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AIM: The purpose of this study was to determine the regeneration activity of pancreatic beta cells by a combination
of the ethanol extracts of moringa leaves and clove flower.

METHODS: This is experimental laboratory research using posttest only group design. The subject of this research
is 40 white male rats of Wistar strain (Rattus norvegicus) and was conditioned diabetes mellitus by streptozotocin-
nicotinamide induction. The rats randomly divided into 8 groups, and each group consisted of 5 rats. Combination
dose of moringa leaves and clove flower extracts used are 150:40 mg/kg body weight of mice, 100:80 mg/kg
body weight of mice, and 50:120 mg/kg body weight of mice. The rats were sacrificed and the pancreas taken
to be made preparations histopathology, staining, and observation tissues with hematoxylin—eosin (HE) and
immunohistochemical (IHC) methods.

RESULTS: The results showed that the staining and observation tissues of heart with HE method acquired the
positive control group, the single test group and the combination group was showing the islet on the Langerhans
Island of the pancreas is bigger than in the negative control group.

CONCLUSION: The morphology of the island of Langerhans increasingly large indicates increasing the regeneration
of the cells of the islet beta pancreas, whereas the method of IHC acquired the negative control group seen lack
of display intensity of positive reaction antigen (Ag) and antibody (Ab) beta cells with are marked with brown cells.
In the positive control group, the single test group and the combination group, seen a positive reaction of Ag and
Ab insulin-producing beta-cells characterized by brown cells and insulin expression dominating pancreatic island of
Langerhans.

In this study, white rats induced intraperitionally
with streptozotocin-nicotinamide (STZ-NA).
Streptozotocin acts selectively on the pancreas by

Introduction

The type of disease that often occurs in society
is diabetes mellitus (DM). DM is a chronic disease that
occurs when the pancreas does not produce enough
insulin or when the body cannot effectively use the
insulin it produces [1]. This condition of lack of insulin
will result in high blood glucose levels (hyperglycemic),
where insulin will help glucose enter cells to produce
energy. The International Diabetes Federation in 2013
revealed that people with DM rank 7 in Indonesia with
a total of 8.5 million [2]. Hyperglycemic conditions
result in increased production of reactive compounds
through nonenzymatic glycation pathways on proteins,
polyol-sorbitol pathways, and glucose autoxidation [3],
excessive reactive compounds will cause an imbalance
of endogenous antioxidants, resulting in a state of
oxidative stress. Oxidative stress plays an important
role in the complications of DM, where the state of
oxidative stress occurs due to an imbalance between
free radicals and natural antioxidants [4], [5].

causing pancreatic f cell death from the process of DNA
alkylation, thereby triggering a hyperglycemic state [6].
The toxicity of STZ can be alleviated with nicotinamide
by preventing the depletion of nicotinamide adenine
dinucleotide in pancreatic p cells [7].

The combination of ethanol extract of leaves
of Moringa oleifera 500 mg/kg BW and free Ocimum
leaves of a maximum of 500 mg/kg BW is proven to
normalize fasting blood glucose levels and improves
testicular structure and spermatogenesis in sexual
dysfunction caused by diabetes [8]. Clove fruit powder
at a dose of 1000 mg/kg BW shows an increase in
levels of antioxidant enzymes (superoxide dismutase
[SOD], glutathione peroxidase [GPx], catalase [CAT],
and glutathione-S-transferase) in overcoming oxidative
stress conditions and can act to reduce lipid levels
under high-fat diet conditions [9]. The combination of
Moringa oleifera leaf extract and Syzygium aromaticum
flower extract has the activity to reduce blood glucose
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levels, with the best antidiabetic activity, namely the
combination of moringa and clove extracts dose of
150:40 mg/kg BW in DM rats induced by STZ-NA [8].

Based on previous research, this can be a
reference because it is known that the two Simplicia
have a chemical content in them that has the potential
to repair pancreatic beta cells which can be seen in
decreasing blood glucose levels of the tested animals.
The use of the two simplicia as a herbal combination is
expected to increase the regeneration of pancreatic beta
cells so as to stimulate insulin release. The parameters
to be tested were the histopathological regeneration
of pancreatic beta cells in rats. For this reason, the
problem can be raised whether the combination of
ethanol extract of clove flowers and ethanol extract of
moringa leaves can increase pancreatic regeneration
in streptozotocin-nicotinamide-induced rats through the
histopathological method of hematoxylin—eosin (HE)
and immunohistochemical (IHC) staining. Therefore,
the aim of this study was to prove the presence of
pancreatic regeneration activity in the combination of
ethanol extract of clove flower and ethanol extract of
moringa leaves to streptozotocin-nicotinamide-induced
rats through the histopathological method of HE and
IHC staining.

Materials and Methods

Grouping of animals test

Grouping of animals test can be seen in
Table 1.

Rats having blood glucose levels 2126 mg/dL
were used in the study. Furthermore, in groups | to VIII,
rats were given treatment in the form of glibenclamide,
Na-CMC, and a combination preparation of clove flower
and moringa leaf ethanol extract for 28 days with a
duration of once a day. Then, on the 29" day, the rats

Table 1: Grouping of animals test

Group Number Treatment
of Mice
| (normal 5 Na-CMC 1% suspension solution
control)
Il (positive 5 Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (1.P)

control)
Il (negative 5
control)

were given glibenclamide 0.45 mg/kg BW (P.O)
Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (1.P)
were given Na-CMC 1% (P.O)

were then necropsied and the pancreatic preparations
were observed.

Histopathological test procedure

The experimental animal was sacrificed under
anesthesia, then all parts of the pancreas were taken.
Then, the pancreatic tissue is made in histopathological
preparations as follows.

First, tissue fixation is performed.
Second, tissue dehydration.

Third, clearing the tissues.

Fourth, making paraffin blocks.

Fifth, slicing the tissues.

Sixth, deparaffinization and dehydration.
Seventh, tissues staining.

Eighth, tissues observation was followed by
IHC methods.

The order of preparation and staining of rat
pancreatic tissue

1. Pancreatic tissue sample slide preparation

2. Cutting the tissue using paraffin

3. IHC staining

4 Quantification of B cell expression to insulin

(using the MacBiophotonics Image J program).

Results and Discussion

Results of observation of rats pancreas
organ with HE and IHC staining

Theresultsof HE stainingon pieces of pancreatic
tissue in all groups were evaluated by looking at the
morphology of the pancreatic islets of Langerhans . HE
staining was carried out to qualitatively see the general
morphology of the pancreatic tissue of the treated rats.
This staining consists of two color components, namely
HE. Hematoxylin is alkaline dyes that can color acidic
cell nuclei, while eosin is an acidic dye so that it can
color the cytoplasm which is alkaline [10]. The observed
parameter of HE staining on pancreatic preparations
was the general morphology of pancreatic tissue. The
following Figure 1 are the results of HE staining photos
of pieces of rats pancreatic tissue.

About 65% of all cells in the islet of Langerhans
pancreas are B cells, which play a role in secreting
insulin. Pancreatic [ cells are the cells most sensitive
to the presence of glucose in the blood. In diabetes,
there will be morphological changes in 3 cells, both
in size and number. Therefore, the number of R cells
in Langerhans Islands is an important parameter to
determine the level of pancreatic damage [11].

The histopathological changes of islets of
Langerhans in diabetics have been reported by a

IV (Groupl) 5 Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (I.P) were
given ethanol extract of moringa leaves 100 mg/kg BW (P.O)
V (Groupll) 5 Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (1.P)
were given clove flower ethanol extract 80 mg/kg BW (P.O)
VI (Group lll) 5 Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (1.P)
were given a combination of ethanol extract of moringa leaves
150 mg/kg BW-ethanol extract of clove flower 40 mg/kg
BW (P.O)
VII (Group 5 Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (1.P)
V) were given a combination of moringa leaf ethanol extract 100
mg/kg BW-ethanol extract of clove flower 80 mg/kg BW (P.O)
VI (Group 5 Rats induced by STZ 60 mg/kg BW-NA 150 mg/kg BW (1.P)
V) were given a combination of ethanol extract of moringa leaves
50 mg/kg BW-ethanol extract of clove flower 120 mg/kg
BW (P.O)
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Figure 1: The results of the islet cells of the pancreas with IHC staining with a magnification of 40% (a) Normal rat islet cells of Langerhans
Island. Positive reactions of Ag and Ab are indicated by a brown color. Normal islet cell population. (b) Islet cells of Langerhans Island of
negative control. The negative reactions of Ag and Ab are characterized by a lack of brown islet cells. The cells undergo necrosis. (c) Islet
cells of Langerhans Island of positive control. (d) Islet cells of Langerhans Island in the moringa extract test group at a dose of 100 mg/kg BW.
(e) Islet cells of Langerhans Island in the clove extract test group at a dose of 80 mg/kg BW. (f) Islet cells of Langerhans Island in the test group
for the combination of moringa and clove extracts at a dose of 150:40 mg/kg BW. (g) Islet cells of Langerhans Island in the combination test
group of moringa and clove extracts at a dose of 100:80 mg/kg BW. (h) Islet cells of Langerhans Island test group of the combination of moringa

and clove extracts at a dose of 50:120 mg/kg bb positive reactions of Ag and Ab are marked with brown color

number of investigators. These changes can occur
either quantitatively, such as a reduction in number
or size, or qualitatively, such as necrosis and
degeneration. Damage to pancreatic beta cells can
be caused by many factors. These factors include
genetic factors, infection by germs, nutritional factors,
diabetogenic substances, and free radicals (oxidative
stress) [12]. In the results of the HE photo of the
negative control group, the morphological condition
of Langerhans lIslands was reduced and necrosis
occurred, this was due to the destruction of pancreatic
B cells due to the toxicity of streptozotocin so that cells
could experience necrosis [13]. Damage to pancreatic
B cells causes the body to not produce insulin, causing
hyperglycemia. Hyperglycemic conditions can result in
the formation of reactive oxygen species (ROS). An
increase in ROS that is not balanced with an increase

in endogenous antioxidant enzymes such as SOD
and GPx as a body defense mechanism can cause
oxidative stress and can exacerbate damage to
pancreatic { cells.

In the HE photo of the positive control group,
the single test group and the combination of the
ethanol extract of moringa leaves and clove flowers,
the islet cells of Langerhans Island were larger than
the negative control group. The morphology of the
islet of Langerhans, which is getting bigger, indicates
increased regeneration of the pancreatic (3 islet cells.

In IHC observations, the parameters
used in this study were insulin expression which
is immunoreactive against insulin in the pancreas.
Immunohistochemistry is a technique for detecting the
presence of various components contained in cells
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and tissues using the principle of the antigen (Ag) and
antibody (Ab) bond reactions. Giving STZ-NA induction
triggers damage in pancreatic  cells and significantly
affects insulin expression. However, insulin expression
increased gradually in the group of mice that were given
therapeutic treatment for 28 days.

Observations with IHC staining techniques
can be seen in the distribution of B cells that produce
insulin in the islets of Langerhans which are shown in
brown cells. Langerhans Island is dominated by { cells.
Following are the results of IHC photos of pieces of
mouse pancreatic tissue.

Based on Figure 2, the results obtained in
each treatment group gave different results for insulin
expression in each treatment group. The normal
group shows a picture of normal or healthy conditions

o |

from Langerhans Island, which is also supported by
the IHC image of Langerhans islet cells where the
number of islet cells dominates the Langerhans Island
(Figure 2).

In the IHC results of the negative control group
(Figure 2), there is a lack of intensity in the display of
positive reactions of Ag and Ab f3 cells which are marked
by brown cells. In the IHC photo data from the positive
control group, the moringa extract group, clove extract,
combination I, II, and Il extract doses (Figure 2) show a
positive reaction of Ag and Ab insulin-producing B cells
which are marked by brown cells and expression insulin
which dominates the islets of Langerhans.

Analysis of the percentage expression of
Langerhans {3 cells that are immunoreactive to insulin
was obtained through the results of a semiquantitative

Figure 2: Results of photos of Langerhans Islands, pieces of the pancreas with hematoxylin-eosin staining with a magnification of 40x
(a) Langerhans Island of normal rat. (b) Langerhans Island of negative control. The cells undergo necrosis so that the islets of Langerhans
appear to be shrunken. (c) Langerhans Island of positive control. (d) Langerhans Island, moringa extract test group 100 mg/kg BW.
(e) Langerhans Island, clove extract test group 80 mg/kg BW. (f) Langerhans Island combination test group | moringa clove 150: 40 mg/kg BW.
(g9) Langerhans Island combination test group Il moringa clove 100: 80 mg/kg BW. (h) Langerhans Island group Il combination test of moringa
clove 50:120 mg/kg BW
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analysis of the MacBiophotonics Image J program,
where these results will show the extent and intensity
of the color of the bonds that occur. The results are
then calculated the average so that the percentage is
obtained as in Table 2.

Table 2: The average results of the calculation of insulin
immunoreactivity in the pancreas of rats with IHC staining

Treatment group Insulin immunoreactivity rate (%)
| 63.56 + 5.69

] 41.30+5.34
1l 61.86 +2.69
[\ 54.23 +5.55
\ 54.39 + 14.82
Vi 57.51+14.72
Vil 56.71 + 11.40
Vil 53.66 + 7.41

Information:

I=Normal group

II=Negative control group

llI=Positive control group

IV=Moringa extract group at a dose of 100 mg/kg BW

V=Clove extract group dose 80 mg/kg BW

VI=Combination group of moringa and cloves, dose 150:40 mg/kg body weight
VII=Combination group of moringa and cloves dose 100:80 mg/kg BW
VIlI=Combination group of moringa and clove dose 50:120 mg/kg BW.

Based on Table 2, the results of IHC photo
acquisition and [ cell expression after treatment in
each therapy group increased. This shows that there
was a decrease in cell damage and the activity of 3 cell
expression which began to improve after giving therapy.
In the positive control group (Glibenclamide), it is
suspected that homeostatic restoration of blood glucose
levels can occur so that it can reduce oxidative damage
due to high blood glucose levels so that endogenous
antioxidants can work properly to neutralize reactive
compounds. The single and combined dose extract
therapy groups are thought to work as strong antioxidant
substances/ingredients, so they can neutralize excess
reactive compounds in diabetes. Apart from working
as an antioxidant, single and combined dose extract
therapy groups are also thought to play a role in insulin
secretion, inhibition of liver glucose synthesis, inhibit
postprandial glucose absorption, and protect pancreatic
tissue from oxidative stress [14], [15], [16].

From the results obtained, the negative
control group analysis had the effect of the weakest 3
cell expression. Decreased expression of pancreatic
Langerhans B cells indicates reduced insulin synthesis
by these cells so that administration of antibodies to
insulin (IHC staining) only reacts with cells that still
produce insulin. Decreased insulin synthesis indicates
damage to pancreatic Langerhans cells by induction of
STZ. STZ is toxic by causing damage to cell DNA,; in
the cell, streptozotocin is similar to glucose transported
by the glucose transport protein, GLUT2, but is not
recognized by other glucose transport proteins that
cause alkylation. Streptozotocin works by forming
highly reactive free radicals that can cause damage to
cell membranes, proteins, and DNA, causing disruption
of insulin production by pancreatic Langerhans beta
cells [17], [18], [19].

The results of the observation that the
combination test groups |, I, and Il contain
compounds that have the potential to improve glucose
homeostasis which is disturbed by the inducing agent.

Giving therapy for 28 days is considered capable of
reducing blood glucose levels and begins to show a
restoration of the expression of pancreatic  cells
which are immunoreactive to insulin. In general, the
combination | (moringa extract and cloves dosage
150:40 mg/kg BW) gave the best results with a higher
reduction in blood glucose levels than the single-dose
test preparation and other combinations. This shows
that giving a combined test dosage of moringa and
clove extracts at a dose of 150:40 mg/kg BW in a
relatively long period of time (28 days) can inhibit the
rate of pancreatic damage and regenerate pancreatic
B cells. Thus, it can increase the working sensitivity of
pancreatic 3 cells to produce insulin and can restore
the work of pancreatic f3 cells to normal. It is known that
pancreatic Langerhans B cells are a group of stable
cells that are able to proliferate throughout their life so
that pancreatic Langerhans beta cells can synthesize
insulin again [20].

Based on the results of TLC, it was found that
the content of compounds in moringa and clove extracts,
namely flavonoids, alkaloids, saponins, and tannins
which based on previous studies, was reported to act
as an antidiabetic because in this study, it was proven
that blood glucose levels began to improve and began
to show recovery of ( cell expression. The pancreas
so that it can synthesize insulin again. According to the
antioxidants contained in M. oleifera include Vitamin C
and flavonoids so that Moringa leaves have a strong
activity as an oxidant scavenger that can inhibit ROS
reactions and increase SOD, GSH, and CAT activity
which causes a decrease in oxidative stress [21]. In the
cell-based on research, it is stated that the chemical
content in S. aromaticum such as eugenol and oleanolic
acid can act as the main antioxidant and scavenger in
warding off free radicals [22].

Conclusions

Tissue staining and observation of liver tissue
using the HE method obtained a positive control group,
a single test group and a combination seen islet cells
on the island of Langerhans pancreas greater than the
negative control group. The morphology of the island of
Langerhans that is getting bigger indicates increased
regeneration of pancreatic beta islet cells.

In the IHC method, the negative control group
showed a lack of intensity in the display of positive
reactions of Ag and Ab beta cells which were marked
with brown cells. In the positive control group, single
and combination test groups, it was seen that there was
a positive appearance of Ag and Ab insulin-producing
beta-cells characterized by brown cells and insulin
expression that dominated the pancreatic islets of
Langerhans.
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