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A B S T R A C T

Venous thromboembolism (VTE) is a collective term for the cardiovascular diseases namely, deep vein
thrombosis and pulmonary embolism. Thrombosis causes the progression of VTE. Many of those who live in
developing countries rely on herbal medicinal products as a primary source of healthcare. The study investi-
gated the antithrombotic properties of the selected South African plant extracts. Eleven (11) plant species
traditionally used for pain management and wound healing including plants reported in literature with anti-
inflammatory and antioxidant activity were selected for this study. Extracts were prepared for each plant
using ethanol, dichloromethane, and water. The extracts were tested for their antiproliferative effects on
human liver carcinoma (HepG2) cells as well as antioxidant, activated coagulation factor X (anti-FXa) and
cyclooxygenase-1 (COX-1) inhibitory activity. The results were interpreted using published information on
the phytochemistry of the relevant active extracts. The most effective antioxidant activity was observed for
the aqueous extract of Heteropyxis natalensis (H. natalensis) (IC50 = 2.71 mg/mL), which also displayed potent
anti-FXa activity with an IC50 value of 2.64 mg/mL. The same extract inhibited COX-1 at an IC50 value of
25.32 mg/mL. Due to the potent antiproliferative, antioxidant, and anti-FXa activity, as well as favourable
COX-1 inhibition, the aqueous extract of H. natalensis was identified as the best candidate for future antith-
rombotic studies.
© 2024 The Authors. Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Venous thromboembolism (VTE) is a collective term that consists
of two cardiovascular diseases namely, deep vein thrombosis (DVT)
and pulmonary embolism (PE) (Anderson and Spencer, 2003).
Patients with DVT develop a blood clot (thrombus) in the large veins
of the leg, which can break away and travel through the circulatory
system as an embolus (Tarbox and Swaroop, 2013). When an
embolus reaches the pulmonary circulation in the lungs, it results in
PE which occurs in up to one third of DVT cases and is the main con-
tributor to mortality (Mackman, 2008). Cardiovascular diseases cause
the most deaths globally (WHR, 2023), therefore, the development of
novel treatments is relevant. Medicinal plants have the potential to
advance drug discovery in the global market, therefore, the medicinal
properties of plants may be explored for the possible treatment of
VTE (Frenzel and Teschke, 2016). Various secondary metabolites
from plants have displayed a myriad of medicinal properties and
have been used extensively in the pharmaceutical industry (Jain
et al., 2019).

The key biological mechanism that causes VTE is thrombosis,
which is regulated by coagulation within the coagulation cascade
summarized in Fig. 1 (Raskob et al., 2014). Warfarin, known for the
treatment and prevention of blood clots, rarely causes liver injury
when used in antithrombotic therapy, however, there has been sev-
eral cases reported of clinical acute liver injury attributable to it. Cou-
marin derivatives such as acenocoumarol and phenprocoumon has
more commonly attributed to liver injury, for this reason they have
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Fig. 1. The coagulation cascade (Paint 3D) based on Kamal et al. (2007). (A) Initiation of the coagulation cascade: Tissue factor (TF) forms complex with activated coagulation
factor VII (VIIa). Complex activates coagulation factors X (X) and IX (IX) resulting in activated coagulation factors X (Xa) and IX (IXa). Xa converts prothrombin (II) to thrombin (IIa).
(B) Propagation of the coagulation cascade: Thrombin activates coagulation factors VIII (VIII) and V (V) resulting in activated coagulation factors VIII (VIIIa) and V (Va). VIIIa forms
tensase complex with IXa resulting in additional Xa, which forms prothrombinase complex with Va. Prothrombinase complex converts II to IIa, which converts fibrinogen to fibrin.
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been banned to be used as an antithrombotic treatment in countries
such as the United States (Arora and Goldhaber, 2006; Klein, 2009).
The liver is mainly involved in metabolism and detoxification of
endogenous and exogenous compounds, therefore, any damage to
the liver will have negative health implications (Subramaniam et al.,
2015). Antithrombotic agents, which do not cause any damage to the
liver, are therefore required to treat VTE.

Activated coagulation factor Xa (FXa) is involved in both the initi-
ation and progression of the coagulation cascade (Kubitza et al.,
2014). Inhibition of FXa is therefore an effective antithrombotic
mechanism. Another is reducing platelet activity as platelets provide
virtually all the specificity required for procoagulant activity (Monroe
et al., 2002). Seeing that cyclooxygenase-1 (COX-1) synthesizes the
platelet aggregatory mediator thromboxane A2 (TXA2), inhibition of
COX-1 will therefore reduce platelet activity (Gabrielsen et al., 2010).
Research conducted in the last decade has provided evidence that
plant extracts with significant and well-known antioxidant proper-
ties also potentially have antithrombotic effects (Tham et al., 2019).
Nutritional antioxidants support the synthesis of prostacyclin by pre-
venting lipid hydroperoxide-mediated inhibition of prostacyclin syn-
thetase. Prostacyclin is one of the body’s fundamental
cardioprotective hormones and has a powerful antithrombotic role
(McCarty, 1986; Mitchell et al., 2019).

In this study, the antithrombotic properties of ethanolic, dichloro-
methane (DCM), and aqueous extracts of various South African plants
were evaluated. A total of 33 plant extracts from 11 plant species
(Table 1) were investigated. Plants traditionally used for pain and
wound healing were chosen including plants with reported anti-
inflammatory and antioxidant activity. The antiproliferative effects of
the plant extracts were investigated using the human hepatocellular
carcinoma (HepG2) cell line which has consistent, homogenous fea-
tures and has been used extensively in vitro hepatotoxicity testing
models (Tham et al., 2019). Furthermore, the antioxidant, anti-FXa
and COX-1 inhibitory activity of selected plant extracts were also
investigated.

2. Methods

2.1. Materials, chemicals, and reagents

The HepG2 cell line was donated by Prof Lyn-Marie Birkholtz from
the University of Pretoria. Dulbecco’s modified Eagle’s medium
210
(DMEM), penicillin, streptomycin, fungizone, trypsin ethylenediami-
netetraacetic acid (EDTA), fetal bovine serum and PrestoBlueTM cell
viability reagent were purchased from Thermo Fisher Scientific
(Johannesburg, Gauteng, South Africa). Organic solvents, Actinomycin
D, Vitamin C, 2,2-diphenyl-1-picrylhydrazyl (DPPH), Dimethyl sulfox-
ide (DMSO), tris(hydroxymethyl)aminomethane (Tris), NaCl, Polyeth-
ylene glycol 6000 (PEG-6000), FXa from bovine plasma and FXa
chromogenic substrate were purchased from Sigma Aldrich (Modder-
fontein, Gauteng, South Africa). Cell culture flasks and plates were
purchased from Lasec SA Pty Ltd. (Midrand, South Africa). The COX-1
Inhibitor Screening Assay Kit (ab204698, Abcam) and 1,5-Dansyl-
Glu-Gly-Arg-Chloromethyl Ketone (GGACK) dihydrochloride were
purchased from Biocom Africa (Pty) Ltd. (Centurion, South Africa).

2.2. Plant collection

The plants identified for the current study were collected from the
University of Pretoria’s Hatfield and Hillcrest campuses including a
select few purchased from Random Harvest Nursery (Krugersdorp,
South Africa). The plant voucher specimens were submitted to the
HGWJ Schweickerdt Herbarium (PRU), Pretoria, South Africa, for
identification.

2.3. Preparation of extracts

Ethanolic, dichloromethane (DCM) and aqueous extracts of the
leaves and non-woody stems of each plant were prepared using
methods previously described by Mativandlela et al. (2006) with
slight modifications (Table 2). Succulent plants were collected and
immediately used whereas the non-succulent plants were shade
dried and macerated to a powder form.

2.3.1. Ethanolic and DCM extract preparation
Ethanol (99 %) and dichloromethane (DCM) were added to the

powdered plant material of the non-succulent plants as well as the
fresh plant material of the succulent plants at a specific plant mass to
solvent volume ratio (Table 2). The succulent plant material was mac-
erated in a blender in 99 % ethanol, whereas the succulent plant
material in DCM was macerated using a mortar and pestle. This was
then left for 3 days with continuous shaking and filtered through a
Whatmann� filter system (11mm pore size). The filtrate was concen-
trated in a rotary evaporator (Buchi, RII) under reduced pressure at



Table 1
Traditional use and pharmacological properties of selected plant species.

Plant Species Traditional use Pharmacological Properties References

Barleria obtusa Nees Burns N/A* (Afolayan et al., 2014)
Carpobrotus dimidiatus (Haw.) L. Bolus Wound healing, burns, and toothache Anti-inflammatory and antioxidant (VanWyk and Gericke, 2018; Mulaudzi

et al., 2019)
Cotyledon orbiculata L. Boils, corns, warts, earache, and

toothache
Anti-inflammatory (Moteetee and VanWyk, 2011; Maroyi,

2019)
Cussonia spicata Thunb. Abdominal pain N/A* (County et al., 2021)
Heteropyxis natalensis Harv. Toothaches, blood purifier, wounds,

bleeding gums, and nose-bleeding
Anti-inflammatory and antioxidant (Henley-Smith et al., 2018; VanWyk et

al., 2009; Long, 2005; Muchuweti et al.,
2006; Frum and Viljoen, 2006)

Hypoestes aristata (Vahl) Sol. ex Roem
& Schult.

Sore eyes and sore throats N/A* (Hulme, 1954)

Hypoestes forskaolii (Vahl) R.Br. Wound healing and headaches N/A* (Beyi, 2019; Al Haidari, 2018)
Pelargonium citronellum J.J.A.van der

Walt
N/A* Antioxidant (Lalli et al., 2008)

Pelargonium graveolens L’H�er. Wound healing and sore throats Antioxidant (Lalli et al., 2008; Hutchings and Scott,
1996; Ali et al., 2020)

Portulacaria afra Jacq. Chronic sores and earaches Antioxidant (Nciki et al., 2016; Hulley and Van Wyk,
2019; (Khanyile et al., 2021)

Sideroxylon inerme L. N/A* Antioxidant (Shelembe et al., 2016)

* N/A: Not applicable.
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36 °C and then frozen at �80 °C for 24 h where upon the frozen
extracts were then freeze dried (Alpha 1�2 LDplus) until complete
solvent evaporation has occurred.

2.3.2. Aqueous extract preparation
Hot distilled water was added to the powdered plant material of

the non-succulent plants as well as the fresh plant material of the
succulent plants at a specific plant mass to solvent volume ratio
(Table 2). The succulent plant material was macerated with the hot
Table 2
Plant collection and extraction data.

Plant species Succulent/ Non-succulent Voucher specimen

Barleria obtusa Nees a Non-succulent PRU 125926

Carpobrotus dimidiatus (Haw.)
L. Bolus a

Succulent PRU 125927

Cotyledon orbiculata L.b Succulent PRU 128848

Cussonia spicata Thunb.a Non-succulent PRU 128851

Heteropyxis natalensis Harv. c Non-succulent PRU 096405

Hypoestes aristata (Vahl) Sol. ex Roem
& Schult. a

Non-succulent PRU 125925

Hypoestes forsakaolii (Vahl) R.Br. a Non-succulent PRU 127863

Pelargonium citronellum J.J.A.van der
Walt a

Non-succulent PRU 127869

Pelargonium graveolens L’H�er a Non-succulent PRU 128847

Portulacaria afra Jacq. a Succulent PRU 128849

Sideroxylon inerme L. b Non-succulent PRU 128850

a Collected from University of Pretoria Hatfield Campus.
b Purchased from Random Harvest Nursery (Krugersdorp, South Africa).
c Collected from University of Pretoria, Hillcrest Campus.
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water in a blender, refrigerated at 8 °C for 24 h and then left to shake
continuously for a further 24 h. This was then filtered through a
Whatmann� filter system (11 mm pore size) and the filtrate frozen at
�80 °C. The frozen extracts were then freeze dried (Christ Alpha 1�2
LDplus) until complete solvent evaporation occurred.

2.3.3. Extract percentage yield calculation
The extract percentage yield was calculated using the following

equations:
(PRU) number Extraction Type Plant mass (g): Solvent (ml) Percentage Yield (%)

Ethanolic 1:20 2.39
DCM 1:20 6.26
Aqueous 1:20 16.00
Ethanolic 1:5 2.27
DCM 1:5 0.92
Aqueous 1:5 3.84
Ethanolic 1:10 0.85
DCM 1:5 0.23
Aqueous 1:5 1.23
Ethanolic 1:20 1.71
DCM 1:20 6.36
Aqueous 1:20 17.85
Ethanolic 1:20 14.22
DCM 1:20 7.41
Aqueous 1:20 2.45
Ethanolic 1:20 6.42
DCM 1:20 19.06
Aqueous 1:20 16.87
Ethanolic 1:20 13.48
DCM 1:20 28.86
Aqueous 1:20 8.25
Ethanolic 1:20 10.43
DCM 1:20 7.40
Aqueous 1:20 12.07
Ethanolic 1:20 7.89
DCM 1:20 3.66
Aqueous 1:40 25.23
Ethanolic 1:5 3.57
DCM 1:5 0.53
Aqueous 1:5 1.70
Ethanolic 1:20 9.43
DCM 1:20 3.20
Aqueous 1:20 23.84
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(i) Non-succulent plants

Extract percentage yield %ð Þ ¼ Final extract mass gð Þ
Dried plant material mass gð Þ
(ii) Succulent plants

Extract percentage yield %ð Þ ¼ Final extract mass gð Þ
Fresh plant material mass gð Þ
2.4. Antiproliferative activity assay

The antiproliferative activity of all plant extracts was tested
against the HepG2 cell line using a previously described cell culture
based antiproliferative assay with slight modifications (Lall et al.,
2016). The cells were grown in a flat-sided tissue culture flask in
DMEM supplemented with 10 % foetal bovine serum and 1 % antibiot-
ics (100 U/mL penicillin, 100 mg/mL streptomycin, 250 mg/L fungi-
zone) at 37 °C and 5% CO2. After the formation of a monolayer of
cells, they were detached from the surface of the flask with Trypsin-
EDTA (0.25 % Trypsin, 0.01 % EDTA) solution.

The cells were plated in 96-well plates to a final concentration of
1000 cells/well and incubated for 24 h at 37 °C and 5 % CO2 to allow
for adherence. The plant extracts and Actinomycin D were added to
the plates in triplicate at concentrations ranging from 1.56 � 400 mg/
mL and 3.91 £ 10�4 � 0.05mg/mL respectively. The plates were incu-
bated for a further 72 h, after which PrestoBlueTM cell viability
reagent was added to all the wells of the plates. The plates were fur-
ther incubated for 2 h followed by the measurement of fluorescence
(Ex/Em = 560/590 nm) using the Victor� NivoTM multimode plate
reader (PerkinElmer, Waltham, Massachusetts).

Actinomycin D served as the positive control, 2 % DMSO as the sol-
vent control, DMEM as the negative control and PrestoBlueTM with
DMEM and no cells served as the PrestoBlueTM control. The cell via-
bility was determined using the following equation and the 50 %
inhibitory concentration (IC50) was determined using GraphPad
Prism� 8 software (GraphPad Software, San Diego, California, USA).

Percentage viability ð%Þ

¼ Fluorescence Extract� Fluorescence PrestoBlueTMcontrol
Fluorescencesolventcontrol � FluorescencePrestoBlueTMcontrol

� 100

2.5. DPPH antioxidant assay

The plant extracts that displayed an IC50 higher than 400 mg/mL
in the antiproliferative assay were tested for their antioxidant activity
using the DPPH antioxidant assay. The plant extracts were tested
using a previously described method with modifications (Du Toit
et al., 2001). Aqueous extracts were dissolved in distilled water, DCM
extracts were dissolved in dichloromethane and ethanolic extracts
were dissolved in 99 % ethanol. Vitamin C was dissolved in 99 % etha-
nol and served as the positive control. Ethanol (99 %) served as the
blank and diluted plant extract only as the negative control. The plant
extracts were tested in triplicate at concentrations ranging from 0.41
� 100 mg/mL for the H. natalensis aqueous extract and Vitamin C and
3.91 � 500mg/mL for all other extracts tested. The reaction was initi-
ated by the addition of DPPH followed by incubation for 30 min at
room temperature in the dark. The DPPH antioxidant was omitted
from the negative control reactions. Absorbance was read at 515 nm
using a BIO-TEK�PowerWaveTM XS multi-well plate reader (A.D.P.,
Weltevreden Park, South Africa) and KC Junior software (BIO-TEK�,
Winooski, Vermount, USA). The percentage antioxidant activity was
determined using the following formula below and the IC50 values
determined using GraphPad Prism� 8 software (GraphPad Software,
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San Diego, California, USA).

Percentage antioxidant activity %ð Þ

¼ Absorbance Blank� Absorbance Extract � Absorbance Negative Controlð Þ
Absorbance Blank

� 100

2.6. Anti- Activated coagulation factor X (Anti-FXa) assay

The plant extracts that displayed an IC50 value lower than 20 mg/
mL in the DPPH antioxidant assay, were tested for their anti-FXa
activity using a previously described method with slight modifica-
tions (Chu et al., 2000). The enzyme assay was conducted in buffer
(0.15 M NaCl, 0.05 M Tris, 0.1 % PEG-6000, pH 7.5) with GGACK dihy-
drochloride dissolved and serially diluted in buffer. Plant extracts
were dissolved and serially diluted in 10 % DMSO and the FXa chro-
mogenic substrate dissolved in buffer. Serially diluted samples were
pre-incubated with FXa from bovine plasma with a final concentra-
tion of 0.425 mM, for 5 min at 37 °C in a 96-well plate. The plant
extracts were tested in triplicate at final concentrations of 1.56 �
100mg/mL for the H. natalensis aqueous extract and 7.8 � 500mg/mL
for all other extracts tested. 1,5-Dansyl-Glu-Gly-Arg-Chloromethyl
Ketone (GGACK) dihydrochloride was tested in triplicate at final con-
centrations of 0.008 � 0.5 mg/mL. The buffer and 0.5 % DMSO served
as the solvent controls and GGACK dihydrochloride as the positive
control. The reaction was initiated by adding FXa chromogenic sub-
strate to each well at a final concentration of 161 mM and the absor-
bance of the reaction read at 405 nm for 15 min at 37 °C using a BIO-
TEK� PowerWaveTM XS multi-well plate reader and KC Junior soft-
ware. The IC50 values were determined using GraphPad Prism� 8
software (GraphPad Software, San Diego, California, USA).

2.7. Anti-FXa enzyme kinetics

The aqueous extract of H. natalensis displayed significant anti-FXa
activity and was therefore subjected to further enzyme kinetic stud-
ies to determine the type of inhibition. The aqueous extract of H.
natalensis and GGACK dihydrochloride were tested in triplicate at the
previously determined IC50 values. The plant extract was dissolved in
10 % DMSO while GGACK dihydrochloride was dissolved in buffer
solution. The buffer and 0.5 % DMSO served as solvent controls. The
FXa chromogenic substrate was dissolved and serially diluted in
buffer. The diluted samples were preincubated with FXa from bovine
plasma for 5 min at 37 °C in a 96-well plate. The final concentration
of FXa from bovine plasma in each well was 0.425 mM. The reaction
was initiated by adding FXa chromogenic substrate to each well at a
final concentration range of 1.26 � 161 mM. The absorbance of the
reaction was read at 405 nm for 15 min at 37 °C using a BIO-
TEK�PowerWaveTM XS multi-well plate reader and KC Junior soft-
ware. The Michaelis constant (Km) and maximum rate of reaction
(Vmax) were determined using Michaelis-Menten analysis in Graph-
Pad Prism� 8 software (GraphPad Software, San Diego, California,
USA) including development of the kinetic graphs.

2.8. Cyclooxygenase-1 (COX-1) inhibition assay

The COX-1 inhibitory potential of the aqueous extract of H. nata-
lensis which displayed pronounced anti-FXa activity was tested using
the COX-1 Inhibitor Screening Assay Kit (ab204698, Abcam). The
assay was conducted according to the kit instructions provided. The
COX assay buffer served as the enzyme control, SC560 as the inhibitor
control and 0.5 % DMSO as the solvent control. The COX reaction mix-
ture consisting of the COX assay buffer, COX-1, COX cofactor and the
COX probe was prepared and added to a 96-well plate at room tem-
perature. The plant extract was dissolved and serially diluted in 10 %



Table 3
Antiproliferative, DPPH antioxidant and anti-FXa activity of selected plant extracts.

Sample Extract Antiproliferative
IC50f (mg/mL) § SDk

DPPH Antioxidant
IC50 (mg/mL) § SD

Anti-FXa
IC50 (mg/mL) § SD

Barleria obtusa Nees Ethanolic 146.3 § 0.12 d N/Tl N/T
DCM 297.2 § 0.06 d N/T N/T
Aqueous NIAh 14.93 § 0.04 d NICj

Carpobrotus dimidiatus (Haw.) L. Bolus Ethanolic NIA 11.92 § 0.02 d NIC
DCM 205.1 § 0.04 d N/T N/T
Aqueous 396.7 § 0.04 d N/T N/T

Cotyledon orbiculata L. Ethanolic NIA 41.04 § 0.04 d N/T
DCM 61.96 § 0.18 d N/T N/T
Aqueous NIA 64.86 § 0.03 d N/T

Cussonia spicata Thunb. Ethanolic 99.40 § 0.04 d N/T N/T
DCM 232.4 § 0.04 d N/T N/T
Aqueous NIA 27.94 § 0.03 d N/T

Heteropyxis natalensis Harv. Ethanolic 72.76 § 0.11 d N/T N/T
DCM 132.7 § 0.53 d N/T N/T
Aqueous NIA 2.71 § 0.03 d 2.64 § 1.71e

Hypoestes aristata (Vahl) Sol. ex Roem & Schult. Ethanolic 26.10 § 0.02 d N/T N/T
DCM 14.76 § 0.03 d N/T N/T
Aqueous 294.60 § 0.24 d N/T N/T

Hypoestes forsakaolii (Vahl) R.Br. Ethanolic ILg N/T N/T
DCM 38.61 § 0.04 d N/T N/T
Aqueous 7.66 § 0.18 d N/T N/T

Pelargonium citronellum J.J.A. Van der Walt Ethanolic 26.77 § 0.05 d N/T N/T
DCM 34.14 § 0.04 d N/T N/T
Aqueous 212.6 § 0.11 d N/T N/T

Pelargonium graveolens L’H�er. Ethanolic 94.05 § 0.12 d N/T N/T
DCM 306.5 § 0.62 d N/T N/T
Aqueous NIA 15.67 § 0.03 d NIC

Portulacaria afra Jacq. Ethanolic NIA 28.92 § 0.03 d N/T
DCM 327.3 § 0.14 d N/T N/T
Aqueous NIA 35.51 § 0.04 d N/T

Sideroxylon inerme L. Ethanolic 151.4 § 0.06 d N/T N/T
DCM NIA NIBi N/T
Aqueous 342.2 § 0.65 d N/T N/T

Controls
Actinomycin D a N/T 0.0006 § 0.07 N/T N/T
GGACK dihydrochloride b N/T N/T N/T 0.23 § 0.07e

Vitamin Cc N/T N/T 2.50 § 0.04 N/T
a positive control - antiproliferative assay.
b positive control � anti-FXa assay.
c positive control- DPPH antioxidant assay.
d p-value < 0.05 when compared to positive control (one-way ANOVA p < 0.05, Tukey’s multiple comparison test, n = 3).
e p-value = 0.0940 when compared to positive control (Unpaired t-test with Welch’s correction, n = 3).
f IC50: 50 % inhibitory concentration.
g IL: Inhibition lower than lowest tested concentration of 3.13mg/mL.
h NIA: No inhibition at highest tested concentration of 400mg/mL.
i NIB: No inhibition at highest tested concentration of 500mg/mL.
j NIC: No inhibition at highest tested concentration of 500 mg/mL.
k SD: Standard deviation.
l N/T: Not tested.
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DMSO and added to the 96-well plate. The plant extract was tested in
triplicate at concentrations ranging from 1.56 � 100 mg/mL. The
inhibitor control was prepared by adding 2 mL of SC560 to the COX
assay buffer. The reaction was initiated by adding the arachidonic
acid and NaOH (50:50) solution. The fluorescence of the reaction was
read in kinetic mode for 15 min at 25 °C using the Victor� NivoTM

multimode plate reader (Ex/Em = 535/587 nm). The maximum slopes
and the IC50 values were determined using GraphPad Prism� 8 soft-
ware (GraphPad Software, San Diego, California, USA).

2.9. Statistical analysis

The IC50 values were determined using a 4-parameter logistic
equation in GraphPad Prism� 8 software (GraphPad Software, San
Diego, California, USA) with constraints on the top (100) and bottom
(0) parameters. A one-way ANOVA followed by a Tukey’s Multiple
Comparison Test was used to determine whether the differences
between the positive controls and the treatments were significant in
both the antiproliferative activity and DPPH antioxidant assays. The
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unpaired parametric T-test with Welch’s correction was used to
determine whether the difference between the positive control and
the treatment in the anti-FXa and COX-1 inhibition assays were sig-
nificant.

3. Results and discussion

3.1. Antiproliferative activity

The antiproliferative activity of the selected plants extracts
against HepG2 cells is summarized in Table 3. In general, the etha-
nolic and DCM extracts of all the plants had higher antiproliferative
activity than their respective aqueous extracts. This trend could also
be seen in a study done by Fan et al. (2020), where the ethanolic and
DCM extracts of Hagenia abyssinica had higher antiproliferative activ-
ities with a higher inhibition rate against HepG2 cells than the aque-
ous extract tested. The higher inhibition values could potentially be
due to alcoholic solvents such as ethanol being a better solvent when
compared to water when extracting compounds from medicinal



Fig. 2. Competitive inhibition of FXa by H. natalensis’ aqueous extract (HNH). DMSO [0.5 %] curve represents enzyme at 100 % activity.
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plants, this could be due to ethanol being more polar than water and
extracting compounds with higher polarity than water (Gberikon
et al., 2015). Whereas DCM is slightly polar, however not as polar as
water and edges on being non-polar, therefor DCM can extract com-
pounds that are below the polarity of water (Wang and Zenobi,
2010). Therefore, ethanol and DCM has the ability to include a wider
variety of compounds within their extracts. The ethanolic, DCM and
aqueous extracts of Hypoestes forskaolii displayed IC50 values lower
than 30 mg/mL with their antiproliferative effect potentially due to
the alkaloids which have previously been isolated from the plant
(Abdel-sattar et al., 2020). In this same study a phenanthrol [9,10-b]
quinolizidine-type alkaloid isolated from a methanolic extract of H.
forskaolii exhibited an IC50 value of 10 ng/mL (24.45 nM) against
MRC5 (human diploid embryonic lung) cells. For H. forskaolii, H. aris-
tata and P. citronellum, all the solvents tested (ethanolic, DCM and
aqueous) exhibited antiproliferative effects with IC50 values lower
than 300 mg/mL (Table 3). Due to the liver being responsible for the
metabolism of many important drugs currently found on the market,
any cytotoxic effects as a result of the ingestion of a plant extract, on
the hepatic cells may cause adverse hepatic effects when adminis-
tered concurrently with these drugs (David and Hamilton, 2010). The
information obtained from the current study can be of added advan-
tage when evaluating the medicinal properties of these plants in rela-
tion to the treatment of any disease.

3.2. DPPH antioxidant activity

The antioxidant activity of the selected plant extracts is summa-
rized in Table 3. The aqueous extract of H. natalensis showed the
highest antioxidant activity with an IC50 of 2.71 § 0.03 mg/mL which
is comparable to the positive control, Vitamin C, which exhibited an
IC50 of 2.50 § 0.04. In a previous study, the ethanolic leaf extract of H.
natalensis scavenged 29.7 % of the DPPH free radicals at a concentra-
tion of 1 mg/L (Muchuweti et al., 2006). Therefore, the aqueous
extract in the current study appears to be more potent when com-
pared to the ethanolic extract. Studies have determined that H. nata-
lensis is rich in polyphenolic compounds with galangin (3,5,7-
trihydroxyflavone) and quercetin previously isolated from the plant
(Muchuweti et al., 2006; Henley-Smith et al., 2018). Both galangin
and quercetin are known to have strong antioxidant effects (Bacanlı
et al., 2018; Xu et al., 2019). Quercetin has also previously been iso-
lated from P. graveolens, which displayed strong antioxidant activity
in the current study (15.67 § 0.03 mg/mL) for its aqueous extract
(Boukhris et al., 2015). The aqueous extracts of B. obtusa also dis-
played strong antioxidant activity with an IC50 value of
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14.93 § 0.04 mg/mL, which may be due to the presence of carote-
noids and flavonoids in this plant, compounds previously shown to
exert high antioxidant activity (Musil et al., 2002; Fiedor and Kv�eto-
slava, 2014). Flavonoids are also present in C. dimidiatus (Mulaudzi
et al., 2019) which may account for the high antioxidant activity
(11.92 § 0.02 mg/mL) demonstrated by the ethanolic extract in the
current study.

3.3. Anti-FXa activity and enzyme kinetics

The anti-FXa activity of the selected plant extracts is summarized
in Table 3. The only plant extract that displayed noteworthy anti-FXa
activity was the aqueous extract of H. natalensis with an IC50 value of
2.64 § 1.71 mg/mL when compared to the positive control
(0.23 § 0.07 mg/mL). Further enzyme kinetic studies revealed that
the Vmax and Km values of H. natalensis were lower than the Vmax and
Km values of the 0.5 % DMSO control, indicating competitive inhibi-
tion (Fig. 2). Also, the Vmax and Km values of GGACK dihydrochloride
were lower than the Vmax and Km values of the buffer, also indicating
competitive inhibition (Fig. 3).

3.4. COX-1 inhibition

The COX-1 inhibitory activity for the aqueous extract of H. nata-
lensis was determined to be 25.32 mg/mL. According to the product
protocol, SC560 has an IC50 of 6.45 nM which translates to 0.002 mg/
mL. Previously chalcone (E)�1-(20,40-dihyroxy,50‑methoxy,30- meth-
ylphenyl)�3-phenylprop-2-en-1-one has been isolated from H. nata-
lensis (Adesanwo et al., 2009). During the study conducted by
Bandgar et al. (2012), chalcone derivatives from H. natalensis inhib-
ited 68.47 � 79.95 % of the COX-1 activity. Therefore, the presence of
chalcones present in the aqueous extract of H, natalenisis may
account for the COX-1 inhibitory activity observed in the current
study. The inhibition of COX-1 exhibited by the extract could poten-
tially reduce TXA2 production and prevent platelet aggregation (Cres-
cente et al., 2019).

4. Conclusion

From all the extracts tested in the current study the aqueous
extract of H. natalensis competitively inhibited FXa at a low concen-
tration, indicating that the extract will prevent progression of initia-
tion and propagation of the coagulation cascade as previously
described. The extract similarly inhibited COX-1 and will therefore be
able to reduce TXA2 production and prevent platelet aggregation.



Fig. 3. Competitive inhibition of FXa by GGACK dihydrochloride (GGACK). Buffer curve represents enzyme at 100 % activity.
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Furthermore, due to the low antiproliferative activity exhibited by
the aqueous extract of H. natalensis, it can be extrapolated that the
extract is not likely to cause any cytotoxic effects. However, further
investigation is needed to conclude this observation, including test-
ing the aqueous extract on several other cancerous and non-cancer-
ous cell lines of importance. The results of the study revealed that
amongst all the extracts tested, the aqueous extract of H. natalensis
was the best candidate for further antithrombotic studies in relation
to VTE. Future studies should focus on the mechanisms of inhibitory
action of the aqueous extract of H. natalensis on both FXa and COX-1,
including the further identification and isolation of compounds that
may be responsible for the activity seen during the current study.
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