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Abstract:  This study aims to determine the in vitro anticoagulant activity of Zingiber officinale (Ginger) 
crude leaf extract on human whole blood. Prothrombin Time (PT) and Activated Partial Thromboplastin 
Time (aPTT) were used to assess the anticoagulant activity of human blood exposed to Heparin, Normal 
Saline Solution (NSS), and Ginger crude leaf extract. Results showed that blood treated with Heparin had 
the most prolonged mean PT and aPTT, 67.66±4.68 and 108.59±6.80 seconds, respectively, followed by 
blood treated with Ginger crude leaf extract, 24.91±4.68 and 58.43±8.50 seconds, respectively. The mean 
PT and aPTT clotting time of blood treated with NSS were within the normal range, 13.82±0.66 and 
33.32±1.42 seconds, respectively. One-way ANOVA showed that the mean PT and aPTT were significantly 
affected by the type of treatment group, F (1.356, 18.977) = 721.861, p < 0.5, η2 = 98.1% and F(1.391, 
19.474) = 510.060, p < .05,η2 = 97.3%. Bonferroni post-hoc tests showed that the PT and aPTT had 
significant differences between treatment pairs. With these results, we concluded that the 250 mg/mL of 
Zingiber officinale (Ginger) crude leaf extract has anti-coagulant activity on human blood.  

Keywords: anticoagulant activity, human whole blood, partial thromboplastin time, prothrombin time, Zingiber officinale 
(Ginger) crude leaf extract 

I. INTRODUCTION 

World Health Organization (WHO, 
2021) recorded that the two leading global 
causes of death were ischemic heart disease 
(IHD) complications such as myocardial 
infarction. According to Fu et al. (2023), IHD 

is the most fatal disease worldwide and the 
foremost cause of death. In the Philippines, 
IHD had caused approximately 120 deaths 
out of 100,000 medical conditions in 2019, 
listed as the top cause of death in Southeast 
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Asia (Yee, 2020). A study conducted by 
Shadrack et al. (2019) showed that 
myocardial infarction and stroke accounted 

for one in every four deaths globally. 

To prevent internal blood clot 
formation, heparin may be used. Heparin 
binds to antithrombin enhancing its activity in 
inhibiting coagulation factors II, V, VIII, and 
X, thus preventing future clot formation. 
Chronic heparin administration, however, 
predisposes to life-threatening adverse 
effects such as bleeding, thrombocytopenia, 
and hypersensitivity reaction. Chronic 
administration of heparin has been shown to 
be associated with a 30% morbidity 
(Patriarcheas et al., 2020). With limited 
medication access in low-income 
communities and the adverse medical 
effects of heparin, there is a need to find an 
affordable alternative drug (Shukar et al., 
2021).  

Ginger (Zingiber officinale) which 
comes from the family Zingiberaceae 
contains bioactive polyphenol compounds, 
collectively termed flavonoids, as well as 
gingerol, shogaol, and terpenoids, which 
include zingiberene, beta- bisabolene, alpha-

farnesene, beta-sesquiphellandrene and ⍺-
curcumene. Other bioactive phytochemicals 
found in ginger include saponins, 
anthraquinones, tannins, and glycosides, 
which are said to have multiple 
pharmacologic effects such as anti-
inflammatory, anti-platelet aggregation, 
antineutrophil, and anticoagulant properties 
(Akbari et al., 2020; Ilkhanizadeh et al., 2016; 
Tzeng et al., 2016). Aside from ginger 
rhizomes being the most studied part of 
ginger for anticoagulant potential, other parts 
of ginger also have promising anticoagulant 
effects; an example would be ginger leaves. 
Sulfated alkaline plant callus from young 
leaves of Zingiber officinale showed 
anticoagulation activity at 200 µg/ml (Akbari 
et al., 2020).  The result showed delayed clot 
formation time. The presence of the sulfate 
group from the extracts has the ability to 
enhance the anticoagulant activity of the 

ginger leaf by inhibition of the coagulation 
process and clot formation. 

There has been an increase in 
anticoagulant studies focusing on ginger 
rhizomes but only a few anticoagulation 
studies. The anticoagulant activity of 
Zingiber officinale leaves was the focus for 
this study, specifically, through (1) 
determining prothrombin time (PT) and 
activated partial thromboplastin time (aPTT) 
of human blood exposed to three treatment 
groups: Heparin, Normal Saline Solution, 
and Ginger Crude Leaf Extract, and (2) 
determining the significant difference 
between treatment groups.    

II. METHODOLOGY 

This study utilized a repeated- 
measures experimental study design to 
determine the effect of in vitro 
anticoagulation by Zingiber officinale crude 
leaf extract on human blood. The 
experimental group was treated with 250 
mg/mL of Zingiber officinale crude leaf 
extract, the positive control group was 
treated with 200 IU/mL Heparin, and the 
negative control group was treated with 
normal saline solution (NSS).   

The extraction and assay for this 
study was conducted at the Experimental 
Research Laboratory of Cebu Doctors’ 
University. The approval for implementation 
was obtained from the Cebu Doctors’ 
University Institutional Ethics Review 
Committee (IERC). The subjects were 
oriented on the procedures and the possible 
risks of blood extraction (including but not 
limited to dizziness, allergic reaction to latex, 
hematoma formation and/or inflammation at 
the site of venipuncture). A licensed medical 
technologist was hired to conduct the blood 

extraction procedure.  

A total of 15 whole blood samples  
from healthy screened volunteers (8 mL from 
each volunteer), who were between 22 and 
29 years old, male or female medical 
students enrolled in Cebu Doctors’ 
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University, with no history or diagnosis of 
bleeding or cardiovascular disease, or recent 
viral exposure or infection prior to the blood 
extraction, verified using a checklist based 
on the World Health Organization’s Blood 
Donor Selection: Guidelines on Assessing 
Suitability for Blood Donation, were obtained. 
The blood samples of each volunteer was 
divided into four equal parts of 2 mL each 
and placed in buffered sodium citrate tubes. 
The tubes containing 2 mL of blood were 
then centrifuged at 1500 rpm for 15 minutes 
to obtain platelet-poor plasma. This was 
done to make sure that the recorded 
Prothrombin Time and Partial 
Thromboplastin Time reflected the clotting 
time due to coagulation factor activities that 
were present in the plasma with minimal 
platelet interference. One buffered sodium 
citrate tube from each volunteer was used in 
conducting the PT and aPTT baseline tests; 
only those that had results within the normal 
range (N.V. 12-15 seconds and 25-35 
seconds, respectively) were included in the 
study. The first of the three remaining 
samples of those that fulfilled the inclusion 
criteria were the samples to be exposed to 
the ginger crude leaf extract, the second 
remaining sample to the positive control, and 
the third remaining sample to the negative 
control. Master data sheets were used to 
record all the results that were acquired 
during the experiment. 

Fresh Zingiber officinale (ginger) 
leaves were obtained from local vegetable 
farms within the vicinity of Calamba, Misamis 
Occidental, and its taxonomy was identified 
and verified by the Municipal Agriculturist of 
the Municipality of Calamba, Misamis 
Occidental. The ginger leaves were air dried 
and subsequently pulverized. The pulverized 
leaves were then macerated with 3 liters of 
70% ethanol for 48 hours at room 
temperature (27±2°C) and were sieved 
through Whatman no. 1 filter paper. Ethanol 
solvent reduction was done using a rotary 
evaporator at 40°C for 3 hours. A regulated 
water bath at 60°C for 30-45 minutes was 
then used for final elimination and drying until 
the extract became slightly viscous, had a 

non-alcoholic scent, and had no cooling 
sensation upon touch. To confirm the 
complete elimination of ethanol, a flame test 
was done on the extract. Phytochemical 
screening was done to evaluate for 
qualitative determination of saponins, 
alkaloids, glycosides, tannins, flavonoids, 
steroids, and triterpenoids. 

In vitro anticoagulant activity of 
Zingiber officinale crude leaf extract was 
assessed through clotting time using PT and 
aPTT based on the study of Taj et al. (2021) 
and HORIBA Medical Instructions for Use: 
Yumizen G PT Liq 4 Prothrombin Time 
reagent (HORIBA Medical, 2021) and 
HORIBA Medical Instructions for Use: 
Yumizen G APTT Liq 2 Activated Partial 
Thromboplastin Time reagent (HORIBA 
Medical, 2021). 

For prothrombin time determination, 
100 μL each of the crude leaf extract from 
Zingiber officinale, Heparin (positive control), 
and Normal Saline Solution (negative 
control) were added to 50 μL of platelet-poor 
plasma. The test tubes were incubated in a 
water bath at 37°C for five minutes. The PT 
reagent (rabbit brain thromboplastin, calcium 
chloride, and sodium azide preservative) 
was prewarmed for 10 minutes at 37°C using 
a water bath before being added to each 
treatment tube. One hundred microliters of 
PT reagent were added to the mixture (50 uL 
of plasma + 100 uL of experimental solution 
or positive control or negative control) and 
the stopwatch timer was started. Continuous 
gentle tilting with clot formation inspection 
was done. Clot formation was described as 
the presence of clumping at the bottom of the 
tube or loss of fluidity when shook at which 
point, the stopwatch timer was stopped, and 
clotting time was recorded by the assigned 
researcher. 

For activated partial thromboplastin 
time determination, 50 μL of crude leaf 
extract from Zingiber officinale, Heparin 
(positive control), and Normal Saline 
Solution (negative control) were added to 50 
μL of platelet-poor plasma. The test tubes 
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were incubated in a water bath at 37°C for 
five minutes. The aPTT reagent 
(phospholipid and ellagic acid contact 
activator) and calcium chloride reagent were 
prewarmed for two minutes at 37°C before 
being added to each treatment tube. Fifty 
microliters of aPTT reagent were then added 
to the mixture (50 uL of plasma + 50 uL of 
experimental solution or positive control or 
negative control) and incubated for three 
minutes. Upon addition of 50 uL of calcium 
chloride reagent to the mixture, the 
stopwatch timer was started. The mixture 
was mixed and placed in the water bath. The 
test tubes were then gently tilted and 
observed for clot formation every five 
seconds until clot formation was seen. Clot 
formation was described as the presence of 
clumping at the bottom of the tube or loss of 

fluidity of plasma when shook, at which point, 
the stopwatch timer was stopped, and 
clotting time was recorded by the assigned 

researcher. 

A Repeated-Measures Analysis of 
Variance (ANOVA) was used to determine 
the significant difference in the mean clotting 
time of the human blood specimens, found 
on the PT and aPTT, among the treatment 
groups at .05 level of significance. If the F 
test result was significant, a Bonferroni post-
hoc test for pairwise comparison was 
performed to determine the significant 
difference in the mean clotting time of the 
human blood specimen, based on the PT 
and aPTT, between each pair of treatment 
groups.

 

III. RESULTS AND DISCUSSION 

Phytochemical screening showed 
positive results for the presence of 
flavonoids, saponins, and tannins in Zingiber 
officinale (Ginger) leaves. 

The in vitro anticoagulant activity of 
Zingiber officinale (Ginger) crude leaf extract 
on human blood is presented in the tables 
below. 

Table 1. Differences in Mean Clotting Time (sec.) of Human Whole Blood using PT among 
the Treatment Groups (n = 15) 

 
Table 1 shows the mean and 

standard deviation of PT among treatment 
groups. The human blood treated with 200 
IU/mL of Heparin (Positive Control) had the 
longest time of 67.66 (SD=4.68) followed by 
the treatment group of ginger crude leaf 
extract, which was 24.91 seconds 
(SD=4.68). The mean PT of 13.82 seconds 
(SD= 0.66) of NSS means that the clotting  

 
time is within the normal clotting time range 
of 12-15 seconds and 25-35 seconds. The 
differences in PT clotting time were 
significant, F(1.356, 18.977) = 721.861, p < 
.05, η2 = 98.1%. This means that the PT 
reagent had different responses depending 
on the type of treatment group exposed to 
the blood. Heparin vs. Normal Saline 
Solution showed the highest significant 

Treatment Group 
Mean 

and SD 

Type III 
Sum of 
Squares 

df 
Mean 

Square 
F Conclusion 

250 mg/mL Zingiber 
officinale (Ginger) 
Crude Leaf Extract 

 

24.91  
± 4.68 

24249.679 1.356 17889.548 721.861 Significant 200 IU/mL Heparin 
(Positive Control) 

67.66  
± 4.68 

NSS (Negative Control) 

 

 

13.82  
± 0.66 
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mean difference of 53.84 seconds (SE=1.25, 
95% CI [50.46, 57.23]). Heparin, as a 
commercial anticoagulant drug, inhibits 
thrombin through antithrombin-heparin 
complex formation, causing the inactivation 
of the extrinsic coagulation pathway (Oduah 

et al., 2016). Based on the result, Heparin 
showed a longer mean PT clotting time as 
compared to ginger crude leaf extract. The 
ginger crude Leaf extract vs. NSS solution 
was significant for 11.09 seconds (SE = 1.18, 
95% CI [7.89, 14.29]).

 

Table 2. Differences in Mean Clotting Time (sec.) of Human Whole Blood using aPTT 
among the Treatment Groups (n=15) 

 
In Table 2, the 200 IU/mL of Heparin 

group has the longest mean clotting time of 
108.59 seconds (SD=6.80). This was 
followed by ginger crude leaf extract mean 
aPTT of 58.43 (SD=8.50). With more than 13 
seconds of aPTT human blood clotting time, 
this demonstrated above normal values and 
inhibits intrinsic coagulation pathway and 
clotting time.  The difference between the 
aPTT clotting time is considered significant, 
F(1.391, 19.474) = 510.060, η2 = 97.3%. With 
differing times for the treatment groups, the 
aPTT reagent had responded differently 
when exposed to blood. The Bonferroni Post-
Hoc Test showed that Heparin vs. NSS had 
the highest significant mean aPTT difference 
of 75.27 seconds (SE = 1.77, 95% CI [70.46, 
80.08]). The prolonged aPTT clotting time for 
Heparin showed that the commercial 
anticoagulant drug has the capacity to inhibit 
intrinsic coagulation pathway while normal 
saline solution did not the capacity to inhibit 
the intrinsic coagulation pathway. The ginger 
crude leaf extract vs. NSS showed a 
significant mean difference of 25.11 seconds 
(SE = 2.16, 95% CI [19.23, 30.99]). The 
ginger crude leaf extract had a longer aPTT 
clotting time than the normal saline solution. 

This phenomenon is due to the anticoagulant 
phytochemical properties of ginger leaf 
extract. It has the capability to inhibit the 
intrinsic coagulation pathway as compared to 
the NSS which does not have the capacity to 
inhibit the intrinsic coagulation pathway (El-
Hameid et al., 2020). 

IV. CONCLUSION 

Based on the results, the mean PT 
and aPTT clotting times showed ginger leaf 
extract (250 mg/mL) was able to  prolong PT 
and aPTT  above normal upper limit values 
indicating the presence of anticoagulant 
activity. Ginger leaf extract (250 mg/mL) has 
in vitro anticoagulant activity on human 
whole blood.   

For future studies, recommendations 
would include the use of the soxhlation 
method and a higher concentration of 
ethanol for a higher yield of desired 
phytochemicals in ginger plant extraction. 
Conducting in vivo assays is also 
recommended for further assessment of its 
anticoagulant potential. 

Treatment Group 
Mean 

and SD 

Type III 
Sum of 
Squares 

df 
Mean 

Square 
F Conclusion 

250 mg/mL Zingiber 
officinale (Ginger) 
Crude Leaf Extract 

 

58.43  
± 8.50 

44057.877 1.391 31674.254 510.060 Significant 200 IU/mL Heparin 
(Positive Control) 

108.59  
± 6.80 

NSS (Negative Control) 

 

 

33.32  
± 1.42 
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