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Abstract 

Background:  The most commonly occurring mechanism driving ischemic heart disease, ischemic stroke, and myo‑
cardial infarction is thrombosis. It is normally characterized by platelet activation and aggregation. Thrombolytics have 
been used in the treatment of several forms of thrombosis, but their adverse effects have limited their usefulness. 
Thus, there is a need to develop alternatives from medicinal plants known to possess antithrombotic activity such as 
Costus afer.

Results:  The phytochemical evaluations indicated the presence of flavonoids, alkaloids, cardiac glycosides, tannins, 
terpenoids, and saponins. The antithrombotic profiling showed that streptokinase had the highest percentage clot 
lysis, followed by ethylacetate fraction of the extract, which was higher than aspirin and other fractions of the extract.

Conclusion:  The present findings show that C. afer stem extract and various fractions possess antithrombotic activi‑
ties. However, further studies are needed to characterize the antithrombotic bioactive compounds present in the 
different fractions that are responsible for the activities.
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Background
Cardiovascular diseases are described as range of condi-
tions that affect the heart. Coronary artery disease, heart 
rhythm problems, and heart defects are all included in 
the category of cardiovascular diseases [1]. Heart attacks, 
coronary artery disease, and stroke could all be caused by 
restricted or clogged blood vessels in the cardiovascular 
system. Risk factors associated with cardiovascular dis-
eases include age, sex, ethnicity, diet, physical inactivity, 
obesity, diabetes, dyslipidemia, smoking, and genetic pre-
disposition [2, 3].

The most common pathogenic cause behind ischemic 
heart disease and ischemic stroke is thrombosis 
[4]. Thrombosis occurs when blood vessels become 
blocked because of excessive blood clotting or defective 

anti-clotting factor function [5]. Several variables, includ-
ing significant activation of thrombin proteinases and 
activated factor X, cause excessive blood clot formation. 
According to Choi et al. [5] inhibition of proteinases like 
thrombin and activated factor X, as well as direct sup-
pression of fibrin and blood clot formation, may be used 
to treat thrombosis. Platelet activation and aggregation 
are typical features of thrombogenesis. The expression 
of cell surface receptors is induced by platelet activa-
tion. adhesion, and small molecules which affect the leu-
kocytes, endothelial cells, and other vascular cells [6]. 
Platelet granules contain adhesive proteins, coagulation 
factors, mitogenic and angiogenic factors, CXC and CC 
chemokines, and other factors including platelet factor 
4, PF4/CXCL4 that may influence neutrophils and mac-
rophages, contributing to atherosclerosis [6].

Several cardioprotective agents play essential role in 
inhibiting or reducing the development of coronary 
artery diseases. Some examples of these cardioprotective 
agents are, heparin, fondaprinux, rivaroxaban, streptoki-
nase, aspirin [7–9]. However, the usefulness of some of 
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these agents has been limited due to their adverse effects 
[8].

Costus afer is a tropical perennial medicinal plant with 
an unbranched creeping rhizome that grows in wet or 
shaded forests and along riverbanks. C. afer can be found 
throughout Africa’s forest belt from Senegal to Ethio-
pia, in the East to Tanzania, Malawi, and Angola, and in 
the South and West to South Africa and West Africa. In 
Nigeria, Ghana, Togo, and Cameroon, it is a common 
plant [10, 11]. Costus is a pantropical genus of around 70 
species, 40 of which are found in tropical America, 25 in 
tropical Africa, and 5 in Southeast Asia [10]. C. afer stem 
extract is effective in the treatment of cough, inflamma-
tion, diabetes, arthritis, and rheumatism. Its decoction 
has also been used as a laxative, purgative, and diuretic 
in the past. Due to the presence of bioactive substances 
such polyphenolics, saponin, alkaloids, and glycosides, it 
is widely known for its antioxidant, anti-inflammatory, 
and hepatoprotective properties [10, 12].

Methods
Ethical approval
The Ethical Committee of the Faculty of Biological Sci-
ences, University of Nigeria, Nsukka, approved the study 
protocol (Approval number: UNN/FBS/EC/1036; date: 
27th October 2020). Prior to the collection of blood sam-
ples, each study participant filled and signed a written 
consent form.

Drugs
The drugs used in the study were of proven quality. The 
aspirin used was a product of Juhel Nigeria limited while 
streptokinase was a product of Abbott laboratories, 
United States of America.

Plant material
Mr. Alfred Ozioko of the Bioresources Development and 
Conservation Program, Nsukka, Enugu State, Nigeria, 
identified the plant sample, fresh C. afer stem obtained 
from Ozom Mgbagbu-Owa, Ezeagu Local Government 
of Enugu State.

Preparation of plant material
The method described by Njoku et al. [13] was used for 
the extraction of the plant material. For extraction, the 
stem was washed with distilled water, air-dried at room 
temperature, and powdered. The powder (1000  g) was 
macerated for 48 h at room temperature in 2.5 L of etha-
nol (80%). The mixture was filtered through Whatman 
No. 1 filter paper, and the filtrate was concentrated using 
a rotary evaporator to produce a semi-solid chocolate 
extract.

Fractionation of the plant extract
The method described by Njoku et al. [14] was used for the 
fractionation of the plant extract. n-hexane, ethylacetate, 
and 20% aqueous-ethanol (v/v) were used to fractionate 
the samples. To make a stock solution, 20 g of crude extract 
was weighed and diluted in 250 ml of 20% aqueous-etha-
nol (v/v). The solution was then put onto a separating fun-
nel with 250 ml of n-hexane added to it. The mixture was 
allowed to stand for 20 min before the upper component 
was collected in a beaker for appropriate separation. After 
washing the aqueous-ethanol component with n-hexane 
many times, the various n-hexane fractions were recov-
ered. Using ethyl acetate, the operation was repeated. Dif-
ferent fractions were collected and concentrated in the end. 
The different fractions were used for further studies.

Qualitative phytochemical screening of the plant fractions
The qualitative and quantitative phytochemical profiling of 
the crude plant extract and different fractions were done 
using the methods of Harbone [15], and Trease and Evans 
[16], and Soni and Sosa [17].

Blood sample collection
Healthy human volunteers (n = 18) with no history of oral 
contraceptive or anticoagulant medication had their blood 
samples taken in an aseptic environment. To create clots, 
5 mL of blood was weighed into micro-centrifuge tubes.

Determination of thrombolytic activity
The method described by Ramjan et al. [18]. Each volun-
teer’s venous blood (5 mL) was drawn and placed in one of 
eighteen pre-weighed sterile micro-centrifuge tubes, which 
were then incubated at 37 °C for 45 min. After the clot had 
formed, the fluid was entirely discharged from each micro-
centrifuge tube, and the clot weight was calculated by sub-
tracting the weight of the clot-containing tube from the 
weight of the tube alone. 100 µl of streptokinase (SK) and 
aspirin were used as a positive control; 100 µl of distilled 
water was used as a negative non-thrombolytic control; and 
100 µl of each sample was separately put into the micro-
centrifuge tubes. After that, all the tubes were incubated at 
37 °C for 90 min to check for clot lysis. The discharged fluid 
was discarded after incubation, and the tubes were weighed 
again to see if there was a difference in weight after the clot 
was disrupted. The following formula was used to calculate 
the percentage of clot lysis:

% Clot lysis =
weight of released clot

clot weight
× 100
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Statistical analysis
Statistical Product and Service Solution (SPSS 15.0) ver-
sion was used for the statistical analysis. A one-way anal-
ysis of variance (ANOVA) was used to assess statistical 
differences, and Duncan’s Multiple Range Test was used 
to establish significant differences between the mean val-
ues of the different samples at P < 0.05.

Results
Phytochemical profiling of C. afer stem crude extract 
and fractions
The phytochemical profiling of the different fractions of 
C. afer stem ethanol extract revealed the presence of dif-
ferent phytoconstituents such as flavonoids, alkaloids, 
terpenoids, glycosides, saponins, and tannins as shown in 
Table 1.

Antithrombotic profiling C. afer stem crude extract 
and fractions
The antithrombotic activity profiling of the different 
samples showed that the standard drug, streptokinase 
exerted the highest thrombolytic effect, followed by the 
crude extract and ethylacetate fraction, respectively. 
However, the percentage clot lysis of aspirin, a known 
anti-inflammatory drug is lower than those of the crude 
extract and ethylacetate fraction.

Discussion
Thrombolytic agents such as anticoagulants are essential 
in the prevention and management of thromboembolic 
disorders [19]. Thus, plant-derived thrombolytic com-
pounds are attractive and have become a field of research.

Phytochemicals have continued to be a major source 
of drugs for pharmaceuticals due to their several medici-
nal effects. The qualitative phytochemical analysis of the 
C. afer stem extract showed the presence of flavonoids, 
alkaloids, saponins, flavonoids, tannins, glycosides, and 

terpenoids as presented in Table 1. This is consistent with 
the results obtained by Ezejiofor et al. [20], on the etha-
nolic leaf extract of C. afer. Alkaloid such as ambinine 
is known to possess antithrombotic and anticoagulant 
activities, while tannins are known to inhibit platelet 
activation and thrombus formation [21, 22]. Flavonoids 
and saponins are known for their antioxidant properties 
which play a role in preventing oxidative damage of the 
cell. Therapeutic potentials of antioxidants in control-
ling degenerative diseases with marked oxidative dam-
age from reactive oxygen species or free radicals could be 
ameliorated by flavonoids [23].

Thrombolytic activity profiling of C. afer stem crude 
extract and different fractions showed a significant clot 
lysis activity when compared to the control as presented 
in Table 2, thus indicating that C. afer is a potential cardi-
oprotective and thrombolytic agent. Among the fractions 
of C. afer stem evaluated, ethyl acetate exerted the high-
est thrombolytic activity followed by n-hexane fraction, 
while hydro-ethanol fraction (20% v/v) showed the least 
activity. Also, the percentage clot lysis of C. afer stem 
ethylacatate fraction was significantly higher than that 
of aspirin. The different thrombolytic activities could be 
attributed to the presence of different phytoconstituents 

Table 1  Phytochemical constituents of C. afer stem crude extract and different fractions

Values are presented as mean ± SD. n = 3

Phytoconstituents Crude extract
(mg/g)

n-Hexane fraction
(mg/g)

Ethylacetate fraction
(mg/g)

Aqueous-
ethanol 
fraction
(mg/g)

Flavonoids 7.93 ± 1.22 0.82 ± 0.03 4.21 ± 0.28 1.02 ± 0.08

Terpenoids 2.68 ± 1.08 0.53 ± 0.03 0.36 ± 0.16 –
Alkaloids 6.34 ± 0.52 2.08 ± 0.46 2.72 ± 0.23 0.27 ± 0.06

Cardiac glycosides 6.23 ± 0.47 3.68 ± 0.26 2.04 ± 0.30 2.61 ± 0.12

Saponins 3.82 ± 0.74 – 1.28 ± 0.04 3.80 ± 0.22

Total Phenol 12.09 ± 1.02 3.46 ± 0.48 7.03 ± 0.12 4.08 ± 0.06

Tannins 1.39 ± 0.40 0.41 ± 0.02 0.82 ± 0.04 0.28 ± 0.02

Table 2  Percentage clot lysis

Results are presented as mean ± SD. Values in the same column having different 
superscripts differ significantly (P < 0.05)

S/N Fractions/drugs Clot lysis (%)

1 Streptokinase 52.23 ± 0.59f

2 Aspirin 25.44 ± 0.48c

3 Crude extract 41.30 ± 0.61e

3 Ethylacetate fraction 34.30 ± 0.62d

4 n Hexane fraction 18.13 ± 0.06b

5 Ethanol fraction 17.14 ± 0.09b

6 Distilled water 4.42 ± 0.35a



Page 4 of 5Ogugofor et al. Future Journal of Pharmaceutical Sciences             (2022) 8:4 

in the plant fractions. Some flavonoids are known to 
prevent the formation of thrombus by inhibiting plate-
let aggregation [24]. In addition, alkaloids have been 
described to exert antithrombotic effect by significantly 
degrading blood clot and delaying the plasma recalcifica-
tion time [21]. According to Ezejiofor et al. [20], C. afer 
leaves extract caused a dose dependent increase in blood 
clotting time in albino mice, with no substantial effect on 
the hemoglobin, packed cell volume, and red blood cell 
components while there was a decrease in the platelet 
count, white blood cell, neutrophils, and lymphocytes. 
The decrease in platelet component of the blood of albino 
mice could be responsible for the increase in clotting 
time observed leading to delayed platelet clot formation.

Normally, blood clot formation results from the 
cyclooxygenase pathway. Prostaglandins are associated 
with localized pain, inflammation and thus, promote 
blood clotting by activating platelets [24]. Cyclooxyge-
nase (COX 1 and 2) act on arachidonate and converts it 
to prostaglandin H2 (PGH2), which is the precursor of 
many other prostaglandins and thromboxane [24]. On 
the other hand, thromboxane synthase converts PGH2 
to thromboxane A2, which is the source of other throm-
boxane which cause the constriction of blood vessels and 
platelet aggregation [25]. However, flavonoids such as 
quercetin and myricetin have been reported to inhibit 
platelet aggregation as well as thromboxane [26]. Thus, 
the presence of these polyphenolic compounds as well 
as other phytocompounds could be responsible for the 
observed antithrombotic effects of C. afer extract and dif-
ferent organic solvent fractions.

Conclusions
The present findings show that C. afer stem extract and 
various fractions possess antithrombotic activities. These 
antithrombotic effects could be attributed to the phyto-
constituents present in the stem extract and fractions. 
However, further studies are needed to characterize the 
antithrombotic bioactive compounds present in the dif-
ferent fractions that are responsible for the activities.
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