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ABSTRACT

Health benefits of lady finger were explored in this study by which the ethanol extract from the
seeds was utilized for testing. In high glucose (350 mmole/L) medium, the proliferative activity of
C2C12 cells was inferior, but their viability was improved following treated with the extract. The
activities of antioxidant enzymes, superoxide dismutase (SOD) and catalase (CAT), were also en-
hanced. In response to such high glucose concentration, glucose uptake ability of these cells was
compromised. The extract was demonstrated to increase the ability of glucose uptake by approxi-
mately equal to the effect of 200 nmole/L insulin. High intracellular reactive oxygen species (ROS)
of RBM-MCS cells grown in high glucose containing medium was elicited. The level of ROS was
reduced when the cells were cultured in contact with the extract. L929 cells were made inflamma-
tion and oxidative stress by incubating with 37.5 pmole/L DPPH for 30 min. The release of tumor
necrosis factor-o (TNF-a) and interleukin 6 (IL-6) from these inflamed cells was inhibited by such
treatment. Thus, lady finger might be advantageous in the protection of cells in the body that would
be damaged or being susceptible to hyperglycemia and diabetes.

Keywords: Lady finger, Polyphenols, Healthy diet, Nutrient, Obesity, Chronic inflammation, Met-
abolic disease
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Introduction

Consumption of healthy diets throughout the life-course
helps prevent malnutrition and a range of non-communicable
diseases (NCDs), such as obesity, diabetes, heart disease,
stroke, and cancer. Rapid urbanization changes lifestyles and
shift dietary patterns. Having more foods high in energy, fats,
free sugars, salt, and sodium, but insufficient of fruit, vegeta-
bles, and whole grains, are major epidemic factors of NCDs
("Healthy diet," 2018). A healthy dietary set can be varied
depending on individuals and is influenced by both social and
economic factors. Indeed, the basic principle of what consti-
tutes a healthy diet is the same and requires a variety of dif-
ferent foods, since no single food contains all the essential
nutrients the body needs to stay healthy and work properly
("A healthy, balanced diet," 2016). A healthy diet will pro-
vide the right amount of energy to maintain energy balance,
which is where the calories taken in from the diet are equal to
the calories used by the body. For adults, total fat should not
exceed 30% of total energy intake with saturated fats of less
than 10% and trans-fats of less than 1%, less than 10% of free
sugars, less than 5 g per day of salt, and at least five portions
of fruit and vegetables per day ("Healthy diet," 2018). Excess
calories intake is stored as fat, and obesity is the consequence
due to chronic energy imbalance. An association between an
unhealthy lifestyle and obesity has been obvious. Obesity
changes the body physiological responses through cytokines
and pro-inflammatory factors produced by adipocytes, which
involve low-grade inflammation. When continuously exist-
ing, the inflammation becomes chronic and influences other
systems by altering their functions to cause different degen-
erative diseases (Castro et al., 2017). Therefore, nutritional
approach is implicated as an effective tool to manage obesity
and obese-associated indisposition. In this study, lady finger,
which is a plant with the scientific name Abelmoschus escu-
lentus (L.) Moench of the family Malvaceae was chosen for
evaluation of health beneficial effects. The selection criteria
were that the plant is naturalized in the world’s tropical and
subtropical areas and its edible fruits are popular for con-
sumption. The fruits are rich in vitamins A, C, and K, poly-
phenols, protein, and fiber. Accordingly, serious diseases
such as cancers, diabetes, chronic inflammation, as well as
heart and brain malfunction are expected to improve when the
fruits of lady finger are regularly consumed (Ware, 2019). In
this work, seeds of lady finger were extracted by using etha-
nol and examined for optimistic activities, including anti-ox-
idation, anti-inflammation, inductive proliferation, and bene-
ficial properties of increasing glucose uptake and utilization
by muscle cells. Results may assist the daily consumption of
lady finger for proper health and prevention/delay the onset
of NCDs.

Materials and Methods

Materials

Cell lines of 1.929 mouse fibroblast (CRL-6364"), PC12 rat
adrenal gland (CRL-1721™), and C2C12 mouse myoblast
(CRL-1772™) were bought from American Type Culture Col-
lection-Cell lines (ATCC). RBM-MSCs (rat bone marrow de-
rived mesenchymal stem cells) were kindly obtained from au-
thors of the previous study (Wongwitwichot and Kaews-
richan, 2017). RPMI 1640 medium, Dulbecco's modified ea-
gle's medium (DMEM), fetal bovine serum (FBS), penicil-
lin/streptomycin, Dulbecco's phosphate buffered saline
(DPBS) and trypsin ethylenediamine tetraacetic acid (EDTA)
were purchased from Gibco™. APO-BrdU™ TUNEL Assay
Kit was obtained from Molecular Probes, Inc. Superoxide
Dismutase Activity Assay Kit (Colorimetric) was from
Abcam®. Catalase Activity Colorimetric/Fluorometric Assay
Kit was acquired from BioVision, Inc. Mouse TNF-alpha
Quantikine ELISA Kit and Mouse IL-6 Quantikine ELISA
Kit were purchased from R&D System (MN, USA). Tetrazo-
lium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was from Hi Media Labs (Mumbai, In-
dia).  2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-
Deoxyglucose, (2-NBDG), was bought from Thermo Fisher
Scientific (MA, USA). Folin-Ciocalteu reagent, gallic acid,
ascorbic acid, sodium acetate, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2/,7-dichlorodihydrofluorescein diacetate (DCFH-
DA), 2,4,6-tripyridyl-striazine (TPTZ), FeCls, L-dopa, and
mushroom tyrosinase were acquired from Sigma Aldrich
(Darmstadt, Germany). Absolute ethanol was purchased from
Loba Chemie (Mumbai, India). Other chemicals were of an-
alytical grade and bought from Merck (NJ, USA).

Seed Extract Preparation

Fruits of lady finger were bought from a farm in Nakhon-
pathom province, Thailand. Seeds of the fruit were collected
and completely dried in a hot-air oven at 60°C. Ethanol was
used as a solvent for extraction of dried seeds using a solid:
liquid ratio of 1:2. The seed sample was soaked in ethanol
overnight at room temperature in close container with regu-
larly shaking. The extract was filtered through a bruckner
funnel and concentrated on a water bath at 60°C for 2 h. The
extracted residue was reconstituted in ethanol and stored at
4°C until analysis.

Cell Culture

The cell lines of L929 and C2C12 and RBM-MSCs were rou-
tinely grown in DMEM medium, whereas RPMI 1640 was
used for growing PC12 cells. To prepare a complete medium,
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each medium was supplemented with 10% fetal bovine se-
rum, 100 U/mL penicillin, and 100 pg/mL streptomycin. The
cells were routinely cultured in a 5% CO, incubator at 37°C
and sub-cultured every 3 days.

Cytotoxic Test

The extract was tested for cytotoxicity by using MTT assay.
Briefly, cells of 80% confluence were incubated with varying
concentrations of a sample for 24 h. The supernatant was
withdrawn and replaced by excess MTT reagent (5 mg/mL in
PBS). The cells were continually incubated for 4 h at 37°C in
the dark before the reagent was removed. DMSO of 150 uL
was then added to each well for dissolving the formazan prod-
uct, and the ODs7o was measured by using a microplate reader
(SPECTROstar Nano, BMG LABTECH, Germany).

Total Phenolic Content (TPC) and Antioxidant Activity

The Folin-Ciocalteu method was used for determination of
TPC (Azlim Almey et al., 2010). Briefly, fifty micro litter of
sample was added in a tube containing 375 uL of ten-fold
diluted Folin-Ciocalteu reagent. After thoroughly mixed for
5 min, 375 pL of 6% w/v sodium carbonate solution was
added, mixed, and incubated at room temperature for 90 min.
Then, the OD7,5 was measured by using a microplate reader.
Gallic acid was a standard. Its calibration curve was con-
structed by using a concentration range of 0.01-0.10 mg/mL.
Data were calculated and expressed as mg/mL gallic acid
equivalent.

Antioxidant activity of the extract was determined by two
methods, e.g., DPPH and FRAP (Ferric Reducing Antioxi-
dant Power), respectively. For DPPH assay, the method of
Alama et al. was performed with some modifications (Alam
et al., 2017). In brief, forty micro litter of sample was added
to 160 puL of 0.1 umole/L DPPH (2,2-diphenyl-1-picrylhy-
drazyl) solution in a well of 96-wells plate and incubated in
the dark at room temperature for 30 min. Then, the OD515
was measured using a microplate reader. A calibration curve
of trolox at concentrations ranging between 0 and 500
umole/L was plotted. Data were expressed as umole/L trolox
equivalent. In analysis of FRAP activity (Rehakova et al.,
2014), three solutions were prepared, e.g., 300 mmole/L ace-
tate buffer pH 3.6; 10 mmole/L of TPTZ in 40 mmole/L HCI;
and 20 mmole/L of FeCl3. FRAP reagent was freshly pre-
pared by mixing 25 mL of acetate buffer, 2.5 mL of TPTZ
solution and 2.5 mL of FeCls. The FRAP reagent of 750 uL
and a sample of 25 L were mixed and incubated in the dark
for 10 min. After that the OD593 was measured using a mi-
croplate reader. In compared to known concentration of
FeCl,, results were calculated and expressed as pmole/mL
Fe?" equivalent.
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Proliferation Assay

Cells of 5x10* cells/mL in complete medium were seeded in
a 6-wells plate and cultured to nearly 100% confluent in a 5%
CO; incubator at 37 °C. Then, the growing cells were starved
overnight in serum-free medium, and incubated in medium
supplemented with 37.5 umole/L. DPPH for 30 min by which
cellular oxidative stress was established. A linear scratch was
created on a well by using a sterile pipette tip. Any debris was
removed by gentle washing with phosphate buffer saline
(PBS) solution, followed by incubation in medium supple-
mented with the extract for 2 days. Photography was carried
out on each day and the image J software was used for meas-
uring the scratch distance closure. The percentage (%) of dis-
tance closure was calculated by using an equation below.

% Distance closure =

Distance of the scratch on day 0 — Distance of the scratch on day 1 or 2

Distance of the scratch on day 0

Apoptotic Activity Assay

The terminal deoxynucleotidyl transferase (TdT) dUTP nick-
end labelling (TUNEL) assay was utilized for detection of
apoptotic cells as induced by test compounds by using APO-
BrdU™ TUNEL Assay Kit according to the manufacturer’s
recommendations. Cells of 60-70% confluence were chal-
lenged with 350 mmole/L glucose with or without the addi-
tion of the extract for 72 h. After that the cells were collected
and apoptotic determination was performed by using flow cy-
tometer (CytoFLEX S, Beckman Coulter, CA, USA).

Activity of Antioxidant Enzymes

The previously challenged cells were collected by centrifuga-
tion (1500xg, 15 min), and lysed by sonication in a specified
buffer. The supernatant was collected by centrifugation at
12000xg at 4°C for 10 min and measured for enzyme activity.
Controls were cells grown in serum free medium without any
challenges.

1. Superoxide dismutase (SOD) activity

SOD activity was determined by using Superoxide Dismutase
Activity Assay Kit. Results were calculated by comparing
with that of controls and represented as fold increase.

2. Catalase (CAT) activity

CAT activity was measured using Catalase Activity Colori-
metric/ Fluorometric Assay Kit. The enzyme activity was re-
ported as mU/mL. One unit of catalase is the amount of CAT
able to decompose 1.0 umole of H,O» per min at pH 4.5 at
25°C.
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Tumor Necrosis Factor-a (TNF-o) and Interleukin 6 (IL-6)
Inhibition

The activities of TNF-a and IL-6 in culture supernatant were
determined based on ELISA technique. Briefly, a monoclonal
antibody specific for either mouse TNF-a or mouse [L-6 was
pre-coated onto a microplate. Standards, control, and samples
were separately pipetted into the wells, and either TNF-a or
IL-6 present was bound by the immobilized antibody. After
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific for mouse TNF-a or IL-6 was
added to the wells. Following a wash to remove any unbound
antibody-enzyme reagent, a substrate solution was added to
the wells. The enzyme reaction yielded a blue product that
turns yellow when the Stop Solution was added. The intensity
of the formed colour was proportional to the amount of TNF-
o or IL-6 bound in the initial step. The sample values were
read off by comparing to the standard curve, calculated, and
reported as the percentage (%) of inhibition.

Glucose Uptake

C2C12 cells were determined for glucose uptake activity. The
cells of 80% confluence were starved in serum free medium
for 24 h and incubated with the extract for 24 h. A fluorescent
glucose analogue, 2-NBDG, was inoculated into culture me-
dium to a final concentration of 180 umole/L, which was used
to replace the old medium. The treated cells were incubated
in a CO; incubator for 30 min following such replacement,
collected by centrifugation (1500xg, 15 min), and subjected
to flow cytometric analysis. Control cells were incubated in
medium supplemented with 200 nmole/L insulin for 30 min
before the addition of the fluorescent dye.

Intracellular Reactive Oxygen Species (ROS)

RBM-MSCs were cultured in medium supplemented with the
extract for 24 h before the old medium was replaced by a new
medium that contained 10 umole/L DCFH-DA. These cells
were incubated further for 1 h, washed with PBS, incubated
in medium supplemented with 150 pmole/L H,O, for 4 h, and
then observed under a fluorescence microscope (OLYMPUS
BX61).

Statistical Analysis

All experiments were done in triplicate. Data were presented
as mean =+ standard deviation (S.D.). One-way ANOVA was
used, and p<0.05 was considered significant of the results.

Results and Discussion

Previously, the extract from seeds of lady finger was demon-
strated to contain polyphenols, tannin, flavonoids, terpenoids,
saponins, long chain fatty acids, and glutathione (Manee and
Kaewsrichan, 2017). In the present work, data of TPC, and

antioxidant activity regarding DPPH and FRAP assays were
additionally reported. The TPC was equivalent to 9.2 mg gal-
lic acid/mL. The DPPH radical scavenging activity and
FRAP were of 700 pmole/mL trolox equivalent and 340
umole/mL Fe2+ equivalent, respectively. It is interesting in
this study to investigate health benefits of lady finger when
regularly consumed as a vegetable.

Testing for cytotoxicity of the extract was priory performed
by using MTT assay, and the cell viability of not less than
80% would be indicated as safe. Data corresponding to this
cytotoxic test on 1929 fibroblastic cells should be referred to
those of our previous study (Manee and Kaewsrichan, 2017).
Three different cell types, including C2C12 muscle cells,
PC12 adrenal cells, and RBM-MSCs bone stem cells that as-
sociated to this work were recently tested. Results showed
that C2C12 and PC12 cells could tolerate to a concentration
range of 1.25-2.5 mg/mL extract, while the viability of RBM-
MSC:s cells was observed at a lower concentration range of
0.5-1.25 mg/mL extract. In accordance, each maximal con-
centration level will be used for treating the respective cells
in next experiments, i.e., 2.5 mg/mL for C2C12 and PC12
cells, and 1.25 mg/mL for RBM-MSC:s cells.

C2C12 cells were cultured in medium supplemented with 350
mmole/L glucose to mimic the main pathological condition
of diabetes mellitus (Newsholme et al., 2007). Such hyperos-
motic medium induced cell death by approximately 36.92
+0.90%, as determined by TUNEL assay. After treating with
the extract of 2.5 mg/mL, the number of dead cells was sig-
nificantly decreased to 24.55 +£0.48%. Thus, those injured
cells were possibly rescued by the extract, becoming healthy
cells which can grow and proliferate. Commonly, diabetes
patients may suffer from muscle weakness of the lower limbs,
which increases the risk of falling (Woodfield, 2016). There-
fore, sufficient consumption of lady finger may be a way for
increasing healthy muscle cells, which leads to improved
muscle mass and strength. However, deep investigation on
mechanisms underlining such muscular effect is awaited to
discover. In contrast to C2C12 cells, the proliferative capac-
ity of glucose-treated PC12 cells was not improved by such
treatment. These cells seemed to be more vulnerable to glu-
cose toxicity than the muscle cells described above. Regard-
ing the physiology, adrenal cells function in synthesis and se-
cretion of glucocorticoids, mineralocorticoids, and andro-
genic steroids, which are strictly controlled by corticotrophin-
releasing hormone of hypothalamus and adrenocorticotrophic
hormone of anterior pituitary gland, respectively. Cortisol is
the major glucocorticoid in human. To our knowledge, alter-
ation of circulating cortisol has dramatic effects on the body
by increasing appetite, promoting triglyceride accumulation,
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and obesity (Lucassen and Cizza, 2012). Therefore, plant ex-
tracts capable in protection of adrenal cells death are re-
quested to research.

Free radicals and reactive species, especially super oxide an-
ion (Oy), are constantly generated by the normal body me-
tabolisms through mitochondrial energy production pathway.
Cellular oxidative stress may occur when the level of oxidant
species exceeds that of antioxidants and be implicated in the
incidence and progression of several health problems and
chronic diseases (Giustarini et al., 2009). SOD, CAT, and
glutathione peroxidase (GPX) act promptly against free radi-
cals to protect vital macromolecules and body tissues
(Ighodaro and Akinloye, 2018). Determination of SOD and
CAT activities before and after treating with 2.5 mg/mL ex-
tract was consequently carried out. The SOD activity of
C2C12 cells cultured in 350 mmole/L glucose supplemented
medium was 1.59-fold compared to the control, and was
slightly increased to 1.80-fold after treatment. For PC12 cells,
the SOD activity in the present of such high glucose concen-
tration was 11.34-fold compared to the control, but decreased
to 2.24-fold by such challenge. Results indicated that the cir-
cumstance of high glucose was very toxic to PC12 cells com-
pared to C2C12 cells. It also seemed that PC12 cells were
more sensitive to the extract treatment by increasing SOD
production than C2C12 cells. The CAT activity of C2C12
cells cultured in glucose containing medium was accountable
to be 23.79 mU/mL and was significantly decreased to 17.04
mU/mL after treatment. For non-challenging, non-treating
C2C12 cells (control), the enzyme activity was 3.42 mU/mL.
In contrast, the CAT activity was not detected for PC12 cells.
To limit the oxidative stress of high glucose, C2C12 cells
were thus simply challenged by the extract for increased pro-
duction of the CAT enzyme. Instead, PC12 cells trended to
die when in contact with the non-favorable environment due
to the scant of CAT activity.

L929 cells that made oxidative stress by culturing in medium
containing 37.5 pmole/L DPPH for 30 min were investigated
for proliferative activity after treatment with the extract for 2
days. Results showed that the distance closure of the
scratched lines was improved by approximately 55% and
84% on day 1 and day 2 of the treatment, respectively. In ad-
dition, the extract demonstrated inhibitory activity on the re-
leased TNF-a and IL-6 by about 40.5% and 86.3%, after 2
days of incubation. Therefore, the extract might help recovery
of the injured cells to become healthier, which could begin
proliferation and growth. Inhibition of TNF-a and IL-6 activ-
ity by the extract might be suggested as a role for mending
the distorted cells. There is an agreement in that prolonged
inflammation and increased oxidative stress impair healing in
diabetes (Kant et al., 2014). Focusing on beneficial effects by
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increasing SOD and CAT activity and decreasing TNF-o and
IL-6 activity, the extract might be implicated for ameliorating
damaged cells, tissues, and organs affected by diabetes.

Hyperglycaemic condition can induce skeletal muscle to be
resistant to insulin, resulting in lowered glucose uptake
(Shannon et al., 2018). Then, C2C12 cells were determined
for glucose uptake ability in response to the elevated glucose
concentration in culture medium and the present of the ex-
tract. 2-NBDG is a fluorescent glucose analogue, which is
used for monitoring glucose uptake in live cells. In this study,
the percentage (%) of cells being fluorescent as 2-NBDG was
taken up was analysed by flow cytometry. Results showed
that glucose uptake activity of C2C12 cells was promoted fol-
lowing treated with the extract in compared to the untreated
control. The acquired fluorescent signal was equivalent to
those challenged by 200 nmole/L insulin. Consequently, the
extract seemed to be advantageous for improving hypergly-
cemic condition by increasing glucose uptake and reducing
glucose tolerance. Several mechanisms regarding glucose up-
take amelioration have been reported, such as activation of
Peroxisome Proliferator-Activated Receptors (PPARs) (Du-
bois et al., 2017), and upregulation of adiponectin receptor
(Kim and Park, 2019). To this context, mechanisms underlin-
ing the improvement of glucose uptake by the extract in
C2C12 cells are being investigated.

High blood glucose concentrations can cause injury of a large
number of tissues and organs. Although most cells can adapt
the rate of glucose influx under hyperglycaemic condition to
protect their intracellular milieu, some cells such as beta cells,
neuronal cells, and endothelial cells, do not have such adap-
tive mechanism. These cells are thus more susceptible to ox-
idative stress caused by hyperglycaemia than others
(Marcovecchio, 2017). RBM-MSCs were chosen for measur-
ing intracellular oxidative stress in response to high glucose
concentrations, because this cell type is of mesenchymal
origin and responsible in forming muscle, and lymphatic and
blood vessels, and would be used in estimating hyperglycae-
mic effect on endothelial cells (Bianco et al., 2008). DCFH-
DA is a nonpolar dye. Following taken up into cytoplasm, it
is converted into DCFH by cellular esterase, which is nonflu-
orescent. DCFH is switched to highly fluorescent DCF when
oxidized by intracellular ROS and other peroxides. There-
fore, if intracellular ROS is generated, the images of green
fluorescent cells will be obtained from a fluorescence micro-
scope using 295, 320 or 395 nm cut-off filters (Rastogi et al.,
2010). Results indicated that the green fluorescent intensity
of the treated cells was lower than that of the untreated cells
(Figure 1), suggesting that the extract presented antioxidant
activity.
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Figure 1.The fluorescence signal of DCFH-DA up taken by RBM-MSC cells. The cells were induced by 150 umole/L H,O;
for 4 h. a, control (without treatment); b, treated with 1.25 mg/mL extract; c, treated with 2.5 mg/mL extract
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Conclusion

It was concluded that the extract from seeds of lady finger
displayed antioxidant and anti-inflammatory activities, as
well as properties for fitting cells, promoting proliferation,
and improving glucose uptake and insulin resistance. Thus,
when regularly consumed as a vegetable, lady finger would
be advantageous in management hyperglycaemia and diabe-
tes.
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