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ic properties of Tulbaghia violacea
aqueous leaf extracts: assessment of platelet
activation and whole blood clotting kinetics

Lerato N. Madike, *a M. Pillaya and Ketul C. Popat b

Tulbaghia violacea plant extracts have been investigated for their potential therapeutic effects in the

management of various ailments, among which are cardiovascular diseases, due to the wide range of

phytocompounds that the plant possesses. One of the major challenges in clinical practice is the inability

to control platelet activation and clotting caused by cardiovascular disease interventions. Current

treatment methods to inhibit platelet aggregation and thromboxane formation have been associated

with major undesirable side effects. This has led to increased research studies on the development of

newer and more effective antiplatelet agents. In particular, there has been a growing interest on the

potential antiplatelet activity of plant-derived extracts. Hence this study methodically evaluates the

anticlotting and antiplatelet properties of T. violacea aqueous leaf extracts. The platelet activity of the

plant extracts was assessed using total platelet adhesion, platelet morphology and whole blood clotting

kinetics. The 0.1 mg ml�1 T. violacea extract mixed with blood plasma demonstrated the lowest platelet

adhesion and activation and also reduced whole blood clotting kinetics. There was a reduction of about

70% in platelet adhesion for the 0.1 mg ml�1 treatment compared to the control in the first 15 min which

was supported by morphological characterization under SEM. These observations suggest that T.

violacea may be a potential antiplatelet therapeutic agent to inhibit the initial step of platelet adhesion

and ultimately reduce the incidence of cardiovascular events.
1. Introduction

Platelets are small anucleate cell fragments produced from
nucleated precursor cells known as megakaryocytes in the bone
marrow. They are found in the bloodstream and play an
important role in vascular integrity and hemostasis regula-
tion.1,2 Platelet activity is oentimes correlated with the initia-
tion of coagulation cascades. Platelets have a role in the initial
biological process of chronic inammation associated with
disease pathology,1 intercellular communication, and immu-
nomodulatory activities.3 Platelets have the basic function of
rapidly adhering to damaged blood vessels, and aggregating to
form thrombi, thus preventing excessive bleeding. Activated
platelets, on the other hand, aggregate at the site of an
atherosclerotic plaque rupture or endothelial cell erosion,
which stimulates thrombus formation and development of
atherothrombotic disease.4,5 Besides thrombosis and haemo-
stasis, platelets are also important in atherothrombotic
processes and broproliferation, which have been linked to
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a number of cardiovascular diseases (CVDs).6–8 Cardiovascular
diseases (CVDs) are the leading cause of morbidity and
mortality worldwide and are responsible for over 17 million
deaths annually worldwide.9,10 There are multiple factors that
contribute to cardiovascular diseases and this includes the
increased ability of platelets to aggregate.11 Platelet activation is
a process that occurs when platelets adhere to the exposed
collagen, laminin, and von Willebrand factor in the injured
vessel. Platelets can also be activated by agonists such as
adenosine-5-diphosphate (ADP), thrombin, collagen and
thromboxane A2.11–13 Increased platelet activity has been asso-
ciated with vascular disease and has a key role in haemostasis
and thrombosis.14,15

One of the therapeutic strategies for the treatment of
platelet-related cardiovascular diseases is interfering with the
process of platelet aggregation.16 The activation of blood
platelets on the surface of medical implants such as stents
causes the devices to fail. Antiplatelet therapy is a procedure of
great signicance which has been used for treatment of coro-
nary diseases17–19 and to also prevent the formation of clots
throughout post-percutaneous coronary interventions (PCIs).
Anti-platelet drugs such as acetylsalicylic acid/aspirin (throm-
boxane inhibitor),6 clopidogrel (adenosine diphosphate antag-
onists), abciximab (glycoprotein-IIb/IIIa antagonists), warfarin
(vitamin K epoxide reductase inhibitor), and heparin (inhibitor
RSC Adv., 2021, 11, 30455–30464 | 30455
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of factor IIa) have been used to inhibit the uncontrollable
activation of platelets.20

Despite the frequent use of these anti-platelet drugs, they
may be unresponsive or cause side effects such as gastric
erosions, gastric ulcers, which may result in anaemia and
gastric haemorrhage.21,22 This has resulted in the search for
other therapeutic antagonists. There is currently a growing
interest in the development of newer and more effective anti-
platelet agents. This has led to increased research in the eval-
uation of properties of plant extracts, and their antiplatelet
activity with the aim of developing safe and effective antith-
rombotic drugs from plant-derived extracts.23

Over the years, the use of medicinal plants with a broad
range of biologically active constituents has gained popularity
in pharmacological research and drug development. This
involves a direct approach as therapeutic agents, as templates
from which the drugs are produced, or as models to access the
active compounds that are present in the plant constituents.24

There is also an annual increase in the number of people that
have turned to medicinal plants as they are believed to be free
from undesirable side effects however, the appropriate dosage
needs to be established to prevent toxic effects.25–28

Tulbaghia violacea is a drought-resistant medicinal plant that
stretches from the Eastern Cape, KwaZulu-Natal, Northern
Gauteng and Limpopo in South Africa to even as far north as
Zimbabwe.29,30 The plant has been assumed to possess biolog-
ical activities similar to garlic (Allium sativum) since both belong
to the same Alliaceae family and have similar bioactive
compounds.31–33 However, most of the biological activities
demonstrated by garlic remain to be investigated in T. violacea.

There are only a few studies that have reported on the
cardiovascular potential of T. violacea plant extracts. Ref. 34 and
35 reported that extracts from T. violacea demonstrated antith-
rombotic activity but this was dependent on their extraction
methods as well as the season of extraction. The studies of ref.
36 and 37 reported that T. violacea reduces systemic arterial
blood pressure in the Dahl rat as a result of a decrease in renal
AT1 receptor gene expression. Recent studies have concentrated
on the ability of a T. violacea extract to decrease the effect of
hypertension.38 According to ref. 39, an organic bulb extract of
T. violacea has advantageous effects on the cardiovascular
system by reducing brinogen levels, extending the activated
partial thromboplastin time (APTT) and regulation of platelet
activation through the GPIIb receptor that are found on plate-
lets. A recent study by ref. 40 demonstrated improved blood
compatibility when polycaprolactone nanobers fabricated
with and without the addition of T. violacea plant extracts was
used as the contact surfaces. 100 mg ml�1 and 1000 mg ml�1 of T.
violacea plant extracts were then added to each nanober to
assess the antiplatelet activity of the fabricated materials. The
results indicated that when lower concentrations of T. violacea
plant extracts were used, the overall platelet activity was
signicantly reduced for all fabricated scaffold.

In this study, the responses of platelets and red blood cells
incorporated with T. violacea aqueous leaf extracts was evalu-
ated using platelet adhesion, platelet morphology and whole
30456 | RSC Adv., 2021, 11, 30455–30464
blood clotting kinetics for better understanding of the effect of
the plant extracts on platelet activity.
2. Materials and methods
2.1. Preparation of extracts

Tulbaghia violacea was collected from Vanderbijlpark, South
Africa and identied (ST0008) as described by ref. 41. The leaves
of T. violacea were gently washed with distilled water to remove
the dust and cut into small pieces, frozen at �20 �C, lyophilized
and lastly pulverized into a ne powder. The crude water
extracts from the leaves was then prepared by adding 30 g of the
pulverized plant material to 600 ml of distilled water and boiled
at 100 �C for 10 min. The mixture was then allowed to cool and
then ltered through a 0.45 mm Whatman® lter paper. Aer-
wards, the ltrate was frozen and lyophilized to form a powder.
A percentage yield of 42.3% was obtained from the ltrate. A
stock solution of 100 mg ml�1 in distilled water was then
prepared and stored at �20 �C until use.
2.2. Quantitative phytochemical screening

Quantitative phytochemical analysis was conducted for total
phenols, total tannins and total avonoids content.42–44 For the
quantication, three concentrations of 0.1, 1.0 and 10 mg ml�1

were prepared from the stock solution and used for the subse-
quent assays.

2.2.1. Determination of total phenolic content (TPC). The
total phenolic acid content of the aqueous extracts was deter-
mined using the Folin–Ciocalteu reagent as described by ref. 43.
Aliquots of 0.5 ml of the dilute water extracts (0.1, 1.0 and 10 mg
ml�1) and gallic acid of standard 1 mg ml�1 were mixed with
5 ml of Folin–Ciocalteu reagent (1 : 10 diluted with distilled
water) and 4 ml of aqueous 7.5% sodium carbonate (Na2CO3).
The mixture was allowed to stand for 15 min and total phenolic
acid content was determined spectrophotometrically at 760 nm
using a Genesys 10S UV-Vis spectrophotometer. A standard
curve was prepared using 0, 50, 100, 150, 200, and 250 mg ml�1

solutions of gallic acid in methanol. The total phenolic acid
contents are expressed in milligrams of gallic acid equivalents
per gram of dry material.

2.2.2. Determination of total tannins content (TTC). The
tannin content in the leaf extracts of T. violacea was determined
using Folin–Ciocalteu method as described by ref. 44. Aliquot
extracts of 100 ml (0.1, 1.0 and 10 mg ml�1) were added to 750 ml
of distilled water, 500 ml of Folin–Ciocateu reagent and 1 ml of
35% sodium carbonate (Na2CO3). The mixture was shaken
vigorously aer diluting to 10 ml of distilled water. The mixture
was incubated for 30 min at room temperature and the absor-
bance was read at 725 nm. Distilled water was used as blank.
Gallic acid standard solutions were prepared as described above
for TPC. The total tannins content was expressed as mg GAE
per g dry matter as calculated from the prepared standard curve
with 0–100 mg per milliliter of GA.45

2.2.3. Determination of total avonoid content (TFC). The
total avonoid content of the leaf extracts was determined using
a colorimetric assay described by ref. 42. Aqueous extracts (0.5
© 2021 The Author(s). Published by the Royal Society of Chemistry
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ml) of 0.1, 1.0 and 10 mg ml�1 were mixed with 0.5 ml of
aluminium chloride (1.2% w/v) and 0.5 ml potassium acetate
(120 mM). The mixture was allowed to stand for 30 min at room
temperature and then the absorbance was measured at 415 nm.
Quercetin was used as a standard (0.5 g l�1). The avonoid
content was expressed in milligrams of quercetin equivalents
per gram of dry material (mg QE per g).46
2.3. Antioxidant activity

2.3.1. DPPH free radical scavenging assay. The method
given by ref. 47 was followed to determine the hydrogen
donating capacity of different concentrations of T. violacea
water extracts using 2,20-diphenyl-1-picrylhydrazyl radical as
a substrate. Tulbaghia violacea water extracts (1 ml) with
concentration ranging from 0.01 to 10 mg ml�1, were mixed
with 1 ml of a 0.12 mM DPPH solution. Aer shaking, the
mixture was incubated at ambient temperature in the dark for
30min, and then the absorbance wasmeasured at 517 nm using
a UV-160U spectrometer (PG instruments, Leicestershire, UK).
Distilled water was used as a negative control and L-ascorbic
acid was used as a positive control. All assays were done in
triplicates. The radical scavenging activity was determined as
the percentage of inhibition using eqn (1) below:

% Scavenging activity ¼ (Acontrol � Atest)/Acontrol � 100 (1)

where Acontrol is the absorbance of the control (DPPH solution
without any sample) and Atest is the absorbance of the test
sample (DPPH solution plus the sample). The inhibitory
concentration (IC50) value is the concentration of the sample
that is required to scavenge 50% of the DPPH free radicals.

2.3.2. 2,2-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS) assay. The aqueous plant extracts were prepared in
distilled water with concentrations ranging from 0.01 mg ml�1

to 10 mg ml�1. L-Ascorbic acid was used as a positive control
and distilled water was used as a negative control. A 7 mM stock
solution (192 mg in 50 ml distilled water) of ABTS was prepared
in double-distilled water. The ABTS radical cation was then
prepared by adding 88 ml of 140 mM potassium persulfate to
5 ml of ABTS. This solution was stored in the dark for 12–16 h to
stabilize it before use. Shortly before conducting the assay, the
concentrated ABTS+ solution was placed in a cuvette and diluted
with cold ethanol to a nal absorbance of 0.70� 0.02 at 734 nm.
The total scavenging capacities of the extracts were quantied
by addition of 1 ml of ABTS+ to 50 ml of each plant extract. The
solutions were heated on a heating block at 37 �C for 4 min,
aer which the absorbance was recorded at 734 nm using
a spectrophotometer. All assays were performed in triplicates
and the percentage of inhibition was calculated in the same
manner as in Section 2.3.1. using eqn (1).48
2.4. Platelet adhesion and activation

Platelet adhesion and activation studies were conducted
following a modied procedure described in ref. 41 and 49–51.
Initially, blood was drawn from a healthy donor into standard
6 ml vacuum tubes that were coated with the anticoagulant
© 2021 The Author(s). Published by the Royal Society of Chemistry
EDTA. The rst vial of drawn blood (about 6 ml) was disposed so
as to avoid any skin plug and to remove the locally activated
platelets produced by insertion of the needle. The subsequent
blood vials were centrifuged at 150 g for 15 min to separate the
plasma from the red blood cells. The plasma was then pooled
together into fresh tubes and used immediately for adhesion
and activation studies. Three sets of experiments were per-
formed with aqueous leaf extracts of T. violacea: (i) plasma
mixed with 0.1 mg ml�1 extract, (ii) plasma mixed with 1.0 mg
ml�1 of extract and (iii) plasma without any plant extract
(experimental control). The dilution factor of the plasma to the
plant extract was a 10 fold.

The platelet adhesion and activation experiments were con-
ducted onto tissue culture polystyrene (PS) discs (Greiner Bio-
One GmbH, Frickenhausen, Germany). The PS discs were rst
sterilized by sonicating in 70% ethanol for 15 min, followed by
washing twice with PBS buffer, air drying and nally exposed to
UV light for 30 min. The PS discs were then incubated with
0.5 ml of freshly pooled plasma (control), plasma added at
a concentration of 0.1 mg ml�1 and 1.0 mg ml�1 of extract in
a 24-well plate at 37 �C and 5% CO2 on a horizontal shaker plate
at 100 rpm for 2 h. Aer 2 h of incubation, the supernatant
plasma was carefully removed by aspirating then gently rinsed
twice with PBS buffer. Half of the PS discs were moved to a new
24-well plate into which 300 ml of 5 mM calcein-AM solution in
PBS buffer was added and the plate was incubated for 20 min at
room temperature. The PS discs were then rinsed with PBS and
platelets were instantly imaged with the help of a uorescence
microscope containing high efficiency lter set 62 HE BP 474/28
(green) (Zeiss, Jena, Germany).
2.5. Platelet morphology: scanning electron microscopy
(SEM)

The platelet–leukocyte morphology was conducted with the aid
of a scanning electron microscopy (SEM) (JEOL JSM-6500F,
Peabody, MA, USA) to conjure up an image of the platelet–
leukocyte interaction with the PS disc surfaces in the presence
and absence of T. violacea extracts. The remaining half of the PS
discs were then transferred to a clean Petri dish with the aim of
xing and dehydrating the platelets onto the surfaces. The
platelets were xed by incubating the PS discs in a solution of
primary xative (3% glutaraldehyde (Sigma), 0.1 M sodium
cacodylate (Polysciences, Warrington, PA, USA), and 0.1 M
sucrose (Sigma)) for 45 min. The discs were then moved to
a solution of secondary xative (primary xative without
glutaraldehyde) and incubated for 10 min. Thereaer, dehy-
dration was carried out by incubating the discs for a period of
10 min each in consecutive solutions of increasing ethanol
concentrations (35%, 50%, 70%, 95%, and 100%). The discs
were then air dried overnight and stored in a desiccator before
they can be imaged using SEM at 15 kV aer coating with 10 nm
layer of gold. A Denton-Vacuum Desk II Au sputter deposition
system was used to coat the discs with gold, the default oper-
ating pressure used was 100 mTorr and the operating current
was 30 mA. Standard routine SEM was conducted following the
studies of ref. 40 and 52–56. Each experiment was conducted in
RSC Adv., 2021, 11, 30455–30464 | 30457
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triplicate with 3 different platelet populations (n ¼ 3). For both
uorescence and SEM, 5 images were analysed per sample with
a total of 15 images per population.

2.6. Whole blood clotting kinetics

The inuence of the antithrombogenic properties of the T.
violacea aqueous extracts on the whole blood clotting kinetics
was investigated using whole human blood acquired from
a non-smoking healthy volunteer and drawn using ven-
epuncture following the protocol described by ref. 57 and 58.
Whole blood was drawn into standard 3 ml sterile centrifuge
tubes without any anti-coagulants then, 7 ml of this blood was
immediately placed onto the PS disc and the droplet was
allowed to clot for up to 60 min. For the Experimental section,
3 ml of this blood was mixed with freshly prepared T. violacea
plant extract in deoxygenated DI water (net concentrations of
0.1 mg ml�1 and 1.0 mg ml�1 blood). Seven microliters of this
mixture was instantly dropped onto the surface of sterilized PS
disc placed in a 24-well plate. The blood was allowed to clot on
the PS discs for up to 60 min and the free haemoglobin
concentration was measured at regular intervals (0, 15, 30 and
60 minutes) and represented a measure of the extend of blood
clotting. Aer the specic clotting periods, the discs were
transferred into a different 24-well plate and immersed in 500 ml
of DI water. The discs were then gently agitated for 30 s and le
in the DI water for another 5 min to lyse the cells and release the
free haemoglobin from red blood cells. About 300 ml of the
blood sample was then transferred to a 96-well plate and the
free haemoglobin content was measured at a wavelength of
540 nm using a plate reader. The value of absorbance is directly
proportional to the amount of free haemoglobin in DI water
which directly correlates to the level of blood clotting on the PS
disc surfaces. The experiments were repeated on multiple days
using the blood drawn from the same donor to assess repro-
ducibility as well as reliability of the method and obtained
results.

2.7. Statistical analysis

All samples experiments were assayed in triplicate n ¼ 3. A two-
way ANOVA was performed to determine the signicance of
platelet counts. Signicance was set at p value < 0.05. All
statistics are presented here as a mean � standard deviation.
Graphpad prism 8 and ImageJ soware were used for analysis.

3. Results and discussion
3.1. Quantitative phytochemical screening

The total phenolic content (TPC), total tannin content (TTC)
and total avonoid content (TFC) of the T. violacea water
extracts are shown in Table 1. In general, the total contents of
phenolic acids, tannins and avonoids increased as the
concentration of plant material increased.

3.1.1. Total phenolic content (TPC). This study showed that
the leaf extracts of T. violacea have a higher content of phenolic
compounds than those of tannins and avonoids at every
concentration of plant material that was used (Table 1). These
30458 | RSC Adv., 2021, 11, 30455–30464
results are similar to previous reports that showed a high
percentage of phenolic compound in the leaves of T. viola-
cea.59,60 Phenolic compounds have been reported to be the main
source of natural antioxidants in fruits, vegetables, nuts, seeds,
owers and some herbs and are also responsible for their colour
and sensory properties such as bitterness and astringency.61,62

According to ref. 63, phenolic compounds are strong antioxi-
dants thus, preventing the inuence of free radicals and ROS
which is the basis of several chronic human infections. The
presence of phenolic compounds in T. violacea indicates that it
has potential use in pharmacology and needs to be investigated
further.

3.1.2. Total tannin content (TTC). Tannins are water-
soluble antioxidants with molecular weight of 500–3000 g
mol�1 and mainly present in plants. Tannins have the ability to
condense proteins and alkaloids.64,65 Tannins isolated from
various plant sources have been reported to inhibit a number of
digestive enzymes such as trypsin, a-amylase and lipase in
vitro.66 The presence and quantity of tannic compounds in T.
violacea leaves is signicant in conrming the antioxidative
properties of the leaves. To the best of our knowledge, this is the
rst study that has evaluated the total tannic content of the
water extracts of T. violacea.

3.1.3. Total avonoid content (TFC). For the total avonoid
content (Table 1), a lower quantity was observed when
compared to the total phenolics in the T. violacea leaves which is
in agreement with previous reports.59,60 This may be due to the
fact that polar avonoids such as avones and isoavones are
more soluble in ether and chloroform44 compared to water
which was used as a solvent in this study. Flavonoids are poly-
phenolic compounds present in most plants and are composed
of a number of hydroxyl groups attached to aromatic ring
structures that determines its antioxidative properties. They are
the most common and widely distributed group of phenolic
compounds and are known to prevent free radicals associated
damage through direct scavenging of the free radicals and by
inhibiting enzymes involved in free radical production.67
3.2. Antioxidant activity

There has been a growing interest for natural antioxidants and
their health benets.68 Antioxidant-based drug formulations are
used for the prevention and treatment of many complex
diseases. Plants are a major source of natural antioxidants and
produce a wide range of secondary metabolites with anti-
oxidative activities that have therapeutic potential.69 Poly-
phenols have been identied as the most abundant secondary
metabolite in plants.70 The antioxidant activity of polyphenols is
attributed to their redox properties which establishes their
activity as reducing agents, hydrogen donors, singlet oxygen
quenchers, metal chelators and reductants of ferryl.71 Medicinal
plants are commonly rich in phenolic compounds such as
avonoids, phenolic acids, stilbenes, tannins, coumarins,
lignans and lignins. These compounds have multiple biological
effects including antioxidant activity.72,73 The presence of anti-
oxidants in plant material has been suggested to have potential
in the prevention of several chronic diseases, namely, cancer,
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Total phenolic content (TPC), total tannin content (TTC) and total flavonoid content (TFC) from Tulbaghia violacea water extractsa

Concentration
(mg ml�1)

TPC (mg of GAE per g
of dry extract) � SEM

TTC (mg of GAE per g of dry extract)
� SEM

TFC (mg of QE per g
of dry extract) �
SEM

0.1 0.0646 � 0.010* 0.0010 � 9.33 � 10�5* 0.030825 � 0.0021*
1.0 0.2615 � 0.011* 0.0046 � 0.0001* 0.126665 � 0.0021*
10 2.003 � 0.022* 0.031 � 0.0009* 0.9116 � 0.0979*

a Data represents themean� SDmg of gallic acid equivalent per gram of dry weight (mg GAE per g) and quercetin equivalent per gram of dry weight
(mg QE per g) of the extracts, n¼ 3. * indicates statistically signicant groups according to the t-test: two-sample assuming equal variance (p < 0.05).
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diabetes, cardiovascular disease74 and osteoporosis.75 Tulbaghia
violacea possesses a wide range of compounds including
avonoids, phenolics, tannins and coumarins.59

The percentage DPPH and ABTS activity is illustrated in
Fig. 1 and 2, respectively. There was a concentration dependent
increase in the antioxidant activity in both the DPPH and ABTS
assays. This may be attributed to the presence of phenols,
tannins and avonoids in the plant extracts (Table 1). In the
DPPH method, the percentage inhibition of the water extract
was in the range of 55.28–86.31% (Fig. 1). The highest
concentration of plant extract at 10 mgml�1 showed the highest
percentage inhibition value (86.31%) as shown in Fig. 1.

With the ABTS activity (Fig. 2), the percentage inhibition of
the water extracts was in the range of 80.90–84.38% and the
highest concentration of 10 mg ml�1 showed the highest
percentage inhibition value (84.38%). These values were low
when compared to the ascorbic acid control. These results are
similar to those of ref. 76 and 60 who reported on a dose
dependent increase in antioxidant activity which was lower than
the ascorbic acid control. According to ref. 76, the antioxidant
activity is mainly due to the potential of the T. violacea essential
oils to prevent the generation of free radicals through Fe2+

chelation as opposed to pre-existing free radical scavengers.
Oxidative stress has been identied as the major cause for

the development and progression of a number of life-
threatening diseases, among which are neurodenerative and
cardiovascular diseases. The presence of antioxidants in plant
material suggests that the plant has the ability to decrease ROS-
Fig. 1 DPPH scavenging activities of Tulbaghia violacea water
extracts. Values are expressed as mean� SD (n¼ 3). Ascorbic acid and
distilled water was used as a standard and control, respectively.

© 2021 The Author(s). Published by the Royal Society of Chemistry
induced oxidative damage77,78 and will enable the plant to play
a role in the prevention of heart diseases, cancer, DNA degen-
eration, pulmonary disease, and neurological disorder.79

The concentration of the samples required to scavenge 50%
of the peroxide radicals, the IC50, was used to examine the
antioxidant effectiveness of the samples (Table 2). A low IC50

conrms that the plant extract is a strong scavenger of free
radicals.80 This means that the lower the IC50, the greater the
overall effectiveness of the suspected antioxidant sample in
question. The results revealed that the water extracts of T. vio-
lacea showed signicant antioxidant effectiveness with IC50

values of 0.49 and 0.24 mg ml�1 for DPPH and ABTS, respec-
tively. L-Ascorbic acid produced the lowest IC50 values of 0.22
and 0.27 mg ml�1 for DPPH and ABTS respectively (Table 2).
Antioxidant activity was reported to be higher in the ABTS than
in the DPPH assay.

The results of this study are different from those recorded by
ref. 60 who recorded lower IC50 values of 0.08 and 0.003 mg
ml�1 for DPPH and ABTS, respectively using crude acetone
extracts. The higher antioxidant activity reported by ref. 60 may
be attributed to the ability of acetone to extract more phenolic
compounds compared to that of water.81,82 Ref. 83 and 76 also
reported higher antioxidant activity compared to the results of
this study and this may be due to the fact that crude extracts of
T. violacea were used instead of pure compounds isolated from
the plant extracts which may have degraded some plant-derived
compounds that are most effective when pure.76,83
Fig. 2 ABTS scavenging activities of Tulbaghia violaceawater extracts.
Values are expressed as mean � SD (n ¼ 3). Ascorbic acid and distilled
water was used as a standard and control, respectively.
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Table 2 IC50 values of the crude water extracts of Tulbaghia violacea

Sample

DPPH (mg ml�1) ABTS (mg ml�1)

log IC50 1/log IC50 log IC50 1/log IC50

Tulbaghia violacea 0.49 2.04 0.24 4.12
L-Ascorbic acid 0.22 4.55 0.27 3.70

Fig. 4 Quantity of adhered platelets stained with calcein-AM on
polystyrene with control, 0.1 mg ml�1 and 1.0 mg ml�1 T. violacea
aqueous leaf extracts treatments. There was a significant difference
between the untreated group and the two treatment groups of 0.1 mg
ml�1, and 1.0 mgml�1. There was also a significant difference between
the 0.1 mgml�1, and 1.0 mgml�1 treatment groups. Error bars indicate
standard deviation. J indicates significance with untreated group and
U indicates significance with the 0.1 mg ml�1 group (p < 0.05).
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3.3. Platelet adhesion and activation

The term thrombogenicity is still not yet clearly dened
however, it includes the activation, secretion, adherence and
aggregation of platelets.84 One of the major reasons for the
failure of blood-contacting medical devices such as vascular
gras, stents, and heart valves is thrombosis.85,86 Thrombosis
can be shown/demonstrated by the level of platelet adhesion
which is the initial step in blood coagulation.58

For this study, freshly pooled plasma isolated from whole
human blood was treated with 0.1 mg ml�1 and 1.0 mg ml�1 of
T. violacea leaf aqueous extracts. The research investigated the
adhesion of platelets within the treated and untreated plasma
onto polystyrene surfaces aer 2 h of contact time. The platelets
were then stained with calcein-AM and platelet adhesion was
evaluated by examining surfaces under a uorescence micro-
scope. Fluorescence microscopy was evaluated at 20� magni-
cation and the cell coverage on surfaces was analysed using
ImageJ soware (Fig. 3A–C). This study found that there was
a signicant reduction in the number of platelets that adhered
on the polystyrene surfaces treated with plasma mixed with
0.1 mg ml�1 plant extract (Fig. 3B) compared to the untreated
group (Fig. 3A). On the contrary, treatment with 1.0 mg ml�1 T.
violacea extract (Fig. 3C) showed a great increase in the number
of platelets that adhered to polystyrene surfaces and this was
even higher than the untreated sample (Fig. 3A).

The platelets coverage analysed using the ImageJ soware
from uorescence images in Fig. 4 showed a nearly 69%
decrease in cell coverage with plasma mixed with 0.1 mg ml�1

compared to the untreated platelets. One of the reasons for the
decrease in platelets coverage may be that the 0.1 mg ml�1 T.
violacea leaf extract hindered platelet aggregation and adhesion
to the polystyrene surfaces. The increase of nearly 58% in
platelet adherence when the plasma was mixed with 1.0 mg
ml�1 of extract may be due to platelet cytotoxicity which may be
Fig. 3 Representative fluorescence microscopy images of adhered plate
0.1 mg ml�1 (B) and 1.0 mg ml�1 (C) of aqueous leaf extracts of T. violac

30460 | RSC Adv., 2021, 11, 30455–30464
cause by oxidative stress among other factors. Under high shear
stress conditions platelets are well-known to become activated
and enter a state in which they are sensitive to endogenous
agonists, chemicals, or damage,87–90 indicating possible direct
platelet cytotoxicity of T. violacea plant extracts at higher
concentrations. The cytotoxicity of T. violacea plant extracts at
higher concentrations was conrmed by ref. 54. The results
obtained in this study are not congruent with the observations
reported by ref. 39 who reported a lower platelet count for
a concentration of 1.0 mg ml�1 leaf aqueous extract treated
plasma when compared to the untreated group and their lowest
concentration of 250 mg ml�1. The discrepancies in the results
between the study done by ref. 39 and this study may be due to
the variation in the preparation of the extracts which may have
resulted in the extraction of different compounds thus
producing different biological activities.91,92
3.4. Platelet morphology: scanning electron microscopy
(SEM)

SEM imaging was then used to study the morphological
changes produced by the T. violacea plant extracts on cellular
functionality.93 Platelet activation and blood coagulation are
lets on polystyrene stained with calcein-AM as shown in the control (A),
ea.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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mutually dependent processes in haemostasis and throm-
bosis.93 This may in turn cause arterial thrombosis and acute
coronary syndromes due to the formation of atherosclerotic
plaques.7,94 In particular, platelets play a key role as inamma-
tory mediators by delivering activating signals to target cells
including endothelial cells and myelomonocytic cells which
may lead to amplication of inammation.90,95,96 There is thus
a need to develop materials that can prevent initial platelet
activation with the ultimate aim of inhibiting thrombotic
events. The SEM study was undertaken to evaluate the
morphology of platelet activation aer 2 h of surface contact
time (Fig. 5A–F). At a lower magnication of 500� (Fig. 5A–C),
the platelets appeared more clustered with the 1.0 mg ml�1

(Fig. 5C) producing an almost complete surface coverage
whereas with the 0.1 mg ml�1 (Fig. 5B) there was minimal
surface coverage of the adhered platelet to the PS surfaces.
These results may be attributed to the ability of the higher
concentration of T. violacea plant extract to support high
platelet adhesion which may in turn result in thrombosis.
Similar to the uorescence microscopy results, there was
a higher number of adhered platelets with the 1.0 mg ml�1

treatment compared to the control while the 0.1 mg ml�1

treatment had the lowest number of adhered platelets. At
a higher magnication of 2000� (Fig. 5D–F), more detailed
morphology of the adhered platelets was visible. The 0.1 mg
ml�1 (Fig. 5E) showed formation of a few small pseudopodia but
no signs of modication of the pseudopodia or the platelet
shape was visible suggesting that the 0.1 mg ml�1 treatment
prevented platelet activation and maintained the platelet
morphology during the contact period. For the 1.0 mg ml�1

(Fig. 5F) a loss of the discoid platelet shape and formation of
long pseudopodia connecting the platelets was observed with
more cells covering the surface area indicating platelet activa-
tion. Similar to the results observed by ref. 40, when the lower
Fig. 5 Representative SEM images of adhered and activated platelets on
2000�) and 1.0 mg ml�1 ((C) 500�, (F) 2000�).

© 2021 The Author(s). Published by the Royal Society of Chemistry
concentration of 0.1 mg ml�1 of T. violacea plant extracts was
used, the platelet activity was signicantly lower compared to
the 1.0 mg ml�1 and the untreated groups. This suggests that
the plant possesses antithrombogenic properties, particularly at
lower concentrations irrespective of the surface material as seen
in this study. Polyphenols have been reported to have an effect
on platelet activation, adhesion, degranulation, and aggrega-
tion by targeting specic thrombogenic pathways such as P2Y1/
P2Y12–ADP and glycoprotein VI (GPVI)–collagen among many
others.97 Cardiac glycosides which have also been reported by
several studies to be present in T. violacea plant extracts59,60

cause changes in intracellular calcium concentration by inhib-
iting Na/K-ATPase. An increase in intracellular calcium plays
a crucial part in platelet activation, and studies have reported
that high concentrations of cardiac glycosides activate platelets
in vitro.98,99

3.5. Whole blood clotting kinetics

Blood clotting is a complex process that involves the activation
of the clotting cascade.100 When examining a blood-dilating
material as a potential precursor for antithrombogenic thera-
pies, the whole blood clotting kinetics should be evaluated as it
plays a role in the success or rejection of the material.58 In this
study, the absorbance of the free haemoglobin concentration
was measured in the control, 0.1 mg ml�1 and 1.0 mg ml�1

treatments for a period of 60minutes. The results indicated that
blood clotting was delayed signicantly from time 0 to time
15 min with the 0.1 mg ml�1 treatment when compared to the
control and 1.0 mg ml�1 treatments (Fig. 6). The untreated
whole blood showed a nearly 70% reduction in the free hae-
moglobin within the initial 15 min suggesting that there was
a signicant amount of clotting within that period. This time
frame is supported by ref. 58 and 101 who indicated that the
maximum rate of thrombin production in untreated whole
polystyrene control ((A) 500�, (D) 2000�), 0.1 mg ml�1 ((B) 500�, (E)
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Fig. 6 Measurements of free haemoglobin concentration for the
control, 0.1 mg ml�1 and 1.0 mg ml�1 T. violacea aqueous leaf extracts
treatments for 60 min. At 15 min there were significant differences
between 0.1 mg ml�1 and 1.0 mg ml�1 treatments. The 0.1 mg ml�1

group at 15 min was also significant to the untreated group after
30 min, and all treatment groups after 60 min. There was a significant
difference between the untreated group at 30min and the 1.0mgml�1

group at 60 min. There was also a significant difference between the
0.1 mg ml�1 and the 1.0 mg ml�1 group after the 60 min time point.J
indicates significance with the 0.1 mg mg�1 at 15 min, C indicates
significance with the 1.0 mg ml�1 group at 30 min and U indicates
significance with the 0.1 mg mg�1 at 60 min (p < 0.05).
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blood can be observed at time points beyond 7 minutes.
However, with the 0.1 mg ml�1 extract treatment, there was
a reduction in the free haemoglobin of about 55% in the initial
15 min when compared to the control. Aer a 60 min clotting
period there was an 84% reduction in the free haemoglobin,
which was signicantly higher than that observed with the
untreated and 1.0 mg ml�1 treatments. The experiment was
repeated three times using blood from the same donor and
a similar trend of results was observed. These results showed
delayed clotting kinetics with the 0.1 mg ml�1 treatment thus
conrming the anticlotting properties of T. violacea aqueous
leaf extracts when used at lower concentrations. This observa-
tion may be attributed to the presence of polyphenols reported
in this study and by ref. 59. Plant polyphenols have been
identied as a natural source of antiplatelet and antithrombotic
agents. Aside from their well-known anti-oxidative properties,
current research studies have indicated that polyphenols have
the ability to inhibit enzymes by regulating different pathways
underlying CVD, as well as extracellular matrix degradation,
inammatory response and cell death.102–104
4. Conclusion

This study was undertaken to assess the potential of aqueous
extracts of T. violacea as an antiplatelet and anticlotting agent.
The biological activities reported in this study may be attributed
to the presence of the quantied polyphenols as well as the rich
phytochemical prole that T. violacea possesses. Tulbaghia vio-
lacea water extracts showed strong antioxidant activity against
30462 | RSC Adv., 2021, 11, 30455–30464
DPPH and ABTS radicals. The high percentage of antioxidant
activity suggests that T. violacea plant extracts have the ability to
be used as antioxidant agents to eliminate free radical inter-
mediates which are responsible for the progression of a variety
of ailments including cardiovascular diseases. The results of the
uorescence microscopy and SEM indicated that at 0.1 mgml�1

of T. violacea aqueous leaf extracts, platelet adhesion and acti-
vation decreased signicantly. With the whole blood clotting
kinetics, there was a signicant increase in free haemoglobin
concentration for the 0.1 mg ml�1 when compared to the
control and the 1.0 mg ml�1 groups. Because T. violacea is
frequently used in traditional South African medicine, this
study sheds light on the preliminary cardiovascular potential of
water extracts of the plant, laying the groundwork for future
research comparable to that done on garlic. Future work on the
antiplatelet therapeutic potential of T. violacea should focus on
the extraction of polyphenols and cardiac glycoside identied in
the plant extract and how these inuence the biological activity
observed.
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19 A. Schäfer, J. Bauersachs and M. Eigenthaler, Vasc. Dis.

Prev., 2009, 6, 75–84.
20 L. Badimon and G. Vilahur, Rev. Esp. Cardiol., 2008, 61,

501–513.
21 M. Cattaneo and G. M. Podda, Intern. Emerg. Med., 2010, 5,

385–391.
22 P. Gresele and G. Agnelli, Trends Pharmacol. Sci., 2002, 23,

25–32.
23 I. Jagroop, Purinergic Signalling, 2013, 10, 233–239.
24 E. Levetin and K. McMahon, Plants and Society, WCB/

McGraw-Hill, Boston, 1999.
25 M. Kazemipoor, C. Wan Mohamed Radzi, G. A. Cordell and

I. Yaze, Int. J. Chem. Eng. Appl., 2012, 3, 288–292.
26 H. Nasri, J. Renal Inj. Prev., 2013, 2, 27.
27 A. Karimi, M. Majlesi and M. Raeian-Kopaei, J.

Nephropharmacol., 2015, 4, 27–30.
28 J. Zhang, I. J. Onakpoya, P. Posadzki and M. Eddouks, J.

Evidence-Based Complementary Altern. Med., 2015, 2015,
316706.

29 A. Dyson, Discovering indigenous healing plants of the herb
and fragrance gardens at kirstenbosch national botanical
garden, National Botanical Institute, South Africa, 1998.

30 C. G. Vosa, Caryologia, 2000, 53, 83–112.
31 B.-E. Van Wyk, B. v. Oudtshoorn and N. Gericke, Medicinal

Plants of South Africa, Briza Publications, Hateld, Pretoria,
1997.

32 B.-E. Van Wyk and N. Gericke, People's plants: A guide to
useful plants of Southern Africa, Briza Publications,
Hateld, Pretoria, 2000.
© 2021 The Author(s). Published by the Royal Society of Chemistry
33 S. George, S. V. Bhalerao, E. A. Lidstone, I. S. Ahmad,
A. Abbasi, B. T. Cunningham and K. L. Watkin, BMC
Complementary Altern. Med., 2010, 10, 52.

34 L. Bungu, M. van de Venter and C. Frost, Afr. J. Biotechnol.,
2008, 7, 681–688.

35 N. L. A. Kee, N. Mnonopi, H. Davids, R. J. Naudé and
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