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Abstract: Abelmoschus esculentus L. Moench (okra) is a commonly consumed vegetable that consists of
the seeds and peel component which are rich in polyphenolic compounds. The aim of this study is to
utilize pressurized hot water extraction (PHWE) for the extraction of bioactive phytochemicals from
different parts of okra. A single step PHWE was performed at various temperatures (60 ◦C, 80 ◦C,
100 ◦C and 120 ◦C) to determine which extraction temperature exhibits the optimum phytochemical
profile, antioxidant and antidiabetic activities. The optimum temperature for PHWE extraction
was determined at 80 ◦C and the biological activities of the different parts of okra (Inner Skin,
Outer Skin and Seeds) were characterized using antioxidant (DPPH and ABTS), α-glucosidase and
vasoprotective assays. Using PHWE, the different parts of okra displayed distinct phytochemical
profiles, which consist of primarily polyphenolic compounds. The okra Seeds were shown to have the
most antioxidant capacity and antidiabetic effects compared to other okra parts, likely to be attributed
to their higher levels of polyphenolic compounds. Similarly, okra Seeds also reduced vascular
inflammation by downregulating TNFα-stimulated VCAM-1 and SELE expression. Furthermore,
metabolite profiling by LC/MS also provided evidence of the cytoprotective effect of okra Seeds in
endothelial cells. Therefore, the use of PHWE may be an alternative approach for the environmentally
friendly extraction and evaluation of plant extracts for functional food applications.

Keywords: Abelmoschus esculentus; pressurized hot water extraction; principal component analysis;
antioxidant; cytoprotective

1. Introduction

Abelmoschus esculentus L. Moench, more commonly known as okra or lady’s finger is a
flowering plant belonging to the Malvaceae family. It is an economical and important folk-
lore medicine crop that was discovered in Ethiopia in the 12th century B.C. [1,2]. Each A.
esculentus plant produces one pod, which has a light fuzz on the outer surface and contains
many dark-coloured seeds in the interior of the plant [2]. Okra is a commonly consumed
vegetable rich in carbohydrates, fibers, proteins and natural antioxidants [3–5]. It consists
of the seeds and peel component, which are rich in polyphenolic compounds known
to be the main bioactive components in the okra plant [3–5]. Specifically, polyphenolic
compounds such as quercetin, isoquercetin, rutin, quercetin-3-O-gentibioside, hydroxycin-
namic derivatives and catechin derivatives are present in okra [3,5]. Hence, okra extract
may be developed into innovative products and alternative end-uses in the food and nu-
traceutical industries. The products may include functional foods with potent antioxidant
and bioactive properties to promote health well-being [6,7].

Polyphenolic compounds such as flavonoids are well-regarded for their pleiotropic
biological activities including antioxidant and vasoprotective actions [8]. Indeed, total
polyphenolic extracts from okra Seeds is protective against oxidative stress-induced dam-
age to rat liver cells [9]. Furthermore, okra extracts ingestion also reduces lipid peroxidation;
augment the levels of catalase, glutathione peroxidase, and superoxide dismutase, and
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decreased glutathione in diabetes [10], which is a chronic disease manifested with increased
oxidative stress-induced organ damage [11–14]. Generally, extraction yield and the biologi-
cal activities of polyphenolic profile of the product is highly dependent on the extraction
techniques, which have great effects on the utilization of polyphenolic compounds for
functional food and pharmaceutical purposes [15,16]. Whilst there are several extraction
techniques available for the extraction of functional food products, each extraction methods
has its own advantages and limitations when the extraction efficiency, cost, convenience,
time consumption and environmental impact is considered. Although the physiochemical
characteristics, antioxidant activities and biological effects of okra have been reported, it
is important to highlight that most of these studies used organic solvents (methanol or
ethanol) to extract polyphenolic compounds from okra [4,6,7,9,17]. Extraction method that
used more organic solvents will require proper waste disposal and solvent removal from
the end product. In addition, toxic solvent such as benzene may arise from another solvent,
for example, toluene or acetone where benzene is a known process impurity [18]. Therefore,
utilization of solvent-free extraction technique will be a critical step that can greatly affect
the end product without compromising on the biological effects of the functional food
product [19,20].

Modern extraction techniques such as supercritical fluid extraction (SFE), pressurized
hot water extraction (PHWE) and others have become more widely accepted for the
solvent-less extraction of biologically active phytochemical compounds from various plant
and food sources [19,20]. Despite the differences between using solvent and solvent-less
extraction techniques, several earlier studies have shown that the chemical profile and
biological activities of the botanicals extracted using these two methods are comparable.
Taken together, this suggest that the use of solvent-less extraction methods may be an
environmentally friendly and sustainable approach to extract and evaluatethe chemical
compositions and biological activities of okra.

Given that different parts of okra may consist of distinct chemical composition and
the biological activities, therefore, the objective of the current work is to utilize a solvent-
free, PHWE method for the extraction of bioactive phytochemicals from different parts of
okra. Specifically, a single step extraction will be carried out, the optimum temperature
for PHWE extraction efficiency will be evaluated. Furthermore, different parts of okra
will be characterized using antioxidant, antidiabetic assays and metabolite profiling of
the vasoprotective effect of okra will be evaluated using LC/MS. Finally, determination
of polyphenolic compounds, chemical fingerprint with pattern recognition tools such as
principal component analysis (PCA) [21,22] will be used for the evaluation and comparison
between different parts of okra extracts.

2. Materials and Methods
2.1. Chemicals and Okra Materials

Okra (mature and ready to be consumed) was purchased from local supermarkets in
2019 when the study is conducted. Azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS),
1,1-diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid, Acarbose, HPLC grade water, sea
sand and formic acid were purchased from Sigma-Aldrich (Singapore). All cell culture
reagents, including trypsin, MCDB-131 media, Fetal Bovine Serum (FBS), Attachment
Factor (AF), 0.4% trypan blue and L-glutamine acid were purchased from Thermofisher
Scientific (Singapore). All other reagents used throughout the experiments in this study
were of standard analytical grade.

The whole okra plants were washed and dried before they were separated into various
parts, consisting of the Seeds, Outer Skin and Inner Skin. Subsequently, the various okra
parts were oven-dried at 40 ◦C for 24 h [23]. The samples were crushed using mortar and
pestle after being cooled down to generate a more homogeneous and representative sample.
Samples were sieved individually to separate into following particle sizes: below 0.3 mm,
between 0.3 mm and 2.8 mm, and above 2.8 mm. Fine samples with particle size below
0.3 mm was used for chemical analysis.
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2.2. PHWE System and Heating under Reflux

For the extraction of active compounds from each sample, a laboratory PHWE system,
which included a Shimadzu LC10 series pump (Kyoto, Japan), a stainless-steel extraction
cell and temperature oven (Hewlett Packard 5890 Series II, Houston, TX, USA) was assem-
bled and connected using stainless steel tubings as previously described [20]. Briefly, prior
to loading the extraction cell, sample weight of 0.5 g was mixed with a small proportion
of sand to maintain back pressure during the extraction process. A constant flow rate
of 1.2 mL/min was set for the pump which recorded a pressure of 10–15 bar. Samples
were extracted at different temperatures (60 ◦C, 80 ◦C, 100 ◦C and 120 ◦C) for 40–45 min
into 50 mL of water. For heating under reflux, 2.5 g of sample and 100 mL of water was
added. The extraction was allowed to continue for 3 h. Subsequently, the extracts obtained
were dried down using a rotary evaporator concentrator plus (Eppendorf, Singapore) at
45 ◦C for approximately 1–1.5 h. The dried extracts were then weighed and reconstituted
in deionized water to obtain stock concentrations for the extracts (Seeds: 16.28 mg/mL,
Outer Skin: 11.45 mg/mL and Inner Skin: 10.45 mg/mL), which were used for subsequent
experiments.

2.3. LC/UV/MS Profiling of Samples

Okra extracts was analysed using LC-UV-MS as described previously [23]. A C18
reverse phase HPLC column (Zorbax SB-C18- 3.5 microns, 10 cm× 4.6 mm) was used. Flow
rate was at 0.25 mL/min and the analytical column was maintained at 40 ◦C. The injection
volume was 5 µL. For LC/UV and LC/MS, the gradient elution consisted of mobile phase
(A) 0.1% of formic acid in water and (B) 0.1% of formic acid in acetonitrile. For LC/UV and
LC/MS, a gradient elution started at 0.10 min of 10% of B, increased to 100% B in 10 min
and 5 min for column equilibration (total run time was 15 min). The electrospray Ionization
(ESI) was in the negative mode, a nebulizing gas flow of 2.8 L/min, interface temperature
of 300 ◦C with a heating and dry gas flow of 9 L/min. A UV detector was adjusted to detect
polyphenolic compounds at the absorbance value of 280 nm. The derived extracts were
filtered through a 0.2 µm filter into respective vials. The identified compounds (Table 1) in
this study were based on various report and published MSMS spectra [3]. Previous studies
noted that normalization to constant provided an alternative approach for the comparison
of target compounds in complex matrix [24,25], hence calibration by external standard was
not used.

For normalization to constant sum, the measured peak intensity was normalized to
the total peak intensity for each sample derived from various parts of okra. For LC/UV,
all peaks at 280 nm were obtained. For LC/MS, the peak intensities of their respective
the molecular weight (m/z) were normalized to the total peak intensity of each sample
to account for any differences in concentrations (Table 1). Subsequently, normalized data
for each sample was condensed to 2 principal components using the PCA scores plot for
15 peaks. Observations on data clustering, trends and outliers were evaluated from the
PCA scores plot.
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Table 1. Chromatographic and mass spectrometric analysis of polyphenolic compounds identified in different parts (Outer
Skin, Inner Skin and Seeds) of A. esculentus extracted at 80 ◦C PHWE. Values are represented as mean ± SD (n = 3).
* significantly different from OS; # significantly different from IS; ˆ Significantly different from Seeds. tR: Retention time, ND:
Not detected.

Polyphenolic Compounds tR (min) MS- (m/z) MS/MS (m/z)
Quantitative Analysis (Normalised % Peak Intensity)

Outer Skin (OS) Inner Skin (IS) Seeds

p-courmaryol-hexose 0.923 326 147, 164 0.31 ± 0.04 # 0.84 ± 0.09 *ˆ 0.16 ± 0.02 #

Sinapoyl-feruloyl 2.86 399 193, 207 3.51 ± 0.24 #ˆ 2.89 ± 0.04 *ˆ 0.084 ± 0.005 *#

Quercetin-3-O-glucose-xylose 3.421 595 300 5.08 ± 0.63 #ˆ 0.81 ± 0.15 *ˆ 6.80 ± 0.30 *#

Quercetin 3-O-(malonyl)gluose 3.877 549 301 0.15 ± 0.21 0.52 ± 0.03 ˆ 7.57 ± 0.39 *#

Kaempferol 3-O-glucose 3.97 447 285 ND ND 0.559 ± 0.001 *#

Sinapoyl-hexose 4.584 385 193, 176 0.36 ± 0.17 0.82 ± 0.28 ˆ 0.11 ± 0.01 #

2.4. Antioxidant Activity Assays

The antioxidant capacity of the okra extracts was evaluated based on the ability to
scavenge free radicals using two different methods, DPPH and ABTS assays as previously
described [23]. In the first set of experiments, the outer skin was extracted at different
temperatures (60 ◦C, 80 ◦C, 100 ◦C and 120 ◦C) to determine the effect of extraction temper-
ature on antioxidant capacity using DPPH assay. Briefly, the blank (200 µL of methanol),
control (150 µL of water) and outer skin extracts (150 µL) from different temperature (60 ◦C,
80 ◦C, 100◦C and 120 ◦C) were transferred into the 96-well plate. Consequently, excluding
the blank, 50 µL of 100 µM DPPH solution were added into each well for incubation at
37 ◦C for 30 min. All experiments were performed in triplicates. In the subsequent set
of experiments, the antioxidant capacities of the different okra parts (seeds, outer and
inner) at 80 ◦C were compared. Similarly, the blank, control and various concentrations
of the different okra parts (0.5 µg/mL to 5 mg/mL) were prepared into the 96-well plate.
Subsequently, excluding the blank, DPPH solution (100 µM) was added into each well for
incubation at 37 ◦C for 30 min. All experiments were performed in triplicates. Ascorbic
acid (10 mM) was used as the positive control. The absorbance was recorded using a
spectrophotometric plate reader (Thermofisher Multiskan GO) at 517 nm.

Absorbance change (%) = [(AC − AS)/(AC − AP) × 100], where AC refers to the
absorbance value of control, AS refers to the absorbance measured from the extract sample
and AP refers to the absorbance measured from positive control.

For ABTS assay, 7 mM ABTS solution and 140 mM potassium persulfate solution
were prepared. 88 µL of 140 mM potassium persulfate solution was added to 7 mM
ABTS solution and the mixture was stored in the dark for 16 h. This produced a dark
purple coloured solution, consisting of ABTS•+, which was diluted with distilled water
(~50-fold) to give an initial absorbance of approximately 0.90–0.75 at 734 nm. Ascorbic
standard curve (100 µM to 1 mM) was generated to produce 5–50% inhibition of the
blank absorbance (ABTS•+ alone). Subsequently. 0.5 mg/mL of different okra parts were
also prepared. 5 µL of each sample was added to 96-well microplate containing 200 µL
of ABTS•+ solution. All experiments were performed in triplicates. The reaction was
incubated for 30 min at room temperature, and absorbance was measured at 734 nm using
Multiskan GO microplate reader (Thermo Scientific, Singapore). The absorbance at 734 nm
was calculated as percentage of the absorbance of the uninhibited radical cation solution
(Blank) according to the equation:

Absorbance change (%) at 734 nm = (1 − (AS/AC)) × 100, where AC is the absorbance
of uninhibited radical cation (ABTS•+ alone) and AS is, the absorbance measured 30 min
after the addition of antioxidant test samples.

The Vitamin C equivalent antioxidant capacity (CEAC) value of the okra samples was
calculated using the equation obtained from the linear regression of the standard curve
substituted of absorbance at 734 nm values for the okra sample.
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2.5. Alpha-Glucosidase Assay

The α-glucosidase enzyme (0.5 U/mL, 50 µL) from Saccharomyces cerevisiae was first in-
cubated with various concentrations of the different okra parts (2.5 µg/mL to 1.25 mg/mL,
50 µL) for 15 min at 37 ◦C in a 96-well plate. In order to account for the background
absorbance readings induced by the higher concentrations of the okra extracts, sample
blanks were prepared. In such cases, 50 µL of 100 mM of phosphate buffer (pH 6.8) was
used to incubate with the various concentrations of the different okra parts (2.5 µg/mL to
1.25 mg/mL, 50 µL) under the same condition and duration. The antidiabetic drug, acar-
bose (100 mM) substituted the extracts as the positive control, while the negative control
consisted of only the phosphate buffer and enzyme. Subsequently, 0.2 mM p-nitrophenyl
glucopyranoside (pNPG) (100 µL) in phosphate buffer was added to initiate the reaction
and the mixture was incubated at 37 ◦C for 15 min. After 15 min of incubation period, the
α-glucosidase activity was recorded using a spectrophotometric plate reader (Thermofisher
Multiskan GO, Singapore) at 405 nm. All experiments were performed in duplicates.

The α-glucosidase inhibitory activity was calculated using the formula: Absorbance
change (%) = [100 − (AE − AEB)/(AC − ACB) × 100], where AE refers to the absorbance
value of extract, AEB refers to the absorbance measured from the sample extract blank, AC
refers to the absorbance value of control and ACB refers to the absorbance measured from
control blank.

2.6. Cell-Culture and Cytoprotective Effects

Dermal microvascular endothelium (HMEC-1) cells were purchased from American
Type Culture Collection (Manassas, VA, USA). HMEC-1 was cultured in MCDB-131, con-
sisting of 2% FBS, 10–20 ng/mL of Recombinant Human Epidermal Endothelial Growth
Factor (EGF), 10 µM of L-glutamic acid and maintained at the incubation temperature
of 37 ◦C at 5% CO2. To evaluate the potential cytoprotective effects induced by the okra
extracts, approximately 30,000 cells were seeded into the 6-well plate and left to adhere and
proliferate for 24 h. Once the cells reached 80–90% confluency, the cells were challenged
with H2O2 (0.1 mM) to cause cytotoxicity [23].

Simultaneously, different treatment (different parts of okra; Outer Skin, Inner Skin
and Seeds extracts) was added to the cells at their respective IC50 values derived from
the DPPH assay (OS: 0.29 mg/mL, IS: 1.46 mg/mL, Seeds: 0.014 mg/mL) The cells were
incubated for 4 h at 37 ◦C and 5% CO2. To determine if okra extract treatment was able to
prevent cell death, 2 mL of treatment medium (0.001 g/mL of filtered okra extract with
0.1 mM of H2O2 solution in MCDB-1 basal medium) was administered in duplicates. The
cells were treated over a period of 4 h in 37 ◦C, 5% CO2 incubator. The cells were monitored
and observed for its concentration and morphological alterations before determining cell
viability by trypsinising and combining the duplicates of each extract for cell counting. The
% cell viability was calculated using the formula [(Ca/Cc) × 100%], where Ca stands for no.
of cells present in okra cells and Cc refers for the no. of cells present in the control set-up.
A total of 6 replicates were performed independently for each different treatment. After
the cell viability was determined, the treated cells were kept in a 1.5 mL micro-centrifuge
tube at −20 ◦C for metabolites analysis using LC-MS.

Lipid extraction was performed in accordance to previously reported article with
minor modifications [26,27]. The treated cells were removed from the freezer and left to
thaw at r.t.p (room temperature and pressure) for 5 min. 1 mL of chloroform: methanol
(3:1) was added to the cells and the samples were vortexed and centrifuged for 5 min at
10,000 rpm the supernatant was transferred into a new microcentrifuge tube and placed in
a vapour centrifuge for 30 min at 45 ◦C. After which, 200 µL of methanol was added to the
dried sample for LC-MS. The LC-MS analysis was used to identify standard metabolites to
confirm the cytoprotective results obtained.



Plants 2021, 10, 1645 6 of 21

2.7. RNA Extraction and Quantitative Real Time PCR

To evaluate the potential anti-inflammatory effects exerted by the okra seeds, HMEC-
1 were stimulated with the inflammatory cytokine, tumour necrosis factor-α (TNFα,
1 ng/mL) for 24 h. Our preliminary experiments demonstrated that TNFα treatment
for 24 h induced vascular inflammatory through the upregulation of the expression of vas-
cular adhesion molecules. Hence, for this assay, HMEC-1 were seeded into the 6-well plate
and left to adhere and proliferate for 24 h. Once the cells were 80–90% confluent, HMEC-1
were treated with either TNFα (1 ng/mL) alone (control) or co-incubated with okra Seeds
extracts (0.015 mg/mL and 0.05 mg/mL) for 24 h. After 24 h of treatment, the cells were
washed with PBS and total RNA was extracted using the Bio-Rad AurumTM Total RNA
Mini Kit (Cat.# 732-6820, Singapore) following manufacturers’ protocols. Quality and
quantity of RNA was analysed using the NanoDrop™ OneC Microvolume UV-Vis Spec-
trophotometer with A260:A280 ratios > 1.8 indicating sufficient quality for qPCR analysis.
The RNA samples were reverse transcribed in a single run with a Bio-Rad T100™ Thermal
Cycler to produce complementary DNA (cDNA) using the Bio-Rad iScript cDNA Synthesis
Kit, containing 0.5 µg of RNA in a final reaction volume of 20 µL.

The comparative cycle threshold (2-∆∆Ct) method of quantitative real-time poly-
merase chain reaction (qPCR) was performed as described previously [28,29]. Briefly,
pre-customized human-specific forward/reverse primers were purchased from Sigma-
Aldrich. Relative gene expression of vascular cell adhesion molecule 1 (VCAM-1), intercel-
lular adhesion molecule 1 (ICAM-1), E-selectin (SELE) and C-C motif chemokine ligand 2
(CCL-2) were evaluated in HMEC-1 using Bio-Rad CFX96 Real-time PCR system (Biorad,
Singapore). qPCR was performed using 96-well plates with 10 µL volume reactions in
triplicate containing 10 µM of primers and SYBR Green master mix (Biorad, Singapore).
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) was used as the reference gene.
Negative template controls substituting cDNA with water or RT negative controls sub-
stituting the reverse transcriptase in the cDNA synthesis were included on each plate.
For each sample, the mean GAPDH CT triplicate value was subtracted from the mean
gene of interest triplicate CT value, and normalised to the reference gene (∆Ct). The data
was normalised to their respective control (∆∆Ct) then presented as fold-change value
(mean ± SD).

2.8. Statistical Analysis

Soft Independent Modelling by Class Analogy (SIMCA) software was used to generate
the PCA plots. Group mean values were compared using one-way ANOVA to test for
statistically significant differences between different extracted temperatures of okra as well
as the different parts of okra with post-hoc analysis using Tukey’s test. The inhibitory
concentration (IC50) value refers to the concentration of the okra extracts that exerts 50% of
inhibitory effect. Concentration-response curves for DPPH and α-glucosidase inhibition
were computer fitted to a sigmoidal curve using nonlinear regression (Prism version 5.0,
GraphPad Software, San Diego, CA, USA) to calculate the sensitivity of DPPH and α-
glucosidase inhibition for okra extract (IC50) [30]. Post-hoc analysis was only performed
when the F value was significant and there was no variance in homogeneity [31]. All data
are presented as mean ± SD. p < 0.05 was considered statistically significant.

3. Results and Discussion
3.1. Optimization of PHWE for Okra

For the optimization studies, the target compounds from the outer skin of okra were
extracted with PHWE at 60 ◦C, 80 ◦C, 100 ◦C and 120 ◦C respectively. The compounds
in the outer skin were determined by LC/UV and LC/MS respectively (Figure 1, Supple-
mentary Table S1). Identification was based on the polyphenolic compounds reported in
earlier work [3]. Different extraction temperature yielded different normalised peak area
(%) for the selected polyphenolic compounds. The current approach of using normalization
to constant sum was consistent with our earlier work [23]. At a higher temperature of
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120 ◦C, the presence of polyphenolic compounds was significantly lower as compared to
the rest, hence it was proposed that a higher applied temperature may cause polyphenolic
compounds to be degraded [20]. In our earlier works, various marker or polyphenolic com-
pounds in the botanical extracts were used to optimize the temperature of extraction [19,20].
We have observed that it was a challenge to select the optimum temperature of extraction
as opposing trends for the selected compounds were noted.

From the chemical fingerprint obtained with LC/MS, a targeted approach based on
selected ions was used (Supplementary Figure S2). From Supplementary Figure S2, based
on the normalized peak area, the optimum temperature of extraction was reported at
80 ◦C to 100 ◦C, where the detected polyphenolic compounds seem to higher, although not
statistically significant to the other extraction temperatures. From the PCA score plot in
Figure 1A, it showed that distinctive profiles were obtained from okra samples extracted at
100 and 120 ◦C as compared to 60 and 80 ◦C. However, it remains inconclusive to establish
that both temperatures produced similar phytochemical compound given that the distance
between the points still have a certain gap. It was more evident that samples extracted at 60
to 80 ◦C have a completely distinct fingerprint as compared to 100 and 120 ◦C. Furthermore,
the PCA score plot from the chromatograms obtained from LC/UV (Figure 1B) illustrated
a high degree of similarity between the characteristic profile of okra samples extracted
at 100 and 120 ◦C while extracts at 60 to 80 ◦C were quite distinct. Based on the data
obtained, it was suggested that the variation in the profile of these are most likely to be
attributed to the different extraction conditions and instrumental parameters that produced
varying amount of phytochemical content. In addition, the chemical profile obtained from
heating under reflux was compared to PHWE at different temperature. From PCA score
plot in Supplementary Figure S1, it was observed to have a similar profile as compared
to PHWE at 60 ◦C and 80 ◦C. PHWE does not involve the use of organic solvent during
the extraction process and closely mimics how okra is normally cooked and consumed,
hence, the presence of residue solvents such as benzene as a result of extraction process is
minimal [18]. Furthermore, an earlier report also demonstrated that there was no toxicity
or death observed when mice are administrated with high dose (2000 mg/kg, p.o.) of
methanolic seed extracts of okra [32]. Although we have not done any quantification of
such harmful compounds per se, we hypothesized that the presence of any toxic harmful
compounds in the concentration of okra extracts used or the duration of treatment in this
study is negligible to cause any negative effects. Furthermore, based on the concentration
of okra extracts used and duration of treatment in this study, we did not observed any
cell death or signs of cellular stress indicated by changes in cellular morphology. Hence,
the monitoring of various polyphenolic compounds, chromatographic fingerprint with
pattern recognition tools and antioxidant assay provided a practical approach to establish
the quality of okra extracts.
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Figure 1. PCA score plot of (A) LC-MS profile of outer skin of okra and (B) LC-UV profile of outer skin at 254 nm.

It was noted that chemical fingerprint provided an approach for the quality assessment
of the okra extracts obtained. Based on the monitoring of a single compound, it was a
challenge to determine the optimum extraction temperature of okra. Hence, we assessed
the antioxidant activity of the okra extracts at various extraction temperature to determine
the optimum extraction temperature of okra. With regards to the comparison of various
extraction temperature of okra extracts, concentration response curves of okra samples were
evaluated for each temperature (Figure 2). From Figure 2, okra samples extracted at 60 ◦C
(1.58± 0.053 mg/mL) and 80 ◦C (1.43± 0.07 mg/mL) has comparable IC50 values, whereas
okra samples extracted at 100 ◦C (2.37 ± 0.21 mg/mL) and 120 ◦C (2.34 ± 0.25 mg/mL)
has similar IC50 values. Okra samples extracted at 80 ◦C was significantly (p < 0.05) lower
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compared to sample extracted at 120 ◦C, indicated that okra samples extracted at 80 ◦C has
the most potent antioxidant activity. Similarly, our preliminary experiment also suggests
that the antioxidant activity (DPPH assay) of the okra extracts by heating under reflux was
comparable with that obtained by PHWE at 60 ◦C and 80 ◦C (Data not shown). Furthermore,
the antioxidant properties of okra extracts was similar to the calibration range of ascorbic
acid (5 to 30 µM) reported [33]. Therefore, based on the chemical fingerprint of okra by
using PCA score plots as well as the antioxidant activity (IC50 values), it was proposed that
okra samples extracted 80 ◦C was the optimal temperature for PHWE.

Figure 2. Antioxidant activity of outer skins of okra at different temperatures for PHWE (A): Concen-
tration response curve of Outer Skin of okra against DPPH inhibition (B) Inhibitory Concentration
(IC50) value derived from Figure 2A. * significantly different from 100 ◦C; # significant different from
120 ◦C. Data is presented as mean ± SD, n = 6.
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3.2. Analysis of Different Parts of Okra by LC/UV/MS

After establishing the optimum temperature of extraction for the selected phytochemi-
cal compounds present in the Outer Skin of okra, extraction of other parts of okra samples
(Seeds and Inner Skin) was evaluated at 80 ◦C. From the PCA score plots in Figure 3, the
blue points (Outer Skin), green points (Inner Skin) and red points (Seeds) were indepen-
dently scattered. The data suggested that the phenolic profile for each part of okra were
likely to be different (Figure 3, Supplementary Figure S3). Based on the chromatograms and
TIC obtained, it was suggested the Seeds were found to contain a more varied content of
phytochemicals (Supplementary Figures S4 and S5). Several polyphenolic compounds are
measured in the okra, but differences were observed between various parts of okra (Table 1).
Specifically, some of the compounds identified included p-coumaroyl-hexose, Quercetin
3-O-(malonyl)-glucose, quercetin-3-O-glucose-xylose, Sinapoyl-hexose, Sinapoyl-feruloyl
and Kaempferol-3-O-glucose. Among all the compounds identified, Quercetin derivatives
(Quercetin 3-O-(malonyl)-glucose & quercetin-3-o-glucose-xylose) were found to be the
most abundant in okra. The okra seed sample was found to contain 6.79 ± 0.30% and
7.58 ± 0.39% of Quercetin-3-o-glucose-xylose and Quercetin 3-O-(malonyl)-glucose respec-
tively. The outer skin of okra was found to have the highest content in Sinapoyl-feruloyl
(3.50 ± 0.24%) as compared to inner skin (2.89 ± 0.04%) and seeds (0.084 ± 0.0048%). Inner
skin of okra was found to contain the highest concentration of p-coumaroyl-hexose and
Sinapoyl-hexose as compared to the outer skin and seeds (0.16 ± 0.018%). Okra Seeds had
the highest concentration of Quercetin 3-O-(malonyl)-glucose, quercetin-3-o-glucose-xylose
and Kaempferol-3-O-glucose.

Natural products can be divided into two major classes, such as primary and sec-
ondary metabolites. Primary metabolites are molecules essential for life, such as proteins,
carbohydrates, fats and nucleic acid. In contrast, secondary metabolites are of limited
occurrence and are often unique to the particular botanical. Plant secondary metabolites
are considered as important sources of pharmaceuticals, food additives, flavours, cosmetics
and others. For example. secondary metabolites in aromatic plants had been widely used
for their preservative and medicinal values [34,35]. Flavonoids are one of the largest classes
of natural phytochemical compounds that are known to have several biological functions
conferring stress defense to plants and health benefits [8,36]. The isoflavone-aglycones, total
phenolics, and biological properties (digestive enzyme inhibition; antioxidant) from leaves,
leafstalks, roots, stems, seeds, and pods were observed to be different at different growth
times of soybean plant [37]. With far-infrared radiation and hot air drying of pigmented
rice, this is able to cause changes to either primary metabolites (amino acids) or secondary
metabolites (polyphenolic compounds) [38]. From the PCA score plot in Figure 3, it was
noted that a shift in the biosynthesis of secondary metabolites in the Outer Skin, Inner
Skin and Seeds generated different amount of polyphenolic compounds. The distinctive
chemical fingerprint of outer skin containing a higher amount of sinapoyl-feruloyl and
other polyphenolic compounds may be needed to participate in the resistance response
of plants to biotic and abiotic stresses. In addition, the shift in the secondary metabolite
profile and the presence of quercetin 3-O-(malonyl)-glucose, quercetin-3-O-glucose-xylose,
kaempferol-3-O-glucose and other polyphenolic compounds were also observed in the
okra Seeds.
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Figure 3. PCA score plot of (A) LC-MS profile of different parts of okra and (B) LC-UV profile of different parts of okra
detected at UV 254 nm.

While the different parts of okra contain various level of polyphenolic compounds,
it remains unclear if their antioxidant capacity are affected. Hence, we evaluated the
antioxidant capacity of the different parts of okra using two different antioxidant assays
(Figure 4). The concentration response curve to DPPH inhibition by the different parts of
okra were shown in Figure 4A. It was evident that the concentration response curve of
the okra Seeds was the left most, indicating that okra seed extract was the most potent.
The concentration response curve of the Outer Skin and Inner Skin were significantly
shifted to the right in comparison to the okra Seeds (Figure 4A). Similarly, the okra Seed
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extracts demonstrated exceptionally low IC50 value (0.014 ± 0.01 mg/mL), which was
significantly (p < 0.01) lower when compared to Outer Skin (0.29 ± 0.06 mg/mL) and
Inner Skin (1.46 ± 0.004 mg/mL) okra extracts respectively (Figure 4B). To further validate
the antioxidant effects of the various okra part extracts, a secondary ABTS antioxidant
capacity assay was performed. In this experiment, the CEAC of the Seeds was significantly
higher (p < 0.05, 1-way ANOVA, Tukey’s test) than the Inner and Outer Skin of okra.
Consistent with the DPPH antioxidant assay, the CEAC of the Seeds was about 10-fold
more potent than the Inner and Outer Skin of okra. In this study, the antioxidant activities
of various parts of okra as determined by DPPH and ABTS assay was consistent with
other reports based on the polyphenolic profiles of okra fruits at various stages [3,7] as
well as the methanolic seed extract [32]. Moreover, the antioxidant activities of the extracts
from PHWE were consistent with what was obtained from polysaccharides extracted from
okra [39].

In addition to antioxidant activity, we also evaluated the antidiabetic capacity of the
different parts of okra using α-glucosidase inhibition assay (Figure 5). It was evident that
the concentration response curve of the okra seed was a sigmodal curve, reaching maximal
(~100%) inhibition of the enzyme at the highest concentration which was significantly
(p < 0.01) higher when compared to Outer Skin and Inner Skin okra extracts. The maximum
efficacy of the okra Seeds was comparable to the positive control, antidiabetic drug, acar-
bose (100 mM), which produced 95.5 ± 0.4% (n = 4) inhibition (Figure 4A). Similarly, the
okra Seed extracts demonstrated exceptionally low IC50 value (0.01 ± 0.01 mg/mL) for α-
glucosidase activity (Figure 4B). Interestingly, the concentration response curve of the Outer
Skin and Inner Skin were flat, indicating that the Outer Skin and Inner Skin do not have
any inhibitory effect on the α-glucosidase (Figure 4A,B). Consistent with previous reports,
okra extracts also exhibited inhibitory response towards α-glucosidase and treatment of
okra subfractions reduced blood glucose levels in diabetic animal models [40,41]. However,
our results suggest that the antidiabetic effect of okra, at least through the inhibition of
α-glucosidase, was largely mediated by the okra Seeds with little to no effect contributed
by the Outer Skin and Inner Skin. Different cultivars of okra were demonstrated to yielded
distinctive α-glucosidase inhibition. Although the cultivar of okra was unknown in this
study, the IC50 value for α-glucosidase activity found in this study was comparable to
previously reported study [42].

Figure 4. Cont.
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Figure 4. Antioxidant activity of different parts of okra with PHWE at 80 ◦C (A): Concentration
response curve of various okra parts against DPPH inhibition (B) Inhibitory Concentration (IC50)
value derived from Figure 4A. (C) Vitamin C equivalent antioxidant capacity (CEAC) of various
okra parts. Data is presented as mean ± SD, n = 4–6. * significantly different from OS; # significant
different from IS; ˆ Significantly different from seeds.
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Figure 5. Inhibition of α-glucosidase activity of different parts of okra with PHWE at 80 ◦C (A):
Concentration response curve of various okra parts against α-glucosidase inhibition (B) Inhibitory
Concentration (IC50) value derived from Figure 4A. Data is presented as mean ± SD, n = 3–4.
* significantly different from OS; # significant different from IS; ND: not determined.

Therefore, both in vitro antioxidant and α-glucosidase assay suggest that the okra
Seeds have higher antioxidant and antidiabetic capacity compared to the Inner and Outer
Skin of okra, which is likely to be underpinned by distinct composition of polyphenolic
compounds.

3.3. Cytoprotective Effects of Okra Extracts in Endothelial Cells

Phytochemicals are also known as non-essential nutrients with diverse health benefits
such as antioxidant capacity [6,7]. In this study, it was noted that okra Seeds consist of sev-
eral phytochemicals which is accompained by antioxidant capacity using the DPPH assay.
The antioxidant capacity of okra Seeds extracted from PHWE was consistent with earlier
reports, even though other extraction methods were used [6,7]. Though the DPPH/ABTS
method is a convenient assay to determine antioxidant activity, it may not be a true repre-
sentation of cellular antioxidant capacity. Therefore, the cytoprotective effect of the various
okra extracts were investigated in endothelial cells (HMEC-1). Endothelial dysfunction
is a critical and initiating factor for the development of cardiovascular complications in
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several diseases, including diabetes, hypertension and reproductive disorders [43,44]. It is
well-established that increased production of reactive oxygen species and inflammation
are important contributors to endothelial dysfunction [45–47]. In this study, HMEC-1 cells
were treated with H2O2 to induce cellular damage, which was evident by a significant
decrease (p < 0.05) in cell viability when compared to control (Figure 6A). In order to test if
the antioxidant activity of the okra extracts were able to prevent oxidative stress-induced
cellular damage, HMEC-1 cells were co-treated with the various okra extracts. Using their
respective IC50 concentrations, co-treatment of various okra extracts with H2O2 signifi-
cantly increased cell viability in comparison to H2O2 treatment alone (Figure 6A). Taken
together, the data proposed that different part of okra has the capacity to protect vascular
cells from oxidative damage. Specifically, polyphenolic compounds in okra Seed extracts
exhibited the strongest antioxidant activity among the okra Inner and Outer Skin as it
requires the least concentration to produce similar cytoprotective effects.

Lipids are one group of small molecules that have many key biological functions.
These include serving as structural components of cell membrane, energy storage and
others [48]. Oxidative modifications of lipids and other biomolecules induced by reactive
oxygen species has been implicated in the progress of many diseases [11,49–52]. The
presence of oxidative stress causes changes in the lipid profile and antioxidants from
natural sources may their protective roles either directly or indirectly in the physiological
defense network to inhibit oxidative modification of lipids [53,54]. Therefore, to further
characterize the potential vascular protective effects of okra extracts, metabolite profiling
of several lipid markers was analysed in HMEC-1 cells (Supplementary Table S2). The
PCA score plot was used based on the endothelial cells to measure metabolite concentra-
tions between the control, H2O2 treatment alone and H2O2 co-treated with okra extracts
(Figure 6B). A clear separation in metabolic profile was observed between the control
and H2O2 treatment, indicating that a marked alteration of metabolites in the endothelial
cells (Figure 6B). Interestingly, despite exhibiting antioxidant activity, only okra Seeds
co-treated with H2O2 shifted the metabolic profile closer to the control, whereas okra Outer
and Inner Skin co-treatment displayed similar metabolic profile that were closer to H2O2
treatment. Although no statistical differences was observed at a specific metabolites level
(Supplementary Table S2), based on the PCA score plot our preliminary data suggested
that okra Seeds treatment appears to restore the whole metabolomics profile (known and
unknown metabolites) of H2O2-induced oxidative damage to comparable levels as control.
Furthermore, okra Inner and Outer Skins appeared to be less active in their ability to
reverse metabolic profile of the lipid markers.

Given that okra Seeds have the most effective antioxidant and cytoprotective activity,
their potential anti-inflammatory effects were further investigated. In this study, a well-
established model of TNFα-stimulated vascular inflammation was employed to evaluate
the anti-inflammatory effects of okra Seeds. Consistent with numerous previous studies,
our preliminary data also showed that TNFα treatment upregulated the expression of
several adhesion molecules (VCAM-1, ICAM-1 and SELE) and inflammatory cytokines
(CCL-2) in endothelial cells, which are highly associated with vascular inflammation and
endothelial dysfunction [46,55,56]. In the HMEC-1 co-treated with higher concentration but
not lower concentration of okra Seeds extract, the gene expression of VCAM-1 (Figure 7A)
and SELE (Figure 7B) were significantly decreased after 24 h of treatment. Although the
gene expression of ICAM-1 (Figure 7C) showed similar downregulation trend, this effect
induced by okra Seeds treatment did not reach statistical significance. There was no effect
of okra Seeds treatment on CCL-2 (Figure 7D) expression in TNFα-stimulated HMEC-
1. Consistent with our data, a recent study also reported that chronic treatment with
whole okra extract for 8 weeks reduced high-fat diet-induced inflammatory markers in
the endothelial cells [57]. Taken together, our results suggest that okra Seeds appears to
reduce endothelial inflammation, which is an important risk factor for the development of
cardiovascular complications in several diseases, including diabetes and hypertension.
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Figure 6. (A) Cytoprotective effects of okra parts on HMEC-1 cells. HMEC-1 cells were treated with 100 µM H2O2 only (P
only) or co-treated with various okra parts (OS, outer skin; IS, inner skin and Seeds). Data is presented as mean ± SD, n = 6.
* significantly different from P only (B) PCA score plot of LC-MS metabolites profile of control and treated HMEC-1 cells
with different parts of okra (n = 3).
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Figure 7. Quantitative analysis of (A) VCAM1, (B) SELE, (C) ICAM1 and (D) CCL2 mRNA expression in Tumour-necrosis
factor-α (TNFα, 1 ng/mL) exposed HMEC-1 cells treated with either control or okra Seeds (0.015 and 0.05 mg/mL) for 24 h.
Data is presented as mean of 2−∆∆Ct ± SD, n = 4–6. * Significantly different to control, p < 0.05, (1-way ANOVA, Dunnetts’s
post-hoc test).

The current work revealed that the types of phytochemicals and characteristics of
different parts of okra were found to contribute to the antioxidant and cytoprotective
activity. In this study, various okra parts were extracted using PHWE and yielded similar
chemicals compounds when compared to earlier studies where other extraction methods
such as supercritical fluid extraction or ethanol extraction [3]. Despite having comparable
chemical profile and biological activities, PHWE method is reported to be more cost
effective in manufacturing and environmentally sustainable. Specifically, it was reported
that the manufacturing cost of extracting target compounds from New Zealand grape
marc using subcritical water extraction or other solventless extraction techniques (PHWE)
was estimated to be NZ$87-89.60/kg. This was considerably much below in comparison
to the cost of manufacturing using the supercritical fluid extraction (NZ$123.40/kg). In
addition to cost effectiveness, solventless extraction also has less environmental impact in
comparison to ethanol extraction. For instance, the potential environmental impact (PEI)
of using ethanol was reported at 1.91 PEI/tonne, whereas there is zero net PEI by using
water extraction [58]. Through life cycle assessment, the usage of ethanol extraction may
have moderate gains on extraction yield, but increased the PEI [59]. Hence, the data in our
current work is consistent with other reports [7,32,39,42,58,59], suggesting that PHWE is
an environmentally friendly and likely to be a cost-effective technique for the extraction of
natural products that are biologically active.
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3.4. Conclusions

Green extraction method such as PHWE is a solvent free approach for the preparation
of okra extracts. Chemical fingerprinting with PCA provided an alternative for the chemical
standardization of plant extracts. The combination of chemical standardization such as
LC/UV and LC/MS, pattern recognition tools and biological assays provided an approach
for the evaluation of okra seed extracts for functional food. Finally, it was noted that solvent
free extracts of okra seeds have antioxidant, antidiabetic capacity and vasoprotective action.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/plants10081645/s1, Figure S1: PCA loading plot of (A) LC-MS profile of outer skin of okra
and (B) LC-UV profile of outer skin at 254 nm; Figure S2: PCA score plot of LC-UV profile of outer
skin of okra detected at UV 254 nm; Figure S3: PCA loading plot of (A) LC-MS profile of different
parts of okra and (B) LC-UV profile of different parts of okra detected at UV 254 nm; Figure S4:
Chromatograms of (A) Inner Skin extracts from okra, (B) Outer Skin extracts from okra and (C) Seeds
extracts from okra; Figure S5: Total Ion Chromatograms (TIC) of (A) Inner Skin extracts from okra,
(B) Outer Skin extracts from okra and (C) Seeds extracts from okra; Table S1: Chromatographic and
mass spectrometic quantitative analysis of polyphenolic compound identified in A; Table S2: List of
metabolites identified in control and treated HMEC-1 cells by different parts of Okra.
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48. Hyötyläinen, T.; Orešič, M. Systems Biology Strategies to Study Lipidomes in Health and Disease. Prog. Lipid Res. 2014, 55, 43–60.
[CrossRef] [PubMed]

49. Leo, C.H.; Hart, J.L.; Woodman, O.L. Impairment of both nitric oxide-mediated and EDHF-type relaxation in small mesenteric
arteries from rats with streptozotocin-induced diabetes. Br. J. Pharmacol. 2011, 162, 365–377. [CrossRef] [PubMed]

50. Leo, C.H.; Hart, J.L.; Woodman, O.L. 3′,4′-dihydroxyflavonol restores endothelium dependent relaxation in small mesenteric
artery from rats with type 1 and type 2 diabetes. Eur. J. Pharmacol. 2011, 659, 193–198. [CrossRef]

51. Leo, C.H.; Hart, J.L.; Woodman, O.L. 3′,4′-dihydroxyflavonol reduces superoxide and improves nitric oxide function in diabetic
rat mesenteric arteries. PLoS ONE 2011, 6, e20813. [CrossRef] [PubMed]

52. Ng, H.H.; Leo, C.H.; Prakoso, D.; Qin, C.; Ritchie, R.H.; Parry, L.J. Serelaxin treatment reverses vascular dysfunction and left
ventricular hypertrophy in a mouse model of Type 1 diabetes. Sci. Rep. 2017, 7, 39604. [CrossRef] [PubMed]

53. Mukherjee, K.; Chio, T.I.; Sackett, D.L.; Bane, S.L. Detection of Oxidative Stress-Induced Carbonylation in Live Mammalian Cells.
Free Radic. Biol. Med. 2015, 84, 11–21. [CrossRef] [PubMed]

54. Yung, Y.C.; Stoddard, N.C.; Chun, J. LPA Receptor Signaling: Pharmacology, Physiology, and Pathophysiology. J. Lipid Res. 2014,
55, 1192–1214. [CrossRef] [PubMed]

55. Leo, C.H.; Jelinic, M.; Ng, H.H.; Parry, L.J.; Tare, M. Recent developments in relaxin mimetics as therapeutics for cardiovascular
diseases. Curr. Opin. Pharmacol. 2019, 45, 42–48. [CrossRef]

56. Leo, C.H.; Jelinic, M.; Ng, H.H.; Tare, M.; Parry, L.J. Serelaxin: A novel therapeutic for vascular diseases. Trends Pharmacol. Sci.
2016, 37, 498–507. [CrossRef]

http://doi.org/10.1111/bph.14858
http://www.ncbi.nlm.nih.gov/pubmed/31479151
http://doi.org/10.1155/2014/519848
http://doi.org/10.1016/j.foodchem.2008.08.008
http://doi.org/10.3390/ijms21030716
http://www.ncbi.nlm.nih.gov/pubmed/31979071
http://doi.org/10.1007/s11101-017-9531-3
http://www.ncbi.nlm.nih.gov/pubmed/29755304
http://doi.org/10.1016/j.foodchem.2019.125462
http://www.ncbi.nlm.nih.gov/pubmed/31618694
http://doi.org/10.1016/j.foodchem.2019.125644
http://doi.org/10.1016/j.ijbiomac.2019.01.042
http://doi.org/10.1002/ptr.6679
http://doi.org/10.1371/journal.pone.0189065
http://www.ncbi.nlm.nih.gov/pubmed/29216237
http://doi.org/10.1016/j.ijbiomac.2019.08.016
http://doi.org/10.1152/ajpregu.00506.2015
http://www.ncbi.nlm.nih.gov/pubmed/26936785
http://doi.org/10.3389/fphar.2018.00501
http://doi.org/10.1111/bph.13614
http://www.ncbi.nlm.nih.gov/pubmed/27590257
http://doi.org/10.1016/j.placenta.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/33032098
http://doi.org/10.1089/ars.2018.7706
http://www.ncbi.nlm.nih.gov/pubmed/31680536
http://doi.org/10.1016/j.plipres.2014.06.001
http://www.ncbi.nlm.nih.gov/pubmed/24995945
http://doi.org/10.1111/j.1476-5381.2010.01023.x
http://www.ncbi.nlm.nih.gov/pubmed/20840539
http://doi.org/10.1016/j.ejphar.2011.03.018
http://doi.org/10.1371/journal.pone.0020813
http://www.ncbi.nlm.nih.gov/pubmed/21673968
http://doi.org/10.1038/srep39604
http://www.ncbi.nlm.nih.gov/pubmed/28067255
http://doi.org/10.1016/j.freeradbiomed.2015.03.011
http://www.ncbi.nlm.nih.gov/pubmed/25801292
http://doi.org/10.1194/jlr.R046458
http://www.ncbi.nlm.nih.gov/pubmed/24643338
http://doi.org/10.1016/j.coph.2019.04.001
http://doi.org/10.1016/j.tips.2016.04.001


Plants 2021, 10, 1645 21 of 21

57. Gou, L.; Liu, G.; Ma, R.; Regmi, A.; Zeng, T.; Zheng, J.; Zhong, X.; Chen, L. High fat-induced inflammation in vascular endothelium
can be improved by Abelmoschus esculentus and metformin via increasing the expressions of miR-146a and miR-155. Nutr. Metab.
2020, 17, 35. [CrossRef]

58. Todd, R.; Baroutian, S. A techno-economic comparison of subcritical water, supercritical CO2 and organic solvent extraction of
bioactives from grape marc. J. Clean. Prod. 2017, 158, 349–358. [CrossRef]

59. Vauchel, P.; Carolina Colli, C.; Pradal, D.; Philippot, M.; Decossin, S.; Dhulster, P.; Dimitrov, K. Comparative LCA of ultrasound-
assisted extraction of polyphenols from chicory grounds under different operational conditions. J. Clean. Prod. 2018, 196,
1116–1123. [CrossRef]

http://doi.org/10.1186/s12986-020-00459-7
http://doi.org/10.1016/j.jclepro.2017.05.043
http://doi.org/10.1016/j.jclepro.2018.06.042

	Introduction 
	Materials and Methods 
	Chemicals and Okra Materials 
	PHWE System and Heating under Reflux 
	LC/UV/MS Profiling of Samples 
	Antioxidant Activity Assays 
	Alpha-Glucosidase Assay 
	Cell-Culture and Cytoprotective Effects 
	RNA Extraction and Quantitative Real Time PCR 
	Statistical Analysis 

	Results and Discussion 
	Optimization of PHWE for Okra 
	Analysis of Different Parts of Okra by LC/UV/MS 
	Cytoprotective Effects of Okra Extracts in Endothelial Cells 
	Conclusions 

	References

