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ABSTRACT

Diabetes mellitus is a metabolic disorder characterized by hyperglycemia. The development
of diabetic complications plays a pathological role in increasing Reactive Oxygen Species
(ROS) levels, which induce oxidative stress. The aim of this study was to examine the
antidiabetic activities of kemuning and moringa leaves based on glucose, SOD, and GPx
levels, and the protective activity of pancreatic cells in STZ-NA-induced rats. The kemuning
and moringa leaves were dried, finely powdered, and extracted by the remaceration method
using 96% ethanol. The test was carried out on 30 rats that were divided into 6 treatment
groups, namely the normal control group, negative control, positive control (glibenclamide),
extract dose of 76.5 mg. /200 g BW : 6.5 mg/200 g BW, 114.75 mg/200 g BW : 3.25 mg/200
g BW and 38.25 mg/200 g BW : 9.75 mg/ 200 g BW. The antidiabetic test was carried out
using STZ-NA, glucose levels were measured, and SOD and GPx levels in the liver
supernatants were measured. Cell protection was tested using the cell damage score method.
The data obtained were analyzed using one-way ANOVA variance. The results showed that
kemuning and moringa leaves at a dose of 38.25 mg/200 g BW: 9.75 mg/200 g BW were
able to lower blood glucose levels, increase the activity of SOD and GPx, and protect
pancreatic cell damage in STZ-NA rats.
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INTRODUCTION

Diabetes mellitus (DM) is one of the most common public health problems
worldwide. It is estimated that in 2021, there will be 464 million people worldwide suffering
from diabetes, and this number is expected to reach 638 million by 2045 (Rooney et al.,
2023). Indonesia is still experiencing an increase in cases to rank seventh in the world with
the number million DM sufferers of 10.7 million (KemenKes RI., 2020).

DM is a clinical syndrome with several possible etiologies, each of which leads to an
excessive increase in plasma glucose (hyperglycemia) (Elsayed et al., 2023). DM is
categorized into three types: type 1, caused by the inability of pancreatic  cells to secrete
insulin; type 2, caused by insulin resistance; and type 1, when blood sugar rises during
pregnancy (KemenKes RI., 2020). Insulin, which cannot work optimally, causes an increase
in blood glucose or hyperglycemia, which can increase oxidative stress. Oxidative stress is
caused by increased free radical production, reduced antioxidant defense activity, or both.
These conditions are known as Reactive Oxygen Species (ROS) and Reactive Nitrogen
Species (RNS) (Oyenihi et al., 2015).

Chemical drugs administered in DM therapy have side effects in the body; therefore,
alternative treatments that are safer and more effective are needed. Traditional medicine has
been widely used by the community as an alternative treatment for DM. According to
Niyodusenga et al. (2019), herbal medicines are becoming increasingly popular owing to

Open Journal Systems STF Muhammadiyah Cirebon : ojs.stfmuhammadiyahcirebon.ac.id


https://ojs.stfmuhammadiyahcirebon.ac.id/index.php/iojs
mailto:silokmargining.x10@gmail.com

1634 ISSN : 2541-2027; e-1SSN : 2548-2114

their fewer side effects. One of the plants reported to have antidiabetic properties is the
kemuning of the leaves. Kemuning leaves have been widely used for various diseases,
including antianxiety, antidepressant, anti-inflammatory, and antibacterial effects. Various
other compounds have been identified from kemuning, including alkaloids, coumarins,
phenols, terpenoids, and flavonoids (Sayar, 2014). According to Zou et al. (2021), the
ethanol extract of kemuning leaves at doses of 35 and 70 mg/kg BW significantly inhibited
the increase in glucose levels in rats with diabetic cardiomyopathy.

Moringa leaves are reported to have efficacy as a traditional treatment for DM.
Moringa leaves contain two types of bioactive substances: quercetin and kaempferol.
Phytochemical studies show that Moringa leaves contain glucosinolates (glucomoringin),
flavonoids (quercetin and kaempferol), and phenolic acids (chlorogenic acid) are three
classes of phytochemicals present in moringa and these three phytochemicals show
anticancer, hypotensive, anti-inflammatory, antioxidant, hypoglycemic effects, and
antidyslipidemia (Jannah et al., 2018). In research conducted by EI-Shehawi et al. (2021),
methanol extract of moringa leaves at a dose of 300 mg/kg BW orally for 28 days reduced
blood glucose levels and increased superoxide dismutase (SOD) and catalase (CAT) levels in
diabetic rats.

The principle of combination treatment of a disease has long been developed in
traditional medicine. The goal is to increase the effectiveness of drug combinations and
eliminate or minimize the side effects that may arise. The combination of two or more types
of plants can produce a higher activity potential, which is known to have a synergistic effect
and can reduce side effects (Barik et al., 2015). Administration of combination preparations
allows for reduced therapeutic doses, thereby reducing the risk of toxicity and resistance
(Mokhtari et al., 2017). The flavonoid content in moringa leaves and coumarin content in
kemuning leaves are promising compounds as potential exogenous sources of antioxidants.
Both compounds have similar chemical characteristics, namely a benzopyrone ring, and have
been proven to have relevant antioxidant properties (Borges Bubols et al., 2013). This
antioxidant activity of coumarin may involve different molecular mechanisms and may be
related to its structural analogy with flavonoids

RESEARCH METHODS
Tools and materials

Kemuning leaves and moringa leaves from CV. Herbal Anugrah Alam, Ethanol
96%, glucose GOD FS (DiaSys®, Germany), SOD Assay Kit WST, hematoxylin and eosin
solution.

RESEARCH PROCEDURE
Production of kemuning and moringa extracts

The obtained kemuning and moringa leaves were aerated and protected from
sunlight and then mashed and sieved using a 40 mesh sieve. 400 grams of powdered
kemuning and moringa leaves in a dry state were soaked in 96% ethanol solvent as much as
4000 ml with a powder: solvent ratio (1: 10). The macerates obtained were then combined
and evaporated using a rotary evaporator (IKA®, Germany) until a thick extract was
obtained. The thick extract obtained was tested for water content by means of toluene
distillation; 5 grams of the thick extract was weighed carefully and placed in a flask. Then,
approximately 200 ml of toluene was placed in the flask, the tool was connected, and then
heated. After boiling, toluene was distilled at a speed of 2 drops per second until most of the
water was distilled. The receiver was cooled at room temperature. If there are drops of water
attached, rub the cooling tube and receiver tube with rubber tied to a copper wire and
moistened with water-saturated toluene until the drops of water drop. The volume of water
after water and toluene were completely separated, and the moisture content in% v/b was
calculated (Kemenkes RI, 2017).
Identification of extract
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Compounds in extracts of kemuning leaves and kelor leaves were identified using
the TLC method to identify secondary metabolites such as flavonoids, tannins, alkaloids, and
coumarins.

Test animal preparation

This research proposal passed the ethical test of RSUD Dr. Moewardi with the
proper ethical letter number: 1.048/XI/HREC/2021. Wistar white rats aged 2-3 months and
weighing 180-200 grams which were acclimated for 7 days and divided into 6 treatment
groups: normal control group (I), negative control group (Il), positive control group of
glibenclamide dose 0. 45 mg/kg BW (I1), extract dose group | 76.5 mg/200 g BW: 6.5
mg/200 g BW (IV), extract dose group 11 114.75 mg/200 g BW: 3.25 mg/200 g BW (V), and
extract dose group 111 38.25 mg/200 g BW 9.75 mg/200 g BW (VI). This was used in this
study.

Antidiabetic activity test

Rats were induced by streptozotocin dose of 45 mg/dL and nicotinamide dose of 110
mg/kg BW through intraperitoneal. 3 days after streptozotocin induction, blood sugar levels
were measured. Rats with blood glucose levels > 250 mg/dL 3 days after STZ-NA induction
were selected as diabetic rats and used for testing. The blood sugar levels of rats were
measured 3 days after STZ-NA induction, and rats with blood glucose levels > 200 mg/dL
(11.1 mmol/dL) were considered diabetic (Elsayed et al., 2023). After the rats were
diagnosed with DM, they were treated according to the test group for 21 days. Preparation of
the solution preparation by means of 3,825 mg kemuning leaf extract and 325 mg Moringa
leaves were crushed first then put into a mortar and added Na-CMC 1% b/v colloidal
solution little by little while crushed until homogeneous. After that, it was put into a 100 ml
volumetric flask, and then 1% Na-CMC colloidal solution was added to a volume of 100 ml.
The extract solution was orally administered to test animals. Blood samples were collected
on day 0 (TO), day 3 (T1), day 10 (T2), day 17 (T3) and day 24 (T4). After measuring the
blood glucose levels, the rats were sacrificed by administering chloroform to the bottom of
the desiccator, and the animals were then placed in a closed container. After the rats were
unconscious, their livers were removed, cleaned, dried, and processed for biochemical tests.

Measurement of blood glucose levels

Blood was collected through the retro orbital vein using a hematocrit pipette.
Measurement of blood glucose levels with GOD-PAP uses an enzymatic method that
generally uses the enzyme glucose oxidase or hexokinase, which reacts with glucose but not
with other sugars such as fructose, galactose, or reducing agents. The working principle is
that glucose is oxidized by the enzyme glucooxidase (GOD) to produce gluconic acid and
H.0.. Next, H.0O, was reacted with 4-aminoantipyrine and phenol with the help of peroxide
enzymes to produce chinonimine, which is reddish in color, and H.O,, catalyzed by
peroxidase (POD). The chinonimine formed is equivalent to glucose, so the color measured
on the chinonimine product is proportional to the glucose level. Blood was collected through
the orbital sinus of the eye. Fasting blood glucose taken through the eye was placed in a
container and then centrifuged at 4,000 rpm for 15 minutes to form two layers of serum and
red blood cells. The serum layer was pipetted (10 pl, put into a test tube, and 1, 000 ul of Kit
reagent was added, shaken, and then incubated for 20 min, and the color was read with a
colorimeter at a wavelength of 500 nm.
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Measurement of SOD levels

SOD activity was measured using the SOD assay kit according to the WST protocol
(2002). To each sample tube and blank 2, 20 uL of sample solution was added in the form of
plasma samples, and 20 uL of H20 was added to each tube blank 1 and blank 3. Each
solution (sample, blank 1, blank 2, and blank 3) was added to 200 uL. WST Working
Solution and 20 pL dilution buffer for blank 2 and blank 3. A total of 20 puL of enzyme
working solution was added to each sample and blank 1. Each solution was then incubated at
37 °C for 20 minutes and the absorbance was measured using a UV-Vis spectrophotometer
at a wavelength of 450 nm.

(Ablank 1 _AblankS ) - (Asampel _AblankZ )

Activity SOD= x 100

(Aplank1 —Aplank3)

Measurement of GPx levels

GPx activity was measured using Lawrence's (1976) modified version of the
method. A total of 200 pl of liver clear supernatant was added to 200 pl of 0.1 M phosphate
buffer pH 7.0 containing 0.1 mM EDTA, 200 pl reduced glutathione (GSH) 10 mM, and 200
ul glutathione reductase enzyme (2.4 units). Then incubated for 10 minutes at 37°C, added
200 ul NADPH 1.5 mM and incubated again for three minutes at the same temperature, and
continued with the addition of 200 ul H202 1.5 mM. The absorbance was measured between
one and two minutes using a spectrophotometer at a wavelength of 340 nm.

_ Abs x Vt x 2x 1000 x-~ protein
M unit GSH-Px = 2

6,22x Vs

Histopathology Test

1. First steps
Surgery was performed on the abdominothoracal part, and pancreatic tissue was
collected. The tissue was cut to a thickness of 3-5 mm and inserted into plastic
containing 10% formalin. The dehydration process used alcohol with concentrations of
70%, 80%, and 90%. Each concentration of alcohol solution was placed in three plastic
pots, each with a height of 2/3. Each pot with the same concentration of alcohol was
labeled as I, II, or 11 to signify the sequence of dehydration processes..

2. Second step
Pieces of the organs were placed in a solution of toluol: alcohol (1:1) and soaked for 25
minutes. The organ pieces were then transferred and soaked in pure toluene for 60
minutes until they became clear. Soaking in pure toluene was continued until the cut
became clear. Soak time in pure toluol for 120 minutes.

3. Third step
Make a solution of toluol : paraffin (50 ml : 50 ml). The organ was wrapped in porous
tissue, soaked in the solution, and allowed to stand at room temperature for 24 hours.
Then, the paraffin was liquefied at a temperature between 56-62°C and labeled I, 11, 1lI,
and 1V. Place the pieces of the organ into the paraffin solution sequentially, each for 15
minutes. Melt paraffin and then pour a little into the block mold. Place the organ pieces
slowly and then pour the paraffin back until it soaks the organ.

4. Fourth step
The coloring process inserts and immerses the cup containing the preparation into a
staining jar containing xylol for 10 minutes 2 times. The cup was then transferred and
soaked twice for 5 minutes in a staining jar filled with absolute alcohol. The cup was
transferred and soaked in a staining jar containing hematoxylin for 1 minute. During this
period, observations were carried out under a microscope to avoid hematoxylin
overstaining. The cup was then transferred and soaked in a staining jar filled with acidic
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alcohol for 30 seconds. The saucer was transferred and soaked in a staining jar that was
fed with running water for 1 minute. The cup was then transferred and soaked in a
staining jar filled with eosin for 1 minute. During this period, observations were made
under a microscope to avoid overstaining with eosin. Transfer sequentially and soak the
cup into a staining jar containing alcohol with increasing concentrations from 70% to
absolute alcohol for 1 minute and xylol 2 times 3 minutes. The canada balm was
immediately dripped, flattened on top of the preparation, and covered with a glass cover.
The cells were observed under a microscope.

RESULTS AND DISCUSSION

Thin-layer chromatography was used to identify chemical compounds in moringa
leaf extract and kemuning leaves. Silica gel 60 Fs was used as stationary phase. The
identification results showed that Moringa leaf extract contains flavonoids, tannins, and
alkaloids. Kemuning leaf extract contains flavonoids, tannins, alkaloids, and coumarins.
Positive results are shown by the discoloration of tolan spots observed under UV light at 254

nm and 366 nm.
1 2 3 1 2 3

Description: 1. comparator compounds of quercetin, 2: Moringa leaf extract, 3: Kemuning leaf
extract, A: UV 254 without reagent, B: UV 366 without reagent, C: visible with reagent sitoborat

1 2 3

54

Figure 1. Results of flavonoid TLC identification

L 2: -3 1= 98 8
A B

Description: 1. comparator compounds of tannin acid, 2: Moringa leaf extract, 3:
Kemuning leaf extract, A: UV 254 without reagent, B: UV 366 without reagent, C:
visihle with reacent FeCl~

Figure 2. Results of tannin TLC identification
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1 2 3 1 2 3

B C

4
Description: 1. comparator compounds of quinine, 2: Moringa leaf extract, 3:

Kemuning leaf extract, A: UV 254 without reagent, B: UV 366 without reagent, C:
visible with reagent Dragendroff

Figure 3. Results of alkaloid TLC identification

1 2 1 2

A B C D

Description: 1: Moringa leaf extract, 2: Kemuning leaf extract, A: Visible, B: UV
254 without reagent, B: UV 366 without reagent, D: comparator compounds of
simplisia of kemuning Leaves (Silverman et al., 2023)

Figure 4. Results of coumarin TLC identification

Table I. Moringa leaf extract identification results

Identification  Mobile phase  Stationary Stain color Result Rf values
phase
Flavonoid n-heksana : etil  silika gel Yellow Positive 0,43 and 0,7
asetat : asam 60 Fas4
formiat (6:4:0,1)
Tannin Etil Asetat : silika gel Blue Positive 0,41 and 0,46
Asam Formiat : 60 Fas4
Asam Asetat :
Air (100:5:5:13)
Alkaloid Methanol : silika gel Red Positive 0,7
Ammonia 60 Fass Orange
(100:1,5)
Coumarin toluen-p : etil silika gel Red Negative -
asetat (7:3) 60 Fos4
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Table 11. Kemuning leaf extract identification results

Identification  Mobile phase  Stationary Stain color Result Rf values
phase
Flavonoid n-hexane : ethyl  silica gel Yellow Positive 0,41 and 0,76
acetat : formic 60 Fass
acid (6:4:0,1)
Tannin Ethyl acetat: silica gel Blue Positive 0,66 and 0,8
formic acid : 60 Fass
acetic acid :
water
(100:5:5:13)
Alkaloid Methanol : silica gel Red Positive 0,72
Ammonia 60 Fos4 Orange
(100:1,5)
Coumarin toluen-p : ethyl  silica gel Blue Positive 0,38
acetat (7:3) 60 Fs4

Table I11. Results of rat weight measurement

Average body weight of rats after STZ-Na Average body weight of rats after
induction (gram) being given the test preparation
(gram)
TO T1 AT1- % T2 T3 T4 AT4- %
Group Day0O Day3 TO  weight Day Day Day TO weight
change 10 17 24 change
I 187,4 192,8 54 2,8 199,0 205,4 206, 7,2 3,79
+ + 2t
+358 +£35 3,74 3,85 3,%7
al
Il 190,0 183,0 -7 -3,6 178,0 172,0 170, -74 -4,2
+ + 6t
+2,07 +283 2,55 3,16 2;)97
C
Il 188,0 180,2 -7,8 - 184,8 188,6 189, 4,2 2,3
4,15 + + 0+
+23 311 356 3,21 3,67
ac
v 187,0 180,0 -7 - 182,8 187,6 188, 5,6 3,1
3,74 + + 4+
+53 561 589 598 6,18
ac
Vv 184,0 177,6 -6,4 - 181,6 1856 185 4 2,2
3,47 + + 6+
+3,11 +27 3,05 321 643
ac
VI 186,8 180,2 -6,6 - 182+ 184,6 186, 4,2 2,3
+192 +1/48 3,53 2,12 + 2+

3,21 2,78
ac
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Description:

I : Normal control

I : Negative control (CMC Na 1 %)

i : Positive control (Glibenclamide 0.09 mg/200 g

v : Dose | (Kemuning : Moringa) / ( 76.5 mg : 6.5 mg)

\% : Dose Il (Kemuning : Moringa) / ( 114.75 mg : 3.25 mg)
\4 : Dose 111 (Kemuning : Moringa) / ( 38.25 mg : 9.75 mg)
a : Significantly different from the negative control in the anova test (sig <0.05)
b : Significantly different from the positive control in the anova test (sig <0.05)
c : Significantly different from the normal control in the anova test (sig > 0.05)

Weight loss in rats was observed with differences in body weight between groups of
rats that were not given treatment and normal groups. Rats administered STZ-Na
preparations experienced weight loss with an average percentage change of 7%. This
indicates that STZ-Na-induced rats experience diabetes, which is characterized by weight
loss. Based on research of Rias and Sutikno (2017) reported that rats with induced STZ-Na
experienced weight loss. Rats induced by STZ suffered damage to their pancreatic  cells
that failed to convert glucose into energy, resulting in insulin resistance. However, because
the body requires energy, an alternative is to break down fat into energy. Thus, a-pancreatic
cells secrete glucagon to form glucose from the fat tissue and cause weight loss in diabetic
rats (Rahma et al., 2017).

After STZ-Na induction, the rats were treated according to group on day 10 (T2). In
the normal group that was not given any treatment, it was observed that the weight of the rats
increased, which can be caused by the diet of rats that are always given every day. In the
group of negative mice that were only administered CMC-Na, 1% experienced weight loss
with a percent change in body weight of -4.2%. The average body weight of the rats in the
negative group was + 170.6 grams. Body loss in the negative group could be caused by the
lack of improvement in pancreatic  cells.

The increase in body weight of rats on day 24 (T4) occurred in the positive control
group given the preparation of glibenclamide. The rat weight increased with a percentage
change of 2.3% and an average weight of + 189 g. Glibenclamide can increase the body
weight of diabetic rats by reducing the glucagon levels excreted by a-pancreatic cells.
According to Spiliotis et al. (2022), low doses of glibenclamide were able to reduce
glucagon levels in a subpopulation of patients with type 2 diabetes who had
hyperglucagonemia. Glibenclamide is thought to reduce the activity of K-ATP channels in
pancreatic a cells by secreting glucagon. Glibenclamide improves pancreatic 3 cell function
by reducing the production of Reactive Oxygen Species (ROS). Based on research by Nunes
et al. (2022), glibenclamide can decrease neutrophil adhesion induced by NO and hydrogen
peroxide. Repair of pancreatic B cells results in better insulin secretion; therefore, glucagon,
which acts in glycogenolysis, can be suppressed.

Rats weight gain also occurred in the group treated with kemuning leaf extract and
moringa leaf extract with a ratio of doses respectively, namely, dose | 76.5 mg / 200 g BB:
6.5 mg /200 g BB, dose 11 114.75 mg / 200 g BB: 3.25 mg/ 200 g BB and dose |11 38.25 mg
/ 200 g BB 9.75 mg / 200 g BB. The percent change in rat body weight on day 24 (T4) of
each group was 5.6%, dose group Il 4% for dose group 1l 4.2%. With the average weight of
rats, namely dose group | £ 188.4 grams, dose group Il £ 185.6 grams and dose group Il £
186.2 grams. Weight gain in rats is thought to be related to the activity of phytochemical
compounds in moringa and kemuning leaves. The chemical compounds in Moringa leaves
and Kemuning leaves that act as antidiabetics are flavonoids, alkaloids, tannins, and
coumarins.
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Table V. Blood glucose level measurement results

Group TO T1 T2 T3 T4 AT %
Day-0 Day-3 Day- 10 Day-17 Day-24
(T4-T1) AT
I 68,93 + 69,39 + 69,85 + 71,35+ 7156+ 217 3,12
1,13 1,20% 0,99% 0,76% 1,34
T 69,57+ 280,99 + 282,19 + 28381+ 28359+ 26 0,9
1,64 2,48° 2,01°¢ 1,57 2,010
Il 68,36+ 277,40+ 194,67 + 123,09 + 93,59+ -183,81 -66,26
1,09 2,51° 2,512 2,74% 2,11%
v 70,00+ 277,40+ 231,17 + 14516+ 131,02+ -146,38 -52,76
0,80 3,43° 2,920%¢ 3,220%c 2,27%¢
Vv 70,79+ 278,02+ 195,55 + 13365+ 11336+ -164,66 59,22
1,37 5,17° 4,91% 2,220%c 1,94%¢
VI 70,79+ 280,76 + 197,74 + 127,14+ 96,88+ -183,88 -65,49
1,37 2,38° 2,40% 2,11% 1,20%
Description:

| : Normal control
1| : Negative control (CMC Na 1 %)
I : Positive control (Glibenclamide 0.09 mg/200 g

v : Dose | (Kemuning : Moringa) / ( 76.5 mg : 6.5 mg)

\ : Dose Il (Kemuning : Moringa) / ( 114.75 mg : 3.25 mg)

VI : Dose 11l (Kemuning : Moringa) / ( 38.25 mg : 9.75 mg)

a . Significantly different from the negative control in the anova test (sig <0.05)
b . Significantly different from the positive control in the anova test (sig <0.05)
c . Significantly different from the normal control in the anova test (sig > 0.05)

The greatest reduction in rat blood glucose levels was observed in the positive
control group. Test animals administered glibenclamide showed a better reduction in blood
glucose levels because glibenclamide was able to act as an antidiabetic. One of the
mechanisms of glibenklamide as an antidiabetic is the inhibition of ATP-sensitive K
channels (K-ATP) in B cells, which leads to the depolarization of the plasma membrane of f3
cells. The closure of potassium channels causes calcium channels to open. The opening of
calcium channels causes calcium ions to enter pancreatic f§ cells, stimulating insulin granules
to release insulin (Zhang et al., 2017). Glibenclamide may also inhibit oxidative stress by
increasing the activity of antioxidant enzymes such as glutathione peroxidase, superoxide
dismutase, and catalase (Priyanto et al., 2023).

The decrease in blood glucose levels that was close to positive control was dose
group Il with a dose of kemuning leaves: moringa leaves (38.25 mg / 200 g body weight:
9.75 mg / 200 g body weight). This decrease can be seen by testing the statistical effect of
lowering blood glucose from T1 to T4. The results of the Tukey post-hoc test showed that
the effect of decreasing blood glucose levels in the dose 111 group was close to the effect of
lowering blood glucose in the positive group. This antidiabetic effect is caused by the
chemical compounds flavonoids, tannins, alkaloids, and coumarins present in moringa leaves
and kemuning leaves. Flavonoids present in moringa leaves, such as aminoguanidine, rutin,
quercetin, and ascorbic acid, have an inhibitory effect on a-glucosidase and a-amylase as
well as antiglycation (Magaji et al., 2020). Quercetin has been shown to activate adenosine
monophosphate-activated protein kinase (AMPK), to increase glucose uptake through
stimulation of GLUT4 in skeletal muscle, and to decrease glucose production through
downregulation of phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6 phosphatase
(G6Pase) in the liver (Eid et al., 2015).
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The alkaloid found in the leaves of kemuning is mahanimbine. According to Behl et
al. (2022), kemuning leaves contain alkaloids, namely mahanimbine, which functions as an
antidiabetic by inhibiting a-amylase. In addition, according to Muhammad and Rahman
(2012), mahanimbine exhibits hypoglycemic activity by inhibiting a-glucosidase from mild
to moderate levels. The mechanisms of alkaloids as antidiabetics include 119 G protein-
coupled receptor agonists (GPR119), inhibition of tyrosine phosphatase 1B protein (PTP1B),
peroxisome agonists against a/y proliferator-activated receptor (PPAR) receptors, and
inhibition of dipeptidyl peptidase 4 (DPP-4) and sodium-glucose co-transporters (SGLTS)
(Hasan et al., 2022).

Tannins can act as an antidote to free radicals and increase insulin signaling, such as
PI3K (phosphoinositide 3-kinase), activation of p38 mitogen-activated protein kinase
(MAPK), and translocation of GLUT-4, which causes increased glucose absorption (Kumari
& Jain, 2015). Tanic acid is a tannin compound that exhibits antidiabetic activity by
decreasing glucose absorption in the digestive system and inhibiting a-glycosidase and a-
amylase enzymes to extend the period of carbohydrate digestion, thereby lowering blood
glucose levels (Turkan et al., 2019).

The mechanism of action of coumarin in lowering blood glucose levels involves
inhibition of the enzyme a-glucosidase and aldose reductase, which is the synthesis of the
end product of advanced glycation, causing complications in diabetes mellitus (Randelovi¢
& Bipat, 2021). Coumarins stimulate the release of GLP-1, which suppresses glucagon
release and lowers hepatic glucose production, slowing down gastric emptying time and acid
secretion, thereby reducing appetite and contributing to weight loss (Ghosh et al., 2023).

Table V. SOD and GPx measurement results

Group SOD (%) GPx (U/mg)

| 80,66 + 3,15% 73,62 + 2,09%
I 30,49 + 3,40° 24,69 + 1,22
I 69,84 + 3,40° 62,05 £ 1,60%
v 40,98 + 2,60%® 31,33 + 1,60%°
\Y% 59,34 + 2,70% 54,48 + 1,60%°
VI 73,77 £ 2,60 64,82 + 2,44

Description:

| : Normal control

1] : Negative control (CMC Na 1 %)

11 : Positive control (Glibenclamide 0.09 mg/200 g

v : Dose | (Kemuning : Moringa) / ( 76.5 mg : 6.5 mg)

\% : Dose Il (Kemuning : Moringa) / ( 114.75 mg : 3.25 mg)

Vi : Dose 11 (Kemuning : Moringa) / ( 38.25 mg : 9.75 mg)

The greatest decrease in antioxidants occurred in the negative control group, where
the average value of SOD and GPx levels in the negative control group was the lowest. The
average levels of SOD and GPx in the negative control group were 30.49% and 24.69 U/mg.
At dose I, the average SOD and GPx level were 73.77% and 62.05 U / mg. Based on the
results of the one-way ANOVA test on a positive control with dose Ill, a significant value of
p > 0.05 was obtained so that there was no significant difference.

The antioxidant mechanism of dose I1l comes from the chemical compounds present
in moringa and kemuning leaves. The main flavonoids found in moringa leaves, such as
guercetin, act as antioxidants (Makita et al., 2016). Flavonoids can prevent cell damage due
to free radicals by direct capture of Reactive Oxygen Species (ROS), metal chelation,
reduction of a-tocopheryl radicals, and inhibition of oxidation (Arifin & Ibrahim, 2018).

Alkaloids in Moringa leaves and kemuning leaves can reduce blood glucose levels
by inhibiting tyrosine phosphatase-1B protein (PTP-1B), which is a negative regulator of
insulin signal receptors in type 2 DM; thus, it can increase glucose induction in B-TC6 and
C2C12 cells. Alkaloids also have antioxidant activity, which can reduce oxidative damage to
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B-TC6 cells (Tiong et al., 2013). Alkaloids can reduce blood glucose levels by increasing
insulin sensitivity by lowering IL-1p, Gal-3, and TNF-a mRNA levels in obese mice, thereby
regulating the inflammatory state of macrophages in the visceral adipose tissue (Liu et al.,
2020).

The tannin content in Moringa leaves and Kemuning leaves acts as an antidote to
free radicals and increases signaling in insulin such as PI3K (phosphoinositide 3-kinase),
activation of p38 mitogen-activated protein kinase (MAPK), and GLUT-4 translocation,
which causes increased glucose absorption. Tanic acid is a tannin compound that exhibits
antidiabetic activity by decreasing glucose absorption in the digestive system and inhibiting
a-glycosidase and a-amylase enzymes to extend the period of carbohydrate digestion,
thereby lowering blood glucose levels (Tirkan et al., 2019).

Coumarins increase the phosphorylation of Nrf2 and reduce the expression of
NAD(P)H and quinone oxidoreductasel (NQO1) in myoblast cells. In addition, coumarins
work by inhibiting lipid peroxidation or by significantly capturing superoxide radicals or
hypochlorous acid (Han et al., 2017).

Histological features in preparations of dose groups I, dose Il, dose Ill, and normal
control groups showed protection in normal cells, where the number of apoptosis scores did
not exceed the score values of negative controls. The protective effects of doses I, 11, and IlI
were found in the contents of flavonoid compounds, tannins, alkaloids, and coumarins in
moringa leaf extract and kemuning leaves.

Kontrol normal Kontrol negative

Koptx_o_l _Rp_sigif Dosis I
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Dose Il Dose Il

Description:

1. a:normal cell
2. b: pyknosis

3. c: karyorrhexis
4. d: karyolysis

Figure 5. Results of pancreatic histopathology

CONCLUSION

Effective doses of moringa extract and kemuning extract that can reduce blood
glucose levels based on blood glucose level tests, SOD, GPx and tissue histopathology
features, namely kemuning leaf extract and moringa leaves 38.25 mg / 200 g body weight:
9.75 mg/ 200 g body weight.
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