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Abstract
Hyperglycemia is a medical condition when the blood glucose levels increase exceeds the reasonable limit.
Hyperglycemia is a typical sign of diabetes mellitus (DM). Indonesia is the sixth-ranked country in the world after China,
India, United States, Brazil, and Mexico. Treatment with herbs is currently being developed. Pare (Momordica
charantia) and Belimbing wuluh (Averrhoa bilimbi) are plants that found around us. Some studies state that each of
these plants can be anti-diabetic. The hyperglycemia can cause an immune system disorder characterized by pancreatic
B cell death involving IL-1B, kappa B (NF)-kB nuclear factor, and Fas. The ability of NF-kB activation will affect the
number of cytokines expressed by T cells, namely TNF-a, and IFN-y. The purpose of this study is to determine the effect
of NF-kB activation on blood glucose levels in hyperglycemia mice. The results showed that the positive control
treatment showed an increase in the number of NF-kB activations in CD4 and CD8 cells. EPBW (combination of
Averrhoa bilimbi extract and Momordica charantia) administration results at a dose of 10 mg.kg! BW showed a
reduction in the amount of activated NF-kB as a substitute for the reduction. In addition, that dose can reduce blood

sugar levels in mice hyperglycemia model.

Keyword: Averrhoa bilimbi, Hyperglycemia, Mamordica charantia, NF-kB.

INTRODUCTION

Hyperglycemia is a typical sign of diabetes
mellitus (DM). Based on WHO data, 422 million
people live with diabetes [1]. Diabetes is one of
the autoimmune diseases caused by decreased
insulin secretion by pancreatic B cells [2]. The
hyperglycemia will cause an immune system
disorder characterized by pancreatic 8 cell death.
This cell death involves IL-1B and nuclear factor
kappa B (NF-kB). The ability of NF-kB activation
will affect the number of cytokines expressed by
T cells, such as TNF-a [3].

Herbal treatment can reduce the risk of
dependence, such as treatment using chemicals.
Averrhoa bilimbi is a plant we can found around
the people of Indonesia. Averrhoa bilimbi has
several active substances, including antioxidants
as anti-bacteria, anti-diabetes, and anti-
inflammatory [4].

Momordica charantia contains charantin,
which can recover pancreatic beta cells. In
addition, A. bilimbi as anti-hyperglycemic
whereby giving ethanol extracts of A. bilimbi can
affect the blood glucose levels of mice, that have
hyperglycemia. Flavonoids are believed to be
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antidiabetic substances as inhibitors of the alpha-
glucosidase enzyme that delay the absorption of
carbohydrates so that the blood glucose levels
will decrease [5]. Combining the two plants is
expected to increase the effectiveness of active
substances contained in the two plants. The
purpose of this study is to determine the effect
of EPBW on NF-kB activation and blood glucose
level in mice with hyperglycemia model.

MATERIAL AND METHOD

This research was conducted from November
2019 to February 2020 in the Animal Laboratory
of Malang State University, and the Laboratory of
Physiology, Structure and Animal Development,
Department of Biology, Universitas Brawijaya,
Malang, East Java, Indonesia.

Description of Tested Animals

Tested animals used in this study were 25
Bab/c mice with 6-week-old female sex obtained
from the Animal Physiology Laboratory of Islamic
University of Malang. The average weight of mice
was 23 g.

Research Design

This study used a Completely Randomized
Design (CRD) with five treatment groups with five
replications for each treatment. The treatments
of this study were healthy control, pain control,
and treatment with three different EPBW doses.
Tested animals in the control group and
treatment group were given streptozotocin (STZ)
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injections with a single dose of 145 mg.kg! BW
dissolved in an STZ buffer with a pH of 4.5. After
three days of the injection, fasting blood sugar
from mice was measured. Mice for the treatment
group were mice, which had blood glucose <200
mg.dLL. The treatment group used three doses
of combinations of EPBW in 10, 40, 160 mg.kg*
BW. Research design referred to the approval of
the ethics commission number 1109-KEP-UB.

Preparing EPBW

The extract of A. bilimbi and M. Charantia
were obtained from Materia Medika in Malang,
East Java. The solvents used were ethanol 96%,
which is a solvent that has a group of hydroxyl,
which is polar and group alkyl, which is non-polar
so it can dissolve the entire secondary
metabolites compound that contained in the
plants [6]. The compound from bitter melon is a
compound of three secondary metabolites that is
polar or non-polar, so the organic solvent, such
as ethanol 96%, is needed. Ethanol extract can
activate the flavonoid, saponin. By doing the
extraction, crude extracts were obtained from
the two plants [5]. Making EPBW were
performed using a solvent of distilled water of
150 mL for each dose treatment. Making extracts
were done every three days. The EPBW
combination was given using a sonde adjusted to
the weight of the mouse and carried out every
day for 15 days.

Cell Isolation of Spleen

Mice that had been treated for 14 days were
surgically removed to isolate cells from spleen
organs by being crushed in PBS solution, then
transferred in a 15 mL propylene tube. After all
the spleens from the experimental animals were
collected, centrifugation was carried out with a
speed of 2500 rpm and a temperature of 10°C for
5 min. The supernatant from the centrifugation

K- 2,4% K+ | 2,67%

EPBW.P3 0,79%

was removed, and pellets added with 1 mL PBS
and homogenized.

Antibody Staining and Flow-cytometric
Analysis

Flow-cytometric analysis performed using DB
Cellquest Pro software. Intracellular cytokine
staining was performed by a Cytoperm/Cytofix
kit (BDBiosciences Pharmingen) according to the
manufacturer protocol and modified by Rifa'i [7].
Staining that was used was FITC-conjugated rat
antimouse CD4, PE-conjugated rat-antimouse
CD25 and PE/Cy5 conjugated rat antimouse NF-
kB, FITC-conjugated rat antimouse CD4, PE-
conjugated rat- antimouse TNF-a and PE/Cy5
conjugated rat anti-mouse IFN-y.

Statistical Analysis

Data analysis using BDCellQuest Pro software
with testing with statistical analysis using one
way ANOVA (Analysis Of Variance) using SPSS
version 25. The results of the study were said to
be significant if the results obtained were p
<0.05. If the results of the study are significant,
further tests are conducted using Tukey Test.

RESULT AND DISCUSSION
EPBW Decrease The Activation of NF-kB in
CD4 Cells

The positive control group is a hyperglycemia
(K+) mouse model of the relative number of
CD4+ cells that express the highest NF-kB
compared to the healthy control group (K-),
which is 7.45% (p <0.05). The average healthy
control was lower than the pain control that was
6.3% but significantly different from the average
relative number of cells expressing NF-kB in the
hyperglycemia mouse group P1 5.5%, but not
different in the P2 group by 6.3% and P3 of 6.9%
as indicated by the notation in Figure 1.
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Figure 1. Graph of the Decreasing of NF-kB activation in CD4 cells in hyperglycemia mice. Note: K- = healthy control, K+ = pain
control, P1 = hyperglycemia mice model with a treatment dose of 10 mg.kg™* BW, P2 = hyperglycemia mice model
with a treatment dose of 40 mg.kg™ BW, P3 = hyperglycemia mice model with a treatment dose of 160 mg.kg' BW.
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Figure 2. Graph of the Decreasing of NF-kB activation in CD8 cells in hyperglycemia mice. Note: K- = healthy control, K+ = pain
control, P1 = hyperglycemia mice model with a treatment dose of 10 mg.kg'* BW, P2 = hyperglycemia mice model
with a treatment dose of 40 mg.kg* BW, P3 = hyperglycemia mice model with a treatment dose of 160 mg.kg* BW.

EPBW Decrease The Activation of NF-kB in
CD8 Cells

The results of the analysis of flow cytometry
and analysis of statistics of the number of NF-kB
expressed from T lymphocyte CD8+ (Fig. 2). The
positive control group, which is a hyperglycemia
(K+) mouse model, the relative number T
lymphocyte CD8+ cells that express NF-kB was
the highest compared to the healthy control
group (K-), in the amount of 3.1% (p <0.05). The
average healthy control was lower than the pain
control at 3.7% but significantly different from
the average relative number of cells expressing
NF-kB in the hyperglycemia mice model P1 group
2.5%, but not different in P2 group by 4.04% and
P3 3.9% are indicated by the notation in Figure 2.

EPBW DecreaseThe Blood Glucose Level

The results of measurement of blood sugar
levels in hyperglycemia mice conducted every
three days for 15 days of treatment showed a
decrease. It is shown in Figure 3.
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Figure 3. Graph of the decreasing fasting blood sugar
levels. Note: K- = healthy control, K+ = pain
control, P1 = hyperglycemia mice model with a
treatment dose of 10 mg.kg! BW, P2 =
hyperglycemia mice model with a treatment
dose of 40 mg.kg! BW, P3 = hyperglycemia
mice model with a treatment dose of 160
mg.kg 1 BW.
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Negative control mice had blood sugar levels
of 131 mg.dL?, whereas hyperglycemia model
mice on positive controls had blood sugar levels
of 413 mg.dL'. There was a decrease in all
treatments with an average treatment of P1 356
mg.dL?, P2 of 359 mg.dL™* and P3 389 mg.dL™.

Discussion

The combination of EPBW extracts as an
antidiabetic to reduce NF-KB activation,
proinflammatory factors, and reduce blood sugar
levels in  hyperglycemia mice models.
Hyperglycemia is one of the first symptoms of
diabetes [7]. Diabetogenic effects on
streptozotocin administration will be initiated by
reactive oxygen species (ROS) through direct
toxic effects on GLUT 2, the cytokine action of
TNF-a, and INF-y due to stimulation of
dependent T cells. In response to streptozotocin,
Th-1 type cytokines and other immune cells
produce ROS that activates NF-kB [8].

The use of the hyperglycemia mice model
treated with EPBW extract on CD4 and CD8 cells
showed a decrease in the number of activated
NF-kB. As in diagrams and tables, NF-kB regulates
the expression of most immunomodulatory
factors, including cytokines, chemokines,
adhesion molecules, antimicrobial factors, cell
cycle regulators, and cell survival factors [9]. The
decreased activation of NF-kB in the treatment
group will affect the proliferation and activation
of T and B cells. Also, it will affect the number of
cytokines such as (IL-1, IL-6, TNF-a) that play a
role in responding to the antigens or
microorganisms and play a role in the
inflammatory process [10].

Decreased amount of activated NF-kB will
affect the number of cytokines produced during
activation of NF-kB, a protein that can induce
transcription of several types of genes. It can
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stimulate inflammation by inducing the
production of various inflammatory mediators,
such as TNF-a, IFN-y [11].

STZ induction in the Hyperglycemia mice
model can trigger necrosis because it is toxic as in
previous studies, that STZ could destroy
pancreatic islet through necrosis mechanism. The
damage of pancreatic beta cells is characterized
by an increase in fasting blood sugar [12]. EPBW
contains several active compounds that can
reduce blood sugar levels. The decrease of blood
glucose levels in the hyperglycemia mice model
was caused by several active compounds found
in Momordica charantia, e.g. sitosteryl glucoside
and stigmasteryl glucoside. The combination of
these compositions forms charantin, which is a
potential substance with antidiabetic properties
[5]. In addition, charantin can stimulate insulin
secretion. It is due to increased recovery of
pancreatic B cells because these substances can
improve and inhibit pancreatic B cell death [13].

The function of Saponins in EPBW is as anti-
hyperglycemia agents by preventing glucose
uptake in the brush border in the small intestine.
Flavonoids are also one of the active substances
contained in EPBW, which is an alpha-glucosidase
enzyme inhibitor that is used to delay the
absorption of carbohydrates so that the blood
glucose levels will decrease [5].

CONCLUSION

The combination of EPBW in hyperglycemia
mice gave good results in reducing the amount of
NF-kB activation. It supported by the decrease in
blood sugar levels of hyperglycemia mice. A dose
of 10 mg.kg! BW is considered effective in
reducing the amount of NF-kB activation as well
as in reducing blood glucose levels in mice.
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