged than control group and the highest median of APTT time was founded when plasma incubated with 100% aqueous extraction (68 sec) compared to the median of control (27 sec) with P- value less than 0.05.

Conclusion: Through our investigation of prothrombin time (PT) and activated Partial thromboplastin time (APTT) using aqueous Garlic (Allium Sativum) extract, we observed significant prolongation of both PT and APTT with increase garlic concentration that confirm the anticoagulant activity of garlic extract.
Keywords: Garlic (Allium Sativum), Herbal medicine, Anticoagulant, PT(Prothrombin Time), Activated partial thromboplastin time (APTT).
Introduction:
“The search for new anticoagulants to overcome the limitations of vitamin K antagonists has been promoted; they must have several characteristics, such as being administered orally, demonstrating a low risk of bleeding, not requiring constant medical monitoring of coagulation, not needing to adjust the dose, and having a low level of interaction with drugs and food, that reduce the effects of blood-material contact (for example, cannula of the extracorporeal life support) and improve their hemocompatibility” (Clark-Montoya et al., 2025; Wardani et al., 2024). “Herbals and their effect on blood parameters various plants are used ethnomedicinally for use in blood related treatments as blood tonics, to prevent excessive bleeding, treat hemorrhoids, and as wound dressing to staunch blood flow. Whether these preparations have direct effects on the coagulation system or cause disruption due to drug interactions is not always known” [1]. “The anticoagulants available to the public are currently effective in preventing and treating disorders such as ischemia, cerebrovascular accidents, deep vein thrombosis, and pulmonary embolism. However, their use has drawbacks, such as the need for monitoring. Some must be administered intravenously, making their long-term use impractical” (Wewe, 2025). “Others are administered orally but have a variable anticoagulant response, due to various factors ranging from the patient’s genetic makeup to the intake of foods containing vitamin K. This variability requires frequent dose adjustments to ensure the therapeutic effect and avoid bleeding” (Klemen et al., 2020).
“Garlic (Allium sativum L.), i.e., a bulbous plant from the Lillaceae family, is native to central Asia but at present grows in many countries around the world [2]. Garlic is widely used due to its seasoning and flavor qualities as well as health-enhancing properties” [3].
Moreover, “it is used in folk medicine as a remedy for the treatment of bacterial and viral Diseases” [4-6]. “Garlic has been reported as a medicinal plant showing anticoagulant activity. It shows anticoagulant activity by resisting platelet aggregation, inhibiting thrombin formation and enhancing fibrinolysis. Several compounds in garlic mainly organosulfur compounds are responsible for its anticoagulant activity. Anticoagulant activity of garlic is proven by several in vitro, animal and human studies. So, that suggests the garlic to reduce the risk of thrombosis therefore cardiovascular complications” [7].
Garlic contains many bioactive compounds including organosulfur compounds, saponins, phenolic compounds, and polysaccharides [8].
“A substantial number of studies have shown that, thanks to its unique composition of Bioactive constituents, garlic exhibits antibacterial, antifungal, immunomodulatory, anti- inflammatory ,Antioxidant, anticancer, hepatoprotective, gastroprotective, cardiovascular Protective, neuroprotective, renal protective, ant diabetic, anti-obesity, and anti-coagulant properties. It has also been used in such diseases as cholera or malaria and to reduce LDL cholesterol” [9,10,11, 12, 13].
Moreover, “the World Health Organization (WHO), the American Cancer Society (ACS), the American Institute of Cancer Research (AICR), and the National Cancer Institute(NCI) say that eating garlic might lower the risk of cancer” [14].Garlic can help with preventing blood clots in a few different ways.
It can also make other blood-thinning medicines and non-steroidal anti-inflammatory drugs work better. They suggest taking 4 grams or 1 to 2 cloves of garlic each day for health benefits [15].
There are several compounds that are responsible for anticoagulant activity in garlic. Organosulfur compounds in garlic play a major role in its anticoagulant property. Allicin, other thiosulfinates, Allicinderivatives such as ajoene, diallyltrisulfide(DATS), diallyl disulfide (DADS), methylallyltrisulfide(MATS), Dithiinsand Adenosine in garlic are responsible for the antithrombotic effect of garlic [16-20].
“Garlic exhibits anticoagulant activity mainly through three mechanisms. Those are inhibiting platelet aggregation, retarding thrombin formation, and promoting fibrinolysis” [21].
Platelet aggregation and adhesion are significantly reduced by garlic.Garlic shows anticoagulant effect by inhibiting collagen adenosine diphosphate (ADP) and epinephrine induced platelet aggregation [22]. Platelet aggregation is inhibited by several mechanisms such as inhibition of cyclooxygenase enzyme, retardation of movement of calcium into platelets, and elevation of cAMP, and cGMP [23].
Diallyltrisulfide (DATS), a garlic component inhibits platelet aggregation induced by thrombin and collagen related peptides, and inhibition is increased with increasing concentration. DATS inhibits platelet aggregation without interferingthe formation of cAMP, and cGMP [24].
Materials and Methods:
This experimental in vitro study was conducted in the Department of Hematology, Faculty of Medical Laboratory Sciences, during the period from November 2024 to march 2025. The study aimed to evaluate the anticoagulant effect of aqueous extract of Garlic (allium Sativum) on normal human plasma through measurement of Prothrombin Time (PT) and Activated Partial Thromboplastin Time (APTT).
A total of fifteen (15) blood samples were collected from healthy volunteers aged between 18 and 50 years. Participants had no history of bleeding disorders, chronic illnesses, or medication use affecting coagulation. Approximately 5 mL of venous blood was drawn aseptically from each individual and placed in 3.2% sodium citrate anticoagulant tubes in a ratio of 9:1 (blood to anticoagulant). The samples were centrifuged at 3,000 rpm for 10 minutes to obtain platelet-poor plasma, which was used for all subsequent analyses. 
An aqueous Garlic (allium sativum) extraction preparation:
Five hundred grams (500g) of garlic were purchased from a local market at Fisal Street in ALqaheratown.The garlic bulbs were peeled, shredded, cut into small cuts and dried (in sun light in cool weather for four weeks), it became eighty grams (80 g) after dried then blended into fine powder (by house blender). Eighty grams (80 g) of the powdered was soaked in one litter (1000ml) of Distilled Water as solvent at 65-75°C for 29 hours in Water Path. The extract was filtered and concentrated to dryness for 6 hours at 65-75°C in Water Paths.
The extract became fifteen grams (15g) and it was stored at 8°C in freeze - dried form and used for the study. Fifteen grams (15g) of an aqueous extraction dissolved in fifteen milliters(15 ml)ofDistilled Water(DW) to produce 100% concentration and then diluted twice to 50% and 25% concentration byDistilled Water(DW).
An In vitro anticoagulant test of an aqueous extract of garlic (Allium Sativum):different concentrations: (100%, 50% and25%) of garlic aqueous extract was examined in vitro on fifteen (15) plasma samples from normal individuals through measuring prothrombin time and activated partial thromboplastin time tests.
PT and APTT tests were performed using a semi-automated coagulometer (BioBas, BioSystem, Spain). For PT determination,40µl of platelets poor plasma was added to 10µl of different concentrations of an aqueous garlic extract(100%, 50%and25%) in three tube. 10µl of Distilled Water was added to 40µl platelet poor plasma as control tube.In another tube 50 µl of platelet poor plasma was added into normal tube test. After that 100µl of thromboplastin reagent was added to all tubes, and then the tubes were Incubated in water bath 37°C and monitored for clot formation.
For APTT determination80 µl of platelet poor plasma was added to 20µl of different concentrations of extract (100%, 50%and25%) in three tubes.80 µl of platelet poor plasma was added to20 µl of distil water in control tube. In other tube100 µl of platelet poor plasma was added to normal tube test.100µl of kaolin cephalinreagent (sp_UNICELIN) was added to all test tubes.Then Incubate the tubes in water bath at 37°C for three minutes then added100µl of calcium chloride to all tubes and monitor colt formation.
Statistical analysis
The data had been analyzed by SPSS V.25software computer program. And reported as median with minimum and maximum. Tests of normality were done by (Shapiro-Wilk) to determine either the data follows the normal distribution or not, (Wilcoxon Signed Rank) Test had been used to compare between different concentrations of extracts with control and also to calculate the p-value.
Results:
The results of this study reflects the effect of various concentration(100% ,50and25%) of aqueous garlic extraction ( Allium Sativum) on prothrombin time and activated partial thromboplastin time in fifteen (15) normal platelet poor plasma (ppp) ,include thirteen (13) females and two males to detect its potential anticoagulant properties.
Table 1 shows the median of prothrombin time in three different concentrations of an aqueous garlic extraction (Allium Sativum). The highest median of prothrombin time was founded when plasma incubated with 100% aqueous extraction (39 sec).
Shapiro test was used to define normal data distribution. the data did not follow the normal distribution so (Wilcoxon Signed Rank) test was used to compare between the medians of groups and calculated P- value.
Table.2 shows the significant difference between the control group and the extractions groups with P- value less than 0.05.
The median of PT (100%aqueoues extraction) showed highest prolongation (39 sec) when compared with control (12sec) and other PT (Extraction 25% and50%), which recorded (21sand 25sec) respectively. That means the prolongation of PT is increased when an aqueous extraction concentration is increased.
Table 4 shows that median of activated partial thrompoblastin time (APTT) in three different concentrations of aqueous garlic extraction (A\lliumSativum) in fifteen (15) samples. The highest median of APTT time was founded when plasma incubated with 100% aqueous extraction (68 sec).
Shapiro test was used to define normal date distribution. The data did not follow the normal distribution, so (Wilcoxon Signed Rank Test) was used to compare between the medians of groups and calculated P- value..

Table.5 showS there was significant difference between the control group and the groups with different concentration of extractions with (p -value is <0.05).
the median of the APTT (100%aqueoues extraction) median showed the highest prolongation (68 sec) when compared with median of control (27sec) and other A PTT (Extraction 25% and 50%), (48sec and 54sec) respectively.
That mean the prolongation of APTT is increased when an aqueous extraction is increased.


Table 1: The median prothrombin time for the garlic (Allium Sativum.) extracts in three different concentrations and control in 15samples.
	Extraction
	SampleSize
	Median(sec)
	Minimum(sec)
	Maximum(sec)

	PT Control
	15
	12
	10
	14

	PT (Extraction25%)
	15
	21
	20
	24

	PT (Extraction50%)
	15
	25
	24
	26

	PT (Extraction100%)
	15
	39
	35
	42



Table 2. The PT significant difference among different concentration of aqueous extraction groups and control group.
	WilcoxonSignedRankTest

	(Ι)
	(ΙΙ)
	Median (Sec)(Ι)
	Median (Sec)(ΙΙ)
	P-value

	


PT Control
	PT(Extraction25%)
	
12
	21
	0.001

	
	PT(Extraction50%)
	
	25
	0.001

	
	PT(Extraction100%)
	
	39
	0.001



P- value>0.05 significant different extracted form (Wilcoxon Signed Rank Test)
Table 3. The PT significant the median among different concentration of aqueous extraction groups
	WilcoxonSigned Rank Test

	(Ι)
	(ΙΙ)
	Median(Ι)
	Median (ΙΙ)
	P-value

	PT (Extraction100%)
	PT(Extraction50%)
	39
	25
	0.001

	


PT (Extraction100%)
	


PT(Extraction25%)
	


39
	


21
	


0.001

	


PT (Extraction50%)
	


PT(Extraction25%)
	


25
	


21
	


0.001



P- value > 0.05 significant different extracted form (Wilcoxon Signed Rank Test)

Table 4. The median A PTT for the garlic (Allium Sativum.) extracts in three different concentrations and control in 15 samples.
	
	Median
	Minimum
	Maximum

	APTT Control
	27
	3
	30

	APTT (Extraction25%)
	48
	40
	56

	APTT (Extraction50%)
	54
	5
	67

	APTT (Extraction100%)
	68
	60
	78




Table 5: The median APTT for the garlic (Allium sativum L.) extracts in three different concentrations and control in 15samples
	(Ι)
	(ΙΙ)
	Median(Ι)
	Median (ΙΙ)
	P-value

	




APTT Control
	APTT (Extraction25%)





APTT (Extraction50%)




APTT (Extraction100%)
	




27
	48




54





68
	0.001




0.001





0.001



P-value>0.05significantdifferentextractedform(WilcoxonSignedRankTest)

Table 6: The APTT significant difference in the medians among the groups with different Extraction
	(Ι)
	(ΙΙ)
	Median(Ι)
	Median (ΙΙ)
	P-value

	APTT (Extraction100%)



APTT (Extraction100%)



APTT (Extraction50%)
	APTT (Extraction50%)



APTT (Extraction25%)



APTT (Extraction25%)
	68



68



54
	54



48



48
	0.001



0.001



0.032



P-value>0.05 significant different extracted form(WilcoxonSignedRankTest)

Discussion:
This study was done on fifteen (15) normal blood samples on Sudanese people to detect the in vitro anticoagulant effect of Garlic (Allium Sativum) aqueous extract on normal human plasma. The study explained a significant prolongation in PT and APTT in plasma treated with three different concentration of extract (100%,50% and 25%) when compared to control group with (p -value<0.05).
The study results agreed to (Isabel Clark-etal,October2025in Mexico)[25] which found a lengthened the clotting times of prothrombin time, and the activated partial hromboplastin time with (p-value < 0.05) when platelet poor plasma treated with Garlic (AlliumSativum) extract in different concentration (25,12.5,and6.25 mg/100 μL) and the prolongation of clotting time increased when the extract concentration was increased.Thisstudyalsoalignedtostudydoneby(SadafSarfraz,etal,inmarch2021inPakistan) [26]whichreportedthattheanti-coagulantactivityoftheextractswasdeterminedby measuring the changes in prothrombin time with a null hypothesis value of (p -value< 0.05). Moreover this study findings favorably with the result of study conducted by(Hareeraet al, in June2022 to December2022 in India[27]which reviewed that “the aqueous and methanolicextracts of garlic prolong the prothrombin time. And extension in clotting time is reported with increasing concentrations of garlic extract”.
Additionally, the study chimed to study done by (Vaijayanthimalaet al, in July 2017 in India) [28] which explained that “both Garlic aqueous extract and methanol extracts in vitro anticoagulant activity effects in different concentrations (100 – 500 microliter) were found to inhibit coagulation process and significantly prolonged prothrombin time in a dose- dependent manner”.
[bookmark: _GoBack]Finally, the study agreed with study conducted by(KartheekCheguetal,in march 2018in India) [29]which observed that “prolonged prothrombin activity could be dueto the presence of certain phytochemical constituents in the crude extract. The studyevaluated the anticoagulant activities of aqueous extracts of Ginger, Garlic, Green tea and Clove, and the all four aqueous extracts prolonged prothrombin compared with control Ethylene diamine tetra acetic acid (EDTA) and saline in distilled water were used as a positive and negative control respectively. The extracts of Ginger, Garlic, Green tea and Clove lengthened PT (4:15 min,5:30min,6:30min,4:45min respectively) thus the Garlic extract recorded a longest prolongation after Green tea”.
All the previous studies mentioned above confirmed our study findings which explained the anticoagulant activity of aqueous Garlic (Allium Sativium) extract by measuring in vitro PT and APTT which were prolonged when compared with the control and the increase of prolongation depend on the increase of concentration of the extraction.
Conclusions:
Garlic has been reported as a medicinal plant showing anticoagulant activity hrough an in vitro measurement of PT and APTT clotting time. The garlic extract showed a significant prolongation of both PT and APTT with increase garlic concentration. So, this study suggests that the garlic reduce the risk of thrombosis.
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