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ABSTRACT

The previous study showed that okra fruit extract improved insulin sensitivity. Insulin resistance played an
important role in the pathophysiology of type 2 diabetes. At the molecular level, impaired insulin sensitivity could
be caused by several factors, mostly the occurrence of a mutation or posttranlation modification at the insulin
receptor or its downstream effector molecule. This study aimed to evaluate the effect of okra fruit extract on glucose
regulating gene expressions, such as PP AR-y, adiponection, resistin, GLUT-4, and GLP-1 gene. Evaluation of this
gene expression was performed using the PCR-Gel Base method with the B-actin gene as an internal control gene.
The area under the curve (AUC) from the image was determined by using fmage.J software. The results showed that
the administration of metformin or okra fruit extracts affected the AUC value compared to the positive control,
which meant that the expression of each gene changed. Increased expression occurred in PPARG, adiponectin,
GLUT-4, and GLP-1 genes; while resistin gene expression decreased. It was concluded that okra fruit extract could
improve insulin sensitivity by modifying the expression of PPAR-y, adiponection, resistin, GLUT-4, and GLP-1
gene.
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INTRODUCTION
Diabetes mellitus (DM) is a group of metabolic disorders characterized by hyperglycemia and
abnormality of carbohydrate, fat and protein metabolism; caused by the inability of the pancreas to
produce insulin or the body's inability to use insulin optimally."”
Okra (Abelmoschus esculentus (L.) Moench) is belonged to malvaceae family. The activity of okra fruit
including antioxidant **, lipid inhibitor’, antidiabetic®™*, and glucose absorption inhibitor’ as well as a
natural absorbent technology in water treatment. '
As an antidiabetic, okra fruit extract had a mechanism of action in increasing insulin secretion and
sensitivity as well as inhibit glucose absorption in the gastrointestinal tract.® The okra fruit extract
contained steroids/triterpenoids and flavonoids. Another study showed that the okra fruit rich in a-
cellulose and hemicellulose, both belonged to the fiber group. And it was known that fiber could be so
helpful to stabilize blood sugar level by suppressing sugar absorption in the intestinal tract’. Polyphenols
compounds could modulate carbohydrate and lipid metabolism, reduce hyperglycemia, improve adipose
tissue metabolism, dyslipidemia and insulin resistance, and stress-sensitive signaling pathways and
alleviate oxidative stress and inflammatory processes.'’ While triterpenoids had inhibited the formation of
advanced glycation end products and strong antioxidant activity.'” Antioxidant activity of these
compounds is also able to prevent the occurrence of metabolic syndrome. "
Decreased insulin sensitivity, also known as insulin resistance syndrome, plays an important role in type 2
diabetes pathophysiology, including its relationship with other symptoms of metabolic syndrome. Insulin
resistance is usually associated with the inability of insulin to perform its function in glucose uptake,
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metabolism, and storage.'* At the molecular level, impaired insulin sensitivity can be caused by several
factors, such as the occurrence of a mutation or posttranlation modification at the insulin receptor or its
downstream effector molecule.'” Some of the glucose regulating genes include gamma-activated activator
receptor peroxisome (PPAR-y), resistin, GLP-1, GLUT-4, and adiponectin. Peroxisome Proliferator
Activated Receptor-gamma (PPAR-y), adiponectin, and resistin are known to play an important role in
glucose transport'®; GLP-1 in stimulating the hormone insulin in the pancreas; whereas GLUT-4 affect
glucagon in regulating blood sugar levels.'™"*
One of the insulin receptors that started to become the focus in the treatment of diabetes was PPAR-
.22 PPAR-y, belonged to the PPARs, is a nuclear hormone receptor that acted as a second messenger
in regulating glucose uptake and utilization. PPARs consist of PPAR-a, PPAR-8, and PPAR-y. The
primary effect of PPAR-u is to improve plasma lipid, PPAR-6 responsible for fatty acid oxidation and
immunomodulator, while the PPAR-y improves insulin sensitivity."*”' PPAR-y is highly expressed in fat
tissue compared to muscle and liver. However, PPAR-y activation will increase insulin sensitivity in the
muscle and liver by increasing adiponectin and decreasing resistin, leptin, interleukin and TNF-g, and
modifying fatty acid uptake and lipolysis, increasing glucose uptake in skeletal muscle and reducing
hepatic glucose production and accumulation of liver fat."**
Adiponectin is a peptide hormone, mainly produced by adipocytes, plays a role in glucose regulation and
catabolism of fatty acid. Adiponectin levels will increase when the body's fat decrease. Adiponectin level
elevation improves insulin sensitivity because the serum adiponectin level has a positive correlation with
insulin sensitivity.” Resistin (resistant to insulin) is identified as having an association with obesity and
insulin resistance.” Increased expression of resistin in abdominal fat increases the risk of Type 2 diabetes
associated with central obesity.” The mechanism of resistin in causing insulin resistance is by inhibiting
the insulin stimulated-glucose uptake and inhibiting the differentiation of adipose cells.”® Glucose uptake
in muscles and adipose cells are determined by GLUT-4 expression. GLUT-4 is one of the glucose
transporter present in muscle and adipose tissue and plays a role in insulin-mediated glucose uptake.”
GLUT-4 diffuses glucose into muscle and fat cells. GLUT-4 expression in skeletal muscle, heart, and fat
cells has decreased in patients with insulin resistance.” Another gene that plays a role in glucose
regulation is GLP-1. GLP-1 is a polypeptide with a length of 30 amino acids produced in the endocrine
part of intestinal epithelial L cells as a product of glucagon gene expression. GLP-1 is a powerful
stimulant for insulin and glucagon inhibitors but is quickly converted into inactive metabolites by the
DPP-4 enzyme.
The previous study evaluated the okra fruit extract in improving the insulin sensitivity®. The study was
conducted by administrating okra fruit extract at various doses (25, 50, 100, and 200 mg/kg bw) to fat
emulsion induced mice for 14 days. The parameter was the value of the insulin tolerance test constant
(Cirr). The result showed a significant insulin sensitivity improvement in the group treated with okra fruit
extract at a dose of 50 and 100 mg/kg bw, comparable to metformin as a standard drug. This current study
aimed to evaluate the mechanism of action of the okra fruit extract on glucose regulating genes expression
responsible in increasing insulin sensitivity.

EXPERIMENTAL
Identification and Authentication of Plant Material
Okra (4 belmoschus esculentus L.) fruit was purchased from Research Station for Spices and Medicinal
Plants, Bogor, West Java, Indonesia and for its identification and authentication was performed by the
Center for Plant Conservation Botanic Gardens, Bogor, West Java, Indonesia.

Preparation of Abelmoschus esculentus L. Extract
After cleaned and cut into pieces, okra fruit was mashed using a blender and the mixture was separated
using a filter paper and the filtrate was collected and concentrated using a freeze drier.

Animals

Male Swiss—Webster mice 2-3 months old and weighing 20-30 g were kept at standard laboratory
conditions at humidity 70-75%, 24-26°C, and 12 hours light/dark cycle. Animals were fed with water ad
libitum and standard chow . The methods in this study were carried out by ethics and guide for animal
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care and used. Ethical approval was published by the Ethics Committee Padjajaran University
(Registration number: 0818020269).

General Procedure

Treatment of Insulin Resistance Animal Model

There were two stages in antidiabetic testing in vivo. In the first stage, mice were induced using lipid
emulsion® at a dose of 0.42 ml/20 g bw for 2 weeks. In the second stage, mice with insulin resistance
(from first stage) were randomly grouped into 6 groups: standard drug group (metformin at dose of 135
mg / kg bw), positive control group, and extract groups at dose of 25 mgkg bw, 50 mg/kg bw, 100
mg/kg, and 200 mg/kg bw. Administration of metformin and extracts was performed for 14 days. At the
end of the study, mice were sacrificed and the adipose tissue and perirenal fat were collected to be
evaluated the expression of the PPAR-y (perirenal fat), adiponectin (adipose tissue), resistin (perirenal
fat), GLUT-4 (adipose tissue), and GLP1 gene (adipose tissue).

Semi-Quantitative Gene Expression Evaluation
Primers were derived from the resistin, GLUT-4, PPARG, adiponectin, and GLPI genes (Table-1).

Table-1: Primers for the Genes

Gene Name Gene Code Primer Size (bp)
Adiponectin™ Adipog Adipog F : 5"-AGCCT GGAGA AGCCG CTTAT-3’ 151
Adipog R : 5*-TTGCA GT AGA ACTTG CCAGT GC-3’

GLP-1IR™ glplr Glp-1rF : 5’- TCAGAGACGGTGCAGAAATG -3’ 158
Glp-1rR : 5'- CAGCTGACATTCACGAAGGA-3’

GLUT-4" sle2ad slc2a4 F : 5-CTGTGCCATCTTGATGACCGTG-3" 196
sle2a4 R @ 5'-GTTGGAGAAACCAGCGACAGC-3’

PPAR-y" pparg Pparg F : 5"-CCACCAACTTCGGAATCAGCT-3’ 434
Pparg R : 5’- TTTGTGGATCCGGCAGTTAAGA-Y

Resistin™ retn retn F: 5-TCAAC TCCCT GTTTC CAAAT GC-3° 151

retm R : 5°-TCTTC ACGAA TGTCC CACGA-3

Primer quality was evaluated using the BLAST software (Basic Local Alignment Search Tool) through
http://blast.ncbi.nlm.nih.gov/Blast.cgi. The alignment step was performed by using software
http://ncbi.nlm.nih.gov/tools/primer-blast/) by entering the nucleotide sequences. The next step was
calculating the product length based on the forward and reverse primer used.

The expression of the genes at the mRNA level was carried out using the PCR gel base method with band
thickness and area under the curve on the electropherogram as the parameters. Total RNA from each
organ was isolated using SV Total RNA Isolation System kit. Cell breakdown was carried out by grinding
each organ sample using mortar pestle and liquid nitrogen, then adding 175ul of RNA Lysis solution
(particularly for liver used 350 pl solution), 350 pl RNA Dilution Buffer. The mixture was incubated at
70°C for 3 minutes, then centrifuged for 10 minutes at a speed of 13000 rpm. An 95% ethanol was added
to the supernatant in the spin column as a precipitation process. Total RNA was washed using 600 pl
RNA wash solution and centrifuged for 1 minute at 13000 rpm. The next step was the removal of
Genomic DNA by adding 40 pl Yellow core buffer, MnCl1 2 5 ul and 5 pul DNAse I enzyme and incubated
at a temperature of 20-25°C for 15 minutes. The reaction was stopped by adding 200 pl DNAse Stop
Solution to the mixture. Total RNA was re-washed using 600 pl and 250 pl RNA wash solution and
centrifuged for 2 minutes at a speed of 14500 rpm at each step. Total RNA was eluted using 100 pl
Nuclease Free Water and centrifuged for 1 minute at 13000 rpm. The isolated total RNA could be stored
in the elution tubes at a temperature of -70°C (as an alternative could be stored at temperatures of -20 to -
30°C).

741
OKRA (Abelmoschus esculentus L) FRUIT EXTRACT W. Aligita et al




RASAYAN J., Chem.
Vol.13 | No. 1 |739 —746]| January - March | 2020

The procedure of the RT-PCR method from isolated RNA was performed as stated in the AccessQuick ™
RT-PCR System (Promega) kit protocol. The incubation temperature of RNA when transcripted into
cDNA was 45°C for 45 minutes. The cDNA was then amplified by 35 cycles, including the initial
denaturation stage at 95°C for 2 minutes then continued with annealing stage at 57°C for 30 seconds,
Extention stage at 72°C for 30 seconds, and final extension at 72°C for 5 minutes. The amplification
product was stored at 4°C.

The amplification (amplicon) product was then detected using agarose gel electrophoresis. The
electrophoresis process was run at 100 volts for 30 minutes. Electrophoregram was then visualized under

planar UV and photographed using a camera with an ISO value 3200; E é; magnification 37.00 mm; and

F ;—6 using digiCam software. The area under the curve (AUC) from the image was determined using

ImageJ software.” This value interpreted the total gene expression and DNA in intact conditions because
it was directly proportional to the band’s thickness.

RESULTS AND DISCUSSION
The PCR technique can generally be used with certain modifications for gene analysis and the results can
be directly applied. The success of a PCR process depends on the primer. The primers in the PCR process
serve as a barrier to the target DNA fragment to be amplified (forward primer) and provide a hydroxy (-
OH) group at the 3 'end that is required for DNA extension (reverse primer). The primer design was
carried out based on known DNA sequences then evaluated the suitability of the nitrogen base sequence
using the GenBank database system on the NCBI website. The primer obtained from the literature were
then evaluated to see the primary quality wusing the BLAST software through
http:/ncbi.nlm.nih.gov/tools/primer-blast/. BLAST is a feature in NCBI which functions to analyze
whether there are primary similarities between the primer used with genes in musculus on GenBank DNA
and find out other nucleotide sequences that are similar to their primary sequence. The result showed that
the primer sequence used specifically in the mus musculus was by the genes to be evaluated.
The AUC from the electropherogram was shown in Fig.-1. The results of the previous experiment showed
that the administration of metformin or okra fruit extract increased insulin sensitivity®. In this current
experiment, we will evaluate the effect of okra fruit extract in influencing the expression of PPARG,
adiponectin, resistin, GLUT-4, and GLP1 genes. These genes play an important role in glucose regulation
and determine the level of insulin sensitivity.
From Fig.-1, the positive control group showed reduced PPARG gene expression compared to the
negative control group. This means that fat emulsion administration could reduce insulin sensitivity by
inhibiting PPARG gene expression. Meanwhile, the group given metformin showed an increase in
PPARG gene expression. The same results were also shown in the group given okra fruit extract. PPAR-y
is found in high amounts in fat cells and a small portion in muscle cells such as adipose tissue. The
activation of PPAR-y will stimulate the process of adipogenesis, differentiation and distribution of
adipocytes so that it stimulates the efficiency of energy storage and mediates the metabolic effects of
insulin and urges anti-inflammatory action. PPARG activation can also increase adiponectin and decrease
resistin. Otherwise, in the condition of obesity or insulin resistance, reduction in PPARG expression will
decrease adiponectin expression and an increase in resistin. This is consistent with the results of
experiments that showed a decrease in adiponectin gene expression and an increase in resistin gene
expression.
The adipoq gene that encodes adiponectin is an adipokin group that is usually expressed under certain
conditions. Conditions that affect the level of adipoq gene expressions such as type 2 diabetes mellitus
accompanied by insulin resistance and obesity. Adiponectin is present in adipose and plasma tissue, but in
conditions of obesity, adiponectin can also be detected in the liver, pancreas and other fatty tissues such
as perirenal tissue.”™"’ Adiponectin expression has the opposite effect with other adipokines such as
resistin and leptin. Adiponectin in a person with DM type 2 and obese conditions, will be lower than
normal conditions (non-obese) or DM type 1. This gene has a role to prevent the occurrence of insulin
resistance, especially in type 2 DM by providing the effect of increasing insulin sensitivity. Adiponectin
influences the process of gluconeogenesin in the liver, urging the effect of insulin sensitivity on skeletal
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muscles and the liver thereby increasing transport and burning of fatty acids. Increased burning of these
fatty acids will also increase energy in skeletal muscles and cause a decrease in triglycerides in skeletal
muscle and increase insulin transduction.™

30000
25000
20000
15000
10000
- I I II |II
0
PPARG Adipog RETN SCL2A4 GLP1R
W Negative control W Positive control m Metformin 135 mg/kg bw
OFE 25 mg/kg bw m OFE 50 mg/kg bw m OFE 100 mg /kg bw

W OFE 200 mg /kg bw

Fig.-1: AUC from Electrophoregram

Figure-1 showed the Adipoq gene in the positive control group had lower AUC compared to the negative
control group and compared to the metformin and extract group. This means that the administration of fat
emulsion caused a decrease in the expression of adiponectin, which in turn caused insulin resistance.
Treatment with metformin or okra fruit extracts would increase the expression of the adiponectin gene so
that it could improve insulin sensitivity.

Resistin expression is affected by PPARG activation. Resistin and other adipokines, such as leptin and
TNF-a. will generally increase in conditions of insulin resistance and obesity.™ This elevation in resistin
expression will be associated with type 2 DM. The result showed that the positive control group
experienced type 2 DM characterized by increased RETN gene expression. The difference in resistin
expression could be seen in the treated groups. In the metformin and okra fruit extract groups, resistin
expression decreased. This indicated that there was an improvement in insulin sensitivity in animal
models. The results showed that there was a link between PPARG gene activation in its role in increasing
adipoq gene expression and decreasing the expression of resistin genes.

GLUT-4 is an insulin receptor located on the surface of cell membranes, precisely in muscle and fat
tissue. When insulin resistance occurs, GLUT-4 loses its stimulation to diffuse glucose into muscle cells,
so in this condition, DM sufferers feel weak because there is no energy intake into the muscles. This is
also influenced by decreased expression of the adiponectin gene. PPAR-y expression can stimulate the
expression of GLUT-4.%” The results showed that the induction of high-fat emulsion was very influential
on GLUT-4 gene expression, as well as treatment with metformin or extract. The positive control group
showed lower GLUT-4 gene expression when compared to the negative control group. This means that
GLUT4 gene expression reduction had a decreased effect on insulin sensitivity. Whereas in the group
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given treatment, both with metformin or okra fruit extract, it could be seen that an increase in GLUT4
gene expression also affected the improvement of insulin sensitivity.

GLP-1 is part of the hormone incretin which has a contribution to insulin release. Endocrine L cells of the
intestinal epithelium produce GLP-1 as a product of glucagon gene expression and are stored in the
pancreas and present in plasma. The expression of this gene will indirectly indicate the condition of the
pancreas. A healthy pancreas will produce enough GLP-1 gene expression to stimulate insulin.
Conversely, GLP-1 gene expression will decrease under DM conditions. This is related to the presence of
the DPP-4 enzyme whose task is to convert GLP-1 into inactive metabolites, which causes a decrease in
insulin release and increased release of glucagon so that glucose in the blood is not transported into
cells.” The test results showed GLP1R gene expression on positive control was lower than the negative
control, and the administration of metformin or okra fruit extracts could increase the expression of these
genes. This showed that GLP1 gene expression reduction contributed to insulin resistance, and treatment
using metformin or okra fruit extracts would increase GLP1 gene expression and in the end improve
msulin sensitivity.

Based on experimental results, it was known that insulin resistance was largely determined by the
expression of glucose-regulating genes. Administration of fat emulsion as an induction caused a decrease
in insulin sensitivity characterized by a decrease in the insulin tolerance test constant (Cyrp).* At the
molecular level, reduction in insulin sensitivity was caused by changes in the expression of glucose-
regulating genes, in this case, a decrease in PPARG, adiponectin, GLUT4, and GLP1 gene expression,
and an increase in the expression of resistin genes. Metformin as the first line of type 2 DM therapy
showed the effect of improving glucose metabolism and diabetes-related complications. However, the
mechanism of action in detail is not fully understood. Physiologically, metformin can reduce hepatic
glucose production.”” Molecularly, metformin can increase the expression of PPARG™, adiponectin®,
GLUT-4", GLP1*, and decrease the expression of resistin genes®™, as shown in Fig.-1. Similar results
were also shown in the group administered okra fruit extracts; although in some genes, the changes given
were not exactly like metformin. From Fig.-1, it could also be seen that increasing the dose caused an
increase in the effect of affecting the expression of these genes.

CONCLUSION
Okra fruit extract improved insulin sensitivity in insulin resistance animals by increasing the expression
of PPAR- v, adiponectin, GLUT-4, and GLP-1; and reducing the expression of resistin gene.
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