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Melatonin in beans is known for regulating glucose absorption in muscles and
intracellular transformation with Glucose Transporter type 4 (GLUT 4) through Inositol-
trisphosphate 3 (IP3) kinase activation. The efficacy of functional food ingredients has not
been fully explored, and there is still a lack of information about the action mechanism of the
hypoglycaemic effect and the relationship to GLUT 4 gene expression in beans. Therefore, this
research aims to explore the hypoglycaemic efficacy of red beans (Phaseolus vulgaris L) and
GLUT 4 gene expression in diabetic rats. This experimental research with a post-test only control
group design was conducted on male Wistar rats that divided into KN (without STZ induction),
K- (induced by Streptozotocin (STZ) 45 mg/kgBW), K+ (induced by STZ+Metformin), P1 (induced
by STZ+red beans extract dose 0.35 g/200 gBody Weight), P2 (induced by STZ+red beans
extract dose 0.7 g/200 gBW). After 21 days, the rats were examined for Fasting Plasma Glucose
(FPG), while GLUT 4 gene expression was analyzed by qPCR. ANOVA test used to analyze the
mean differences between groups. Qualitatively, red beans extract contain melatonin with IC50
0,4057 mg/mL (Acarbose 0.0138 mg/mL). There was a significant decrease in FPG in groups
P1 (p = 0.043) and P2 (p = 0.023). The red bean extract group showed up-regulation of GLUT
4 gene expression (P1 = 52.77, P2=71.75). The correlation between GLUT 4 and FPG had no
significant results with p = 0.725, and r = -0.074. Red beans extract contained melatonin has
o-Glucosidase inhibitory activity although the power still below than acarbose. Administration
of melatonin contained in red bean extract at a dose of 0.7 g/200 gBW can increase GLUT 4
gene expression than in lower dose. Melatonin contained in red bean extract may contribute to
improved glucose metabolism, but the quantitative levels of melatonin needs to be measured
through further research.
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Melatonin is a hormone produced by the
pineal gland for regulating human physiological
rhythms, insomnia, and the immune system. The
hormone has anti-inflammatory and antioxidant

effects to ward off free radicals.! Melatonin
plays a role in the incidence of cardiovascular
disease, obesity, and diabetes mellitus (DM) while
regulating carbohydrate metabolism. Previous
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research showed that pinealectomy caused glucose
intolerance and insulin resistance in DM?. This
surgical process is responsible for the absence
of melatonin, decreased expression of Glucose
Transporter type 4 (GLUT4), glucose intolerance,
as well as insulin resistance.’

Efforts to treat and prevent effect of
hyperglycaemia on DM have been carried out
by seeking other alternative treatments. The use
of pharmacological treatments and nutritional
therapy can help prevent the progression of DM.
A typical example is beans, such as red beans
(Phaseolus vulgaris L.), which are a valuable
source of nutrients.” The antihyperglycemic
effect of red beans is played by the flavonoids,
saponins, tannins, alkaloids, and terpenoids.*
Several research have been conducted on the
benefits of red beans in reducing blood glucose
levels in experimental animals. Zuo A. et al. (2023)
found that Fasting Plasma Glucose (FBG) levels
decreased significantly in the group given red bean
polyphenol metallothionein complex.> Many food
sources have been proven to contain melatonin such
as in tomato, cherries, soybean seeds, red beans and
pistachio.! For instance, red beans contain 54.79
+ 0.79 ng/g levels of melatonin.® It is suggesting
that plant sources may serve as a potential natural
source of melatonin. Whereas, administration of
melatonin to experimental animals injected with
Streptozotocin (STZ)-Nicotinamide (NA) for 6
weeks causes an increase in insulin and superoxide
dismutase activity as well as a decrease in hepatic
Malondialdehyde which plays a role in the
pathophysiology of diabetes.’

The mechanism regulates blood sugar
levels by regulating glucose uptake in adipocytes
through GLUT expression modulation. Melatonin
activates glucose use in muscles and intracellular
transformation with GLUT 4 through IP3 kinase
activation.® GLUT4 is an insulin-regulated glucose
transporter responsible for the uptake into muscle
and fat cells . Research measuring expression in
the soleus muscle of DM rats showed that GLUT
4 protein and gene expression decreased in the
DM group. Other results found that miR-29b-
3p and miR29c-3p expression were negatively
correlated with GLUT 4 gene expression.’ This
was supported by Tursinawati et al., 2022 which
proved the overexpression of mir29b in type 2 DM
Javanese patients.'® Mir29b is a regulatory factor

of MTNRI1B, the gene encoding the melatonin
receptor MT2.

An in vivo research on type 1 DM rats
given 200 mg/kg BW of red bean water extract
showed an increase in GLUT 4 protein in DM rat
muscles compared to rats not given red beans."
GLUT+4 is stored in intracellular vesicles, and
its function is influenced by the IRS-1/PI3K/Akt
pathway, which is a key determinant of insulin
sensitivity and glucose homeostasis. Other
kidney bean species, such as adzuki bean (Vigna
angularis), have been studied to improve insulin
signalling by increasing IRS1 and AKT1 protein
expression in human liver cells.'? The efficacy of
functional food ingredients containing melatonin in
red beans has not been fully explored, and there is
still a lack of information related to the mechanism
of action of the hypoglycaemic effect as well as the
relationship to GLUT 4 gene expression. Therefore,
this research aims to explore the hypoglycaemic
efficacy of melatonin in red beans and on GLUT 4
gene expression in diabetic experimental animals.

MATERIAL AND METHODS

Preparation of red bean extract

A total of 3 kg of red beans purchased
from local vendor in Semarang, were dried at a
temperature of 105° C for 6 hours. The dried beans
were manually rubbed to remove the seed coat,
then grinded and sieved through a 60-mesh sieve.
Furthermore, the sieved results were dried at a
temperature of 105° C for 1 hour. A total of 150
grams of simplicial powder was macerated using
96% ethanol solvent (1:10).
Melatonin Test of Red Bean Extract

The melatonin test was carried out
qualitatively using the thin-layer chromatography
method, which was read under UV light and Rf
calculation. The test was carried out by adding 1g
of ethanol extract from beans and 15 ml of 15%
acetic acid before filtering using filter paper. The
filtrate was extracted with 50 mL of petroleum
ether, after which the acetic acid extract was
collected and adjusted to pH 10 using NH,, OH.
The ether extract was separated and evaporated
to dryness, then re-dissolved in 5.0 mL of ethanol
solvent. The ethanol solution and the comparator
in the form of standard melatonin were spotted
on a silica gel plate for preparative purposes. The
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elution was conducted using the BAW mobile
phase (n-Butanol: Acetic acid: Water) with a ratio
of 12:3:5.

Antidiabetic test of red bean extract
(0-Glucosidase inhibitory activity)

The o-Glucosidase enzyme inhibition
activity test was carried out using a microplate
reader with a substrate in the form of p-nitrophenyl-
o-D-glucopyranoside (p-NPG) and a-glucosidase
enzyme. The reaction mixture consisted of blank,
control, sample, and control. A 17 pL substrate
was added and incubated at 37°C for 30 minutes.
The reaction was stopped by adding 100 pL of 2
M Na,CO, and measured at 410 nm wavelength.
Acarbose solution was used as a positive control
and the experiment was carried out 3 times.
Furthermore, the % inhibition was calculated to
determine the IC50 value.

Experimental design and animal treatment

Experimental research with pre and post
test randomized controlled group design was
used in male Wistar rats induced by STZ (Sigma-
Aldrich, USA). A single dose of 45 mg/kg was
administered intraperitoneally to Wistar rats, aged
10 weeks and weighing 170 —220 g. These animals
were divided into five groups as follows KN =
without STZ induction; K- = induced by STZ; K+
= induced by STZ, given metformin at a dose of
4.5 mg/kg BW; P1 = induced by STZ, given red
bean extract 0.35 g/200 gBW orally every day for
21 days; P2 = induced by STZ, given red bean
extract 0.70 g/200 gBW orally every day for 21
days. The dose of beans that can decrease blood
sugar in humans is 28 grams. Therefore, conversion
for rats is 0.35 g/200 gBW and 0.70 g/200 gBW in
10 ml of distilled water. This experimental study
has received ethical approval.

Clinical Chemistry Analysis

The rats were fasted for 8 hours, and 2 ml
of blood was taken from the orbital vein for Fasting
Plasma Glucose (FPG). Subsequently, surgery was
performed to remove the gastrocnemius muscle for
GLUT 4 gene expression.

GLUT 4 Gene Expression with quantitative
PCR (qPCR)

Gastrocnemius muscles taken during
termination were soaked in RNA latter solution
to be extracted using the Tissue Total RNA Mini
Kit (Favorgen). The purity of extracted RNA was
checked with nanodrop before subjection to real-

time PCR using the SensiFAST SYBR No-ROX
One-Step Kit Reagent. A total of 4 uL. ¢ DNA was
added to 10 uL SensiFAST SYBR® No-ROX
One-Step Mix (Meridian Bioscience Cat BIO-
72001), 0.8 uL primers (Table 1) and 3.8 uLL H,O.
Amplification was carried out with a program
of 40 cycles, with 1 cycle consisting of initial
denaturation at 95°C for 2 minutes, denaturation
at 95°C for 5 seconds, and annealing at 60°C for
30 seconds.

The relative quantification method was
calculated using the Livak formula to analyze
expression of GLUT 4 gene. A fold change
greater than or less than 1 shows upregulation and
downregulation, respectively.

Relative expression = 2-44¢

ACt= Ct (target gene) - Ct (housekeeping gene /
B actin)

AACT = A CT (case) - A (control)

Statistical analysis

Frequency data and graphs were analyzed
using GraphPad Prism software (GraphPad
Software, USA). The normality of FPG data was
tested using the Shapiro-Wilk test using SPSS.
The results showed a parametric data distribution
continued with the ANOVA test to analyze the
mean differences between groups. Pearson
correlation test investigated the correlation of
FPG levels with GLUT 4 gene expression values
(significance p < 0.05).

RESULTS

Melatonin content of red bean extract

In this research, red beans contained
melatonin with a difference of Rf 0 according to
the calculation of the difference between the sample
and standard Rf. Rf calculation can be carried
out using the formula b/a where a is the distance
traveled by the eluen between the initial limit of
the liquid to the movement, and b is the distance
traveled by the analyte between the initial point of
the sample spot to the diameter of the circle. The Rf
of the sample is 0.9733 with a standard Rf of 0.9733
and a final Rf of 0 (< 0.2). Qualitatively, a sample
contains melatonin if the difference between the
sample’s Rf and the standard Rfis <0.2. Therefore,
this study can conclude that red beans positively
contain melatonin because the result have an Rf
difference of 0.
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Inhibitory activity of o-Glucosidase Meanwhile, the group of rats not injected with

The test of the inhibitory activity of =~ STZ experienced an increase in weight. At the
o-Glucosidase from extract of red beans and the ~ beginning of treatment, the average weight was
acarbose standard is presented in table 2 which ~ 164.8 - 175.8 g. At the end of treatment, the average
showed that acarbose still has a lower IC50 (0.0138  weight of the rats was the lowest at K- (149.2 g).
mg/mL) than the IC50 of red bean extract (0.4057  During treatment, the weight of DM rats tended to

mg/mL). decrease, not significantly different with p = 0.226.
Rat Body Weight FPG Parameters for Each Group
Based on Figure 1, the body weight FPG before treatment (pre test) was lowest

(BW) of rats before being given STZ in all groups  in the KN group not injected with STZ, while the
tended to increase but decreased after the injection.  highest was in the K+ group. FPG levels were

Table 1. Primers used in ¢ PCR

Gen Forward primer Reverse primer
Glut 4 GGCCGGGACACTATACCCTA GGAGGAAATCATGCCACCCA
f actin AGGCCCCTCTGAACCCTAAG ATGTCACGCACGATTTCCCT
Table 2. IC50 of acarbose and red beans rechecked after STZ treatment on the 11" day (post
extract test). The lowest and the highest results remained
in the KN and K- groups. If FPG was compared
Sample IC50 (mg/mL) between pre test groups, p value was 0.0007
Acarbose 0.0138 an FPG 'poFs; g:st betwe;ep grl(l)ups, p= 0.17t1£hA
Red beans extract 0.4057 ecrease in FPG occurred in all groups except the
K- group. A significant reduction occurred in the
—=— KN
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Fig. 1. Changes in the weight of rats during treatment. Weighing every 3 days. KN (non-DM rats), K- (DM rats),
K+ (DM rats + Metformin), P1 (DM rats + dose 1 of red bean extract), P2 (DM rats + dose 2 of red beans extract)
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FPG of treatment group P1 (p = 0.043) and P2 (p

=0.023) (Figure.2)

GLUT 4 gene expression in each group

Based on the RNA purity test results,
the A260/280 ratio value ranged from 1.8 to 2.0,
hence the sample met good criteria. As shown
in Table 3, the highest and lowest GLUT 4 gene
expression was found in groups K+ (76.52) and
K- (36.19), respectively. In all groups, GLUT 4
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gene expression was upregulated. Administration
of red bean extract to P2 can increase expression
of GLUT 4 gene 71.75 times.
Correlation between Fasting Plasma Glucose
levels and GLUT 4 expression
Based on Table 4, there was no correlation
between GLUT 4 expression and FPG, with p =
0.725, r=-0.074 as well as a negative trend.

Table 3. Expression of GLUT 4 gene

Group Average ACt

AACT

2—AAC!

Regulation p
KN -0.20 0.00 81.36 upregulation 0.0028
K- 1.77 1.97 36.19 upregulation
K+ 0.59 0.79 76.52 upregulation
P1 -2.85 -2.65 52.77 upregulation
P2 -5.25 -5.05 71.75 upregulation
Table 4. Correlation between GLUT 4 gene DISCUSSION

expression and FPG

Fasting Blood Glucose

GLUT 4 expression  p
r

0.725
-0.074

[=1]

o

o
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Legumes such as red beans have a low
glycaemic index and water-soluble fiber content
for regulating insulin release, as well as slowing
gastric emptying and absorption of sugar, with the
potential to be hypoglycaemic in DM. However,
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Fig. 2. FPG levels pretest and posttest.A Significant difference in the FPG pretest (p = 0.0007) but not
significant in the FPG posttest (p = 0.171). In all groups, there was a decrease in FPG except group K-. A
significant decrease in FPG occurred in the treatment group P1 (= 0.043) and P2 (P = 0.023)
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there are other hypoglycaemic contents in red
beans, including antioxidant contents such as
melatonin ( in plants known as phytomelatonin).
Red beans contain phytomelatonin even though
the measurements were carried out qualitatively.
In addition to phytomelatonin, red beans contain
lectins, isoflavones, and trypsin, which have
antihyperglycemic properties.”® Other bioactive
compounds in red bean extract are predicted to
produce a synergistic effect with phytomelatonin,
an antidiabetic agent. Study by Aguilera et al.,
2015 which measured melatonin in red bean extract
with methanol using the HPLC-ESI-MS method*.
However, the melatonin content is lower compared
to other plant foods such as almonds, sunflowers,
and mustard. The content in grains is affected by
several factors, including variety, harvest time,
location, and germination time. On the sixth day
of germination, melatonin reached the highest level
in red bean sprouts at 529.1 ng/g DW.!" Higher
melatonin levels were also successfully identified
by Saleh etal., 2019 at 5.85 ng/g."> A total of 54.79
+ 0.79 ng/g melatonin was also found in red beans
as reported by Sangsopa et al., 2020°. Melatonin
is an endogenous neurohormone synthesized
from tryptophan through serotonin in the pineal
gland of animals or humans. The hormone is also
found on plants cultivated in Indonesia, such as
ginger, as reported by Tursinawati et al., 2024.'¢
The role is reported as a radical scavenger, an
antioxidant, and an antidiabetic agent through
anti-inflammatory and antioxidant mechanisms,
improving mitochondrial function or increasing
insulin sensitivity."’

A method used to overcome DM is by
inhibiting the work of enzymes that hydrolyze
carbohydrates to reduce glucose absorption.
Additionally, the o-Glucosidase enzyme plays an
important role in breaking down oligosaccharides
or polysaccharides into monosaccharides.
Inhibition of the o-Glucosidase enzyme is proven
by red beans through the analysis. Determination
of the magnitude of activity inhibition of the
o-Glucosidase enzyme is seen from the IC50 value,
where the results of acarbose still have a lower
IC50 than the IC50 of red bean extract. The lower
the IC50 value, the greater the inhibitory activity
of a compound. The results of this study indicate
that red bean extract has a lower inhibitory power
of the alpha glucosidase enzyme than acarbose.

These results are in line with other studies where
the IC50 inhibition of the enzyme showed that
red bean extract with ethanol solvent gave a
significantly lower IC50 (2.60 £ 0.61 mg/ml)
compared to ethyl acetate and water solvents with
IC50 0f3.07+0.61 mg/ml and 2.82 + 0.14 mg/ml,
respectively, although its antidiabetic ability is still
lower than the standard acarbose.'® Compounds in
beans suspected of having an antidiabetic effect are
trypsin and isoflavones. These compounds inhibit
a-glucosidase or are rich in phenol content as an
antidiabetic and cardiovascular disease."

Hypoglycaemic effect was tested in
vivo using experimental rats injected with STZ
to make DM rats. The weight of rats after being
given STZ tended to decrease but not significantly.
Meanwhile, the weight of the rats that were not
injected with STZ increased. The injection of
STZ 50 mg kg/BW caused a decrease in BW, but
when another group was given STZ + NA 230 mg/
Kg BW, The BW was higher than the STZ group.
This proves that DM experimental animals with
the addition of NA prevented the mortality of DM
mice." The results are appropriate to other research
on the BW of DM rats, where STZ injection could
reduce BW on day 21.2 However, there was an
insignificant increase after waiting for 6 weeks.
This is different from the results, where the BW of
rats continued to experience a decrease until day
21. The administration of metformin showed low
BW in rats as reported by other study. Metformin
increases fatty acid absorption and use of adipose
tissue to stimulate fatty acid oxidation and inhibits
fat accumulation.*'*

This research identified FPG levels as a
parameter for diabetes control. Before treatment,
FPG was checked, where the lowest was in the KN
group that was not injected with STZ. Meanwhile,
the highest was in the K+ DM group that was given
metformin. The lowest FPG levels after treatment
on the 21* day (post test) remained in the KN
group, but the highest was in the K- group. There
were significant results when compared between
groups. This was consistent with Zhou et al.,
2024, where there was no significant difference
on the 28" day when comparing the control,
DM, and DM + Metformin groups. A significant
difference only occurred in the 7th week, where
the DM group reached the highest FPG levels.
Therefore, STZ injection has completely damaged
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the pancreatic beta cells, increasing FPG.? Pre
test and post test FPG were compared, and the
groups with significant decreases were P1 and
P2. In the K+ group, consisting of DM rats with
metformin, there was an insignificant decrease in
FPG. The metformin used was a dose of 500 mg/
kg BW for 21 days. The administration at a dose
of 300 mg/kg for 8 weeks has an anti-diabetic
effect on STZ-induced DM rats and given a
high-fat diet through changes in gut microbes.”
The difference in results may be attributed to the
21-day administration of metformin, which may
not have been sufficient to significantly reduce
FPG. Therefore, long-term administration may
be required to achieve a more pronounced effect
on FPG reduction. Administration of metformin
facilitates the restoration of the diversity of the gut
microbiota of DM rats. Zhang et al,2019 proved
that metformin changed specific probiotics to
increase the hypoglycaemic effect of T2DM rats.*

Red bean treatment group showed a
decrease in FPG. The decrease of FPG in rats was
related to the nutritional content of fiber and protein
as well as flavonoids, phenolics, alkaloids, and
melatonin. Flavonoids can directly decrease blood
glucose levels, and alkaloids can regenerate cells.
However, factors such as phytic acid content in
red bean may affect the effectiveness in lowering
blood glucose. Phytic acid can form complexes
with minerals and reduce the absorption of
essential nutrients as antinutritional compounds.*
Therefore, the presence of phytic acid may inhibit
the effectiveness and limit antidiabetic ability.
Melatonin also has anti-inflammatory, antioxidant,
and antihyperglycemic effects. Experimental
research in diabetic rats given 5 mg/kg body
weight of melatonin orally for 8 weeks showed
increased GSH and decreased blood glucose and
HbA 1¢.” Unfortunately, melatonin levels were not
quantitated in this study.

The effect of decreasing FPG in group
P1, which received a dose of 0.35 g/200 gBW,
was less pronounced compared to the K+ group
with metformin administration. However, the
addition of a 0.70 g/200 gBW dose of red beans
for 21 days resulted in a more significant decrease
in FPG. This is different from other research that
gave a single dose of 200 mg/kg red bean extract
to DM rats, without affecting blood glucose levels
in OGTT. There was a decrease in sugar levels

when given repeatedly for 28 days.!! This repeated
administration has effect on the rate of glucose use
by muscle cells in rats. Red bean extract can also
increase GLUT4 content in skeletal muscle cells
of non-DM and DM rats. A 50% increase in GLUT
content was found in the DM group given red
bean extract compared to the group given water.!
Therefore, P. vulgaris extract has activated GLUT4
transcription and has affected the intracellular
translocation.

GLUT4 expression in the untreated KN
and the diabetes group (K-) was 81.36 and 36.19,
respectively. This is different from previous
research where the healthy and DM rat groups
were 1 and 6.1, respectively.?” In our result, GLUT
4 expression was examined on day 21 or 3 weeks
of treatment, while Yousefet al., 2024 conducted a
measurement on week 4. GLUT is a transporter that
responsible in the exchange of molecules through
the cell membrane. This transporter is found in
abundance in skeletal muscle and adipose tissue.
After eating, high blood glucose levels stimulate
insulin secretion from pancreatic beta cells. Insulin
stimulates the translocation of GLUT4 to the cell
membrane, which increases glucose uptake in
cells and achieves homeostasis. In T2DM, insulin
is unable to increase the translocation of GLUT4
to the membrane, causing the accumulation in the
membrane compartment. GLUT4 expression is
reduced in skeletal muscle, causing cells to have
difficulty processing glucose in T2DM.

Research has been conducted to find
natural ingredients targeting GLUT4 activation,
such as red beans suspected to contain melatonin.
Red bean extract could increase GLUT4 gene
expression. Administration of extract to P2 can
increase GLUT4 gene expression by 71.75 times.
This is consistent with research conducted by
providing an aqueous solution of lyophilized red
bean extract of 200 mg/kg for 28 days. Therefore,
P. vulgaris extract can increase the content of
GLUT4 in skeletal muscle cells of control and
DM rats measured by the ELISA. There was
no significant difference between the GLUT4
content of the muscles of rats from the control
group given water and the diabetic rat group after
treatment with extract."" The melatonin content
may help the function of GLUT 4 during treatment.
Administration of melatonin as much as 10 mg/
kg BW/day, intraperitoneally at 6-7 PM for 6
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weeks either alone or in combination with GABA
(an inhibitory neurotransmitter and produced by
pancreatic 3 cells and has an effect on DM) can
increase the expression of GLUT 4 protein. The
study also showed an increase in the expression of
IR1B and AKT which had an impact on reducing
fasting blood sugar in mice.* In rat skeletal muscle
cells, melatonin activates the insulin receptor
substrate 1 (IRS1)-PI3K-PKC( pathway and
stimulates glucose transport.”* In human PAZ6
brown adipocytes, melatonin administration
inhibits cAMP and cGMP production, reduces
GLUT4 expression and glucose uptake.*® The
transporter included in the major facilitator
superfamily (MFS) is GLUT 1 commonly found in
erythrocytes and endothelial cells.*! The function of
melatonin in passing through the plasma membrane
is mediated by GLUT 1 encoded by the SLC2A1
gene. Tursinawati et al., 2021 analyzed the presence
of rs841853 SLC2A1 polymorphism in obese
DM individuals. The results showed that the TT
genotype was insignificantly common in non-
obese DM patients compared to other genotypes.
The individuals in the TG+TT genotype group
had higher blood sugar, HBA I ¢, triglycerides, and
microalbumin levels.*

The results show no significant correlation
between GLUT 4 expression and FPG levels and
reports a negative trend toward FPG levels. These
results is in line with Jasmin et al. 2019 who
examined GLUT 4 mRNA using the semi-q PCR.
The results reported that GLUT4 gene expression
did not correlate with fasting glucose and HbAlc
but significantly correlated with insulin and insulin
resistance.** In theory, DM patients or animals
injected with STZ have high blood sugar levels
with low GLUT 4 expression. There may be partial
regeneration of pancreatic beta cells, allowing
insulin production so that GLUT4 expression
still remains.>** Therefore, further research is
needed to conduct histopathological examinations
in determining the presence or absence of the
pancreatic beta cell regeneration process. This
research has limitations, including the treatment
duration to obtain an improvement in effect of red
bean administration on the experimental animals.
The modification of longer treatment duration
can be performed in the future. Moreover, this
research has not identified the quantitative levels
of melatonin to ensure its hypoglycaemic effect.

Further research is needed to measure melatonin
levels in red beans to determine the exact effect of
melatonin on diabetes.

CONCLUSION

In conclusion, red beans contained
melatonin has o-Glucosidase inhibitory activity
although the power still below than acarbose.
The administration of melatonin contained in
red bean extract could significantly reduce FPG
levels and increase GLUT 4 gene expression. The
administration of extract at P2 also increased GLUT
4 gene expression by 71.75 times. Administration
of melatonin contained in red bean extract at a
dose of 0.7 g/200 gBW can increase GLUT 4
gene expression than in lower dose. Melatonin
contained in melatonin may contribute to improved
glucose metabolism, but the quantitative levels of
melatonin needs to be measured through further
research.
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