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Abstract

Plant-derived phenolics are widely recognized for their therapeutic properties. Therefore, the present study aimed to evaluate
medicinal plant extracts' anticoagulant activities to develop a safe and effective strategy for controlling thrombotic disorders.
Total phenolic content (TPC) from 120 dried powders of different medicinal plants purchased from the local market of Pune,
India, were extracted separately in 70% ethanol. Their contents were determined using the Folin-Ciocalteu assay. Anticoagulant
activity was initially assessed using the clotting time (CT) assay. The highest phenolic content (8.3 mg/mL) was estimated in
Woodfordia fruticosa flower. Out of 120 plant extracts, 47 exhibited anticoagulant activities with a significant prolongation of
clotting time (CT) (More than control time i. e. 8 min). From these plant extracts, 36, 29 and 21 plants showed anticoagulant
activities performed by activated partial thromboplastin time (APTT), prothrombin time (PT), and thrombin time (TT) tests, re-
spectively. The plant extracts from W. fruticosa flower, Terminalia chebula fruit, Punica granatum peel, Tecoma undulata bark,
Tedrminalia bellirica fruit, Zingiber officinale rhizome, and Curcuma zedoaria rhizome exhibited prominent anticoagulant activi-
ties with a significant prolongation of CT, APTT, PT and TT tests. Linear regression revealed a weak positive correlation be-
tween plant phenolic concentrations and anticoagulant activities, as evaluated by CT, APTT, PT and TT tests. ANOVA test
showed significant differences (P < 0.05) in the anticoagulant activities of the plant phenolics. The plant extracts showing very
high anticoagulant activity could be useful for preparing herbal drugs to control thrombotic disorders.

Keywords: Anticoagulant activity, Punica granatum, Terminalia chebula, Total phenolics, Woodfordia fruticosa

INTRODUCTION condition is often formed by endothelial injury, stasis of
blood flow, or hypercoagulability; these factors are col-

Blood coagulation is an important physiological process  lectively known as Virchow's triad (Kumar et al., 2010).

that stops bleeding by forming a blood clot. Thrombosis
is a pathological condition of a blood clot inside the
blood vessel that hampers blood flow and results se-
vere clinical consequences such as cardiovascular dis-
orders (stroke, heart attack) and vascular damage, my-
ocardial infarction, and venous thromboembolism
(Kuriakose and Xiao, 2020; Feigin et al., 2021). This

Recently, the incidence of heart attacks and thrombosis
has increased due to high dietary consumption of cho-
lesterol and triglycerides. As per World Health Organi-
zation (WHO) report July 2024, the cardiovascular dis-
eases is the main leading cause of death globally. An-
tiplatelet agents, anticoagulants, and thrombolytics are
a common and effective strategy to inhibit blood clot
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initiation and formation (Furie and Furie, 2008).

Despite the huge developments in the treatment of
thrombosis, its consequences persist as a leading
cause of morbidity and mortality. It encourages the
need of research on therapeutic targets for the ultimate
solution to control thrombosis without any side effects
(Rosenberg and Aird, 1999). Venous thromboembolism
is a critical condition where blood clots form in veins
and transfer to the lungs. About one or two in 1000 peo-
ple are estimated to suffer from this condition (Lutsey
and Zakai, 2023). This condition often recurs and can
cause permanent issues such as pain, swelling in the
legs, and post-thrombotic syndrome (Heit et al., 2005).
Arterial thrombosis promotes acute coronary syndrome
and cerebrovascular events is accountable for a signifi-
cant proportion of cardiovascular deaths (Mozaffarian et
al., 2016). Effective regulation and prevention of throm-
bosis are vital for minimizing a significant health burden
worldwide.

Plant extracts and their constituents have been utilized
significantly as an effective strategy to control various
pathological disorders and thrombotic disorders due to
their effectiveness and minimum side effects. Plants
synthesize various components such as phenolic acids,
flavonoids, tannins, terpenoids, and alkaloids for their
defensive action and regulation of other physiological
processes. Some serve as anticoagulants, antiplatelet
agents, and fibrinolytics (Middleton et al., 2000). For
example, green tea, grapes and berries-derived poly-
phenols have the ability to inhibit platelet aggregation
and progress the endothelial function by the minimizing
the risk of clot formation (Duffy et al., 2001). Curcumin
is a secondary metabolite in turmeric, exhibits anti-
inflammatory and antioxidant properties and effectively
reduces blood clot formation in vessels.

Studies have revealed that curcumin inhibits platelet
aggregation and can control the expression of clotting
factors, making it a possible therapeutic candidate for
thrombosis prevention (Srivastava et al., 1995). Similar-
ly, ginsenosides from ginseng perform antithrombotic
effects by inhibiting platelet aggregation and promoting
fibrinolytic activity while contributing to control of cardio-
vascular health (Fan et al., 2024). Thus, plant-based
compounds effectively control thrombotic disorders with
minimal side effects. Many synthetic anticoagulants and
antiplatelet drugs are available in the market for treat-
ment, but they have been avoided in some cases be-
cause of their adverse effects, including bleeding com-
plications (Middleton et al., 2000). Rutin is a flavonoids
in different vegetables and fruits that exhibits antithrom-
botic effects without noteworthy toxicity, making it a
safe option for long-term use for health (Garcia-
Lafuente et al., 2009). Additionally, plant-based thera-
pies provide multidimensional health benefits beyond
thrombosis inhibition. It has been explored that phenol-
ics from natural sources possess prominent antioxidant

and anti-inflammatory properties, exhibiting efficacy in
exerting beneficial effects on the vascular system by
inhibiting the oxidation of low-density lipoprotein (LDL),
blocking platelet aggregation, reducing blood pressure,
and maintaining endothelial function (Behl et al., 2020).
Thus, combining plant-derived antithrombotic candi-
dates in therapeutic regimens is an ultimate and effec-
tive approach for preventing and managing thrombosis-
associated diseases with low side effects. The study
aimed to screen different medicinal plant extracts for
their anticoagulant activities to identify effective extracts
that could accomplish effective anticoagulant character-
istics and promote the development of novel therapy.

MATERIALS AND METHODS

Chemicals and reagents

Lyophilized plasma, Liquicelin-E, Uniplastin and Fibro-
screen reagents were purchased from Tulip Diagnos-
tics Pvt. Ltd. Polyvinylpyrrolidine (PVP), calcium car-
bonate, sodium phosphate, acetone, phosphoric acid,
calcium chloride, hydrochloric acid, sodium acetate,
and sodium phosphate were obtained from RANKEM
Pvt. Ltd. Trypsin and bovine serum albumin (BSA frac-
tion V) were purchased from Sisco Research Laborato-
ries (SRL), Pvt. Ptd. N-p-tosyl-gly-pro-arg-p-nitroanilide
acetate and N-benzoyl-DL-arginine-p-nitroanilide
(BAPNA) were obtained from Sigma-Aldrich, India. All
chemicals were analytical grade.

Collection of plant samples

A total of 130 well-authenticated dried powders of dif-
ferent medicinal plants were purchased from Manakar-
nika Aushadhalaya, Shedge Building, Padwal Lane,
Gandhipeth, Prabhat Colony, Chinchwadgaon, Pimpri-
Chinchwad, Pune (MH), India. For further study, all
powder samples were preserved at room temperature
in a moisture-free compartment.

Preparation of phenolic extracts

Extracts from the procured powders were prepared
using 70% ethanol as the solvent, following the proce-
dures described by Singleton and Rossi (1965) and
Waterhouse (2002). Briefly, 1 gram of each powder
was suspended in 10 ml of solvent (1:10 w/v) and
stirred for up to 2 hours at room temperature. Thereaf-
ter, each suspension was filtered through Whatman
filter paper No. 1, and the filtrate of each sample was
preserved at 4°C in a refrigerator for further use.

Determination of phenolic content

The estimation of phenolics in plant extracts was per-
formed using the Folin-Ciocalteu reagent (FCR) meth-
od, as described by Singleton and Rossi (1965) and
Waterhouse (2002). Gallic acid was used as the stand-
ard reference for plotting the calibration curve. Twenty
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microliters of each plant extract sample were mixed
with 0.5 ml of FCR and allowed to react for 5 minutes at
room temperature. Then, 2 ml of 7.5% sodium car-
bonate solution was added to the mixture and incubat-
ed at 37°C for 30 minutes. After incubation, the intensi-
ty of the developed colour was measured spectrophoto-
metrically at 760 nm. The total phenolic concentration
of each sample was calculated using the standard
curve of gallic acid and expressed as mg/ml GAE
(Galllic Acid Equivalent).

Human ethic approval

This study was approved by the Institutional Review
Board (IRB) at Shree Clinical Laboratory, Arvind Hospi-
tal, Durga Chowk, Akola (M. S.) India. For blood collec-
tion, 10 healthy volunteers (ages 20-35 years old) were
selected, with no medication history for at least two
weeks before blood sample collection. The volunteers
were informed about the research, and their willingness
to participate was documented by signing written in-
formed consent.

Preparation of blood plasma

Human blood was drawn via venepuncture, usually
from volunteers by a needle and stored in an air-tight
syringe. To prevent natural coagulation, 1 ml of 3.2% tri
-sodium citrate was added to 9 ml of blood and centri-
fuged at 3000 rpm at 15 min. The top yellowish super-
natant as blood plasma was taken by micropipette and
preserved at 4 °C for further study of coagulation as-
say.

Clotting time (CT) test

The screening of plant extracts for blood anticoagulant
activities was performed using the procedure reported
in the previous study with minor modifications (Dapper
et al., 2007). The blood plasma (100 pl) was mixed with
plant ethanolic extracts (100 ul) at room temperature.
Thereafter, recalcification was done by adding 100 pl of
CaCl, (0.025 mol/L) to the blood plasma extract mix-
ture. The visualization of clot formation confirmed the
presence of anticoagulant activity in the plant extract. A
control was prepared by mixing the blood plasma with a
0.85% saline solution. The active plant extracts
(anticoagulants) were further processed to evaluate
anticoagulant activity using the same procedure. The
prolongation time of clot formation was recorded on a
coagulometer. The anticoagulant activity was consid-
ered by subtracting the control clotting time from the
test clotting time.

Activated partial thromboplastin time test (APTT) of
plant extracts

The APTT test of anticoagulant activity showing plant
extracts was assessed using the procedure described
by Ramachandraiah et al. (2019). Briefly, 90 uL of nor-

mal citrated blood plasma and 10 pL plant extract was
pre-incubated for 1 minute then, 100 pL of LIQUICELIN
-E was added and incubated at 37°C for 5 min. Coagu-
lation was initiated by adding 100 pL of 0.02 M CacCl(J,
and the clotting time was measured using a coagulom-
eter. Simultaneously, an aliquot was prepared without
plant extract by mixing 10 ul of phosphate buffer, 90 pl
of plasma, 100 pl of Liquicelin-E reagent and 100 pl of
calcium chloride as control. The increase in clotting
time of the test sample compared to the control as-
sumed the extract had anticoagulant activity. The dif-
ference in clotting time was calculated by subtraction of
control clotting time from test clotting time.

Prothrombin time (PT) test

Prothrombin time test of active plant extracts was per-
formed similarly to APTT test in a coagulation test tube
containing 10 pl plant extract and 90 ul of plasma
mixed and incubated at 37°C for 5 minutes, followed by
the addition of 200 ul of Uniplastin. The control tube
was prepared by adding phosphate buffer instead of
plant extract. The clotting time of plasma was recorded
on a coagulometer. The difference in clotting time was
calculated by subtraction of control clotting time from
test clotting time.

Thrombin time (TT) test

In a coagulation test tube, 10 ul active plant extract
was mixed with 100 pl of blood plasma and incubated
at 37°C for 5 minutes, followed by the addition of 200 pl
of FIBROSCREEN reagent. The control tube was pre-
pared by adding 100 pl of phosphate buffer instead of
plant extract. The clotting time of plasma was recorded
on coagulometer. The difference in clotting time was
calculated by subtracting control clotting time from test
clotting time.

Statistical Analysis

One-way ANOVA test was conducted in MS Excel to
compare the prolongation times of the CT, APTT, PT,
and TT tests. Similarly, the linear regression analysis of
plant phenolics with prolongation times was also per-
formed using MS Excel.

RESULTS

Total phenolic concentration in plant extracts

The total phenolic concentration in plant extracts was
estimated using the Folin-Ciocaltue assay procedure.
The details of phenolic concentration are mentioned in
Table 1. Among 120 plants the highest phenolic con-
tent (8.3 mg GAE/ml) was observed in W. fruticosa
flower, while the lowest phenolic content (0.075 mg
GAE/ml) was found in B. arundinacea leaf. Based on
phenolic concentration 120 plants were categorized
into five groups such as very high (6 to 9 mg GAE /ml)
three plants, high (4 to 6 mg GAE/ml) six plants, mod-
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erate (2 to 4 mg GAE/ml) thirty-two plants, low (1 to 2
mg GAE /ml) thirty-seven plants, and very low (1> mg
GAE/ml) forty-two plants. The high phenolic content
was observed in plants such as T. bellirica fruit (6.225
mg GAE/ml) and T. arjuna bark (6 mg GAE/ml). The
maximum phenolic content was observed in plants
such as E. officinalis fruit (4.725 mg GAE/ml), T. chebu-
la fruit (4.55 mg GAE/ml), C. papaya leaf (4.5 mg GAE/
ml), P. granatum peel (4.45 mg GAE/ml), T. undulata
bark (4.35 mg GAE/ml) and A. arabica bark (4.3 mg
GAE/ml) as shown in Table 1.

Anticoagulant activities of plant extracts

Anticoagulant activity in plant extracts was tested by a
simple and predominantly available clotting test.
Among 120 different plant extracts, 47 exhibited antico-
agulant activity with significant plasma clotting time
(CT) prolongation (Blood clot formation required more
time than control i. e. 8 min in presence of plant ex-
tract). Of these active plant extracts, 36, 29 and 21
plants exhibited anticoagulant activities with prominent
prolongation time of APTT, PT, and TT tests, respec-
tively (Table 1). Plants showing all anticoagulant activi-
ties (CT, APTT, PT and TT) were further selected for
assessment of coagulation time using the same proce-
dures (Table 2). W. fruticosa flower extract exhibited
the highest anticoagulant effects, with significant pro-
longation time in all coagulation tests: CT (>30 min),
APTT (>10 min), PT (>10 min), and TT (1.32 min). Six
plant extracts such as T. chebula fruit, P. grantum fruit
peel, T. undulate bark, T. bellirica fruit, Z. officinale rhi-
zome, and C. zedoaria rhizome exhibited the maximum
anticoagulant activities, with substantial prolongation
time in CT, APTT, PT, and TT tests compared to other

plants. Conversely, P. tuberosa tuber demonstrated the
lowest anticoagulant activity across all tests (CT, APTT,
PT, and TT). C. papaya fruit, M. esculenta fruit, R. cen-
tifolia flower, and S. asoca bark showed notable antico-
agulant activity, primarily in CT (>30 min), with less pro-
nounced prolongation in APTT, PT, and TT tests. R.
centifolia flower and B. ligulata exhibited minimal anti-
coagulant activity, affecting only the TT test. M. escu-
lenta showed minimal anticoagulant activity, specifically
in PT (0.44 min), while P. tuberosa demonstrated mini-
mal activity in both PT (0.30 min) and APTT (0.88 min)
tests. Based on the one-way ANOVA test analysis,
there were significant mean differences in the prolonga-
tion time of all tests (P < 0.01). The linear regression
analysis revealed a weak positive correlation (R? =
0.172 CT, R = 0.0395 APTT, R? = 0.0563 PT and R? =
0.6384 TT) between plant phenolic concentrations and
anticoagulant activities (Fig 1).

DISCUSSION

The formation of blood clots in vessels leads to throm-
botic disorders such as deep vein thrombosis (DVT)
and pulmonary embolism (PE), with severe complica-
tions of vessel damage if it is not regulated properly
(Lichota et al., 2020). Thrombotic disorders cause ge-
netic predispositions and mutations that are responsible
for prolonged malignancy (Nicholson et al., 2020). Anti-
coagulant therapy is a keystone treatment for avoiding
clot propagation and preventing cardiovascular disor-
ders (Simon and Jeffrey, 2005). Plant derived com-
pounds including phenolic acids, flavonoids and tan-
nins, are important in human health due to their power-
ful antioxidant, anti-inflammatory, and antimicrobial

Linear regression of plant phenolics with anticoagulant activities
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Fig. 1. Linear regression of plant phenolics with anticoagulant activities was analyzed using MS Excel, examining the
relationship between plant phenolic concentrations and the prolongation times of clotting time (CT), activated partial
thromboplastin time (APTT), prothrombin time (PT) and thrombin time (TT) tests
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Table 2. List of anticoagulant activities showing plants with clotting time (CT), activated partial thromboplastin time
(APTT), prothrombin time (PT) and thrombin time (TT) tests and their clotting time in min. (Clotting times of all tests
statistically analyzed by ANOVA test for comparison of prolongation times)

Sr. No. Botanical Name CT (min)

APTT (min)

PT (min) TT (min)

F Value P Value
1 Woodfordia fruticosa flower > 30 >10 >10 1.32
2 Carica papaya fruit > 30 1.50 0.46 0.58
3 Terminalia chebula fruit > 30 >10 >10 0.58
4 Punica granatum fruit peel > 30 >10 >10 0.56
5 Tecoma undulata bark > 30 >10 >10 0.54
6 Terminalia bellirica fruit > 30 >10 >10 0.62
7 Myrica esculenta fruit > 30 1.40 0.44 0.33
8 Rosa centifolia flower > 30 >10 >10 0.47
9 Decalepis hamiltonii root 2712 1.2 0.5 0.38
10 Baubhinia variegata bark >25.20 5.20 1.47 0.31
11 Quercus infectoria gall >20.25 1.34 1.15 0.41 181.46 P<0.05
12 Salvia miltiorrhiza root > 23.31 >10 0.57 0.44
13 Bergenia ligulata rhizome >22.24 >10 >10 0.46
14 Plumbago zeylanica root >20.14 4.30 2.34 0.32
15 Cinnamomum cassia bark 20.35 1.40 0.57 0.31
16 Laccifer lacca resin 20.15 1.31 1.42 0.42
17 Ocimum sanctum leaf 21.40 >10 >10 0.54
18 Saraca asoca bark > 30 4.01 0.57 0.39
19 Zingiber officinale rhizome > 30 >10 >10 0.46
20 Pueraria tuberosa tuber 18.5 0.88 0.55 0.36
21 Curcuma zedoaria rhizome > 30 >10 >10 0.41

properties, and they have shown efficacy in preventing
blood coagulation pathways. These compounds protect
against chronic diseases such as cardiovascular dis-
eases, cancer, and neurodegenerative disorders by
scavenging free radicals, controlling inflammatory re-
sponses, and preventing microbial growth (Pandey and
Rizvi, 2009; Middleton et al., 2000). They can inhibit
platelet aggregation and modulate the activity of coagu-
lation factors to prevent clot formation. Thus, incorpo-
rating phenolic-rich foods into the diet is beneficial for
controlling overall health and preventing thrombotic
diseases (Hubbard et al., 2004). To investigate promi-
nent anticoagulant therapy, the present study screened
120 plant phenolic extracts for anticoagulant study us-
ing blood plasma CT test. From these plants, 47 exhib-
ited anticoagulant activities. The plant extracts W. fruti-
cosa, T. chebula, P. grantum, T. undulata, T. bellirica,
Z. officinale, and C. zedoaria extracts exhibited promi-
nent anticoagulant activities with enough prolongation
of CT, APTT, PT, and TT tests (Table 2). APTT was
useful for testing the coagulation factors like 1X, XI, XIl,
and prekallikrein in the intrinsic pathway, while PT is
used to assess coagulation factors V, VII, and X in the
extrinsic coagulation cascade pathway (Azevedo et al.,
2007). Similarly, TT is used to evaluate the blood coag-
ulation process that converts fibrinogen into fibrin,
which is directly activated by the addition of a thrombin
factor (Koch and Biber, 2007). The results of the pre-
sent study showed that active plant extracts significant-
ly prolong the APTT, PT and TT clotting times. For the
first time this study reported the anticoagulant activity in

three plants: T. undulate bark, L. lacca resin, and S.
asoca bark. The high phenolic content was observed in
flower extract of W. fruticosa extract, which showed the
highest anticoagulant activity compared with other
plants tested in this study (Table 2). W. fruticosa has
been recognised for its high phenolic content that ex-
hibits significant biological activities, including antioxi-
dant, antimicrobial, and anti-inflammatory (Das et al.,
2007). The phenolic compounds of this plant might play
a crucial role in anticoagulant activity. Additionally, we
found the plant extracts including T. chebula fruit, P.
granatum fruit peel, T. undulate bark, T. bellirica fruit, Z.
officinale rhizome, and C. zedoaria rhizome the high
level of phenolic contents and significant anticoagulant
activities. These plants contain phenolic acids, tannins
and flavonoids, inhibiting platelet aggregation, increas-
ing fibrinolytic activity, and reducing blood clot develop-
ment risk (Sharifi-Rad et al., 2021). This research has
confirmed that these plants can efficiently serve as nat-
ural anticoagulants due to their rich phenolic com-
pounds (Reddy et al., 2003). These properties make
them valuable for preventing thrombotic disorders and
cardiovascular diseases (Bachheti et al., 2022).

The extracts from T. undulate bark, L. lacca resin, and
S. asoca bark exhibited prominent anticoagulant activi-
ties. These plants have been reported to have high
phenolic contents and which are responsible for their
various biological activities (Rohilla and Garg, 2014). L.
lacca contains high phenolic contents, contributing to
its anti-inflammatory and antimicrobial properties
(Reshma et al., 2018). Similarly, S. asoca has high
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phenolic concentrations exhibiting significant antioxi-
dant and anticancer activities (Tewari et al., 2017).
ANOVA test analysis revealed significant differences in
the prolongation time of all tests (P < 0.01). This indi-
cates that plant phenolics possess different mecha-
nisms of anticoagulant activity. The linear regression
analysis also exposed a weak positive correlation be-
tween plant phenolic concentrations and anticoagulant
activities (Fig. 1).

This also indicates that a particular phenolic component
or compound other than phenolics might be involved in
anticoagulant activity. Previous reports have demon-
strated that phenolics inhibit platelet aggregation by
interfering in signaling pathways responsible for clot
formation, thus minimising the risk of thrombus for-
mation (Pawlaczyk et al., 2011). Furthermore, phenol-
ics trigger the activity of endogenous anticoagulant pro-
teins such as tissue plasminogen activator (tPA) and
minimize the activity of pro-coagulant factors
(Kolodziejczyk-Czepas and Czepas, 2023). The results
of the present study demonstrated that the plant ex-
tracts showing anticoagulants activity are critical in
avoiding and controlling thrombotic disorders by pre-
venting the formation and suspending the blood clots.
These plant extracts could be useful as therapeutic
solution to reduce the risk of deep vein thrombosis,
pulmonary embolism, and stroke formed from abnormal
clotting. This study motivates future research to identify
novel anticoagulant molecules from these plant extracts
and study identified compound mechanisms in antico-
agulant activity for their safety importance in modern
medical practice.

Conclusion

The present study concluded that W. fruticosa flower
extract was the rich source of phenolic content among
the 120 plant extracts. The extracts from W. fruticosa
flower, T. chebula fruit, P. granatum fruit peel, T. undu-
late bark, T. bellirica fruit, Z. officinale rhizome, and C.
zedoaria rhizome were the prominent reservoirs of anti-
coagulants. For the first time, this study reported that
significant anticoagulant activities were present in T.
undulate bark, L. lacca resin and S. asoca bark. In con-
trast, P. tuberosa tuber extract contained low anticoag-
ulant activity exhibiting compounds. Linear regression
analysis demonstrated a weak positive correlation be-
tween phenolic content and anticoagulant activity. The
ANOVA test revealed significant differences in the anti-
coagulant efficacy of the plant phenolic extracts (P <
0.01). The highest anticoagulant activity exhibiting plant
extracts is important for utilization to prevent and treat
thrombotic disorders by inhibiting and delaying blood
clot formation. This study suggests the importance of
research on the purification and characterization of
prominent anticoagulants from these plant extracts as

potential ingredients for developing herbal anticoagu-
lant drugs.
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