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Objectives: Accumulation of cellular reactive oxygen species (ROS) leads to oxidative
stress. Increased production of ROS, such as superoxide anion, or a deficiency in their
clearance by antioxidant defences, mediates cellular pathology. Grewia Spp fruits are a
source of bioactive compounds and have notable antioxidant activity. Although the antioxidant capacity of Grewia Spp has been studied, there is very limited evidence that links
the antioxidant activities of Grewia bicolor and Grewia flava to the inhibition of free radical
formation associated with damage in biological systems.
Methods: This study evaluated the protective effects of Grewia bicolor and Grewia flava
extracts against free radical-induced oxidative stress and the resulting cytotoxicity effect
using HeLa cells. Antioxidant properties determined using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and total phenolic content (TPC) assays showed significantly higher (p < 0.05)
antioxidant activity in Grewia flava (ethanol extract) than Grewia flava (water extract) and
Grewia bicolor (ethanol and water extracts).
Results: Using 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide or MTT assay,
cytotoxicity results showed that extracts of Grewia bicolor and Grewia flava were less toxic
to HeLa cells at tested concentrations compared to the untreated control. This confirmed
the low toxicity of these edible fruits at the tested concentrations in HeLa cells. Furthermore, hydrogen peroxide (H2O2)-induced cell loss was effectively reduced by pre-incubating
HeLa cells with Grewia bicolor and Grewia flava extracts, with Grewia flava (ethanol extract) revealing better protection.
Conclusion: The effect was speculated to be associated with the higher antioxidant activity of Grewia flava (ethanol extract). Additional studies will warrant confirmation of the
mechanism of action of such effects.
Keywords: cytoprotective, reactive oxygen species, antioxidant, grewia bicolor , cytotoxicity,
grewia flava

INTRODUCTION
Reactive oxygen species (ROS) have been shown to be central during the pathogenesis of several diseases including diabetes mellitus [1], aging [2] and Alzheimer’s disease [3]. Normal
metabolism usually leads to the formation of ROS such as superoxide and hydroxyl radicals. Hydrogen peroxide and peroxyl
radicals are removed by the cellular antioxidant defense system

[4, 5]. Increased levels of these highly reactive and unstable
molecules, however, may overwhelm the antioxidant defense
mechanism and cause damage to cellular lipids, proteins, and
nucleic acids hence impairing cell metabolism that ultimately
results in cell death [6-8]. Various diseases and disorders have
been thought to be caused by this cumulative oxidative damage
which causes changes in biochemical and physiological development of the cell [5]. Therefore, antioxidants, which can neu-
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tralize free radicals, may be of central importance in combating
the prevalence of this disease state [9]. Dietary antioxidants
from natural sources such as fruits and vegetables are of interest
as increased dietary intake of these agents may lead to protection against free radical-induced diseases [10, 11].
Medicinal plants have been shown to be non-toxic and
harmless due to their origin and long usage as traditional medicine that treat several diseases [12, 13]. Previous research on
the efficacy and safety of some medicinal plants has shown that
there can be a concentration of phytochemicals that have cytotoxic, genotoxic and carcinogenic effects when these plants are
used chronically [14]. The flowering plant genus Grewia is from
the family Malvaceae , comprising of approximately 400 species
that are widely distributed in sub-tropical and tropical regions
[15, 16]. Previously, studies have reported the use of a number
of species of the genus Grewia as medicinal agents that can treat
inflammation, diabetes, ulcerative colitis, and diarrhoea [17].
Some Grewia species are used traditionally as antioxidants that
possess sufficient antioxidant activity to inhibit cellular damage
and disease [18]. Several Grewia species also have high levels
of total phenolic content, flavonoids, tannins, and anthocyanins [19, 20]. However, there are limited studies focusing on
the antioxidant activities of Grewia flava and Grewia bicolor .
Therefore, we hypothesis that Grewia flava and Grewia bicolor
can inhibit cellular damage and disease through their potential
antioxidant activity. The aim of our study was to evaluate the
possible antioxidant activity of Grewia flava and Grewia bicolor
using biochemical and in vitro tests, as well as their effect on
the viability of HeLa cells under induced cytotoxicity.

MATERIALS AND METHODS
1. Materials
Ethanol and methanol were purchased from Fisher Scientific
(USA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferulic acid,
Folin-Ciocalteu’s phenol reagent and gallic acid standards were
purchased from Sigma-Aldrich (USA). Dimethyl sulfoxide
(DMSO), 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide (MTT), fetal bovine serum (FBS), Dulbecco’s modified
Eagle’s medium (DMEM), Dulbecco’s phosphate buffered saline
(PBS), penicillin/streptomycin (P/S) and Trypsin 0.05% were
purchased from Thermo Scientific (USA). HeLa cells (ATCC
CCL-2) were a gift from Dr. David Nkwe of the Department of
Biological Sciences and Biotechnology, Botswana International

University of Science and Technology in Botswana.

2. Plant materials
Berries from edible Grewia flava and Grewia bicolor were
collected from the Tswapong area in the Central District, Botswana. Grewia flava and Grewia bicolor were hand separated
to get the peel for use throughout the study.

3. Sample preparation
For extraction, 700-1,000 mg of peels of the berries were
macerated in 10 mL of deionized water or ethanol-water (60:40,
v/v) using mortar and pestle. They were then transferred to
polyester centrifuge tubes. The tubes were vigorously shaken
for 30 min on an orbital shaker and then centrifuged at 15,000
g for 10 min. The resulting supernatant was collected. This was
repeated thrice, and the solvent was evaporated under nitrogen gas in a fume hood at room temperature to produce dried
pallet. Samples for biochemical assay were reconstituted with
10 mL ethanol. While samples for cell culture assay were reconstituted with PBS. The ethanol extracted samples were first
dissolved in 1 mL of DMSO. Then, 9 mL of PBS was added to
make a total volume to 10 mL. All the samples for cell culture
assay were filtered with sterile Whatman filters (0.45 µm).

4. Biochemical model
1) Total phenolic content determination
Total phenolic content (TPC) in Grewia color and Grewia
flava peel extracts was determined following modifications of
the Folin-Ciocalteu method [21]. The Folin-Ciocalteu method
is an electron transfer based assay that gives reducing capacity
which is expressed as phenolic content. In brief, Folin-Ciocalteu’s phenol reagent was diluted 10 times and 0.2 mL of diluted
peel extracts were added to 1.5 mL of the Folin-Ciocalteu’s
phenol reagent. This was followed by the addition of 1.5 mL of
sodium carbonate solution (60 g/L) to the mixture. The mixture
was incubated in the dark at room temperature (24 ± 1℃) for
90 min. Absorbance was recorded at 725 nm with a spectrophotometer against a methanol blank and a ferulic acid (0 to
200 µg/mL) standard. Results were expressed as milligrams of
ferulic acid equivalent (FAE) per gram of sample (mg FAE/g
sample). All analyses were conducted in triplicates.
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2) Antioxidant activity evaluation by DPPH radical
scavenging capacity assay
Antioxidant activity was evaluated using 2,2-diphenyl1-picrylhydrazyl (DPPH) [22] with some modifications. Working DPPH solution (60 μM) was freshly prepared from DPPH
stock solution (300 μM). Then, 3.9 mL of the working solution
was reacted with peel extract (100 μL) and incubated for 30
min. Then, absorbance readings were taken at 515 nm against a
blank of methanol using spectrophotometer. The analyses were
conducted in triplicates. The gallic acid standard curve was
made from concentrations ranging from 0-300 µg/mL. DPPH
antioxidant activity was calculated as % DPPH radical scavenging activity as follows:
DPPH radical scavenging activity (%) =
(1 – [

Asample – Acontrol
Acontrol – Ablank

]) × 100

Where Acontrol is DPPH radical absorbance in methanol at 0
min, Asample is DPPH radical absorbance for the sample extract
or standard at 30 min. A % DPPH decolorization calibration
curve was used to quantify extracts antioxidant capacity. Gallic
equivalents (GE) per gram of wet samples was representative of
antioxidant capacity.
Gülçin et al. [23] explain that the DPPH assay utilizes the
susceptibility of DPPH in methanol to antioxidants which can
be either polar or non-polar. The radical scavenging activity of
antioxidants occurs through the donation hydrogen or the donation of electrons.

5. Cell culture assays
1) Cell line maintenance
The present study used human adenocarcinoma (HeLa cells)
to assess the in vitro effects of extracts in relation to cellular oxidation. HeLa cells were maintained and grown in DMEM with
essential supplements, including 10% FBS, to provide growth
promotion and 1% P/S to prevent bacterial contamination.
Cells were grown in T-25 flasks at 37℃ in a 5% CO2 humidified
incubator for optimal growth. In order to maintain normal cell
growth, growth medium was changed twice a week. At 85-95%
confluency, cells were passaged at a sub-cultivation ratio of 1:4.
2) Cytotoxicity activity
MTT assay was used to determine the cytotoxicity of various
concentrations of extracts and H2O2. HeLa cells were detached
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from T-25 flask at a density of 2 × 104 and were cultured in a
96-well plate (100 µL/well) and maintained at 37℃ with 5%
CO2 until confluent. After that, the medium in all wells was
aspirated. Hundred microliters of either extracts, control or
blank were loaded into appropriate wells with PBS used for the
control and blank wells. Plate was incubated for 4 h at room
temperature. After incubating for 4 h, 10 µL of MTT reagent
was added to all wells except the blank wells. The plate was
then incubated for 3 h at room temperature in the dark until
the intracellular punctate purple precipitate was visible under
the microscope. One hundred µL of detergent reagent was then
added to all wells except the blank wells. The plate was swirled
gently and incubated at 37℃ in a 5% CO2 humidified incubator
overnight. The absorbance reading was measured at 570 nm
using the spectrophotometer plate reader. Cytotoxicity was expressed as percentage cell viability and was determined by the
comparison of the absorbances of both treated and control cells.
Cell viability (%) = (absorbance of treatments) / (absorbance of
controls) × 100%. Analysis was done in triplicates.
3) H2O2-induced cellular oxidation
MTT assay was used to determine cytoprotection of extracts
against H2O2-induced oxidation. Specifically, HeLa cells were
cultured in a 96-well plate until they reached confluence. Then,
medium in all the wells was aspirated and 100 µL of different
concentrations of extracts (0.5, 2, 5, 10, 20, 35 mg/mL) were
added to appropriate sample wells, and PBS to the control and
blank wells. After incubation for 2 h, 10 µL of 100 mM H2O2
was added to the sample and H2O2 positive control wells. Cells
were incubated for another 4 h at room temperature. Then,
MTT reagent was added to all wells except the blank wells. The
plate was then incubated for 3 h at room temperature in the
dark or until the intracellular punctate purple precipitate was
visible under the microscope. Detergent reagent was then added to all wells except the blank wells. The plate was swirled gently and incubated at 37℃ in 5% CO2. The absorbance readings
were measured at 570 nm using the spectrophotometer plate
reader. The cytoprotective activity of extracts was represented
by cell viability (%). All analyses were done in triplicates.

6. Statistical analysis
Data collected was subjected to analysis of variance (ANOVA) by social survey research information (SSRI) statistical
software-excel statistics. Values were presented as means ±
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standard error (SE). Statistical significance of difference among
mean values was estimated at p < 0.05 according to one-way
ANOVA and Tukey-Kramer’s range test. Some data underwent
regression analysis, and the correlation coefficient was calculated.

RESULTS
1. Biochemical assays
1) Total phenolic content activity
Folin-Ciocalteu assay was used to determine TPC of extracts
from Grewia bicolor and Grewia flava by constructing a standard curve with ferulic acid (FA) which took into consideration
the relationship between absorbance and concentration. The
calibration curve generated from analysis of the standard (ferulic
acid) was linear with y = 0.005x + 0.0275; R2 = 0.9988.
Grewia flava was found to have the highest phenolic content
followed by the water extract (Grewia bicolor and Grewia flava ). Ethanol extract (Grewia bicolor ) showed the lowest content
(Fig. 1). The final TPC was expressed as millimolar of ferulic
acid equivalent per mg of Grewia bicolor and Grewia flava .

through the construction of a standard curve with Gallic acid
(GA), which took into consideration the relationship between
absorbance and concentration. A linear calibration curve was
produced from the analysis of gallic acid (standard) with y =
0.0007x + 0.246; R2 = 0.9975.
Grewia flava was shown to have the highest DPPH scavenging capacity followed by water extract (Grewia flava ) and ethanol extract (Grewia bicolor ). Water extract (Grewia bicolor )
showed the lowest scavenging capacity (Fig. 2). The final DPPH
scavenging capacity was expressed as micromolar of gallic acid
equivalent per mg of the Grewia bicolor and Grewia flava .

2. Cell culture assays

2) DPPH activity
Percentage scavenging effect of the extracts from Grewia
bicolor and Grewia flava were determined using DPPH assay

1) Cytotoxicity of hydrogen peroxide and extracts
The cytotoxicity assay confirms if the sample treatments
had a negative effect on the viability of cells. To determine the
cytotoxicity effect of hydrogen peroxide (H2O2), Grewia bicolor
and Grewia flava were evaluated with MTT cell viability assay.
Confluent cells were incubated with H2O2 concentrations of 0,
1, 5, 10, 50 and 100 mM that were prepared in PBS. An escalating concentration of H2O2 from 0 to 100 mM promoted the
increasing loss of HeLa cells. After 4 h of treatment with H2O2,
48-80% of cell viability was observed (Fig. 3). When Compared
to untreated control (the control = 100% viability) extracts were
not toxic to the cells (63-93% live cells; Fig. 4-7). To be consid-

Figure 1. The total phenolic content (mM ferulic acid equivalent) per
0.7 g of wet samples of ethanolic extract and water extracts of Grewia
flava and Grewia bicolor and standards by TPC method. Values are
mean ± standard error (n = 3). Significant differences among the
extracts are indicated by different letters (p < 0.05, Tukey-Kramer’s
range test).

Figure 2. DPPH scavenging activity (μM gallic acid equivalent) per
0.7 g of wet samples of ethanolic extract and water extracts of Grewia
flava and Grewia bicolor and standards by DPPH method. Values are
mean ± standard error (n = 3). Significant differences among the
extracts are indicated by different letters (p < 0.05, Tukey-Kramer’s
range test).
www.journal-jop.org
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Figure 3. Cytotoxicity induced by H2O2 at 1 to 100 mM in confluent
HeLa cells was measured by MTT assay. Untreated cells at 100% cell
viability were the control. Values are mean ± standard error (n = 3).
Significant differences among the concentrations are indicated by different letters (p < 0.05, Tukey-Kramer’s range test).

Figure 4. Cytotoxicity of Grewia bicolor extracts (water extracts) at 0
to 35 mg/mL in confluent HeLa cells determined by MTT assay. Untreated cells at 100% cell viability were the control. Values are mean
± standard error (n = 3). Significant differences among the concentrations are indicated by different letters (p < 0.05, Tukey-Kramer’s
range test).

ered toxic, an extract should be lethal to 50% of the organism
exposed to it during a toxic test. Based on toxicity levels, 2 and
10 mg/mL were selected to be tested on 100 mM of H2O2 to
stimulate oxidation.
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Figure 5. Cytotoxicity of Grewia bicolor extracts (ethanol, 60: water,
40 extracts) at 0 to 35 mg/mL in confluent HeLa cells determined by
MTT assay. Untreated cells at 100% cell viability were the control. Values are mean ± standard error (n = 3). Significant differences among
the concentrations are indicated by different letters (p < 0.05, TukeyKramer’s range test).

Figure 6. Cytotoxicity of Grewia flava extracts (water extracts) at 0
to 35 mg/mL in confluent HeLa cells determined by MTT assay. Untreated cells at 100% cell viability were the control. Values are mean
± standard error (n = 3). Significant differences among the concentrations are indicated by different letters (p < 0.05, Tukey-Kramer’s
range test).

2) Cytoprotective activity against H2O2
Using the findings of cytotoxicity testing, 2, and 10 mg/mL
of extracts were applied against 100 mM H2O2-induced oxida-
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Figure 7. Cytotoxicity of Grewia flava extracts (ethanol, 60: water, 40
extracts) at 0 to 35 mg/mL in confluent HeLa cells determined by
MTT assay. Untreated cells at 100% cell viability were the control. Values are mean ± standard error (n = 3). Significant differences among
the concentrations are indicated by different letters (p < 0.05, TukeyKramer’s range test).

Figure 8. Cytoprotective activity of Grewia bicolor extracts against
H2O2 induced oxidation (100 mM) in confluent HeLa cells measured
by MTT assay. Negative control were untreated cells at 100% cell
viability and positive control was treated cells with 100 mM H2O2. Values are mean ± standard error (n = 3). Significant differences among
the concentrations are indicated by different letters (p < 0.05, TukeyKramer’s range test).

tive damage in HeLa cells. Our results indicate that different
extracts and concentration affected cell viability differently. Cellular viability ranged from 68-86% (Fig. 8, 9). All extracts were
able to protect the cells from H2O2 initiated oxidation damage
except Grewia bicolor (10 mg/mL water extract) (Fig. 8). Ethanol extract showed better protection as compared to water extracts.

DISCUSSION
Free radicals are the major causes of oxidative stress related
disorders. Human diet comprising of bioactive compounds
from plants is reported to offer antioxidant protection against
oxidative stress-induced cellular damage associated with several
chronic diseases [24].
In this study, Grewia bicolor and Grewia flava were selected
to study their potential antioxidant protection ability and cytotoxicity activity. The study was performed using berries,
ethanol and water extracts. Antioxidants play an important
role in providing defence against oxidative damage because of
their property of scavenging radicals. Antioxidant activity was
determined by TPC and DPPH methods. TPC was determined
by Folin-Ciocalteu assay with the principle that the reaction

Figure 9. Cytoprotective activity of Grewia flava extracts against H2O2
induced oxidation (100 mM) in confluent HeLa cells measured by MTT
assay. Negative control were untreated cells at 100% cell viability and
positive control was treated cells with 100 mM H2O2. Values are mean
± standard error (n = 3). Significant differences among the concentrations are indicated by different letters (p < 0.05, Tukey-Kramer’s
range test).

between phenolic compounds and Folin-Ciocalteu reagent
produces a blue colored complex. The resulting color is proportional to the number of reacting phenolic hydroxyl group and
is quantified using a spectrophotometer [25]. In this study, TPC
www.journal-jop.org
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was estimated with ferulic acid as a standard and showed highest content with ethanol extract (Grewia flava ) followed by water extract (Grewia bicolor and Grewia flava ). Similar findings
were reported by other researchers that showed that ethanol
extracts possess significantly higher TPC content than water
and other solvents [26-28]. Surprisingly, the lowest TPC was
observed with ethanol extract (Grewia bicolor ). Further studies
are necessary to confirm this observation.
DPPH assay is used widely to evaluate antioxidant activity.
This method determines the activity of the sample against the
stable organic nitrogen radical DPPH [25]. The nitrogen radical
in DPPH is quenched by an antioxidant to yield a yellow color
complex [22]. Consistent with TPC, DPPH assay demonstrated
the highest DPPH free radical quenching activity with ethanol
extract (Grewia bicolor and Grewia flava ) followed by water extract (Grewia bicolor and Grewia flava ). Similar findings have
been reported showing that ethanol extracts possess significantly higher DPPH content than water and other solvents [2628].
Cytotoxicity assays measure the toxicity of a treatment on
the cells. Here, we evaluated the cytotoxic effects of peel extracts of Grewia bicolor and Grewia flava with MTT assay. The
water-soluble yellow colored MTT reagent decomposes to water insoluble purple formazan when incubated with live cells.
Dead cells do not have this ability. In this study, the effect of the
extracts on cell viability at concentrations from 0.5, 2, 5, 10, 20
and 35 mg/mL were tested on HeLa cells. The results show that
the extracts of Grewia bicolor and Grewia flava are less toxic
(high cell viability) on HeLa cells at the tested concentrations
when compared to the control. This confirms the safety of the
use of these edible plants.
Hydrogen peroxide is a reactive oxygen species which can
initiateradicals that can destroy certain biological molecules,
cause cellular damage and lead to pathogenesis [29]. H2O2experiments are important in the study of antioxidants. In this
study, all extracts were able to protect the cells from H2O2induced oxidation damage except Grewia bicolor (10 mg/mL
water extract). According to Elisa & Kitts [30], reduction of
human cell viability induced by H2O2 is in part to apoptosis
activated by H2O2. Due to thermal decomposition, H2O2 lead to
the production of peroxyl radicals in cells in culture. As these
peroxyl radicals accumulate intracellularly, there is promotion
of lipid peroxidation, cell membrane damage also occurs, and
ultimately cell apoptosis occurs [31]. In the present study, specific concentrations of extract showed effectiveness in reduc-
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ing cell loss due to the effect of H2O2. Therefore, our findings
suggest that ethanol extracts (Grewia bicolor and Grewia flava )
may function as free radical cleaners that promote cell viability
by reducing ROS and preventing the formation of apoptotic
cells caused by H2O2 oxidation.

CONCLUSION
Our study has shown that indigenous edible plants Grewia
bicolor and Grewia flava are non-toxic at the tested concentrations. Furthermore, our results indicate that ethanol extract
of Grewia flava has strong cytoprotective effect against H2O2initiated loss of cell viability which can be attributed to the high
antioxidant activity of this extract.
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