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Abstract: This study aims to determine the decrease in glucose levels, MDA levels, and
histopathological appearance of the pancreatic organs of Wistar white rats after
administration of the ethanol-water fraction of longjack root. This study used a
completely randomized design with four treatment groups and six replications. The
treatment consisted of normal control, negative control (Na-CMC 0.5% 5 ml/200 g body
weight), positive control (glibenclamide 0.09 mg/200 g body weight), and treatment of
the ethanol-water fraction of longjack root with a dose of 500 mg/kg body weight. The
results showed that the ethanol-water fraction of longjack root at a dose of 500 mg/kg
body weight had antidiabetic activity comparable to that of glibenclamide at a dose of
0.09/200 g body weight, namely blood glucose levels and MDA levels in white rats of
123.55 mg/dl and 2.83 nmol/ml. The results of histopathological analysis of the pancreas
of white rats showed that administration of the ethanol-water fraction of longjack root
could repair damage to the islets of Langerhans due to the administration of

CC-BY License)

streptozotocin-nicotinamide.
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Introduction

Diabetes mellitus is a metabolic disease
characterized by high glucose levels in the blood or
hyperglycemia (Liem et al., 2015). Hyperglycemia can
trigger the formation of free radicals through glucose
autooxidation, the formation of Advanced Glycation
End-products (AGEs), and the increase in the activity of
polyol pathways. That causes damage to the cell
membrane system and cell death in body tissues. (Lofty
et al., 2017; Prakosa et al., 2017; Suastuti et al., 2015).

Diabetes mellitus is known as the silent killer
disease; this is because this disease can attack body
organs. In addition, sufferers are also often unaware of
the early symptoms of this disease (Hazni et al., 2021)
Diabetes mellitus has become a global health problem,
and its prevalence tends to increase rapidly (Rantung et
al., 2015). Based on data from the International Diabetes
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Federation in 2021, the number of people with diabetes
mellitus worldwide is 537 million adults (aged 20-79
years). It is expected to increase to 643 million people in
2030 and 783 million people in 2045 (IDF, 2021).

People with diabetes need a large amount of
antioxidant intake. (Dompeipen et al., 2015). It is because
the administration of antioxidants to people with
diabetes mellitus is an effort to inhibit the production of
intracellular free radicals or increase the ability of
defense enzymes against free radicals to prevent the
emergence of oxidative stress and vascular
complications (Prawitasari, 2019). Diabetes mellitus
treatment strategies at this time use various ways, one of
which is the use of hepatoprotective drugs (Jurnalis et
al., 2014). Hepatoprotectors are chemical compounds
that protect and repair liver tissue damaged due to the
influence of toxin compounds (Wiendarlina et al., 2018).
Hepatoprotectors are often used as a deterrent to liver
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damage with their mechanism as antioxidants (Panjaitan
et al., 2013).

In the world of ethnobotany, 800 types of medicinal
plants can be used in the treatment of diabetes mellitus,
one of the plants is longjack (Eurycoma longifolia Jack.)
(Verma et al., 2018). Longjack has the shape of a shrub or
tree, can reach 10 meters in height, has an odd-pinnate
compound leaf type, and the stem has a yellow color
with a hard bark texture and a bitter taste. Longjack is
one of the endemic plants from West Borneo, which is
classified into the Simaroubaceae family, which has high
economic value and many benefits in the field of
medicine for human health (Hidayati et al., 2021).

All parts of longjack can be used as a fever
medicine, gingivitis, worm medicine, and tonic after
childbirth (Khajinou & Jiraungkoorskul, 2016; Mohamed
et al., 2015). The part of longjack that is often used is the
root. It is because the root of longjack is rich in active
components such as quassinoids consisting of
eurycomanol, eurycomalactone, and eurycomanone,
which have mechanisms as antioxidants (Mohamed et
al., 2015). Some studies have reported that longjack has
antidiabetic activity. The administration of ethanol
extract of longjack leaves at a dose of 176.4 mg/200g
body weight can reduce blood glucose and MDA levels
of white mice Wistar strains induced by streptozotocin-
nicotinamide (Panjaitan & Astuti, 2021). In addition,
administering methanol extract of longjack root at doses
of 210 mg/kg body weight and 420 mg/kg body weight
can reduce blood glucose levels in mice induced with
glucose (Fransisca et al, 2018). Additionally, the
administration of methanol-water fraction of longjack
root at a dose of 500 mg/kg body weight is also reported
to have a hepatoprotective activity that has a mechanism
as an antioxidant (Panjaitan et al., 2013). Therefore, this
study was conducted using different preparations to
determine the antidiabetic activity of the ethanol-water
fraction of longjack root which was characterized by
decreased blood sugar, MDA, and structural
improvements. of the pancreas organ in white Wistar
rats induced with streptozotocin-nicotinamide.

Method

Experimental Animals

The use of test animals in this study was carried out
under standard guidelines approved by the Health
Research Ethics Committee of the Faculty of Health
Sciences, Respati University Yogyakarta, Indonesia (No:
192.3/FIKES/PL/VIIl/2021). The experimental animals
used in this study were 24 Wistar strain male white rats
(Rattus norvegicus), aged 2-3 months, with a body
weight of 150-200 gs. The acclimatization process of the
test animals was carried out for seven days at the Food
and Nutrition Study Laboratory of Gadjah Mada
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University Yogyakarta, Indonesia. Each rat is placed in
1 cage equipped with a food and drink holder.

Extraction and Partition

Longjack root samples for this study were obtained
from a typical West Borneo medicine and spice shop
(Telok Belangak). A total of 5 kg of longjack root samples
were cleaned, cut, dried, and powdered into a size of 40
mesh macerated with 96% ethanol at room temperature
for 3x24 hours. Furthermore, the macerated filtrate is
concentrated using a vacuum rotavapor. After that, the
ethanol extract of the longjack root is partitioned and
stratified with chloroform and ethyl acetate so that the
ethanol-water fraction of the longjack root is obtained.

Measurement of Blood Glucose Levels

This study used a complete randomized design
consisting of four treatments and six repetitions. The
first treatment is normal control (N) which is not given
treatment. The second treatment was a negative control
(K-) given a 0.5% Na-CMC treatment (Sigma-Aldrich,
sodium carboxymethyl cellulose, Missouri, USA) at a
dose of 5 ml / 200 g body weight. The third treatment
was a positive control (K+) given the glibenclamide (PT.
Indofarma, glibenclamide, Bekasi, Indonesia) at a dose
of 0.09 mg / 200g body weight. The fourth treatment was
the ethanol-water fraction treatment of longjack root at a
dose of 500 mg/kg body weight (P1).

On the first day, blood glucose levels were
measured in all experimental animals. The blood draw
is taken through the sinus orbitalis and then measured
with a spectrophotometer. Before measuring blood
glucose levels, experimental animals were fed for 10-12
hours and still given a drink. Furthermore, the
experimental animals in treatment second, third, and
fourth groups were induced streptozotocin-
nicotinamide. The dose of streptozotocin used was 45
mg/kg body weight (Cayman Chemical, Streptozotocin,
Ann Arbor, MI, USA). In comparison, the dose of
nicotinamide used was 110 mg/kg body weight (Sigma-
Aldrich, Nicotinamide, Missouri, USA) (Gashemi et al.,
2014).

On the first, second, and third days, the
experimental animals were not treated but fed and
drank ad libitum. On the fourth day, the second blood
glucose level was measured. Experimental animals were
declared affected by diabetes when the blood glucose
levels were 200 mg/dl. (Gashemi et al., 2014). The
ethanol-water fraction of longjack root was
administered to the experimental animals from the
fourth day until the 17th day.

Measurement of MDA Levels
On the 18th day, all experimental animals were
satisfied to eat for 10-12 hours while still being given a
777



Jurnal Penelitian Pendidikan IPA (JPPIPA)

drink. Then blood was taken through the sinus orbitalis
and centrifuged until serum was obtained. Furthermore,
serum measurements of MDA levels using the
thiobarbituric acid (TBA) method.

Manufacture of Pancreatic Histopathological Preparation

Animals are dislocated cervically, then dissected
and taken into pancreatic organs. Next, samples of
pancreatic organs are washed with physiological NaCl
solution and then fixed with a 10% formalin buffer.
Furthermore, the pancreas organs will be carried out to
make preserved preparations through the process of
dehydration, purification, infiltration, planting in
paraffin media, brushing, staining with hematoxylin-
eosin dyes, and mounting.

Statistical Analysis

Analysis of blood glucose levels and MDA levels
was carried out using one-way ANOVA with a
normality test and data homogeneity test. If the data
obtained are normally distributed and homogeneous,
then proceed with the Tukey test. If the data obtained are
not homogeneous, then the ANOVA cannot be

Table 1. The measurement results of blood glucose levels
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continued so the Kruskal-Wallis test is carried out.
Furthermore, to see the treatment group that there are
real differences, it is continued with the Mann-Whitney
test. Data on the histopathological picture of the
pancreas were analyzed descriptively.

Result and Discussion

Result
Blood Glucose Levels

The results of blood glucose measurement showed
that on day 0 all treatment groups had normal blood
glucose levels, on day 4 an increase in blood glucose
levels in the treatment of 0.5% Na-CMC, glibenclamide,
and the ethanol-water fraction of longjack root, on day
18 showed a decrease in blood glucose in the treatment
of the ethanol-water fraction of longjack root which was
not statistically significantly different from the treatment
of glibenclamide ( P>0.05) whereas in the administration
of 0.5% Na-CMC did not show a decrease in blood
glucose. The results of measuring blood sugar levels in
white rats can be seen in Table 1.

Blood Glucose Levels (mg/dl)

Trial Group Day 0 Day 4 Day 18
Normal Control 71.022+1.17 71962 +1.05 73.49a £ 0.86
Na-CMC 0,5% 5 ml/200 g BW 71972 +£1.73 282.06b +2.12 283.45¢ £2.08
Glibenclamide 0.09 mg/200 g BW 69.572+1.83 281.36> +2.56 124.26b +1.69
Longjack root ethanol-water fraction 500 mg/kg BW 70.202 £2.48 279.87 +3.30 123.55b + 3.58

Note: Data were presented as the mean + standard deviation. Columns given the same letter are not significantly different

(p>0.05).

MDA Levels

The results of the measurement of MDA levels
showed that the MDA levels in the treatment group
receiving 0.5% Na-CMC were higher than those
receiving glibenclamide, while in the treatment group
receiving the ethanol fraction- long root water,
decreased MDA levels which were not statistically
significantly different from glibenclamide treatment
(P>0.05). The results of MDA levels in white rats on day
18 can be seen in Table 2.

Table 2. The measurement results of MDA levels

. MDA Levels
Trial Group (nmol/m)
Normal Control 1.71a£0.18
Na-CMC 0,5% 5 ml/200 g BW 9.66c+0.19
Glibenclamide 0.09 mg/200 g BW 3.026+0.28
Longjack root ethanol-water fraction 2835+ 014

500 mg/kg BW

Note: Data were presented as the mean + standard deviation.
Columns given the same letter are not significantly different
(p>0.05).

Histopathological Overview of White Rat Pancreatic Organs

The results of histopathological analysis of
pancreatic organs in white rats showed that in the
normal control treatment, normal islands of Langerhans
structure were observed, characterized by p-pancreatic
cells with good-looking round nuclei, and no cell
degeneration and necrosis were observed. found, in
treatment with Na-CMC 0.5% showed damage to the
structure of islets of Langerhans which was
characterized by degeneration and necrosis, there was
discoloration of intercellular boundaries, cytoplasmic
vacuolation, and { cells -pancreatic cells were found
with enlarged nuclei and visible nucleoli, in
glibenclamide treatment there was an improvement in
the structure of the islets of Langerhans characterized by
the monomorphic form of pancreatic p-cells, few
degenerated cells were found with fading intercellular
boundaries, as well as - pancreatic cells with enlarged
nuclei and visible nucleoli, in the treatment of an
ethanol-water fraction of longjack root at a dose of 500
mg/kg BW showed an improvement in the structure of

islets of Langerhans which was characterized by the
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monomorphic form of pancreatic P-cells with round
nuclei, found few cells with enlarged nuclei with visible
nucleoli, and no necrotic cells. The results of the
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histopathological picture of the pancreas of white mice
can be seen in Figure 1.

Figure 1. Histopathological overview of the pancreas organs (400X), (A) normal control; (B) negative control; (C) positive
control; (D) The administrasion of ethanol-water fraction of longjack root (=) normal beta cells, { %) degenerated beta cells,

and (

Discussion

Diabetes mellitus is one of the metabolic diseases
characterized by hyperglycemia. Hyperglycemia is a
condition in which blood glucose levels in the blood
plasma exceed normal limits. Therefore hyperglycemia
is a basis for establishing the diagnosis of diabetes
mellitus. (Fatimah, 2015, Putri et al, 2017).
Hyperglycemia in diabetes can increase the production
of free radicals in cells. It is caused by the autooxidation
process, which triggers the formation of free radicals
with the secretion of ROS (Reactive Oxygen Species),
which damages cell membranes by converting the lipid
structure of cell membranes into lipid peroxides.
(Prakosa et al., 2017; Arief & Widodo, 2018).

Free radical countermeasures can use antioxidants.
Antioxidant activity can capture free radicals that cause
damage to pancreatic beta cells so that the remaining
beta cells can function. Antioxidants are thought to
protect normal pancreatic beta cells so that they can
allow cell regeneration through mitosis or the formation
of Langerhans islets through proliferation and endocrine
differentiation. (Suryani et al., 2014). The regeneration of
pancreatic beta cells can increase the secretion of the
hormone insulin in the body, which can bring blood
glucose into the cells, which can lower blood sugar
(Khairan et al., 2018).

) necrotic beta cells.

Based on the results of measuring blood glucose
levels shown in Table 1, on day 0, normal rats' average
blood glucose level ranged from 69.57 - 71.97 mg/dl
According to a previous study, normal rat blood glucose
levels ranged from 50 - 135 mg/dl (Puspitasari &
Syauqy, 2015). These groups showed that all animal
models did not have diabetes without STZ- NA
induction (Panjaitan & Astuti, 2021). On the fourth day,
a second blood glucose level measurement was taken to
determine the increase in blood glucose levels after
being induced with STZ-NA with a dose of STZ 45
mg/kg berat badan and a dose of NA 110 mg/kg berat
badan. Based on the results of these measurements, it is
known that the average blood glucose level of rats in the
Na-CMC 0.5%, glibenclamide, and the ethanol-water
fraction of longjack root ranged from 279.86 - 282.06 mg
/ dL, this shows that all experimental animals had type
2 diabetes mellitus. According to the previous study, it
was stated that if blood glucose levels in rats >250 mg/dl
after STZ-NA injection, it was shown that all rats had
type 2 diabetes mellitus (Ghasemi et al., 2014).

Streptozotocin (2-deoxy-2-(3-methyl-3-nitrosurea)
1-D-glucopyranose) is an antibiotic synthesized through
the Dbacteria Streptomyces achromogenes and
nitrosourea analogs (combined N-methyl-N-nitrosourea
with carbon-2 from hexose) that are often used to induce
experimental animals into diabetes mellitus (Ghasemi et
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al., 2014). Streptozotocin is toxic to P-pancreatic cells
because it can decrease the sensitivity of preferred
insulin receptors, resulting in increased insulin
resistance and blood glucose levels (Firdaus et al., 2016).
Nicotinamide is a vitamin B, (niacin) derivate with an
antioxidant capacity that reduces the cytotoxic actions of
Streptozotocin. Nicotinamide works by stimulating
regeneration in pancreatic beta cells and the growth of
Langerhans islet cells and can block apoptosis reactions
(Ghasemi et al, 2014). The combination of
streptozotocin-nicotinamide administration can prevent
excessive hyperglycemia and mortality in white rats.
Nicotinamide administration before streptozotocin
injection can protect pancreatic beta cells from toxic
effects (Husan et al., 2019).

Based on the results of measuring rat blood glucose
levels on day 18, the average blood glucose levels of rats
in the Na-CMC 0.5%, glibenclamide, and the ethanol-
water fraction of the longjack root ranged from 123.55 -
283.45 mg/dl. Na-CMC 0.5% does not have antidiabetic
activity. Because Na-CMC is neutral, the Na-CMC
solution is not effective enough in inducing antidiabetic
activity characterized by a decrease in blood glucose
levels (Panjaitan & Novitasari, 2021). In contrast, the
glibenclamide treatment group and the ethanol-water
fraction of longjack root obtained glucose levels of 124.26
mg/dL and 123.55 mg/dL.

Malondialdehyde is a stable end-result substrate of
lipid peroxidation produced from interactions with free
radicals in phospholipid membranes that become
oxidative stress in people with type 2 diabetes and are
found in red blood cell membranes (Solfaine et al., 2019).
Based on the results of measuring MDA levels in Table
1, it can be seen that the MDA levels of the entire
experimental rat group ranged from 1.71 - 9.66
nmol/ml. It shows that the MDA levels in experimental
animals in the normal control group were within normal
limits and had the lowest malondialdehyde levels
compared to other groups of 1.71 nmol/ml. The Na-
CMC 0.5% administration group showed an increase in
blood glucose levels combined with the highest
malondialdehyde levels of 9.66 nmol/mL. According to
a previous study, Na-CMC does not have potential
compounds that can lower blood glucose and MDA
levels (Panjaitan & Astuti, 2021). The glibenclamide
administration group showed a decrease in glucose and
MDA levels by 3.02 nmol/ml. Glibenclamide has been
reported to stimulate the release of insulin so that it can
lower glucose levels in the blood (Gregory et al., 2019).
The group of the ethanol-water fraction of longjack root
showed a decrease in glucose levels and MDA levels of
2.83 nmol/ml.

The pancreas is an essential glandular organ in the
body consisting of exocrine and endocrine tissues. The
pancreatic endocrine consists of the Langerhans islet,
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which produces the hormone insulin, which will be
secreted to break down the glucose in the blood (Oktavia
et al., 2020). Based on the histopathological analysis of
the pancreatic organs, the experimental animal group on
normal control showed a normal condition of
Langerhans islet structure. It is characterized by a
monomorphic shape of Langerhans islet cells with a
rounded cell nucleus, no degenerated cells, and necrosis
cells. According to a previous study, the characteristics
of normal pancreatic tissue are characterized by having
a very dense cell nucleus, no swelling cells, and no
necrosis cells (Pramesti & Widjanarko, 2014).

The group of experimental rats on negative control
showed that the Langerhans islet was damaged. It is
characterized by cells undergoing necrosis, hydropic
degeneration characterized by a visible enlargement of
the cell nucleus and nucleolus, fading boundaries
between cells, and accumulation of water in the
cytoplasm. Pancreas organ damage is characterized by
changes in the shape of the pancreas in the form of
shrinkage and reduction in size from the Langerhans
islet, vacuolization of the cytoplasm, cells undergoing
hydropic degeneration and necrosis (Miniawy et al.,
2017; Nuralifah et al., 2022). The damage to pancreatic
cells can be caused by various factors. Such factors
include genetic factors, germs infection, diabetogenic
substances, and free radicals (Khairani et al., 2018). The
damage to Langerhans islet cells will cause a decrease in
insulin production, causing hyperglycemia. Based on
the results of the histopathological analysis obtained, the
damage to Langerhans island cells is caused by the
administration of STZ-NA. Streptozotocin causes the
formation of highly reactive free radicals which cause
damage to cell membranes, proteins, and DNA, thereby
reducing insulin production by pancreatic beta cells
(Ghasemi et al., 2014). STZ enters pancreatic beta cells
through a glucose-2 transporter (GLUT2) which causes
DNA alkylation by limiting the formation of ATP in
mitochondria, increasing enzyme xanthine oxidase, and
inhibiting the Krebs cycle (Firdaus et al., 2016; Panjaitan
& Novitasari, 2021).

In the positive control group, the condition of the
islets of the Langerhans structure improved. It is shown
by the pancreatic islets of Langerhans cells which appear
monomorphic, have round nuclei, and have dense
chromatin. Some cells degenerate with blurred
intercellular boundaries, cytoplasmic vacuolization, and
cell necrosis. Glibenclamide is an oral hypoglycemic
sulfonylurea derivate that reduces blood glucose levels,
increases insulin secretion, and repairs pancreatic beta
cells (Walean et al., 2020). According to a previous
study, glibenclamide's mechanism is inhibiting ATP-
sensitive potassium channels in pancreatic [3-cells. This
inhibitory mechanism can cause depolarization of the

cell membrane, which can generate voltage so that the
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calcium channels open. The cell membrane depolarizes
and opens voltage-dependent calcium channels so Ca 2+
can enter the cytosol and increase intracellular calcium
in pancreatic beta cells, which ultimately stimulates the
release of insulin and repairs pancreatic beta cells.
(Walean et al., 2020).

The ethanol-water fraction group showed an
improvement in a pancreatic structure characterized by
a monomorphic cell shape, few degenerated cells were
found, and no necrotic cells were found. Longjack root
is reported to contain various chemical compounds that
act as antioxidants, such as quassinoids, flavonoids,
triterpenoids, saponins, carotenoids, and alkaloids. In
addition, most of the chemical compounds in longjack
roots are quassinoids (Mohamed et al., 2015). In
addition, most of the chemical compounds in longjack
roots are quassinoids. According to a previous study,
quassinoids in longjack roots have activity as
hepatoprotective with their mechanisms as antioxidants
so they can protect liver cells (Panjaitan et al., 2013). Not
only that, quassinoid compounds play a role in repairing
lipid peroxidation to prevent necrosis (Shiyamita et al.,
2013). Flavonoids can reduce blood sugar by inhibiting
the action of the enzyme a-glucosidase which has the
function of hydrolyzing oligosaccharides into
monosaccharides. (Iryani et al., 2017). Triterpenoids can
reduce blood glucose levels in STZ-induced rats by
increasing insulin secretion from the pancreas. Saponins
can increase insulin secretion in pancreatic  cells
(Zakaria, 2019).

Conclusion

The ethanol-water fraction of longjack root at a dose
of 500 mg/kg body weight has an antidiabetic activity
characterized by a decrease in glucose levels, MDA
levels, and repair of the structure of the pancreas of
white rats damaged by STZ-NA.
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