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ABSTRACT 

The fractions obtained from low temperature-induced crystallisation of ethanolic extracts of green- 
and red-oak leaf and okra seed were accounted for total polyphenol content and the DPPH antiox-
idant activity, resulting in 5.99, 4.44, and 12.35 mg gallic acid equivalent per g sample, and 0.45, 
0.35, and 0.99 mg Trolox equivalent per g sample, respectively. Insulin resistance was the result 
after incubating C2C12 skeletal muscle cells in high glucose DMEM for 20 h. Oxidative stress 
and inflammation were triggered by re-incubating these resistant cells with insulin. The expression 
of p-p38 MAPK and NF-κB proteins and the NF-B p65 transcription factor activity were enhanced. 
Such inflammatory protein markers were reduced when the crystalised extracts replaced insulin. 
Increased catalase activity and NO production were also determined for the incubations using the 
crystalised extracts. It was suitable to include these vegetables in the daily diets of prediabetic 
individuals for better management of the patient’s health status by increasing insulin sensitivity 
and decreasing inflammation.     
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Introduction 

The effect on health promotion of vegetables consumed daily 
has been demonstrated, usually leading to reductions of in-
flammatory mediators to the levels are not risk for chronic- 
and degenerative diseases, such as type II diabetes mellitus 
(T2D), cardiovascular diseases, and neurodegenerative dis-
eases (Stanaway et al., 2022; Godos et al., 2020; Parasoglou 
et al., 2017). More than 50% of the global deaths have been 
attributable to these inflammation-related diseases (Furman 
et al., 2019). Increased consumption of plant-derived flavo-
noids has improved cognitive function and decreasing risks 
of age-related neurodegeneration because of intensely sup-
pressing TNF-α and C-reactive protein synthesis (Li et al., 
2023). Indeed, there are a variety of secondary metabolites in 
edible plants that impart health-promoting as well as disease-
curing and preventing effects, commonly related to antioxi-
dant, anti-bacterial, anti-cancer, immune-modulating, and/or 
anti-inflammatory activities (Zheng et al., 2019). However, a 
plant cultivar has defined sets of secondary metabolites cor-
responding to plant genetics (Yang et al., 2018). For example, 
similar phenolic components of green- and red-oak lettuce 
cultivars have been reported. Apigenin, glucuronide, and di-
hydroxy-benzoic acid have solely been detected in the green 
cultivar. In contrast, only luteolin, apigenin conjugates, cya-
nidin conjugates, and hydroxy-malonyl-hexoside have ex-
isted in the red cultivar (Viacava et al., 2017). The pod of 
Abelmoschus esculentus (called okra) is an edible part of the 
plant, containing ample proteins and fatty acids in the seed 
(Sami et al., 2013), and mucilage polysaccharides, vitamins, 
fibres, and minerals in the peel (Zim et al., 2021). In addition, 
quercetin has been suggested as a major flavonoid in the 
aqueous extract of okra pod, presenting anti-hyperglycemic 
activity in the high-fat diet-streptozotocin rat model (Peter et 
al., 2021). Besides, the mucilage-like substance obtained by 
boiling okra pods in water has shown anti-diabetic and anti-
hyperlipidemic properties in alloxan-induced diabetic mice 
(Zim et al., 2021). Altogether, the health-beneficial effects of 
green- and red-oak leaf lettuces and okra seed might be more 
diverse than expected, leading to an underestimation of their 
nutritional values. In this research, biological effects concern-
ing anti-oxidation, anti-inflammation, and increased GLUT4 
expression of crystallised compounds from ethanolic extracts 
of green- and red-oak leaf and of okra seed were investigated 
on C2C12 skeletal muscle cells in normal and high glucose 
media. The acquired data would be adequately scientific and 
useful for managing complications related to prediabetes due 
to increased daily consumption of vegetables (Găman et al., 
2020). 

Materials and Methods 
Preparation of Crystalized Extracts 

Okra seeds and green- and red-oak leaves were collected 
from the Faculty of Natural Resources, Prince of Songkla 
University, Thailand. The plant materials were dried under 
the sun to ∼95% dryness and ground into fine powder using a 
blender. Each 50 g was macerated in 150 mL of 95% ethanol 
(Loba Chemie, India) overnight at room temperature. The su-
pernatant was separated by centrifugation at 6000 x g for 15 
min. This was 1 cycle, and 3 cycles of the maceration were 
carried out for a sample. The pooled supernatant of ∼400 mL 
was evaporated using a rotary evaporator at 45OC to obtain 
viscous extract. This extract was cooled at 6OC overnight for 
crystallisation induction. The formed crystals were carefully 
separated, air-dried, and kept in an air-tight container at 6OC 
until use. 

Total Phenolic Content 

The folin-Ciocalteu method was applied to determine the to-
tal phenolic content of samples (Peter et al., 2021). DMSO 
(RCI Labscan) was used as the sample solvent. Solution A 
was prepared by mixing 2% Na2CO3, 2% CuSO4, and 4% so-
dium potassium tartrate at a 100:1:1 volume ratio. A sample 
of 100 µl and 100 µl of solution A were mixed and incubated 
for 5 min. Then, 50 µl of 0.5 M sodium hydroxide was added 
and incubated for 10 min. Next, 200 µl of 1:1 diluted Folin-
Ciocalteu reagent (Loba Chemie) in water was added and in-
cubated for 30 min. The OD750 was spectrophotometrically 
measured using a microplate reader (Varioskan LUX, Ther-
maFisher, USA). Gallic acid (Sigma-Aldrich, Germany) was 
used as a positive standard, and the concentration range of 0-
2 mg/mL was carried out to draw the standard curve. The to-
tal phenolic content of a sample was calculated and reported 
as mg gallic acid equivalent per gram sample.  

DPPH Antioxidant Assay 

The antioxidant activity of a sample was accounted for by us-
ing a DPPH radical scavenging assay (Zim et al., 2021). 
Briefly, a 100-µl sample solution was mixed with 0.9 mL of 
0.1 mM DPPH reagent in methanol (Sigma-Aldrich) using a 
vortex. A 100-µl DMSO was of a blank control. After incu-
bating for 30 min at 37°C and protected from light, the OD517 
was measured against the blank. Trolox (Sigma-Aldrich) was 
used as a positive standard, and the concentration range of 
0.05-0.2 mg/mL in methanol was performed to construct the 
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standard curve. The DPPH antioxidant activity was calcu-
lated and reported as mg Trolox equivalent per gram sample. 

C2C12 Cell Culture 

C2C12 is a myoblast cell line from ATCC. The cells were 
routinely grown in Dulbecco's Modified Eagle's Medium 
(DMEM) supplemented with 10% fetal bovine serum and 1% 
antibiotic and antimycotic (called normal medium) in a 5% 
CO2 incubator at 37°C. The cells were subcultured when their 
growth approached 70% confluency. When specified, high-
glucose DMEM was used to replace the normal medium. 
Chemicals and reagents used for the cell culture technique 
were purchased from Gibco (ThermoFisher, USA).  

Preparation of Test Solutions for Treating Cells 

A stock solution of a test extract of 2 mg/mL in DMSO was 
prepared. This sample stock solution was diluted to a final 
concentration of 200 µg/mL in a suitable growth medium to 
treat cells. Treatments were performed on ∼80% confluent 
cells by incubation with a test solution for 20 h at 37°C in a 
CO2 incubator. Insulin at a final concentration of 100 nM was 
handled as the positive control. These treated cells were next 
used in experiments including quantitative PCR (qPCR), 
SDS-PAGE and Western blotting, and determinations of p65 
transcription factor activity, catalase activity, and nitric oxide 
(NO) production, as detailed in the following. 

qPCR  

The total RNA of cells was extracted using Tri Reagent and 
the RNA concentration was fluorometrically measured using 
Qubit™ RNA Assay Kit (Invitrogen, USA). Procedures re-
lated to the kits were in accord with the manufacturers’ rec-
ommendations. First-strand cDNA was synthesised in a 25-
µl reaction containing 12.5 µl of SensiFAST cDNA Synthesis 
Master Mix (Meridian Bioscience, USA), 200 pmolar of ol-
igo(dT)20 primer, and 500 ng of the RNA template. The qPCR 
of a sample was done in triplicate on the Magnetic Induction 
Cycler (Mic qPCR) (Bio Molecular Systems, Australia) by 
using qRT-PCR Brilliant III SYBR Master Mix (Agilent, CA, 
USA) and a pair of primers regarding inflammatory genes, 
such as TNF-α, IL-6, and NF-κB, and of GAPDH control 
gene. The primers were of Origene with the codes 
NM_013693, NM_031168, NM_008689, and NM_008084, 
respectively. The set-up qPCR cycling was 5 min at 95°C, 
followed by 40 cycles at 95°C for 30 sec and 60OC for 1 min 
to acquire Ct data. Primer specificity was confirmed by doing 
a dissociation curve analysis. For a sample, the Ct value of a 

test gene was normalised by that of GAPDH, and relative ex-
pression in fold change was reported by dividing the normal-
ised Ct of a treated sample by the untreated control. 

Protein Electrophoresis and Western Blotting  

Cells were lysed on ice using RIPA buffer (Sigma-Aldrich) 
supplemented with protease inhibitor cocktail (Roche, USA) 
and centrifuged at 11.000 × g for 15 min at 4OC to remove 
cell debris. A lysate's protein concentration was quantitated 
using the Pierce BCA Protein Assay Kit (ThermoFisher). An 
equal amount of sample proteins was loaded on SDS-poly-
acrylamide gel for electrophoresis. The separated bands were 
wet-transferred to the PVDF membrane (Amersham) at 
4°C overnight. The membrane was blocked in Tris-buffered 
saline containing 0.1% Tween 20 for 2 h at room temperature 
and probed with 1° antibodies (dilution 1:1000) against NF-
κB, p38 MAPK, p-p38 MAPK, GLUT4, or β-Actin protein 
(Cell Signaling Technology, USA) at 4°C overnight. The 
binding of the bound 1° antibodies to HRP-conjugated 2° an-
tibody (dilution 1:2000) (Santa Cruz Biotechnology, USA) 
was carried out at room temperature for 2 h. An ECL reagents 
kit (ThermoFisher) was used to generate the signal. Band vis-
ualisation was accomplished using Luminescent Image Ana-
lyzer (GE Healthcare, Sweden), and the bands’ density was 
calculated using ImageQuant™ TL 10.2 analysis software. 
Variation in the loaded protein concentration was compen-
sated by normalising the band density of a target protein to 
that of GAPDH. 

Preparation of Nuclear Extract 

The NE-PER™ Nuclear and Cytoplasmic Extraction Rea-
gents (ThermoFisher) were utilised to separate nuclear ex-
tract from cultured cells. In brief, cells in suspension were 
collected by centrifugation at 500×g for 5 min, washed by re-
suspending in PBS, transferred of ∼5×106 cells to a 1.5-mL 
microcentrifuge tube, and re-centrifuged again at 500×g for 
2-3 min. The supernatant was discarded, and the cell pellet 
was dried as much as possible in the air. Then, the CER I 
solution was added, mixed vigorously for 15 sec using a vor-
tex and incubated on ice for 10 min. Next, CER II solution 
was added, mixed for 5 sec, and incubated on ice for 1 min. 
After centrifugation at 16.000×g for 5 min, the supernatant 
(the cytoplasmic extract) was separated and stored at -80°C 
until use. The insoluble fraction in the tube’s bottom was re-
suspended in ice-cold NER solution and mixed for 15 sec for 
every 10-minute incubation of the total 40 min incubation on 
ice. The nuclear extract was acquired by centrifugation at 
16.000×g for 10 min. The supernatant was immediately aspi-
rated, transferred to a clean pre-chilled tube, and stored at -
80°C until use. 

https://www.origene.com/catalog/gene-expression/qpcr-template-standards/mk205104/gapdh-mouse-qpcr-template-standard-nm_008084
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Assay of NF-κB p65 Transcription Factor Activity 

RayBio NF-κB p65 Transcription Factor Activity Assay 
Kit (RayBiotech, USA) was recently used to determine active 
p65 transcription factors in nuclear extracts. The kit was pro-
vided in a 96-well plate format. The wells were pre-coated 
with double-stranded oligonucleotides containing NF-κB 
binding sequence (5/-GGGACTTTCC-3/). A sample of nu-
clear extracts was added to the well and incubated at 4°C 
overnight before being removed. The primary antibody 
against p65 was added and incubated for 2 h at room temper-
ature. Unbound antibodies were washed away. Then HRP-
conjugated secondary antibody was added, incubated for 1 h 
at room temperature, and removed. The TMB substrate rea-
gent was added and incubated for colour development at 
room temperature for 1 h. The stop-solution was added, and 
the OD450 was immediately measured using a microplate 
reader.   

Nitric Oxide (NO) Assay 

The principle for assaying NO of Sigma-Aldrich is based on 
oxidising any present NO to be NO2- (nitrite) and NO3-(ni-
trate) using a Griess reagent. The reaction products are stable 
and can be quantitatively measured at OD540. The standard 
curve can be constructed using accurate concentrations of 
NO2- for the reaction. NO sample concentration was calcu-
lated concerning the standard curve and normalised by the 
corresponding cells' total protein using Pierce BCA Protein 
Assay Kit (ThermoFisher). The normalised NO concentration 
of a test sample was compared with that of the control for 
reporting the relative NO production.     

Catalase Activity Assay 

Recently, the determination of catalase activity in samples as 
cell lysates was carried out by using the Catalase Colorimet-
ric Activity Kit (Invitrogen), according to the manufacturer’s 
protocol. A cell lysate from adhered cells in a well was pre-
pared as follows. The cultured medium was removed, and the 
cells were gently dislodged with a rubber policeman in 1x as-
say buffer. After centrifugation of the lysate at 10.000 x g for 

15 min at 4°C, the supernatant was collected and used for as-
saying catalase activity immediately. Catalase standard, as 
supplied in the kit, was used for constructing the standard 
curve with a concentration range of 0-5 U/mL, where 1 U of 
catalase stands for the decomposition of 1.0 µmol H2O2 in 1 
min at 25°C, pH 7. Samples and catalase standard solutions 
were separately incubated with mixed hydrogen peroxide re-
agent at room temperature for 30 min, followed by mixed 
substrate reagent at room temperature for 15 min before 
measuring the OD560. Again, the catalase activity determined 
for a sample was normalised with the corresponding sample 
protein and compared with the normalised result of the un-
treated control for reporting the relative catalase activity.  

Data Analysis  

Each experiment was done in triplicate. Data were reported 
as Mean ± S.D. Differences between groups were evaluated 
at p = 0.05 using the Student t-test or ANOVA with post hoc 
test Bonferroni of the IBM SPSS software for multiple com-
parisons. Results were considered significantly different if p 
values < 0.05. 

Results and Discussion  

Extraction Yields, Total Phenolic Content, and DPPH  
Antioxidant Activity 

Amorphous crystals of 3 g, 6 g, and 4.5 g were obtained by 
extracting 50 g dried powder from okra seed, green-oak leaf, 
and red-oak leaf with three times repeated 150-mL 95% eth-
anol. This resulted in a 6%, 12%, and 9% yield. All the ex-
tracts were sparingly soluble in ethanol and methanol but 
freely dissolved in DMSO. Stock solutions of 2 mg/mL in 
DMSO of the extracts were prepared and diluted in methanol 
to examine total phenolic content (TPC) and DPPH antioxi-
dant activity using gallic acid and Trolox as the correspond-
ing standards, respectively. The extract from okra seed 
showed TPC and antioxidant activity of about 2 times and 2.8 
times greater than those of green and red leaf, respectively. 
Moreover, the measured antioxidant activities corresponded 
with the TPC values (Table 1). 

Table 1 The values of TPC and DPPH antioxidant activity for the extracts of okra seed, 
green-oak leaf and red-oak leaf 

The extract origin TPC 
(mg gallic acid per g sample) 

DPPH antioxidant activity 
(mg Trolox per g sample) 

Green-oak leaf 5.99 ±0.22 a,b 0.45 ±0.02 c,d 
Red-oak leaf 4.44 ±0.06 a,b 0.35 ±0.05 c,d 
Okra seed 12.35 ±0.15 b 0.99 ±0.08 d 

a and c, significant difference with p < 0.05; b and d, significant difference with p < 0.01 
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Transcriptions of TNF-α, IL-6, and NF-κB Genes 

The transcription of TNF-α and IL-6 genes seemed to be si-
lenced in the normal glucose medium because the folds ex-
pressed were less than 1 (Figure 1). Transcriptional silencing 
of these genes was observed for all incubations whether using 
insulin or the extracts of green- and red-oak leaf and of okra 
seed. However, significant elevation of such gene transcrip-
tions was evident after treating the cells with insulin in the  

high glucose medium (Figure 1a and b). For the NF-κB gene 
transcription in normal glucose, incubations using green-oak 

leaf and okra seed extracts resulted in transcriptional activa-
tion of the gene, leading to the folds increased of > 1 (Figure 
1c). This gene transcription was not affected when challenged 
with red-oak leaf extract and insulin (folds changed ∼1). In 
the high glucose medium, it was noted that the NF-κB tran-
scription was suppressed by green- and red-oak leaf extracts 
but slightly activated by insulin. Likely, the effect of okra 
seed extract on the NF-κB transcription in both the normal- 
and the high-glucose media was equivalent and stimulatory, 
indicating a 1.2-fold change.  

 Symbols:  p < 0.05; **, p < 0.01 

Figure 1.  Transcriptional expression in folds changed of genes TNF-α, IL-6, and NF-κB of C2C12 cells grown in normal- and high- 
glucose DMEM determined by qPCR method; Insulin of 100 nM (Ins) or 200 µg/mL extracts from green-oak leaf (GO), red-

oak leaf (RO), or okra seed (OK) was independently incubated with the cells for 20 h before running the qPCR.  
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Expression of GLUT4, p38 MAPK, p-p38 MAPK, and  
NF-κB Proteins 

Cells of C2C12 treated with 100 nM insulin or 200 µg/mL 
extracts of green- and red-oak leaf and of okra seed were sub-
jected to SDS-PAGE and immunoblotting against NF-κB, 
p38 MAPK, p-p38 MAPK, and GLUT4 proteins. Results are 
shown in Figure 2. The expressed GLUT4 protein after insu-
lin challenge in the normal medium was higher than that af-
fected by other used extracts. However, such expression was 
intensely suppressed by insulin in the high-glucose medium. 
Lower levels of GLUT4 protein in normal glucose were de-
termined for the incubations using green- and red-oak leaf 
and okra seed extracts compared to that using insulin. Of 
note, the expression levels were increased while replacing the 
normal medium with another the containing high glucose 
(Figure 2c). The expressed ratio of p-p38 MAPK and p-38 

MAPK proteins after incubations with green- and red-oak 
leaf and insulin was not altered whether normal glucose or 
high glucose medium was supplied (Figure 2d). Instead, such 
the ratio was decreased after incubated with okra seed extract 
using the high glucose medium compared to that of the nor-
mal one. The expressed levels of NF-κB in the normal me-
dium were arranged according to the treatments as red-oak 
leaf < green-oak leaf < okra seed = insulin (Figure 2e). When 
changed to the high glucose medium, decreased expression 
of NF-κB was examined for treatments using okra seed ex-
tract and insulin. However, a similar amount of this expressed 
protein was indicated after incubation using green oak leaf 
extract in either the normal or the high glucose medium. No-
tably, increased expression of NF-κB protein was apparent 
for red-oak extract treatment in the high glucose culture.  

 

 Symbols: *, p < 0.05; **, p < 0.01 

Figure 2.  Expressions of GLUT4, p-38 MAPK, p-p38 MAPK, and NF-κB proteins determined by Western blotting method; C2C12 
cells grown in normal- or high- glucose DMEM were incubated with 100 nM insulin (Ins) or 200 µg/mL extracts from green-
oak leaf (GO), red-oak leaf (RO), or okra seed (OK) for 20 h followed by SDS-PAGE of the cells grown in normal DMEM (a) 
and those in high glucose DMEM (b); The density of protein bands was calculated by using ImageQuant™ TL 10.2 analysis 

software and graphed for GLUT4 (c), the p-p38 MAPK/p-38 MAPK ratio (d), and NF-κB (e).  



 

 

  Food and Health 10(3), 178-187 (2024) • https://doi.org/10.3153/FH24017          Research Article 

184 

NF-κB p65 Transcription Factor Activity 

p65 is one of the five components that form the NF-κB tran-
scription factor family, which is present in most cells and me-
diates inflammatory responses through the NF-κB signalling 
pathway (Zhang et al., 2020). In this research, the transcrip-
tional activity of p65 in C2C12 cells was investigated using 
the kit as specified. Results are shown in Fig. 3. Increased p65 
transcriptional activity was found in normal glucose after in-
cubation with green-oak leaf extract compared to that of okra 
seed and red-oak leaf. Suppression of the activity was sug-
gested for insulin, whether using the normal or the high glu-
cose medium. Instead, reduction of the p65 activity was sig-
nificant after being treated with the extracts of okra seed and 
green oak leaf in the high-glucose medium. However, slight 
decreasing the activity was seen for the incubation using the 
red oak extract. 

 
Figure 3. Relative p65 transcription factor activity: C2C12 

cells grown in normal- or high- glucose DMEM were treated 
with 100 nM insulin (Ins) or 200 µg/mL extracts from green-
oak leaf (GO), red-oak leaf (RO) or okra seed (OK) for 20 h 
before the assay using nuclear extracts. The untreated cells 

were of the control. Symbols: *, p < 0.05 

NO Production 

The production of NO by C2C12 cells grown in the normal 
or the high glucose medium and treated with insulin or the 
extract of either green- and red-oak leaf or okra seed was 
measured using cell supernatants. Results are shown in Fig. 
4. NO was actively produced by the cells after incubation 
with okra seed extract, and the lower producing levels were 
observed after incubation with green- and red-oak leaf ex-
tracts. Meanwhile, the effect of insulin on inducing NO pro-
duction was insignificant, whether in the normal or the high 
glucose medium.  

 
Figure 4. Relative NO production: C2C12 cells grown in 

normal- or high- glucose DMEM were treated with 100 nM 
insulin (Ins) or 200 µg/mL extracts from green-oak leaf 

(GO), red-oak leaf (RO), or okra seed (OK) for 20 h before 
the assay using cell supernatants. The untreated cells were 

of the control. Symbols: **, p < 0.01 

Catalase Activity 

Catalase is an enzyme found in nearly all living cells exposed 
to oxygen and is important by protecting cells from oxidative 
stress caused by reactive oxygen species (ROS). This en-
zyme, among others, has the highest turnover rate in convert-
ing millions of hydrogen peroxide molecules to water and ox-
ygen in a second. In Fig. 5, increased catalase activity was 
found for the cells grown in the normal glucose medium and 
after treatments using okra seed and green- and red-oak leaf 
extracts. In comparison, less catalase activity was investi-
gated for the cells of insulin challenge. In high glucose cul-
tures, the enzyme activity decreased significantly when incu-
bated with insulin as well as red oak leaf extracts and okra 
seed extracts. However, the activity disappeared after incuba-
tion using green oak leaf extract.  

Fasting blood glucose is one of the criteria for diagnosing pre-
diabetes (also called insulin resistance), about which plasma 
glucose reached in 2 h of an oral 75-g glucose challenge 
ranges between 101 and 125 mg/dL (5.6–6.9 mM). Im-
portantly, about 50% of the diagnosed prediabetic individuals 
have been noted to develop T2D within five years and are 
also at a higher risk of developing other metabolic disorders 
and cancers (Merz & Thurmond, 2020; Owei et al., 2019). 
Lifestyle interventions through exercise and diet are the cur-
rent strategies that are potential to cure prediabetes, including 
the fact that the co-administration of metformin has improved 
insulin sensitivity conditions. However, using this drug for 
prediabetes has not been ratified by the US FDA because it 
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sounds ineffective compared to lifestyle interventions in ad-
dition to the drug’s side effects (Centers for Disease Control 
and Prevention, 2017). The skeletal muscle is the largest or-
gan system of the body, essential for movements in daily life. 
Over 80% of oral glucose uptake is absorbed and metabolised 
to ATP by the muscle cells, corresponding to insulin’s func-
tion. Desensitisation to insulin of these cells impacts health 
by increasing blood glucose concentrations, the preceding di-
abetes condition (Khan et al., 2019). 

Figure 5. Relative catalase activity: C2C12 cells grown in nor-
mal- or high- glucose DMEM were treated with 100 nM insulin 
(Ins) or 200 µg/mL extracts from green-oak leaf (GO), red-oak 
leaf (RO) or okra seed (OK) for 20 h before the assay using cell 
lysates. The untreated cells were of the control. Symbols: *, p < 

0.05; **, p < 0.01 

The glucose concentration of the recently used high glucose 
DMEM has been mimicked to prediabetes's fasting blood 
glucose level. This was used to desensitise the cultured 
C2C12 cells to insulin to cause insulin resistance. Accord-
ingly, the responses of these insulin-resistant cells to all test 
extracts in high glucose mediums would be different from 
those of the insulin effects. Regarding some inflammatory 
genes’ markers, depletion of TNF-α, IL-6, and NF-κB tran-
scriptions after incubation with green- and red-oak leaf ex-
tracts was greater than that of okra seed incubation (Figure 
1). However, suppression of p-p38 MAPK, p-38 MAPK, and 
NF-κB proteins was potential for okra seed extract compared 
to those of green- and red-oak leaf samples (Figure 2d and e). 
For insulin effects, the promotion of NF-B transcription was 
suggested with decreased NF-B translation (Figure 2e). For 
reliability, the NF-κB signal transduction was validated by 
measuring NF-κB p65 transcription factor activity using a 
specific reagent kit. The extracts of okra seed and green-oak 
leaf, or even of red-oak leaf, were indicated to suppress the 

p65 transcription factor activity, and these results were dif-
ferent from the impacts of insulin (Figure 3). As such, all of 
the test extracts would mitigate inflammations as induced by 
high glucose condition but not by insulin. The promotion of 
GLUT4 expression was also determined after incubation with 
the extracts, and the highest protein expression was suggested 
for the red-oak leaf sample. Again, reduction of the expressed 
GLUT4 protein was significantly observed for insulin sup-
plement in the high glucose medium (Figure 2c). It was cer-
tain that the extracts of green- and red-oak leaf and of okra 
seed had the potential for improvement of prediabetic condi-
tions due to increasing insulin sensitivity and glucose uptake 
(Bird and Hawley, 2017).  

Hyperosmotic stress of C2C12 cells possibly happened while 
grown in the  high glucose medium, leading to water efflux 
and cell shrinking. Although oxidative and osmotic stress dif-
fer significantly, responses to these stresses by the affected 
cells have overlapped (Gayathri et al., 2023; Mager et al., 
2000). There was a rationale to monitor transcriptional and 
translational extents associated with inflammations of C2C12 
cells after being cultured in iso-osmotic or hyper-osmotic me-
dium recently. In general, cells have defence mechanisms to 
mitigate stresses and inflammations. NO production and dis-
sipation are parts of biological processes identified to date for 
stabilising normal cellular oxidative stress. However, de-
pending on its location and concentration, NO has been sug-
gested to elicit pro-inflammatory or anti-inflammatory ef-
fects. For instance, localised suppression of NO has been in-
flammatory by increasing pleural exudate volumes, leukocyte 
counts, and activities of enzymes related to oxidative stress 
of rats with carrageenan-induced acute inflammation. How-
ever, these signs have been dissipated by supplementing NO 
locally (Iwata et al., 2020). This project suggested increased 
NO production by C2C12 cells after incubation with green-
oak leaf, red-oak leaf, and okra seed extracts by two, three, 
and four times, respectively. For insulin-challenged cells, 
however, very little NO was produced. It was noted that 
trends of NO production for the cells in the normal- and the 
high- glucose media were not very varied (Figure 4). Conse-
quently, all test extracts were supposed to be great in resolv-
ing oxidative stress and inflammation in the high glucose me-
dium compared to insulin, which might be associated with the 
existing antioxidant activities (Table 1) and the ability to in-
duce NO production (Figure 4). 

Catalase deficiency and malfunctioning have been etiological 
factors of age-associated degenerative diseases, including 
T2D (Nandi et al., 2019). A strategy has been proposed to 
mitigate these diseases using catalase enzymes in food sup-
plement forms (Chandrasekaran et al., 2017). In the present 
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project, C2C12 cells grown in the normal medium were stim-
ulated to produce catalase after incubations using the extracts 
from green-oak leaf, red-oak leaf, and okra seed. However, 
less induction of the enzyme by these extracts was found for 
the cells in the high glucose medium. The potential of insulin 
to induce catalase production was much inferior to the ex-
tracts (Fig. 5). Although increased catalase expression was li-
able for C2C12 cells treated with the extracts, mechanisms at 
molecular levels are further explored.  

Conclusion 
In summary, the phenolic fractions obtained by cool-induced 
crystallisation of ethanolic extracts from green- and red-oak 
leaf and okra seed were determined to present DPPH-radical 
scavenging activity in a dose-dependent response. Cells of 
the skeletal muscle cell line, C2C12, were insulin-resistant 
after being cultured in high glucose DMEM for 20 h. Inflam-
mations were indicated to increase by repeat incubation of 
these resistant cells with insulin, leading to increased expres-
sion of p-p38 MAPK and NF-κB proteins and NF-κB p65 
transcription factor activity. Instead, using all of the extracts 
for the incubation seemed beneficial, as the activations of 
such inflammatory proteins and the transcription factor were 
diminished. Besides, increased catalase activity and NO pro-
duction were apparent by incubations using the extracts. Con-
sequently, these three vegetables might be helpful when in-
cluded in the daily diets of prediabetic individuals for increas-
ing insulin sensitivity and reducing oxidative stress and in-
flammation.      

Compliance with Ethical Standards 

Conflict of interest: The author(s) declares that they have no ac-
tual, potential, or perceived conflict of interest for this article. 

Ethics committee approval: The authors declare that this study 
does not include experiments with human or animal subjects, so 
ethics committee approval is not required. 

Data availability: Data will be made available on request. 

Funding: This research received no specific grant from public, 
commercial, or not-for-profit funding agencies. 

Acknowledgements: - 
Disclosure: - 

References 
Bird, S.R., Hawley, J.A. (2017). Update on the effects of 
physical activity on insulin sensitivity in humans. BMJ Open 
Sport & Exercise Medicine, 2, e000143.  
https://doi.org/10.1136/bmjsem-2016-000143 

Centers for Disease Control and Prevention. National Di-
abetes Statistics Report. Atlanta, GA: Centers for Disease 
Control and Prevention, US Department of Health and 
Human Services. (2017). https://nationaldppcsc.cdc.gov/ar-
ticle/CDC-National-Diabetes-Statistics-Report  
(Accessed 01.12.2023). 

Chandrasekaran, A., del Pilar Sosa Idelchik, M., Andrés 
Melendez, J. (2017). Redox control of senescence and age-
related disease. Redox Biology, 11, 91-102. 
https://doi.org/10.1016/j.redox.2016.11.005 

Furman, D., Campisi, J., Verdin, E. et al. (2019). Chronic 
inflammation in the aetiology of disease across the life 
span. Nature Medicine, 25, 1822–1832. 
https://doi.org/10.1038/s41591-019-0675-0 

Găman, M.A., Epîngeac, M.E., Diaconu, C.C., Găman, 
A.M. (2020). Evaluation of oxidative stress levels in obesity
and diabetes by the free oxygen radical test and free oxygen
radical defense assays and correlations with anthropometric
and laboratory parameters. World Journal of Diabetes, 11(5),
193-201.
https://doi.org/10.4239/wjd.v11.i5.193

Gayathri, G.K., Shinde, P.L., John, S., Sivakumar, K.C., 
Mishra, R. (2023). Understanding the combined effects of 
high glucose induced hyper-osmotic stress and oxygen ten-
sion in the progression of tumourigenesis: From mechanism 
to anti-cancer therapeutics. Cells, 12(6), 825-855.  
https://doi.org/10.3390/cells12060825 

Godos, J., Caraci, F., Castellano, S., et al. (2020). Associ-
ation between dietary flavonoids intake and cognitive func-
tion in an Italian cohort. Biomolecules, 10(9), 1300-1312.  
https://doi.org/10.3390/biom10091300 

Iwata, M., Inoue, T., Asai, Y., Hori, K., Fujiwara, M., 
Matsuo, S., Tsuchida, W., Suzuki, S. (2020). The protective 
role of localized nitric oxide production during inflammation 
may be mediated by the heme oxygenase-1/carbon monoxide 
pathway. Biochemistry and Biophysics Reports, 23, 100790.  
https://doi.org/10.1016/j.bbrep.2020.100790 

https://doi.org/10.1136/bmjsem-2016-000143
https://nationaldppcsc.cdc.gov/article/CDC-National-Diabetes-Statistics-Report
https://nationaldppcsc.cdc.gov/article/CDC-National-Diabetes-Statistics-Report
https://doi.org/10.1016/j.redox.2016.11.005
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.4239/wjd.v11.i5.193
https://doi.org/10.3390/cells12060825
https://doi.org/10.3390/biom10091300
https://doi.org/10.1016/j.bbrep.2020.100790


 

 

  Food and Health 10(3), 178-187 (2024) • https://doi.org/10.3153/FH24017         Research Article 

187 

Khan, R.M.M., Chua, Z.J.Y., Tan, J.C., Yang, Y., Liao, 
Z., Zhao, Y. (2019). From pre-diabetes to diabetes: Diagno-
sis, treatments and translational research. Medicina (Kaunas), 
55(9), 546-575.  
https://doi.org/10.3390/medicina55090546 
 
Li, J., Zhao, R., Miao, P., Xu, F., Chen, J., Jiang, X., Hui, 
Z., Wang, L., Bai, R. (2023). Discovery of anti-inflamma-
tory natural flavonoids: Diverse scaffolds and promising 
leads for drug discovery. European Journal of Medicinal 
Chemistry, 260, 115791. 
https://doi.org/10.1016/j.ejmech.2023.115791  
 
Mager, W.H., de Boer, A.H., Siderius, M.H., Voss, H.P. 
(2000). Cellular responses to oxidative and osmotic stress. 
Cell Stress Chaperones, 5(2), 73-75.  
https://doi.org/10.1379/1466-
1268(2000)005<0073:CRTOAO>2.0.CO;2 
 
Merz, K.E., Thurmond, D.C. (2020). Role of Skeletal Mus-
cle in Insulin Resistance and Glucose Uptake. Comprehen-
sive Physiology, 10, 785–809.  
https://doi.org/10.1002/cphy.c190029 
 
Nandi, A., Yan, L.J., Kumar Jana, C., Das, N. (2019). Role 
of catalase in oxidative stress- and age-associated degenera-
tive diseases. In Oxidative Medicine and Cellular Longevity, 
Article ID 9613090, 19. 
https://doi.org/10.1155/2019/9613090 
 
Owei, I., Umekwe, N., Ceesay, F., Dagogo-Jack, S. (2019). 
Awareness of prediabetes status and subsequent health be-
havior, body weight, and blood glucose levels. Journal of the 
American Board of Family Medicine, 32(1), 20-27.  
https://doi.org/10.3122/jabfm.2019.01.180242 
 
Parasoglou, P., Rao, S., Slade, J.M. (2017). Declining skel-
etal muscle function in diabetic peripheral neuropathy. Clin-
ical Therapeutics, 39(6), 1085-1103. 
https://doi.org/10.1016/j.clinthera.2017.05.001 
 

Peter, E.L., Nagendrappa, P.B., Ajayi, C.O., Sesaazi, C.D. 
(2021). Total polyphenols and antihyperglycemic activity of 
aqueous fruits extract of Abelmoschus esculentus: Modeling 
and optimization of extraction conditions. PLoS One, 16(4), 
e0250405.  
https://doi.org/10.1371/journal.pone.0250405 
 
Sami, R., Lianzhou, J., Yang, L., Ma, Y., Jing, J. (2013). 
Evaluation of fatty acid and amino acid compositions in okra 
(Abelmoschus esculentus) grown in different geographical 
locations. BioMed Research International, 574283.  
https://doi.org/10.1155/2013/574283 
 
Stanaway, J.D., Afshin, A., Ashbaugh, C. et al. (2022). 
Health effects associated with vegetable consumption: A bur-
den of proof study. Nature Medicine, 28, 2066-2074.  
https://doi.org/10.1038/s41591-022-01970-5 
 
Viacava, G.E., Roura, S.I., Berrueta, L.A., Iriondo, C., 
Gallo, B., Alonso-Salces, R.M. (2017). Characterization of 
phenolic compounds in green and red oak-leaf lettuce culti-
vars by UHPLC-DAD-ESI-QToF/MS using MSE scan mode. 
Journal of Mass Spectrometry, 52(12), 873–902. 
https://doi.org/10.1016/j.jpba.2019.05.007 
 
Yang, X., Wei, S., Liu, B. et al. (2018). A novel integrated 
non-targeted metabolomic analysis reveals significant metab-
olite variations between different lettuce (Lactuca sativa L) 
varieties. Horticulture Research, 5, Article number 33.  
https://doi.org/10.1038/s41438-018-0050-1 
 
Zheng, J., Meenu, M., Xu, B. (2019). A systematic investi-
gation on free phenolic acids and flavonoids profiles of com-
monly consumed edible flowers in China. Journal of Phar-
maceutical and Biomedical Analysis, 172, 268-277. 
https://doi.org/10.1016/j.jpba.2019.05.007 
 
Zim, U., Khatun, J., Khan, M.F., Hossain, M.A., Haque, 
M.M. (2021). Evaluation of in vitro antioxidant activity of 
okra mucilage and its antidiabetic and antihyperlipidemic ef-
fect in alloxan-induced diabetic mice. Food Science & Nutri-
tion, 9, 6854–6865.  
https://doi.org/10.1002/fsn3.2641 
 

https://doi.org/10.3390/medicina55090546
https://doi.org/10.1016/j.ejmech.2023.115791
https://doi.org/10.1379/1466-1268(2000)005%3C0073:CRTOAO%3E2.0.CO;2
https://doi.org/10.1379/1466-1268(2000)005%3C0073:CRTOAO%3E2.0.CO;2
https://doi.org/10.1002/cphy.c190029
https://doi.org/10.1155/2019/9613090
https://doi.org/10.3122/jabfm.2019.01.180242
https://doi.org/10.1016/j.clinthera.2017.05.001
https://doi.org/10.1371/journal.pone.0250405
https://doi.org/10.1155/2013/574283
https://doi.org/10.1038/s41591-022-01970-5
https://doi.org/10.1016/j.jpba.2019.05.007
https://doi.org/10.1038/s41438-018-0050-1
https://doi.org/10.1016/j.jpba.2019.05.007
https://doi.org/10.1002/fsn3.2641

	Increased expression of GLUT4, catalase and nitric oxide by a crystalised fraction from ethanolic extracts of oak leaf lettuce and okra seed in C2C12 cell line
	Introduction
	Materials and Methods
	Preparation of Crystalized Extracts
	Total Phenolic Content
	DPPH Antioxidant Assay
	C2C12 Cell Culture
	Preparation of Test Solutions for Treating Cells
	qPCR
	Protein Electrophoresis and Western Blotting
	Preparation of Nuclear Extract
	Assay of NF-κB p65 Transcription Factor Activity
	Nitric Oxide (NO) Assay
	Catalase Activity Assay
	Data Analysis

	Results and Discussion
	Extraction Yields, Total Phenolic Content, and DPPH Antioxidant Activity
	Transcriptions of TNF-α, IL-6, and NF-κB Genes
	Expression of GLUT4, p38 MAPK, p-p38 MAPK, and NF-κB Proteins
	NF-κB p65 Transcription Factor Activity
	NO Production
	Catalase Activity

	Conclusion
	References


