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Apoptosis-inducing effects of Tulbaghia violacea Harv methanolic extracts on
human Jurkat leukemia T cells
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The aim of the present study was to investigate the effects of methonolic extracts of Tulbaghia violacea (TVL), on Jurkat
cells (human T lymphocyte). Jurkat cells were treated with ICs, concentrations of TVL (leaf, rhizome and stalk) extracts as
determined by MTT assay and glutathione (GSH) concentration was measured using the GSH-Glo assay. The comet and
DNA fragmentation assays were used to determine DNA damage induced by the TVL extracts, and mitochondrial
membrane potential activity performed by JC-lassay. The results showed that all TVL extracts except leaf increased
apoptosis. TVL leaf instead showed increased necrosis when compared to other TVL components. In addition, TVL extracts
induced caspase 3/7, 8 and 9 activity and induced PARP cleavage. These findings suggest that TVL exerts anti-cancer
activity primarily through the mechanism of apoptosis. The results suggest that TVL rhizome and stalk induce apoptosis
through the intrinsic pathway due to increased activation of caspase 9 and 3/7, with TVL rhizome having the greatest effect
on human T lymphocyte cells. Thus, this study suggest that TVL extracts have the potential to induce cell death in Jurkat
cells by mitochondria mediated pathway through the involvement of caspase-3/7 in particularly in TVL rhizome.
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Leukemia, an indiscriminate disease, characterized by
an abnormal increase of malignant leucocytes, was
diagnosed in over 54000 people in the USA in 2015".
These diagnoses encompassed many subtypes of the
disease, and resulted in a mortality rate of 45%'.
About 90 % of all leukemia cases are diagnosed in
adults®. In almost all forms of cancer treatments, the
preferred intervention 1is through altering cell
proliferation or inducing cytotoxicity leading to
apoptosis. The intracellular redox environment has
been suggested to modulate several cellular processes
such as cell proliferation, apoptosis and survival’.
Oxidative stress induces activation of caspases, a
family of cysteine proteases that are involved in
induction of apoptosis”.

The use of natural substances is favoured when
considering new treatment methods for leukemia and
other diseases, as many have been shown to present
with minimal side effects compared to conventional
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treatment methods’. Many natural products
preferentially inhibit the growth of tumor cells by
targeting one or more signaling cascades leading to
induction of apoptosis, thus providing a promising
therapeutic strategy against cancer”’. Tulbaghia
violacea (TVL) or “wild garlic” is a plant that is
indigenous to the Eastern Cape of South Africa'”. It is
believed to have similar properties to garlic due to the
presence of cysteine-derived sulphur compounds
found in both plants that produce garlic like odour
when the plants leaves and bulbs are crushed or
bruised''. Traditionally, the leaves are consumed as
Vegetablesm’u'”. However, the leaves and bulbs of
TVL have also been used by traditional healers to
treat various ailments. These include fever,
tuberculosis, stomach and cardiovascular problems, as
well as oesophageal cancer'™'"'>'*. A previous study
showed that methanolic extracts of TVL leaves and
bulbs had inhibitory effects in MCF7, WHCO3, HT29
and HeLa cancer cells'’. In addition, recent reports
also confirmed the pro-apoptotic activities of TVL
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extracts associated with caspase-3 cleavage and the
activation of DNA fragmentation in cancer cell
lines'°. Mechanisms of apoptosis are often
investigated through the use of various leukemia cell
lines, since anti-cancer drugs or cytotoxic reagents are
more effective in leukemia than in other cancer
diseases'’. To the best of our knowledge, there is no
report available on the effects of TVL extracts on
human T lymphocyte cancer cells, thus leading to the
aim of our study. Hence, in this study, TVL extracts
were evaluated for its mechanism of apoptotic
induction in Jurkat cell lines.

Methodology
Sample collection, authentication with preparation
and extraction

TVL was harvested and authenticated by Botanist,
Professor H Baijnath (Department of Botany, UKZN).
The rhizome, leaf and stalk sections were washed
thoroughly with water and left to dry for 48 hrs at
room temperature. A voucher specimen was deposited
in the ward herbarium of UKZN. The dried plant
components (501.62 gm) were blended in methanol
using a commercial blender and the active
components extracted in methanol for 48 hrs. After
48 hrs, each mixture was filtered twice. The filtered
mixtures were evaporated overnight and a rotary
evaporator (Genevac LTD, Ipswich, England) was
used to remove remaining methanol from the extracts,
resulting in a percentage yield of 0.8% at 79 °C and
85 °C. For applications in cell culture, the dried plant
extract was weighed and dissolved in cell culture
medium.

Cell culture

Human leukemia cell lines (Jurkat cells) were used
in this study. The cells were maintained in 10%
complete culture medium (CCM: RPMI 1640,
supplemented with 10% foetal calf serum, 1%
penstrep fungizone and 1% L-glutamine) in a 37 °C
humidified incubator with 5% CO, saturation. The
cell number was determined using the trypan blue
method. Treatments were performed by dissolving the
respective TVL extracts in media in order to obtain
ICsy concentrations (TVL leaf= 256 pg/ml, TVL,
rhizome= 225 pg/ml, TVL stalk= 216 pg/ml). Jurkat
cells were then cultured using this media for 24 hrs
and then used for further experimental assays.

MTT cell proliferation assay
Cell proliferation was determined using the 3-[4,5-
dim- ethylthiazol-2-yl]-2,5 diphenyl tetrazolium

bromide (MTT) assay as described by Freimoser er al.,
1999'%, The cells were plated at a cell density of 4x104.
After 24 hrs the spent medium was replaced with
fresh medium containing increasing concentration
(0 — 500 pg/ml) of the TVL extracts. A negative
control of untreated cells was included. All treatments,
including the negative control were done in triplicate.

Single Cell Gel Electrophoresis (SCGE) Assay

A SCGE (or comet) assay was performed in order
to detect DNA fragmentation. This assay was
performed following the protocol used by Xu et al.,
2013" with minor modifications. In brief, slides
containing cell suspension were embedded between
2 layers of Low Melting Point Agarose (LMPA). The
coverslips were removed and the slides submerged in
cold lysing solution (500 ml; 2.5M NaCl, 100mM
EDTA, 1% Triton X-100, 10mM Tris (pH 10) and
10% DMSO) for 1 hr at 4 °C. The lysing solution was
removed, and the slides were placed into an
electrophoresis tank to equilibrate for 20 min in
alkaline electrophoresis buffer (300 mM NaOH and
ImM Na,EDTA). After equilibration, the tank was
sealed, and a current of 300 mA (25V) was applied
for 35 min. The buffer and slides were carefully
removed and the slides were washed three times
(5 min per wash) with neutralisation buffer (0.4M
Tris; pH 7.4). All slides were then stained with
ethidium bromide (20 pg/ml) and covered with a
coverslip. The slides were viewed using a fluorescent
microscope (Olympus IX5I inverted microscope with
510-560 nm excitation and 590nm emission filters)
(analysis Image Processing Software, Novell).
Approximately 50 comets per treatment were
captured and analyzed by measuring tail length (um),
and by assigning a visual score to each comet based
on its appearance according to Collins, 2004°°.

Annexin V-Fluos Apoptotic Assay

The Annexin V-Fluos assay was performed to
detect externalized phosphatidylserine, an early
marker of apoptosis according to the manufacturer’s
instructions. The samples (1x10° cells/ treatment)
were incubated (10-15 min) in triplicate in 100pl
binding buffer containing Annexin-V-FLUOS,
followed by the addition of 0.5 ml incubation buffer.
The data was acquired using a FACS Calibur flow
cytometer (BD Biosciences, South Africa) using the
488 nm excitation and a 515 nm band pass filter for
fluoresce in detection and analyzed using Cell Quest
PRO v4.02.
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Caspase determination

Activities of initiator caspases 8, 9 and effector
caspase 3/7 were evaluated using luminescence-based
assay kits (Promega Caspase-Glo®, South Africa),
according to manufacturer’s instructions. For each
measurement, 1x105 treated cells were aliquoted in
triplicate on a luminometer plate. Briefly, for each
assay, 100ul of caspase 3/7, 8 or 9 reagent was added
to treated cells and mixed using a plate shaker. The
plates were then incubated at room temperature for 30
min and samples analyzed using Modulus TM
microplate  luminometer  (Turner  Biosystems,
Sunnyvale, USA).

DNA fragmentation

In order to confirm the results found in the SCGE
assay, a DNA fragmentation assay was performed.
Treated cells (IXIO6 cells/treatment) were centrifuged
(Eppendorf centrifuge 5804R, Hamberg, Germany) at
400xg for 10 min at 24 °C. Cell lysis of the pellet was
performed for 15min. Potassium acetate was added to
the lysed cells, vortexed and mixed by inversion for 8
min. The cells were centrifuged (Biofuge Pico,
Germany) at 13 000 rpm for 5 min, and the remaining
supernatant was transferred into a clean Eppendorf
tube. The sample was washed with isopropanol
followed by ethanol, and thereafter DNA hydration
solution [10mM EDTA (pHS8), 100mM Tris-Cl
(pH 7.4) and dH,0] was added to the pellet. The tubes
were then vortexed and placed into a water bath
for 15 min and DNA concentration of each sample
was measured using a Nanodrop (Nanodrop 2000).
DNA was electrophoresed and imaged using the UV
Tech Alliance 2.7 System (Quantity 1 analysis
software).

Glutathione (GSH) determination

The GSH assay was performed according to the
manufacturer’s  instructions. Briefly the cells
(1X104Cells/treatment) were suspended in PBS and
transferred to a luminometry plate. The assay was
performed in triplicate. The 2X GSH-Glo Reagent as
added to each sample and standard and mixed gently.
Following an incubation period at room temperature
for 30 min in the dark, Luciferin Detection Reagent
was added to each sample and mixed. The plates were
incubated in the dark for 15 min and read on a
Modulus TM microplate luminometer (Turner
Biosystems, Sunnyvale, USA). The concentration of
GSH for the treated samples was determined by
extrapolation from a standard curve.

Mitochondrial membrane potential (JC-1) Assay
Flow Cytometry was used to assess the polarity of
the mitochondrial membrane by determining the state
of JC-1(5,5,6,6’-tetrachloro-1,1",3,3’-tetraethylbenzimi
dazol-carbocyanineiodide), a lipophilic fluorochrome
in the cell. Once JC-1 enters the cytoplasm, it forms
monomers and can be taken up by the mitochondria,
where it forms aggregates. Red aggregates are
measured in the red (FL-2) channel of the flow
cytometer, whereas green monomers are measured
in the green (FL-1) channel. Following the
manufacturer’s instructions, treated cell samples
(1x10° cells/sample) were prepared in triplicate and
0.5 ml of JC-1 working solution was added to each
sample pellet. These were then incubated for 15 min
at 37 °C in a CO2 incubator. Each sample was washed
and then re-suspended in sheath fluid, and data was
acquired using a FACSC alibur bench top cytometer (BD
Biosciences, South Africa) using the 488 nm excitation
and a 515 nm band pass filter for fluoresce in. The data
analysis was performed by Cell Quest PRO v4.02.

Statistical analysis

All data were expressed as mean + standard
deviation. All statistical analyses were performed on
Graph Pad Prism, version 5 (Graph Pad Software, San
Diego, California USA). Statistical analyses of the
various tests were performed using one—way analysis
of variance (ANOVA), with a Bonferroni multiple
comparisons test. Values of p < 0.05 were considered
statistically significant.

Results and discussion
Anti-proliferative effect of TVL extract

The anti-proliferative effects of TVL extracts were
representative as ICsy value calculated from linear
plot between the concentration and % cell viability.
The results revealed that TVL leaves extract had a
greater inhibitory effect on the growth of the cells
compared to the rest of TVL extract (Table 1).
Extensively, the natural phytochemical compounds
from medicinal plants have been screened extensively
for their anti-cancer activity”’. Medicinal plants
indigenous to the Southern African region are

Table 1—ICs, values obtained for each extract following an

MTT assay
Extracts IC50 (ng/ml)
Tulbaghia violacea leaf 256
Tulbaghia violacea rhizome 225
Tulbaghia violacea stalk 216
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currently under intense investigation because of their
therapeutic potential in the treatment of diseases
(including cancer) and because of the expansive
natural heritage of the region. Previous studies have
reported that TVL has shown pro-apoptotic activity in
MCF7, WHCO3, HT29, CHO, MCF7, and HeLa
cancer cells'>'®. This was associated with caspase-3
cleavage and the activation of DNA fragmentation.
However, the precise mechanism by which TVL
extract induces cell death in leukemia is unclear.
Hence, in this study, TVL extracts were evaluated for
its mechanism of apoptotic induction in Jurkat cell
lines. This cell type provides an ideal in vitro model
system for studying the cellular and molecular events
involved in the proliferation and differentiation of
leukemic cells?. Furthermore, Jurkat cells that are
human T lymphocytes elucidating T cell leukemia®.
Indeed, the balance between the pro-apoptotic and
anti- apoptotic proteins, dysfunction of mitochondria
and activation of caspases are the important factors
deciding apoptotic cell death of tumor cells*. In this
study, we aimed to identify the apoptotic effects of
TVL extract on human T leukaemic cell line (Jurkat).
The study showed that TVL leaves extract had a
greater inhibitory effect on the growth of the cells
compared to other components. The methanolic TVL
extracts showed anti proliferative effects in the
leukaemic cell line in keeping with previous different
cancer cell line studies'".

The effect of TVL extract on DNA damage and
fragmentation using SCGE Assay

Representative images from each treatment are
shown in Fig. 1 in Jurkat cells. Fig. 1A represents the

Fig. 1—Fluorescent microscope images of Jurkat cells (following
treatment with TVL extracts) showing DNA fragmentation, indicated
by the “comet” like appearance of the cells. A) Control, B) TVL Leaf,
C) TVL Rhizome, and D) TVL Stalk (magnification= 400X).

control group and shows an intact core in the nucleus.
In the treatment groups (1B, C and D), the DNA is
shown to be migrating out of the nucleus, resulting in
comet tail formation. The length of the comet tail
(Fig. 2) gives an indication of the DNA damage. A
significant (p<0.05) increase in comet tail length was
seen for all 4 extracts compared to the control, with
TVL rhizome (21.10 = 22.49 5um) exhibiting the
greatest increase in comet tail length (3-fold increase)
(Fig. 2). Table 2 represents the visual score of the
“comets” following treatment. A significant increase
in visual score was seen following all treatments with
greatest increase attributed to the rhizome. The effect
of TVL extract on DNA fragmentation in Jurkat cells.
The single strand DNA breaks following treatment
with all 4 extracts, with more single strand breaks
occurring in TVL rhizome when compared to the
other TVL extracts and double strand DNA breaks are
occurring in the control. The DNA laddering pattern
that results due to DNA fragmentation following
treatment with the extracts. Laddering is more
pronounced in the TVL treatments, even though no
double strand breaks were observed (data not shown).
In the present study, TVL extracts increased DNA
damage as shown by the SCGE and DNA
fragmentation assay. The tail lengths and visual
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Fig. 2—The comet tail length in Jurkat cells, following treatment
with TVL extracts. All extracts resulted in an increase in comet tail
length, with the greatest increase seen following treatment with
TVL rhizome. ***p<0.0001 by comparison with the control group.

Table 2—Visual score of comets following treatment with
extracts.” p<0.0001 by comparison with the control group

Visual Scores

Control TVL Leaf TVL Rhizome TVL Stalk

Cell numbers

1-25 5 57 80 66
26 - 50 6 66 7 71
Total (/200) 11 123" 157" 137
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scores recorded were the greatest in the rhizome.
Although the TVL leaf and stalk extracts both
increased migration of DNA from the nucleus, this
was not as significant as that seen in the rhizome
extract. The presence of comet tails indicates the
presence of fragmented DNA that migrates out of the
nucleus. Studies have shown that initial DNA damage
is due to cleavage of the supercoiled DNA, resulting
in an “open circular form™®. This represents single
strand breaks. Further cleavage results in double
strand breaks or “linear double stranded DNA
molecules””. The DNA fragmentation assay showed
high levels of single strand breaks in the TVL
rhizome treated cells. These results are of
significance, as this study is to the best of our
knowledge, one of the first to show the presence of
DNA damage in Jurkat cells following treatment with
TVL extracts. The results are in keeping with others,
regarding GSH production following treatment, as
increased ROS and RNS have been known to result in
both single and double strand DNA breaks®®. Reactive
oxygen species have been known to cause DNA
damage through inducing damage at the
apurinic/apyrimidinic sites, which can lead to
mutations or cell death®. Previous studies have shown
that TVL extracts are able to induce apoptosis in
MCF-7, WHCO3, HT29 and HeLa cancer cell lines'
' This is in keeping with the results observed in the
SCGE and DNA fragmentation assays.

Effect of TVL extract on apoptosis using Annexin V-
Fluos

The Fig. 3 A&B shows the effect of TVL extract
on apoptosis and necrosis. The control group showed
a low percentage (5.040 = 0.04%) of apoptotic cells,
and only 3.330 £+ 0.12% of necrotic cells, suggesting
that 91.63% of cells were viable. Treatment with TVL
rhizome (6.650 = 0.02%) and TVL stalk (8.210 *
0.02%) resulted in a significant (p<0.0001) increase in
percentage of cells undergoing apoptosis when
compared to the control (5.040 + 0.04%). TVL stalk
extract had the most profound effect, resulting in a 1.6
fold increase (p<0.0001). However, it must be noted
that treatment with TVL leaf (4.890 + 0.02%) resulted
in no significant change in percentage of apoptotic
cells, instead a slight but non-significant (p>0.05)
decrease was observed. Treatment with TVL leaf
(4.020 £ 0.02%) resulted in a significant increase
(p<0.0001) in percentage cells undergoing necrosis
when compared to the control (3.330 = 0.12%),
whereas TVLrhizome (2.640 + 0.1%) resulted a

107 (a) Apoptosis

Cell (%)
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Fig. 3—The percentage of apoptotic and necrotic Jurkat cells
following treatment with TVL extracts. A) % Cells undergoing
apoptosis. All extracts, except TV leaf, resulted in a significant
increase in % cells undergoing apoptosis. B) % Cells undergoing
necrosis. TV leaf induced a significant increase in % cells
undergoing necrosis, whereas TVL rhizome resulted in a significant
decrease.  p<0.0001 by comparison with the control group.

significant decrease (p<0.0001). The Annexin
V-Fluos assay, which detects externalised
phosphatidylserine as a marker of apoptosis, showed
that rhizome and stalk extracts all induced a
significant increase in the percentage of cells
undergoing apoptosis, with the greatest increase
observed for stalk. In order to determine which
apoptotic pathway these extracts were inducing,
caspase activation was determined. The activation of
caspase 3/7 (p<0.05 for TVL leaf, rhizome and stalk)
and 9 (p<0.05 for TV leaf and rhizome) by all TVL
extracts suggests that these are acting through the
intrinsic apoptotic pathway. These are known as
effector and initiator caspases, respectively, and are
responsible for the cleavage of PARP and other
downstream events involved in induction of
apoptosis™’. During the intrinsic pathway, cytochrome
C is released by the mitochondria, resulting in
apoptosis in some formation, leading to the activation
of caspase 9 and then caspase 3/7, which initiate
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apoptosis’'. TVL stalk shows a significant increase in
mitochondrial depolarisation, which correlates with
the induction of apoptosis and caspase 3/7 activation.
This also confirms the hypothesis that suggests that
this extract may act through the intrinsic apoptotic
pathway. Studies have shown that mitochondrial
dysfunction appears to occur prior to cell shrinkage
and nuclear fragmentation when apoptosis is taking
place™.

Effect of TVL extract on Caspase activity

The effect of TVL extract on caspase activation in
jurkat cells showed in Fig. 4 A-C. A significant
(p<0.05) increase in the activity of all caspases was
observed for TVL leaf (caspase 3/7 = 660000 +
13370RLU, caspase 8 = 1872000 + 25120RLU,
caspase 9 = 3750000 + 41700RLU). However,
treatment with TVL rhizome extract only resulted in
increased caspase 3/7 (58700 + 62070RLU) and
caspase 9 (3818000 + 22150RLU) activity, whereas
TVL stalk (518700 = 12830RLU) resulted in a
significant increase only in caspase 3/7 activity. TVL
leaf was the only extract that did not show a
significant change (p>0.05) in percentage cells
undergoing apoptosis. However, it was the only
extract that resulted in a significant increase in
percentage cells undergoing necrosis. These results
are specific to treatment with the TVL leaf extract,
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Fig. 4—The caspase concentration A) Caspase 3/7, B) Caspase 8,
and C) Caspase 9 in Jurkat cells following treatment with TVL
extracts. TV extracts increased caspase 3/7 expression and TV
leaf and bulb significantly increased caspase 9 expression. *
p<0.05 and ** p< 0.001 by comparison with the control group.

and are unusual, as caspase 3/7 and 9 expression
increased significantly following treatment with all
extracts, including TVL leaf. A possible explanation
for this occurance is the development of secondary
necrosis within the Jurkat cells following treatment.
Secondary necrosis is defined as “an autolytic process
of cell disintegration with release of cell components
that occurs when there is no intervention of
scavengers and the full apoptotic programme is
completed””. This process is different to primary
necrosis, as it occurs after apoptosis and results in the
release of activated caspase 3*. Activation of caspase
3/7 results in the cleavage of Poly (ADP-ribose)
polymerase-1 [PARP], which can be used as a marker
of apoptosis'®. Fragments of PARP produced during
cleavage have been shown to contain a molecular
weight of 89 kDa and 24 kDa". The present study
revealed that treatment with TVL extracts results in
PARP cleavage, confirming that apoptosis is taking
place. Another possible explanation for induction of
necrosis by TVL leaf may be the hyper activation of
PARP. In some cases, PARP can become hyper
activated resulting in necrosis™.

Effect of reduced Glutathione on activity of TVL
extract determination of GSH

There was a significant (p< 0.05) increase in GSH
concentrations for TVL leaf (22.93 + 0.05136 puM)
and stalk (22.06 £ 1.944 uM) compared to the control
(15.03 = 0.3982 uM). However, there was a non-
significant (p> 0.05) increase for TVL rhizome (18.17
+ 0.5145 uM). All extract induced GSH Production.
A significant increase in GSH was seen following
treatment with TVL leaf and stalk (data not shown). It
is accepted that an increase in oxidative stress
requires increased action by antioxidants to prevent
deleterious outcomes”’. As a result, constant exposure
to increased oxidative stress can ultimately lead to a
corresponding depletion of cellular antioxidants. In
this study, GSH concentration significantly increased
in Jurkat cells treated with TVL leaf and stalk
extracts, with slight increases (p>0.05) following
treatment with rhizome. A study by Kubec et al.,
2002""  revealed varying content of S-
(methylthiomethyl)-, S-methyl-, and S-ethylcysteine
derivatives in the rhizomes, leaves, and stems of TVL.
Cysteine is an essential component of GSH, thus the
increased cysteine could contribute to increased
concentration of GSH. Glutathione acts as a cofactor
for glutathione peroxidase, scavenges ROS directly,
buffers NO through formation of a S-nitrosoglutathione
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adduct and is involved in the regulation of various
other important antioxidants, such as vitamins C and
E*. Glutathione peroxidase acts as a potent antioxidant
enzyme, catalysing the reduction of H,O, to H,O and is
also required for the detoxification of precursors of
lipid peroxidation (lipid hydroperoxides), resulting
in the formation of alcohol®”. Another possible
explanation for the GSH effect is the presence of
more sulphur containing compounds in TVL stalk and
leaf extracts, which may spare GSH following
treatment'*.

Effect of TVL extract on mitochondrial membrane
potential (MMP) using JC-1 Assay

Treatment with TV stalk (49.2 + 0.2%) resulted in
a significant (p< 0.05) increase in % depolarisation
when compared to the control (44.10 = 0.2%).
However, treatment with all other extracts resulted in
no significant change (p>0.05) in MMP (data not
shown). Our study suggests that TVL extracts have
the potential to induce cell death in a leukaemic cell
line (Jurkat cells) by mitochondria mediated pathway
through the involvement of caspase-3/7 in particularly
in TVL rhizome. The data of the current work appear
useful for further research aiming to chemically
identify the specific compounds responsible for the
anticancer activities of TVL extracts.
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