A
ASIAN JOURNAL OF PHARMACEUTICAL AND CLINICAL RESEARCH ‘*@/ s

Knowledge to Innovation

Online - 2455-3801
Vol 12, Issue 12,2019 Print - 0974-2441

Research Article

CHEMICAL CONSTITUENTS, ANTIOXIDATIVE, CYTOTOXIC, AND GENOTOXIC EFFECTS OF
MISCANTHUS CAPENSIS ROOTS EXTRACT

IDOWU JONAS SAGBO*, WILFRED OTANG MBENG

School of Biology and Environmental Sciences, University of Mpumalanga, Private Bag X11283, Mbombela, 1200,
South Africa. Email: Jonas.sagbo@ump.ac.za

Received: 10 August 2019, Revised and Accepted: 09 October 2019

ABSTRACT

Objective: Miscanthus capensis (Nees) Andersson (Poaceae family) is used in traditional medicine to treat pimples, wounds, eczema, acne, and other
ailments. The present study investigates the possible chemical constituents, antioxidant, cytotoxic, and genotoxic effects of the methanol extract of
the M. capensis roots.

Methods: Gas chromatography-mass spectrometry (GC-MS) analysis was carried out to identify the chemical constituents of the plant extract.
Cytotoxicity and mode of cell death toward human dermal fibroblasts (MRHF) cells were assessed using the ImageXpress® Micro XLS analysis system.
Genotoxic effect toward Vero cells was also investigated using micronucleus assay. Furthermore, ferric reducing power (Ferric reducing antioxidant
potential [FRAP]) and reactive oxygen species (ROS) levels in MRHF cells were used to estimate the antioxidant activity of the plant extract.

Results: The GC-MS results showed a maximum amount of bioactive components (77 compounds) with rosifoliol (33.66%) being the major component
detected. However, the extract was not toxic to MRHF cells but demonstrated anti-proliferation rather than cell death at the tested concentrations
(25, 50, and 100 pg/ml). In addition, the plant extract also displayed non-genotoxic toward Vero cells with no significant increase in micronucleus
formation at the tested concentration while a concentration dependence response in FRAP values and ROS levels in MRHF cells lines were observed
indicating better antioxidant activities of the plant extract.

Conclusion: The results suggest that M. capensis could be a promising candidate for preventing or eradicating skin and oxidative-stress related
diseases.
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INTRODUCTION side effects but also to diminish genotoxicity [6]. However, plants
are known to have antioxidant because of the presence of several
classes of phytochemicals with anti-inflammatory, anticarcinogenic,
antigenotoxic, and antioxidant activities [7-9]. In addition, they are
more readily accessible, more affordable and less likely to cause
dependency compared to synthetic drugs [10]. Therefore, it is
imperative to further explore these medicinal plants for the treatment
of various diseases in humans.

Antioxidants play a significant role in suppressing the process of
oxidation by blocking the initiation or propagation of oxidizing
chain reactions. Many synthetic antioxidants such as butylated
hydroxytoluene, tert-butylhydroquinone, propyl gallate, and butylated
hydroxyanisole are normally used in the food industry because of
their strong effectiveness in preserving lipid components from quality
deterioration. However, the amount allowed in food is restricted due
to toxicity and concerns about long-term health effects [1,2] Recently,
much attention has been focused on the development of safe and
effective non-toxic antioxidants of natural origin [3]. This is due to their
ability to scavenge or suppress free radicals/oxidative stress which
has been associated with the pathogenesis of numerous disorders,
including neurodegenerative [2], carcinogenesis [4], and cardiovascular
diseases [5]. Hence, it is important to intensify in the search for effective
non-toxic natural antioxidants which could eradicate free-radical
related maladies in human beings and also substitute the harmful
synthetic antioxidants.

Miscanthus capensis (Nees) Andersson (Poaceae family) is a hardy,
evergreen, clump-forming, and large grass that has beautiful autumn
colors. The clumps of leaves of the plant are about 1 m tall and
the flowering stalks are up to 2 m tall and it is widely distributed in
South Africa provinces such as Eastern Cape, Northern Cape, Western
Cape, KwaZulu-Natal, and Free State. Conventionally, the bark or root
decoction of the plant is used to treat pimples, wounds, eczema, and
acne [11]. Despite the traditional usage of this plant, there is as yet
no record of any scientific evidence supporting its pharmacological
application. Therefore, in this study, we investigate the antioxidant,
cytotoxic, and genotoxic effects of M. capensis roots extract in cultured
mammalian cell lines (MRHF and Vero cells) using in vitro assays. In
addition, detailed studies of the compounds present in this plant were
determined using gas chromatography-mass spectrometry (GC-MS).

Plants have long been consumed as food and contain substantial
amounts of antioxidants which are more beneficial to the body.
Furthermore, several plants have been reportedly used in folklore
medicine for various therapeutic purposes. The use of plant as a

source of antioxidant became more pertinent recently as oxidative METHODS

stress was considered a major contributor to most diseases in

humans and the antioxidant defense system in human was usually not Collection of plant materials and preparation of M. capensis
enough to overcome the free radical level in the body. As such, plants methanol extract

have gained enormous interest as a source of antioxidants and with The fresh whole plant of M. capensis was collected in Alice (Eastern

the potential not only to reduce oxidative stress and physiological Cape and South Africa) in November 2018. The plant material was
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Table 1: Chemical components of methanol extract of
Miscanthus capensis analyzed by gas chromatography-mass

spectroscopy
Compounds Rt (min) Area (%)
§-Eiemene 26.753 0.02
a-Cubebene 27.266 0.31
Ylangene 28.156 0.53
Copaene 28.347 0.1
B-Cuvebene 28.981 0.22
B-elemene 29.076 0.21
Bicyclosesquiphellandrene 29.939 0.35
Germacrene B 30.796 0.45
B-Patchoulene 31.169 0.02
a-Cadinene 31.274 0.98
8-Amorphene 324 0.49
y-Muurolene 32.532 0.72
B-Selinene 32.867 0.08
Bicyclo[4.4.0]dec-1-ene, 33.306 1.3
2-isopropyl-5-methyl-9-methylene-
Dihydroagarofuran 33.564 0.8
Epicubebol 34.218 3.48
§-Bisabolene 34.802 0.54
1-(3-Methyl-cyclopent-2-enyl)-cyclohexene ~ 35.001 0.11
a-Calacorene 35.141 0.33
3-Elemol 35.47 1.08
Calarene 36.141 1.26
Caryophyllene oxide 36.635 0.14
Rosifoliol 36.813 33.66
Humulane-1,6-dien-3-ol 37.797 7.48
Epizonarene 37.908 0.14
y-Eudesmol 38.146 1.51
Carotol 38.387 5.78
Epicubenol 38.508 0.72
a-Panasinsene 38.855 5.4
Agarospirol 39.108 2.68
a-Cadinol 39.519 7.44
Isoaromadendrene epoxide 39.779 191
Aromandendrene 39.912 0.5
Cadalene 40.165 0.1
Cypera-2,4-diene 40.355 0.16
Valerena-4,7(11)-diene 40.692 0.21
y-Neoclovene 41.187 0.18
(-)-Spathulenol 41.329 0.37
Isoshyobunone 41.653 0.11
2-Hydrazino-nicotinic acid 42.398 0.62
1-Methyl-1-hydroxymethyladamantane 43.166 0.18
Valerenol 43.393 0.22
7-(2-Hydroxypropan-2-yl)-1,4a 43.64 1.57
-dimethyldecahydronaphthalen-1-ol
1H-Inden-1-0l,2,4,5,6,7,7a-hexahydr 46.148 0.11
-4,4,7a-trimethyl-
Longifolenaldehyde 46.728 0.16
25-Hydroxycholesterol 47.279 0.05
Isoxylitone A 47.993 0.12
Duvatrienediol 48.316 0.03
[1,3,4]Oxadiazole, 48.509 0.04
2-amino-5-(4-fluorophenyl)-
Hexadecanoic acid, methyl ester 48.872 0.24
Aciphyllene 49.397 0.06
cis-11-Hexadecenal 49.523 0.03
trans-syn-cis-Tricyclo[7.3.0.0 (2,6)] 49.965 0.07
dodecan-7-one
n-Hexadecanoic acid 50.493 2
Oleic acid 51.156 0.62
4,8-Decadienal, 5,9-dimethyl- 51.65 0.06
4-Bromo-3-oxobutyric acid, methyl ester 52.202 0.02
trans-Chrysanthenol 52.559 0.05
Octadecanal 52.767 0.05
Caparratriene 53.264 0.03
9,12-Octadecadienoic acid (Z, Z)-, methyl 54.028 8.1

ester

(Contd...)
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Table 1: (Continued)

Compounds Rt (min) Area (%)
9-Octadecenoic acid (Z)-, methyl ester 54.222 0.35
Methyl stearate 55.036 0.02
9-Octadecenoic acid, (E)- 56.137 2.89
2-Methyl-Z, Z-3,13-octadecadienol 57.108 0.1
9,17-Octadecadienal, (Z)- 57.541 0.05
Propanoic acid, 2-methyl-, 58.182 0.02
3,7-dimethyl-2,6-octadienyl ester, (Z)-

7-Pentadecyne 59.967 0.02
Hexadecanal, 2-methyl- 60.155 0.05
Methyl 18-methylnonadecanoate 60.735 0.03
Z,7-3,13-Octadecadien-1-ol acetate 61.092 0.05
Oxirane, tridecyl- 61.092 0.05
Eicosanoic acid 61.27 0.02
Octacosanol 64.976 0.02
11,13-Dimethyl-12-tetradecen-1-ol acetate 65.221 0.02
Didodecyl phthalate 66.377 0.01

Compounds are listed in order of Rt. Rt: Retention time

authenticated at the Giffen Herbarium from the Department of Botany,
University of Fort Hare, and a voucher specimen (MC3876) was
deposited at the same institution. The roots of the plant were detached
from the rest after which they were air-dried for 30 days. Thereafter, the
dried roots were then milled to a homogenous powder. The powdered
plant materials (60 g) was soaked in 1000 mL of methanol and then
placed on an orbital shaker (Labcon Laboratory Service (Pty), South
Africa) for 24 h. Thereafter, the extract was filtered and the resulting
methanol filtrate was concentrated using a rotary evaporator (Heidolph
Laborota 4000, Heidolph instruments, GmbH & Co, Germany). The
extract was then weighed to determine the yield (18.1%) and then
stored at 4°C for further studies.

GC-MS analysis

Identification of metabolites in the methanol extract of M. capensis
was carried out using an Agilent 7890 GC system combined with an
Agilent 5977A mass selective detector system with a HP-5MS column
(30 mx250 pmx0.25 um). The GC-MS was operated at an electron
ionization of 70 eV, ion source temperature of 280°C, and pressure of
48.745 kpa. Helium was used as the carrier gas at a constant flow rate
of 36.262 cm/s and about 1 pL sample injection was used. The oven
temperature was programmed from 40°C (held for 1 min) to 240°C at
an increasing rate of 3°C/min. Mass spectra were acquired over 40-
500 amu range. Compounds were identified by matching their relative
retention time and mass spectrum data of the individual compound
with those of the standard known compound available in the library of
National Institute of Standards and Technology.

Maintenance of cell cultures

The human foreskin fibroblast (MRHF) cells were cultured in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal calf serum and
subcultured every 2-3 days. Vero cells were maintained in DMEN (low
glucose) supplemented with 10% fetal bovine serum and subcultured
every 2-3 days. All cell cultures were incubated in a 37°C, 5% CO,,
humidified atmosphere.

Cytotoxicity and mode of cell death

Briefly, MRHF cells (8000 cells/well) were plated in a 96-well plate and
left to attach overnight. The cells were exposed with plant extract at
various concentrations (25, 50, and 100 pg/ml) and then incubated for
24 hat 37°Cin a humidified incubator with 5% CO, After the incubation
period, the spent culture medium was removed and replaced with 50 pl
of staining solution (prepared as 5 ml binding buffer containing 50 pl of
Annexin V-FITC reagent [Miltenyi Biotec Annexin V Kit: Cat no 130-092-
052] and 2 pl of Hoechst dye solution) and then incubated for 15 min at
37°C. At the end of the incubation, 50 pL of propidium iodide was added
to the cells and then further incubated for 5 min before the acquiring
of the cells images by Molecular Devices ImageXpress® Micro XLS
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Fig. 1: Cytotoxicity and mode of cell death in human dermal fibroblasts (MRHF cells) after treated with Miscanthus capensis methanol
extract. Significant difference (p<0.05) compared to the untreated (UT) control

microscope (CA, USA) using FITC, DAPI, and Texas Red filters and x40
objective. Thereafter, the cells images were analyzed by a MetaXpress 6
software (Cell Scoring Module application).

Reactive oxygen species (ROS) levels (oxidative stress assay)
Briefly, MRHF cells were seeded in a 96-well plate at a density of
8000 cells/well and left to attach overnight after which the cells were
exposed to different concentrations of the plant extract (50, 100, and
200 pg/ml) or positive control (N-acetylcysteine [NAC], 5 mM). After
24 h of incubation, 100 uM of tert-butyl hydroperoxide was added to
induce oxidative stress and further incubated for 2 h at 37°C. The spent
culture medium was removed and replaced by adding 50 pl of staining
solution (prepared as 10 mL of PBS containing 20 pL CellRox Orange
stock and 2 pl of Hoechst solution) to each well and then incubated
at 37°C for 30 min. The cell’s images were acquired with a Molecular
Devices ImageXpress® Micro XLS microscope (CA, USA) using TRITC,
DAPI filters, and x40 objective. The images were later analyzed using a
MetaXpress 6 software (Cell Scoring Module application).

Genotoxicity

To explore the genotoxicity of M. capensis extract, Vero cells were
seeded in a 96-well plate at a density of 3000 cells per well and allowed
to attach overnight and then exposed with plant extract at various
concentrations (12.5, 25, 50, 100, and 200 pg/ml) while Griseofulvin,
(100 puM) and Etoposide (50 pM) were used as positive controls.
After 48 h of incubation, the spent culture medium was removed by
aspiration and then replaced with 4% formaldehyde in PBS to fix the
cells. The fix solution was removed and replaced with PBS containing
2 drops/ml of NucRed dye. Thereafter, the cell’s images were acquired
(x20) by a Molecular Devices ImageXpress® Micro XLS microscope (CA,
USA) using Cy5 filters. The data were analyzed using micronucleus
assay software module.

Ferric reducing antioxidant potential (FRAP) assay

Briefly, FRAP assay was measured according to the method described
by Odeyemi [12] with some modifications. FRAP reagent was freshly
prepared by mixing 20 ml of sodium acetate buffer (30 mM; pH 3.6),
2.5 ml of tripyridyltriazine (TPTZ) solution (prepared as 10 mM TPTZ
in 40 mM HCI), 2 ml of ferric chloride solution (20 mM), and 2 ml of
distilled water. The solution was incubated at 37°C for 15 min before
use. To 50 pl of plant extract (prepared at 6.25, 12.5, 25, 50, 100, and
200 pg/ml) or positive control (Trolox, 100 uM) in the well of a 96-well
plate, 200 pl of freshly prepared FRAP reagent was added. The resulting
mixture was incubated at 37°C for 30 min after which the absorbance
was measured at 593 nm.

Statistical analysis
The analysis was performed using Graph Pad Prism (version 5.01),
and the test of significance was determined using Student’s t-test
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Fig. 2: Reactive oxygen species levels in tert-butyl hydroperoxide
(TBHP) treated MRHF cells. Cells were treated with methanol
extract of Miscanthus capensis at the indicated concentrations
for 24 h and then exposed to TBHP to induce oxidative stress.
Data are presented as the mean cellular integrated intensity
and are thus independent of cell density. Higher values thus
represent increased oxidative stress. *Significant difference
(p<0.05) compared to the untreated control. TBHP: Tert-Butyl
hydroperoxide, NAC: N-Acetylcysteine, UT: untreated control

(two-tailed). Replicate values for each test compound were compared
with replicate values of the negative controls. The level of significance
ranged from p<0.001 to p<0.05.

RESULTS AND DISCUSSION

The reliability of the medicinal plant for its usage is evaluated by
correlating the phytochemical compounds with their biological
activities. Table 1 revealed the result of the GC-MS analysis of M. capensis
methanol extract. A total of 77 compounds were identified. The major
compounds were rosifoliol (33.66%), 9, 12-Octadecadienoic acid (Z, Z)-,
methyl ester (8.1%), humulane-1, 6-dien-3-ol (7.48%) alpha.-cadinol
(7.44%), and carotol (5.78%) while other main components in the
extract were detected in a lower percentage. However, many of
these identified constituents have been found to possess several
pharmacological activities. Among them include 9, 12-Octadecadienoic
acid (Z, Z)-, methyl ester, a fatty acid methyl ester detected in M. capensis
methanol extract has been showed to exhibit antibacterial activity [13].
a-cadinol a sesquiterpene found in the extract of the understudy plant
reported to possess antifungal and as hepatoprotective agents [14,15].
Carotol an alcohol sesquiterpene detected in high amount of the M.
capensis extract reported to be involved in allelopathic interactions
expressing activity such as antifungal and insecticidal agents [16].
n-Hexadecanoic acid, an ester compound of fatty acid reported to
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possesses various activities such as antioxidant, 5-alpha-reductase
inhibitor, anti-androgenic, and hypocholesterolemic [17,18]. Oleic
acid, one of the compounds identified in the extract is known to
exhibit promising anticancer properties [19]. Caryophyllene oxide
has also been found to be used as a preservative in cosmetics, foods,
and drugs [20]. In addition, it has also been reported for its antifungal
potential [21]. Spathulenol, one of the compounds detected in the
methanol extract of M. capensis has been found to exhibit anti-

Asian ] Pharm Clin Res, Vol 12, Issue 12, 2019, 227-232

inflammatory and antimicrobial activities [22]. It has also been found to
inhibit the growth of Proteus mirabilis and Staphylococcus aureus which
are the major bacteria associated with skin infections [23]. However,
it is worth mentioning that the pharmacological activities of other
compounds detected in the methanol extract of M. capensis are yet to
be investigated. It could be concluded from this study that methanol
extract of M. capensis composed of various bioactive compounds that
are known to exhibit various biological activities.

Cytotoxicity
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Fig. 3: Micronucleus formation and nuclear parameters of Vero cells treated with different concentrations of Miscanthus capensis.
Cytotoxicity is measured as decrease in the number of cells relative to the untreated (UT) control (also referred to as % relative cell count)
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Cytotoxicity and mode of cell death

For medicinal plant to be useful in clinical application, the preparation
must not be interfered with normal physiological pathways and as
well not toxic to the host cells or target organism. In this study, the
cytotoxic effect of M. capensis methanol extract was evaluated by
Molecular Devices ImageXpress® Micro XLS analysis. The results of
the cytotoxicity and mode of cell death against MRHF cell lines are
shown in Fig. 1. M. capensis extract exhibited no meaningful cytotoxic
effect on MRHF cells at all the tested concentrations. In comparison,
treatment of MHRF cells with the extract produced growth inhibition
with a concentration-dependent reduction in the percentage of live
cells counts compared to the trend seen with untreated (UT) control
(100%) (Fig. 1). On the contrary, it was also observed that there was
a small but statistically significant increases in apoptosis as revealed
by Annexin V-FITC at all the tested concentrations but physiological
relevance doubtful. This suggests that M. capensis extract exhibited
anti-proliferation rather than causing cell death. Therefore, the use of
this plant in traditional medicine needs to be carefully monitored. It is
imperative to note that no report of toxicity has been documented for
the traditional use of M. capensis. However, it is also worth noting that
cellular toxicity does not necessarily equate to whole animal toxicity
due to possible interactions in the gut and bioavailability issues.

The ROS levels

ROS accumulates in cells as a result of thermal stress thereby leading
to oxidative damage of tissue, and consequently, accelerated death of
organisms [24,25]. To evaluate the effect of M. capensis extract on ROS
levels, we examined its ability to reduce ROS levels in MRHF cells. The
results (Fig. 2) showed that ROS level was lowered in the MRHF cells
when exposed to the extract in a dose-dependent manner. However, the
reduction of ROS levels by the extract at the tested concentrations (50,
100, and 200 pg/ml) was greater when compared to the UT control.
Neither the extract nor the UT control exhibited a better reduction
of ROS levels than the positive control, NAC. Nonetheless, studies
have revealed that plant extracts decreased ROS generation due to
flavonoid, phenolic, and terpenoid [26,27]. Arora et al. [28] reported
that polyphenols have antioxidants with strong ability to attenuating
ROS-induced oxidative damage. Therefore, the decline in ROS levels
by the extract of M. capensis may be linked to the presence of the
several compounds observed in the extract, thus suggesting an in vitro
antioxidant activity of this plant extract. It is worth noting that this
study shows for the first time the potential role of M. capensis extract in
attenuating ROS levels, suggesting its possible use to prevent the rise of
ROS levels and the consequent oxidative damage.
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Fig. 4: Ferric reducing the antioxidant potential of the
methanol extract of Miscanthus capensis. Dose data represent
the absorbance at 593 nm after a 30 min incubation with the

ferric reducing power reagent. *Significant difference (p<0.05)
compared to the untreated (UT) control
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Genotoxicity

Fig. 3 shows the results of the genotoxic effect of M. capensis extract in
Vero cells using the macronucleus assay. This assay is reliably used to
detect test sample-induced chromosome damage, such as DNA strand
breaks (clastogenic) and chromosome loss, often due to aberrant
chromosome segregation (aneugenic). By scoring the formation of DNA
fragments in the cytoplasm (micronuclei), one can evaluate the potential
of a test sample to induce DNA damaged or chromosome loss. In the
present study, the extract exhibited non-cytotoxic toward Vero cells
and no significant increase in micronucleus formation was observed
(Fig. 3). This was corroborated by a significant decrease in the number
of bi- and multinucleated cells with the corresponding decrease in the
nuclear size, suggesting that the extract is not considered as genotoxic
at the tested concentrations investigated in this study. However, there
was a slight difference in macronucleus formation between the UT
control cells and the different concentrations of M. capensis extract. The
positive controls, Etoposide and Griseofulvin induced DNA damage in
Vero cells and the DNA area (nuclear size) were significantly increased.
These results of Etoposide and Griseofulvin are expected as they have
been used for decades as classical DNA-damaging agents. To the best of
our knowledge, this is the first report of the evaluation of the genotoxic
effect of the M. capensis extract using the micronucleus assay. These
results are rather reassuring about the safety of the extract but should
be confirmed by further in-depth investigations.

FRAP assay

The FRAP assay measures the antioxidant potential in samples through
the reduction of ferric to ferrous iron by antioxidants present in the
sample [29]. To assess the antioxidant activity of M. capensis extract,
we investigate its reducing ability. The result of this assay shows that
the extract possessed considerable FRAP values in a concentration-
dependent manner (Fig. 4). At the maximum concentration tested in this
study (200 pg/ml), the extract displayed remarkable FRAP value which
was higher compared to the UT control. In addition, Trolox, (positive
control), demonstrated better ferric reducing capacity than both the
extract and UT control. However, several lines of studies have indicated
that the ability of a compound to convert ferric iron into ferrous is a
form of a good indicator of antioxidant potential [30,31]. This ferric
reducing capacity of a compound has been attributed to the presence
of bioactive components in the plant extracts. This observation is also in
accordance with Jagadish et al. [32] who reported a strong relationship
between bioactive components and antioxidant activity. Therefore, it
is reasonable to suggest that the higher FRAP values exhibited by the
understudy extract might be a combination of the role played by the
different groups of bioactive components. Interestingly, the reducing
ability of the understudy extract does correlate with the results obtained
for reduction of ROS levels in MRHF cells, therefore suggests that the
extract may be considered as a sustainable source of antioxidants to
supplement the endogenous oxidative stress defense system in humans.

CONCLUSION

The present study revealed that methanol extract of M. capensis showed
a maximum amount of bioactive components as confirmed by the
GC/ MS study along with tremendous antioxidant activities as shown by
FRAP and reduction of ROS levels in MRHF cells. However, the extract
also demonstrated no meaningful cytotoxicity and genotoxic effects
which further support the safe use of the plant for human consumption
but should be confirmed by further in-depth investigations. These
results would positively help to discover M. capensis roots for potential
use in eradicating skin and oxidative stress-related diseases.
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