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Highlights

» The methanol extract of Boophane disticha bulbs is more cytotoxic than the hot water
extract.

* Both extracts follow a similar mechanism of cytotoxicity.

» Mitochondrial depolarisation occurs, with no oxidative stress.

« Fatty acid accumulation is present, which may predispose cells to steatotic changes.

* Cell growth is diminished, however, little cell death occurs.



Abstract

Introduction: Traditional remedies remain a prominent form of therapy in developing
countries, such as South Africa. Boophone disticha, or the poison bulb, is used for the
treatments of wounds. There is generally a lack of scientific evidence to support its
safety or use. As hepatotoxicity is a major contributor to morbidity and mortality, and a
leading factor in drug attrition during development, more emphasis should be placed on
pre-clinical evaluation thereof. The aim of the study was to investigate the in vitro

hepatotoxicity of an ethnomedicinal and organic extract of the bulbs.

Materials and methods: Hot water (ethnomedicinal) and methanol (organic) extracts
were prepared and assayed on HepG2 hepatocarcinoma cells to assess for effects on
cell density (sulforhodamine B staining), mitochondrial membrane potential (JC-1
ratiometry), reactive oxygen species levels (H,-DCF-DA cleavage/activation), reduced
glutathione levels (monocholorobimane adduct formation), fatty acid accumulation (nile
red staining), lipid peroxidation (thiobarbituric acid reactive substances formation),
caspase-3/7 activation (Ac-DEVD-AMC activation), adenosine triphosphate levels
(chemiluminescence), cell viability (Annexin V-FITC/propidium iodide) and cellular
kinetics (propidium iodide).

Results: Although cell density was reduced by both extracts (hot water extract ICsp =
51.39 pug/mL; methanol extract ICso = 35.11 pg/mL), cell viability was not reduced to the
same degree (6 — 10% after 24 h; ~2% at 72 h) after exposure to the ICsp’s.
Furthermore, cellular kinetics was not significantly affected. Although mitochondria
appeared to depolarize slightly, reactive oxygen species levels were reduced to below
baseline. Reduced glutathione levels also decreased. Fatty acid levels increased,
however, lipids did not peroxidise. Adenosine triphosphate levels increased, while

caspase-3/7 activity was reduced to below baseline.

Discussion and conclusion: Extracts of B. disticha did not induce a loss of cell
viability, however, notable reduction in cell density was apparent. While the methanol

extract was more cytotoxic than the hot water extract, the latter still carries a risk should
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it be chronically used. Although cellular kinetics were not affected, it is proposed that
extracts may shift cells into a quiescent phase of non-proliferation which the assay is
not sensitive enough to detect. The antiproliferative effect is likely in response to altered
redox status. However, mitochondrial depolarisation did not increase free radical levels,
with no lipid peroxidation as consequence. Furthermore, a propensity for fatty acid
accumulation was observed, which carries the risk of hepatosteatotic detriments. The
antiproliferative effect may delay repair of hepatic injury, and thus reduce quality of life.
Further emphasis should be placed on early investigation of herbal remedies for their

effects on hepatocellular functioning.

Keywords: Boophone disticha; cell cycle; herb-induced liver injury; hepatotoxicity;

toxicity.
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1. Introduction

Herbal remedies are used as alternatives to conventional medicines for various
reasons, including cultural significance, accessibility and cost-effectiveness (Louw et al.,
2002; Wintola and Afolayan, 2010). A misguided belief is often present: herbal remedies
are safer than allopathic counterparts due to their natural origin (Wintola and Afolayan,
2010). Even though medicinal plants are used frequently for medicinal reasons, their
toxicological profiles are poorly described or typically non-existent. As such, the general
populace may be exposed to potential toxins without their knowledge. Reports of herb-
induced liver injury are increasing worldwide (Su et al., 2012; Wai et al., 2007),
however, underestimations are assumed due to the inherent diagnostic limitations of
identifying the contributing agents (Su et al., 2012; Wai et al., 2007). Furthermore,
patients do not always disclose herbal usage, making it difficult to address frequency
(Wai et al., 2007).

The liver, as primary metabolic organ of the body, is susceptible to toxicity by
xenobiotics (Jaeschke et al., 2002). During metabolic conversion of xenobiotics, various
reactive metabolites may be formed that put strain on biomolecular processes (Corsini
and Bortolini, 2013). These may invoke subsequent cytotoxicity dependent on
mitochondrial toxicity, oxidative stress and perturbations of signaling pathways (Corsini
and Bortolini, 2013). In doing so, the liver may systemically present with lower
functionality and thus reduce quality of life (Verma and Kaplowitz, 2009). Pre-clinical
assessment of organotoxicity may thus offer important information that could be used to

describe potential risk of use.
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The poison bulb, Boophone disticha (L.f.) Herb. (Amaryllidaceae), is used for treatment
of wounds, headaches, abdominal pains and eye conditions throughout Africa. It is a
well-described hallucinogen used during divination ceremonies (De Smet, 1996;
Gadaga et al., 2011), and its abuse frequency has been increasing in Zimbabwe
(Gadaga et al., 2011). Little to no information of its effect on hepatocellular viability is
available according to the authors’ knowledge. Amaryllidaceae-type isoquinolone
alkaloids (0.31% of the bulb) have been identified as poisonous phytochemicals (De
Smet, 1996; van Wyk et al., 2002), which induce cytotoxicity (Adewusi et al., 2012a;
Jitsuno et al., 2009; Li et al., 2007; Silva et al., 2008). These include, among others,
bulbispermine (Jitsuno et al., 2009), 6-hydroxycrinamine (Adewusi et al., 2012a),
lycorine (Li et al., 2007) and vittatine (Silva et al., 2008).

The aim of the study was to investigate the effect of crude extracts of B. disticha on
hepatocellular viability of HepG2 hepatocarcinoma cells, with emphasis on mechanisms

of cytotoxicity.

2. Methodology

2.1. Collection and extraction of plant material

Bulbs of B. disticha were gifted from the South African National Biodiversity Institute of
Pretoria, South Africa. Bulbs were cleaned, split open and allowed to air-dry at ambient
temperature, after which they were ground to a fine powder (YellowLine Grinder, Merck

Co.). The plant material was stored in amber containers until used.

Hot water (ethnomedicinal preparation) and methanol (organic preparation) extracts
were prepared through maceration of plant material in either boiling distilled water or
room temperature methanol, respectively, at 10% (w/v). Hot water extracts were stirred
for 15 min to simulate tea-brewing, and allowed to cool to room temperature. Methanol
extracts were sonicated for 30 min, agitated for 2 h and left overnight at 4°C. Methanol

was replenished, the process repeated thrice from agitation and supernatants
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combined. Both extracts were centrifuged (1000 g, 5 min) and filtered (0.22 um) to
remove particles. Hot water and methanol extracts were dried through lyophilization and
rotary-evaporation, respectively. Crystalised methanol extracts were reconstituted in
distilled water and lyophilized. Aliquots (25 mg/mL in dimethyl sulfoxide [DMSQ]) were
stored at -80°C and diluted in serum-free Eagle’s Modified Dulbecco’s Medium (EMEM)

prior to use.
2.2. Cellular maintenance

The HepG2 hepatocarcinoma cell line (ATCC #HB-8065) was maintained in EMEM
fortified with 10% foetal calf serum (FCS) and 1% penicillin/streptomycin in 75 cm?
flasks at 37°C and 5% CO,. Confluent (80%) flasks were washed with phosphate-
buffered saline (PBS), and cells detached using Trypsin/Versene. Cells were harvested
through centrifugation (200 g, 5 min), and counted using trypan blue exclusion. Cells
were diluted in 10% FCS-fortified EMEM.

2.3. Exposure of cells to crude extracts

Cells (100 uL) were seeded into 96-well plates (2 x 10 cells/well) and incubated
overnight to allow for attachment. Cells were exposed (100 pL prepared in FCS-free
EMEM) to 0.4% DMSO (negative, vehicle control), crude extracts (half-log dilutions of
100 pg/mL) or the respective positive control for 72 h. Blanks (200 pL) of 5% FCS-
fortified EMEM alone accounted for background noise and sterility. After exposure,
hepatotoxic parameters were determined as described in Sections 2.4. to 2.9., which
were conducted on a single plate with modifications of the method of Tonder et al.
(2001).

2.4. Cellular density

Cell density was determined using the sulforhodamine B (SRB) protein staining assay
(Vichai and Kirtikara, 2006). Staurosporine (10 puM in-reaction) was used as positive
control. Cells were fixed with 50 pL trichloroacetic acid (50%) overnight at 4°C, washed

thrice with slow-running tap water and stained using 100 yL SRB solution (0.057% in
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1% acetic acid) for 30 min. Stained cells were washed thrice with 100 yL acetic acid
(1%), air-dried and the dye dissolved with 200 uL Tris-buffer (10 mM, pH 7.4).
Absorbance was measured at 510 nm (reference 630 nm) (Synergy 2, Bio-Tek
Instruments, Inc.) and adjusted by subtracting the blanks. Percentage cell density

relative to the negative control was expressed using the following equation:

As
Cell density (% relative to negative control) = i X 100

where, As = the blank-adjusted absorbance of the sample, and Ac = the blank-adjusted

average absorbance of the negative control.
2.5. Mitochondrial membrane potential

Mitochondrial membrane potential (Aym) was determined through the ratio of red
fluorescent J-aggregates (healthy cells) to green fluorescent JC-1 monomers (unhealthy
cells) (van Tonder, 2011). Rotenone (100 nM) was used as positive control. Plates were
exposed to 10 uM JC-1 for 2 h and the fluorescent intensity measured at Aex = 492 nm
and Aem = 590 nm (gain 1000) and Aex = 485 nm and Aem = 520 nm (gain 1000).
Fluorescent intensity was adjusted by subtracting the blanks and the ratio of JC-1
monomers to J-aggregates determined. The fold-change in Aym relative to the negative
control was expressed using the following equation:

Rs

A¥m (fold — change relative to negative control) = Re

where, Rs = the ratio of blank-adjusted fluorescent intensity of the sample, and Rc = the

ratio of blank-adjusted average fluorescent intensity of the negative control.
2.6. Intracellular reactive oxygen species levels

Intracellular reactive oxygen species (ROS) levels were determined using the enzymatic
conversion of dihydrodichlorofluorescein diacetate (H,-DCF-DA) to fluorescent

dichlorofluoroscein (van Tonder, 2011). Potassium peroxidisulfate (150 uM in-reaction)
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was used as positive control. Plates were exposed to 10 yM H,-DCFH-DA for 2 h and
the fluorescent intensity measured at Aex = 485 nm and A¢, = 520 nm (gain 750)
(FLUOstar Optima, BMG Labtech). Cells were counterstained with SRB to account for
reduced cell density. Fluorescent intensity was adjusted by subtracting the blanks,
normalised to cell density and the fold-change in ROS levels expressed relative to the
negative control using the following equation:
Fls

Intracellular ROS levels (fold — change relative to negative control) = e

where, FIs = the normalised, blank-adjusted fluorescent intensity of the sample, and Flc

= the normalised, blank-adjusted average fluorescent intensity of the negative control.
2.7. Intracellular reduced glutathione levels

Intracellular reduced glutathione (GSH) levels were determined using the
monochlorobimane-GSH affuct formation assay (Cordier et al., 2013). n-Ethylmaleimide
(10 uM in-reaction) was used as positive control. Plates were exposed to 16 yM
monochlorobimane for 2 h and the fluorescent intensity measured at Aex = 355 nm and
Aem = 460 nm (gain 1250). Fold-change in GSH levels was determined as described in
Section 2.6.

2.8. Intracellular fatty acid levels

Intracellular fatty acid levels were determined using the cellular accumulation of nile red
as a measure of steatosis (Kiela et al., 2005). Oleic acid (200 yM in-reaction) was used
as positive control. Plates were exposed to 10 uM nile red for 2 h and the fluorescent
intensity measured at Aex = 544 nm and Aey, = 590 Nnm (gain 1000). Fold change in

intracellular fatty acid levels was determined as described in Section 2.6.
2.9. Caspase-3/7 activity

Caspase-3/7 activity was determined using the Ac-DEVD-AMC cleavage assay by

activated caspase-3/7 (van Tonder, 2011). Staurosporine (10 uM in-reaction) was used
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as positive control. Plates were centrifuged (200 g, 5 min), medium replaced with 25 L
cold lysis buffer and incubated for 15 min on ice. Thereafter, 100 yL caspase-3
substrate buffer containing Ac-DEVD-AMC was added, plates incubated for 4 h at 37°C
and overnight at 4°C. The fluorescent intensity was measured at Aex = 355 nm and Aem, =
460 nm (gain 750). Fluorescent intensity was adjusted by subtracting the blanks,
standardized according to the relative cell density and the percentage caspase-3 activity
relative to the negative control expressed using the following equation:

Fls
Caspase — 3 activity (fold — change relative to negative control) = —

Flc
where, FIs = the standardized, blank-adjusted fluorescent intensity of the sample, and
Flc = the standardized, blank-adjusted average fluorescent intensity of the negative

control.

2.10. Lipid peroxidation

Lipid peroxidation was determined using the thiobarbituric acid reactive substances
(TBARS) assay (Stern et al., 2010). HepG2 cells were seeded and exposed as per
Section 2.3. The oxidant, AAPH (500 uM in-reaction), was used as positive control.
Medium (200 uL) was aspirated into 5 mL tubes, and cells combined with the
supernatant after detachment with 100 pL Trypsin/Versene. The cellular mixture was
mixed with 100 pL trichloroacetic acid (16.5%) and 100 pL thiobarbituric acid (2.5% in
0.1 M sodium hydroxide and 50 uM ethylenediaminetetraacetic acid [EDTA]), and
incubated in a waterbath (95°C) for 20 min. After heating, 250 pL butanol was added
and the mixture vortex-mixed. The organic layer (100 uL) transferred into a white 96-
well plate after separation from the aqueous phase. The fluorescent intensity was
measured at Agx = 544 nm and Aem, = 590 nm (gain 750). Fluorescent intensity was
adjusted by subtracting the blanks, standardised to the relative cell density and the fold-

change determined as described in Section 2.6.
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2.11. Adenosine triphosphate levels

Adenosine triphosphate (ATP) levels were determined using the ApoSENSOR™ ATP
cell viability chemiluminescence kit (Corporation, 2015). HepG2 cells were seeded and
exposed as per Section 2.3. Saponin (1% in-reaction) was used as positive control.
Medium was replaced with 100 pL nucleotide-releasing buffer and incubated for 5 min
while shaken. After cell lysis, 10 yL ATP monitoring enzyme was added. Plates were
immediately measured using a chemiluminescence protocol. Luminescent intensity was
adjusted by subtracting the blanks, standardised to the relative cell density and the fold-
change of the ATP levels relative to the negative control expressed using the following
equation:

ATP levels (fold — change relative to negative control) = t—iz
where, LIs = the normalized, blank-adjusted luminescent intensity of the sample, and
Lic = the normalised, blank-adjusted average luminescent intensity of the negative

control.
2.12. Cell viability

Cells were seeded into 24-well plates at 1 x 10° cells/well as described earlier and
exposed to the half-maximal inhibitory concentration (ICso) of the crude extracts for 24
and 72 h. Positive controls included 50 nM rotenone for 24 h (apoptosis) and sonication
in cold 70% ethanol for 5 min (necrosis). After exposure, the supernatant and
trypsinized cells were collected, pooled and washed with PBS containing 1% FCS (200
g for 5 min). The pellet was resuspended in Annexin V-FITC binding buffer and stained
with Annexin V-FITC (1:200 v/v) for 15 min in the dark. Cells were counterstained with
15 uM propidium iodide. Measurements were done flow cytometrically using FL1 (525

nm, FITC) and FL3 (620 nm, propidium iodide) with quadrant analysis.
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2.13. Cell cycle

Cells were synchronized using the thymidine double block method. Semi-confluent cells
in 75 cm? culture flasks were exposed to 3 mM thymidine in 10% FCS-fortified EMEM
for 16 h, after which flasks were washed with PBS and replenished with 10% FCS-
fortified EMEM for 10 h. Medium was replaced with 3 mM thymidine in 10% FCS-
fortified EMEM for another 16 h, and harvested. Synchronised cells were seeded and
exposed in 24-well plates as described in Section 2.4. Positive controls included FCS-
depletion for 24 h (G1-block), 10 uM methotrexate for 14 h (S-block) and 20 uM
curcumin for 14 h (G2/M-block). The supernatant and trypsinized cells were collected,
pooled and washed with PBS containing 1% FCS (200 g for 5 min), and fixed with cold
70% ethanol while vortex-mixing for 30 sec. Cells were left at 4°C overnight, and
centrifuged at 200 g for 5 min. The pellet was resuspended in staining solution (40
pg/ml propidium iodide, 0.1% Triton X-100 and 100 pg/ml DNA-free RNAse) for 40 min
at 37°C. Cells were analysed flow cytometrically (Beckman FC500, Beckman Coulter)
using FL3 and the data expressed in percentages using deconvolution software
(MultiCycle V3.0 for Windows) into a sub-G1, G0/G1, S and G2/M-phase.

2.14. Statistical analysis

Experiments were conducted with a minimum of three biological and two technical
replicates. Results were expressed as the mean = the standard error of the mean
(SEM), and statistically analysed using GraphPad Prism 5.0. Non-linear regression
(variable slope) was used to determine the ICs. Significant difference relative to the
negative control was determined using i) Kruskall-Wallis and a post-hoc Dunn’s test (for
96-well plate assays), and ii) two-way analysis of variance (ANOVA) and a post-hoc

Bonferroni test (24-well plate assays). Significance was defined as p < 0.05.
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Figure 1: The effect of the hot water extract on HepG2 cells; A) cell density, B) A¥Ym, C) ROS
concentration, D) GSH concentration, E) fatty acid concentration, F) lipid peroxidation, G) ATP levels and

H) caspase-3/7 activity.
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3. Results

The hot water extract of B. disticha decreased cell density at 210 pg/mL, with an ICsq of
51.39 pug/mL (Figure 1A). The AWYm was decreased slightly (p < 0.05) at 232 ug/mL by
up to 35.46% at 100 pg/mL (Figure 1B). Intracellular ROS concentrations were below
baseline at all concentrations, with a reduction of 23.01% at 1 pg/mL which plateaued at
=232 ug/mL by 63.10% (Figure 1C). Intracellular GSH concentrations decreased at 23.2
pHg/mL by up to 38.80% (p < 0.05) (Figure 1D). Fatty acids accumulated dose-
dependently at 210 pg/mL up to 233.90% at 100 pg/mL (Figure 1E). Lipid peroxidation
was unperturbed relative to the negative control (Figure 1F), while ATP concentrations
were non-significantly increased up to 272.10% at 232 ug/mL (Figure 1G). Caspase-3/7
activity was reduced at all concentrations in comparison to the negative control,
however, this effect was not significant and less pronounced at 100 pg/mL (31.18%,
Figure 1H).

A 5% FCSEMEM B ICy, B. cisticha HW c 1y B. distichs MeOH
{24 h negative control) {124 h exposure) (24 h eaposure)

12 209 54.58%
N0% n1.M

Resn

13.23%

@i

D %% FCS EMEM E )G B. disticha HW F 1C. B. distichs MeOH
(72 h negative control) (72 h exposure) {72 h exposure)

Event count

1y 66,93%
L ”‘,“:" i
2309

20 T8

man ne

22000 10.87%

T e

\ 1.25%

DNA content

Figure 2: The effect of the ICs, on the cell cycle of HepG2 cells exposed for 24 h and 72 h; A) negative
control (24 h), B) hot water extract (24 h), C) methanol extract (24 h), D) negative control (72 h), E) hot
water extract (72 h), F) methanol extract (72 h). From the left hand side, each graph represents the
distribution of cells in the sub-G1-, GO/G1-phase, S-phase and G2/M-phase as measured by propidium
iodide-staining.
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Although slight reductions in the percentage of cells in the sub-G1-, S- and G2/M-phase
were observed after exposure to the hot water extract for 24 h, the GO/G1- and G2/M-
phases increased by 6.47% and 1.24% after 72 h, respectively (Figure 2B, E), in
comparison to the negative control. Relative to the negative control. an initial (24 h)
decrease of 6.18% (p<0.05) in cell viability was observed due to apoptosis (8.43%),

though this normalised after 72 h exposure to a 3.17% decrease (Figure 3B, E).
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Figure 3: The effect of the ICso on cellular viability in HepG2 cells exposed for 24 h and 72 h; A) negative
control (24 h), B) hot water extract (24 h), C) methanol extract (24 h), D) negative control (72 h), E) hot
water extract (72 h), F) methanol extract (72 h). Significant difference relative to the respective time points
of the negative control: * p <0.05, * % p <0.01 and * % % p < 0.001. An increase in Annexin V-FITC-
staining is indicative of cells undergoing apoptosis, while an increase in propidium iodide-staining

suggests loss of membrane integrity as an indication of necrosis.

The methanol extract reduced cell density to a higher degree than the hot water extract,
with an 1Cso of 35.11 pg/mL. However, the maximum decrease in cell density at 100
pg/mL (66.43%) was similar to the hot water extract (61.88%) (Figure 4A). The A¥Ym
decreased gradually by up to 43.39% (p<0.01) at 100 pg/mL (Figure 4B). Similar to the

hot water extract, intracellular ROS concentrations were below baseline at all
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Figure 4: The effect of the crude methanol extract on HepG2 cells; A) cell density, B) A¥Ym, C) ROS
concentration, D) GSH concentration, E) fatty acid concentration, F) lipid peroxidation, G) ATP levels and

H) caspase-3/7 activity.
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concentrations, by up to 56.43% at 100 ug/mL (Figure 4C). Intracellular GSH
concentrations were reduced (p<0.001) at 3.2 pg/mL and 10 pg/mL by 27.17% and
34.09%, while at 232 pg/mL it dose-dependently increased by 136.50% at 100 pg/mL
(Figure 4D). Fatty acids accumulated (p<0.05) by 292.40% at 100 pg/mL (Figure 4E),
with non-significant dose-dependent increases in lipid peroxidation by up to 124.10%
(Figure 4F). ATP levels were dose-dependently increased up to 137.30% at 10 pg/mL, it
normalized to baseline at 100 pug/mL (Figure 4G). Caspase-3/7 activity was decreased
(p<0.05) by 33.94%- and 51.71% at 10 pg/mL and 32 pug/mL, respectively, while only a
0.12-fold reduction was evident at 100 ug/mL (Figure 4H).

The methanol extract had a similar increase in the GO/G1- and G2/M-phase by 1.92%
and 3.18%, respectively (Figure 2C, F), compared to the negative control. As with the
hot water extract, the methanol extract initially (24 h) reduced cell viability by 10.27%
(p<0.01) due to apoptosis (10.88%, p<0.001) (Figure 3C, F). After 72 h exposure, only a
2.10% reduction was observed, while early apoptotic cells increased by 5.07% (Figure
3C, F) compared to the negative control.

4. Discussion

B. disticha presented with moderate cytotoxicity; the methanol extract was more potent
than the hot water extract. Botha et al. (2005) supports the cytotoxicity of ethanol
extracts of the inner scales of the bulb, where decreased ATP levels were detected in
human neutrophils. Hot water extracts of the inner and outer scales, as well as ethanol
extracts of the outer scales, were inactive (Botha et al., 2005). As the latter study did not
normalise ATP to cell density, and differentiated between the scales of the bulb, it may
explain the discrepancy between the results. Adewusi et al. (2012b) described similar
cytotoxicity in the SH-SY5Y neuroblastoma cell line after exposure to the methanol root
extract (ICso ~25.5 pg/mL) (Adewusi et al., 2012b). In vivo, liver weight increased in rats
after acute hydroethanol extract treatment, while no histological alterations were

observed. Authors suggested this to be due to adaptive de novo synthesis of liver
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enzymes (Gadaga, 2012). Although reductions in cell density were evident, it appears
that greater cytostatic effects are taking place than cell death. This was evident by the
reduction of cell density, paralleled by low reductions in cell viability. Interestingly,
cellular kinetics were largely unperturbed. Taking into account the lack of cell death and
unperturbed cycling, it is suggested that a transition of proliferative cells to a quiescent
GO-state took place. Propidium iodide does not differentiate between the diploid state of
GO- and G1-phase cells (Darzynkiewicz et al., 2004), and thus measurement takes
place as one phase. Cells are thus metabolically active, though not actively cycling
(Cooper, 2000), which gives insight into the reduced cellular parameters. This
assumption, however, needs to be ascertained using proliferative assays, such as a Ki-
67-staining (Checker et al., 2015). Quiescence may be induced through a
downregulation of cyclin D, or induction of p27 (Gemin et al., 2005), possibly as a
consequence of mitogen-activated protein kinases (MAPK)-attenuation (Son et al.,

2011). Reduced proliferation may impair hepatic regeneration and healing

Both extracts displayed a similar hepatotoxic effect following the same modality. Weak
mitochondrial depolarisation occurred, suggestion a gradual or low-level opening of the
membrane transition permeability pore (Begriche et al., 2011). The absence of ATP
depletion supports this, as gradual opening would not lead to large-scale mitochondrial
dysfunction. The increase in ATP at 210 pg/mL (which paralleled reduced cell density),
suggests an adaptive promotion of bioenergetics for detoxification and efflux of
phytotoxins. The reduction of ATP at 100 pg/mL methanol extract suggest a tipping
point in cytotoxicity, where detrimental effects surpassed protective adaptation.
Although depolarisation occurred, ROS concentrations did not increase, but decreased
below baseline. Extracts have been shown to decrease superoxide production in
neutrophils (Botha et al., 2005), which gives credence to the present study. As ROS
functions as a signaling molecule, this suggests potential dysfunction of signalling
cascades (Vivancos et al., 2010). Supporting the cytostatic effects, diminished ROS
levels incur reduced transition to the S-phase of the cell cycle as oxidation is required
(Vivancos et al., 2010). The parallel decrease of GSH levels suggests detoxification via

phase Il reactions (Zamek-Gliszczynski et al., 2006) rather than an antioxidant effect, as

Page 17 of 22



no evidence of oxidation was observed. An increase of GSH at 100 pg/mL methanol
extract exposure is likely an adaptive de novo synthesis response (Vivancos et al.,
2010). Although mitochondrial dysfunction was not apparent, fatty acid accumulation
systems were interrupted, as seen by the dose-dependent increase. This effect may be
a function of p-oxidation enzyme inhibition (such as acyl-CoA synthases), cofactor
depletion (Bartlett and Eaton, 2004; Pessayre et al., 2012), inhibited efflux systems or
increased fatty acid synthesis/uptake (Pessayre et al., 2012). Although fatty acid levels
increased, no significant lipid peroxidation was observed as ROS generation did not
occur. While both extracts reduced caspase-3/7 activity, a small, initial increase in early
apoptotic cells was observed, which could occur via caspase-independent means, such
as non-caspase proteases (Schrader et al., 2010). As activity normalized at 100 pg/mL,
this supports a tipping point in cytotoxicity, where different pathways are activated at

high enough concentrations.

B. disticha belongs to the Amaryllidaceae family, which suggests isoquinoline-alkaloids
as the bioactive, cytotoxic phytochemicals. While buphanadrine (Nair et al., 2012),
buphanamine and buphanisine (Van Goietsenoven et al., 2010) are not regarded as
highly cytotoxic, 6-hydroxycrinamine (Adewusi et al., 2012a), distichamine (Nair et al.,
2012) and lycorine (Cao et al., 2013; Doskocil et al., 2015; Li et al., 2012, 2007; Van
Goietsenoven et al., 2010) are likely contributors to the cytotoxicity observed. Lycorine
acts as an antiproliferative (Cao et al., 2013; Li et al., 2012; Van Goietsenoven et al.,
2010) and pro-apoptotic agent (Li et al., 2007). Distichamine has exerts antiproliferative
effects in the low micromolar range (Nair et al., 2012). Alternatively, anthrones and
saponins (identified via thin layer chromatography, results not shown) decrease cell
growth as well. Derivatives of anthralin, an antiproliferative anthrone (Kratz et al., 2010;
Muller et al., 1995) displays growth inhibitory effects without incurring cytotoxic effects
(Kratz et al., 2010). Saponins reduce proliferation and induce apoptosis in the HepG2
cell line (Cristina et al., 2015; Li et al., 2014; Lu et al., 2015). It is likely a combinational

effect of several chemical entities which are inducing the effects seen.
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5. Conclusion

It is suggested that a mixture of phytochemicals promoted cytostatic effects, preventing
HepG2 cells from proliferating in the absence of cell death. Such effects may reduce
healing of injury that take place in the liver, with subsequent downstream implications
on health. As B. disticha remains a popular ethnomedicinal preparation in Africa,
caution should be used during use, specifically as the hot water extract had a similar
mechanism by which it induced cytostatic responses. Furthermore, the pro-steatotic
effects of extracts, such as in the present study, should be investigated further as it may
promote inflammatory hepatitis and reduced quality of life. Larger emphasis should be
placed on pre-clinical screening of herbal extracts against liver toxicity as little

information is present.
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