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Abstract

Background: Ethnobotany knowledge in a community has shaped local wisdom in utilizing plants to treat
diseases, such as the use of Malaka (Phyllanthus emblica) flesh to treat type 2 diabetes. This study presented
evidence that the phenolic extract of the Malaka flesh could reduce blood sugar levels in the diabetic induced rats.

Methods: The phenolic extract of the P. emblica was administrated to the glucose-induced rats of the Wistar strain
Rattus norvegicus for 14 days of treatment where the Metformin was used as a positive control. The data generated
were analyzed by the two-way ANOVA Software related to the blood glucose level and by SAS Software related to
the histopathological studies at a significant 95% confidence.

Results: The phenolic extract with concentrations of 100 and 200 mg/kg body weight could reduce blood glucose
levels in diabetic rats. The post hoc Dunnet test showed that the administration of the extract to the rats with a
concentration of 100 mg/kg body weight demonstrated a very significant decrease in blood glucose levels and
repaired damaged cells better than administering the extract at a concentration of 200 mg/kg weight body.

Conclusion: The evidence indicated that the phenolic extract of the Malaka flesh can be utilized as anti type 2
Diabetes mellitus without damaging other organs.
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Introduction
Diabetes mellitus is characterized by a condition of
metabolic disorders that causes an increase in the level
of blood glucose (hyperglycemia) beyond the normal
limits [1]. For non-diabetics, normal blood glucose levels
in the human are a range of 72 to 99mg/dL (before
meal) and equal to 140 mg/dL (2 h after meal). For dia-
betics, the blood glucose level may have ranged more or
less 100 mg/dL (before meal) and less 180 mg/dL (2 h
after meal) [2, 3]. The prevalence of diabetes in the
world in 2017 reached 425 million people and is esti-
mated to reach 629 million people by 2045. In Indonesia,
the prevalence of diabetes reached 10.28 million people
in 2017, and is estimated to reach 16.65 million people
by 2045 [4]. Diabetics in the Aceh region in 2017

reached 500 thousand people (9.8%) from the population
of five million people. The figure of 9.8% was above the
national figure which was merely 5.8% [5].
Management of Diabetes mellitus generally uses syn-

thetic and natural antidiabetic drugs [6]. For synthetic
drugs, compounds are generally classified as sulphony-
lureas, biguanides, meglitinides, thiazolidinediones, and
α-glucosidase inhibitors [7, 8]. However, the administra-
tion of synthetic antidiabetic drugs increases complica-
tions in the heart, kidneys, and nerves [1, 9]. The use of
ingredients for the treatment of diabetes has been stud-
ied and has shown promising results by suppressing ad-
verse side effects for other organs. The success of
utilizing natural ingredients in the prevention of diabetes
has been proven both in traditional Chinese medicine
[10] and Ayurvedic medicine in India society [11, 12]. A
group of natural components that can provide antidia-
betic therapy comes from phenolic compounds. Phenolic
compounds are generally classified as phenolic acids,
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flavonoids, tannins, coumarins, lignans, quinones, stil-
benes, curcuminoids, and others [13]. Among them, fla-
vonoids receive attention in curing diabetes because of
their high antioxidant activity [14].
Malaka fruit (fruit name of Achehnese or Phyl-

lanthus emblica L.) has been used by diabetics who
are residents of the village of Lamtamot, Lembah Seu-
lawah sub-district. They stated that their blood glu-
cose levels decrease by consuming Malaka fruits every
day by five after each meal. The testimony was in line
with the statement of the previous researcher ex-
plained that the Malaka fruit has antidiabetic power
[15, 16]. This power is generated by the phenolic
components [17, 18]. The Malaka fruit is one of the
most widely used fruits as traditional medication with
many benefits [19–21]. Generally, to obtain phenolic
compounds from plant samples, extraction is carried
out with different solvent polarities. This difference
goals to obtain a variety of phenolic components with
varying antidiabetic abilities. Previous studies in-
formed that the extraction of Malaka fruit used polar
solvents such as water and/or ethanol. However, re-
search to utilize an extract from the Malaka flesh
using semi-polar solvent has never been done [16,
22–24]. This research is a basic study of an extract
obtained from semi-polar solvents from the Malaka
flesh as a type 2 anti Diabetes mellitus candidate.

Materials and methods
Venue and time
This research was conducted at the Chemical Laboratory
of Faculty of Teacher Training and Education, and
Pharmacological Laboratory of Veterinary Faculty of
Syiah Kuala University in 2017/2018.

Instruments
The instruments used are analytical scales, blenders,
knives, 40 mesh sieve, rotary evaporator, petri dishes,
spatulas, beakers, measuring cylinders, volume pipettes,
stirring rods, funnels, measuring flasks, reagent bottles,
test tubes, spirit burner, tripod, gauze wire, separating
funnel, clamps, stativ, Spectronic 20D+ Spectrophotom-
eter, injection device, and multicheck Nesco.

Materials
The ingredients used were powdered Malaka flesh, etha-
nol 96%, filter papers, aquadest, NaOH 0.1M, NaOH
1%, HCl 2 N, FeCl3 1M, ammonia 10%, gelatin 1%, for-
malin 10%, Mayer’s reagent, Hager’s reagent, Wagner’s
reagent, Burchard’s reagent, Dragendorff’s reagent,
chloroform, tap water, hot water, anhydrous acetic acid
p.a, sulfuric acid p.a, n-hexane p.a, dichloromethane p.a,
ethyl acetate p.a, methanol p.a, DPPH, ascorbic acid,

glucose monohydrate p.a., metformin, strip test Nesco,
and feeds 4.

Sample preparation
Malaka fruits were obtained from the village of Lamta-
mot (5.3779° N, 95.6984° E), sub-district of Seulawah
Valley, Aceh Besar District. The sample was washed with
clean water and drained to dry. After drying, the flesh
and seed were separated. The meat obtained is cut into
small pieces and then dried without being exposed to
sunlight. The dried Malaka flesh was blended to get a 40
mesh Malaka flesh powder.

Maceration
The Malaka flesh powder was weighed as much as 300 g,
then soaked with 1.5 l of ethanol 96% for 72 h. The etha-
nolic extract of the Malaka flesh powder was filtered
with filter paper # 1 Whatman, then the filtrate was con-
centrated using a rotary evaporator at 45 °C. The con-
densed extract of the Malaka flesh was dried and
weighed to get 37.8 g solid extracts.

Sample separation
The ethanolic condensed extract of Malaka flesh as
much as 30 g was dissolved in 25 mL of ethyl acetate
p.a. solvent, and then the solution was poured into a
100 mL separating funnel. Solvent of n-hexane p.a. as
much as 25 mL in volume was added to the funnel,
then shaken the funnel gently and let stand until the
two layers to separate completely. The n-hexane layer
was used up, and left the ethyl acetate layer in the
separating funnel. Another 25 mL of n-hexane p.a.
solvent was added into the separating funnel contain-
ing the ethyl acetate layer, shaken and let stand until
there was a separation of the two layers. The n-
hexane layer was picked up, and the ethyl acetate
layer remained in the separating funnel. The n-
hexane layer obtained was collected in 50 mL Erlen-
meyer flask. The separation of the extract compo-
nents was repeated by applying the same procedure
where the solvent n-hexane p.a. replaced with dichlo-
romethane solvent p.a. The remaining layer in the
separating funnel after the separation using the di-
chloromethane solvent was the ethyl acetate layer.
The fractions obtained were concentrated with the ro-
tary evaporator at 45 °C. The fractions were tested for
phytochemical screening to determine the secondary
metabolite contents.

Phytochemical evaluation
Phytochemical screening for the fraction obtained was
based on the procedure described by Tiwari et al. which
includes testing for triterpenoids, alkaloids, saponins,
tannins, flavonoids, and phenols [25].
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Total Phenolics content measurement
Measurement of total phenol content in the ethyl
acetate extract was conducted by modifying the Folin-
Ciocalteu’s procedure revealed by Siddiqui et al. [26].
Calibration curves were made using gallic acid with
variations in concentrations of 0.005, 0.010, 0.025,
0.050, and 0.100 mg/mL. Then, a solution of the ethyl
acetate extract with a concentration of 0.1 mg/mL was
made. Furthermore, the extract solution was taken as
much as one milliliter and put into 10 mL volumetric
flask, 500 μL of Folin Ciocalteu reagent was added,
then shaken until homogeneous for a minute. In the
seventh minute, four mL of 7.5% (w/v) Na2CO3 was
added to the solution of the ethyl acetate extract and
the Folin Ciocalteu reagent in the measuring flask,
shaken for a minute and added distilled water to the
volume limit of the flask, and shaken again until
homogeneous. Then the measurement was performed
with a spectrophotometer at a wavelength of 794 nm,
where the wavelength was obtained when scanning
wavelength. The results of this measurement are
expressed as weight equivalent to gallic acid per sam-
ple weight.

Determination of antioxidant activity
The antioxidant testing procedure was modified from
the DPPH method presented by Molyneux [27]. A
total of 0.0012 g of crystalline DPPH was dissolved to
25 mL methanol p.a. in order to get 0.1 mM of DPPH
as a control. The extract solution of the ethyl acetate
fraction at dose of 1000 ppm was prepared by dissolv-
ing 0.025 g of the ethyl acetate fraction in 25 mL of
methanol p.a. Next step, the concentrations of 2, 4, 6,
and 8 ppm were prepared to the extract solution. A
three milliliter of each concentration of the extract
solution was combined to a milliliter of 0.1 mM of
DPPH in cuvette to prepare a testing solution. The
testing solution was stabilized and retained standup at
chamber temperature for a half hour. The same work-
ing procedure was repeated to the vitamin C solution
as the standard of antioxidant at a concentration of 2,
4, 6 and 8 ppm. The absorbance of the control solu-
tion, the testing solution, and the standard solution
was measured at 517 nm using a Spectronic 20D+

spectrophotometer. The obtained absorbance value of
the solutions was converted to the percent of inhib-
ition, and further were confined to the IC50.

In vivo toxicity assay
A healthy and mature (200–250 g) Rattus norvegicus
were separated into four groups consisting of three rats
in each group. Rats were placed in each ventilated en-
closure and got sunlight. The rats were given food in the
form of pellets and drinks of distilled water. Adaptation

of all groups of rats were done for one week [28]. All the
rats in the group were coded and weighed. A blood glu-
cose level was examined on the seventh day. The blood
glucose level obtained was expressed as a pre-treatment
blood. The rats were orally given a 50% glucose mono-
hydrate solution on the eighth and eleventh days with
one mL per rat. After one week given the 50% glu-
cose solution, the rats were checked their blood glu-
cose level and marked as a diabetic blood when the
blood glucose level was above 180 mg/dL. The experi-
mental rats were designed into P0 group stood for
negative control (the group only was given pellet plus
tap water), P1 group stood for positive control (the
group was given the metformin at a concentration of
65 mg/kg body weight), and P2 and P3 groups were
given the extracts of ethyl acetate of the Malaka pow-
der with concentrations of 100 and 200 mg/kg body
weight of rats. On the 15th and 22nd days at 10 a.m.,
all rats were treated based on experimental design.
All rats in each group were blood drawn on the 28th
day and stated as a post-treatment blood. At the end
of treatment, the selected rats were sacrificed for
histopathological investigation. The treatment for each
group was performed for 14 days.

Histopathological studies
Histopathological studies of samples were executed on
the kidney, pancreas, and liver organs of sacrificed rats.
Histopathological examinations were performed on or-
gans that had been immersed in formalin 10% in a week
[29]. Organ slices were stained with hematoxylin eosin,
and observations of cell performances in the kidneys,
pancreas, and liver of rats were carried out using the
Olympus DP12 microscope.

Statistical analysis
Experimental data on blood glucose levels were ana-
lyzed with two-way ANOVA using GraphPad Prism
8.1.2 software (GraphPad Software, Inc., San Diego,
California, USA), and histopathological data were
processed with SAS 9.1.3 Software (SAS Institute
Inc.), Cary, North Carolina, USA).

Results
Extraction and phytochemical screening
The ethanolic extract of the Malaka flesh was separated
by using the n-hexane, the dichloromethane and the
ethyl acetate solvents. The separation process was done
using the n-hexane solvent first, subsequently used a
semi-polar solvents which were the dichloromethane
and the ethyl acetate to attract semi-polar compounds
[30]. The rendement data of the n-hexane, the dichloro-
methane, and the ethyl acetate fractions of the Malaka
flesh were presented in Table 1. It shows that the data of
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the separation of the Malaka flesh extract was more sol-
uble in the semi-polar solvent. The fractions were per-
formed by a phytochemical test. The results of this test
can be seen in Table 1.

Total phenolic content and antioxidant property
The total phenolic content (TPC) measured using the
Folin-Ciocalte reagent showed a weight of 625.07 ± 3.49
(Means ± SEM) mg Gallic Acid Equivalent (GAE) in the
extract weight. The fraction of the ethyl acetate of the
Malaka flesh obtained from the separation result was anti-
oxidant activity test by using a DPPH method as a de-
tector. The ascorbic acid (vitamin C) was used as a
positive control. The positive control was functioned to
compare the natural antioxidant power of the ethyl acetate
fraction. The absorbance of the sample extract is directly
proportional to the percent of inhibition. The comparative
results of the absorbance and the percent of inhibition of
the ethyl acetate fraction of the Malaka flesh and the vita-
min C were displayed in Fig. 1. The obtained % value of
inhibition can be used to determine the value of IC50. The
IC50 values obtained from the vitamin C and the ethyl

acetate fraction of the Malaka flesh are 6.34 and 7.20 ppm
respectively.

In vivo toxicity assay
The data obtained from the test of blood glucose level in rats
were studied by a two-way ANOVA analysis with 0.05 confi-
dence level. Results of data analysis of blood glucose level
can be seen in Table 2. The two-way examination was
piloted on the stimulus of the ethyl acetate extract of the
Malaka flesh on blood glucose level in diabetic-induced rats.

Histopathological studies
Histology observations in the kidney, pancreas and liver
of the rats showed encouraging results as presented in
Table 3. All observed images showed the repair of cells
that were previously damaged due to diabetes mellitus
became normal after being given the ethyl acetate ex-
tract from the Malaka flesh.

Discussion
The data in Table 1 inform the n-hexane fraction showed
negative results of the triterpenoid, alkaloid, saponin,

Table 1 Profile fraction of the Malaka flesh extracts on quantitative and qualitative records

No. Fraction Weight
(g)

Rendement
(%)

Secondary metabolite screening test

tri alk sap tan fla phe

1 n-Hexane 7.50 18.75 – – – – – –

2 Dichloromethane 11.80 29.50 – – – + ++ ++

3 Ethyl acetate 18.50 46.25 – – + ++ +++ +++

Note: tri = triterpenoids, alk = alkaloids, sap = saponins, tan = tannins, fla = flavonoids, phe = phenols, − = negative result, + =mild positive result, ++ =moderate
positive result, +++ = strong positive result

Fig. 1 A concentration relationship curve with inhibition of the vitamin C and the fraction of the ethyl acetate of the Malaka flesh
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tannin, flavonoid, and phenol components. An evaluation
for triterpenoid and alkaloid components confirmed nega-
tive results on all fractions. Saponins test performed posi-
tive results on the ethyl acetate fraction characterized by
foam-shaped as high as one cm after being shuffled verti-
cally. The fractions of the dichloromethane and the ethyl
acetate showed positive result to the tannins test with the
formation of white precipitate. The flavonoids test showed
a positive result on the fractions of the dichloromethane
and the ethyl acetate with the formation of a faded yellow
solution. The flavonoid test can be done with alkaline re-
agent test that dissolved the extract with NaOH 0.1M and
then added of dilute acid. Colors that change from a dark
yellow to a faded yellow show positive flavonoids [31]. In
the phenol test, the FeCl3 1M solution was used to deter-
mine whether the extract contained phenolic compounds.
Samples containing the phenolic compounds are charac-
terized by the formation of a blackish blue/blackish green
solution. In the phenol test, the dichloromethane and the
ethyl acetate fractions showed positive results in the

formation of a blackish blue solution. The phenolic com-
pounds tend to dissolve in polar solvents [32]. Referring to
the profile data in Table 1, the most interested fraction to
pharmaceutical evaluation of anti type 2 Diabetes mellitus
was the semi-polar fraction of the ethyl acetate with a
weight fraction obtained 18.50 g.
The DPPH (2,2-diphenyl-1-picrylhydrazyl) is a com-

pound in the form of free radicals [33]. The free radical
DPPHs may react with existing antioxidants in the
Malaka flesh extract. The DPPH has unpaired electron
that tends to receive free electron from antioxidants in
the sample extract. An antioxidant from the Malaka
flesh extract can donate a hydrogen atom so the DPPH
will be reduced. The deep violet color of the DPPH solu-
tion when mixed with the ethyl acetate fraction of the
Malaka flesh extract changed to pale yellow. The absorb-
ance of the DPPH decreased due to the DPPH captured
free radicals from the ethyl acetate fraction of the
Malaka flesh. Determination of antioxidant sample to
DPPH test should be measured its absorbance at 517 nm

Table 2 Effect of the phenolic extract of the P. emblica flesh on the blood glucose level of the glucose induced rats

No. Treatment Level of Blood Glucose (Mean ± SD, mg/dL)

Pre-treatment blood Diabetic blood Post-treatment blood

1 P0 97.33 ± 0.58 387.33 ± 9.02 399.00 ± 1.73a

P1 97.67 ± 0.58 381.33 ± 6.11 98.67 ± 1.15b

P2 98.00 ± 1.73 384.00 ± 3.61 104.00 ± 6.93b

P3 97.67 ± 0.47 388.00 ± 0.82 119.00 ± 0.82c

2 ANOVA table F (DFn, DFd) p value

Interaction F (6, 16) = 1369 < 0.0001

Concentration (extract and control) F (3, 8) = 1313 < 0.0001

Blood Glucose Level F (1.69, 13.49) = 17,012 < 0.0001

3 Dunnett's post hoc test p value Significant?

P0 versus P1 < 0.0001 Yes

P1 versus P2 = 0.5403 No

P1 versus P3 < 0.0001 Yes

Different letters designated significant differences among the group (p < 0.05, Dunnett’s post hoc following the two factor ANOVA), P0 = the negative control,
P1 = the positive control, P2 = the ethyl acetate extract of the Malaka flesh given a concentration of 100 mg/kg body weight, P3 = the ethyl acetate extract of the
Malaka flesh given a concentration of 200 mg/kg body weight

Table 3 A number of cells on histology of kidney, pancreas, and liver rats in various treatments

Treatment Histology of rat kidney Histology of rat
pancreas

Histology of rat liver

Normal cells of renal tubules
(cells, Mean ± SD)

Proximal renal necrosa
tubules (cells, Mean ± SD)

Pancreatic β cells
(cells, Mean ± SD)

Normal hepatocyte count
(cell, Mean ± SD)

Necrosa hepatocytes
(cells, Mean ± SD)

P0 560 ± 10,00a 32 ± 2,08d 450 ± 10,00a 180 ± 10,00a 13 ± 3,51c

P1 435 ± 13,22c 123 ± 4,72a 420 ± 10,00b 140 ± 10,00b 30 ± 7,63ab

P2 447 ± 11,50c 103 ± 10,06b 410 ± 11,53b 123 ± 9,50b 43 ± 10,14a

P3 534 ± 10,00b 76 ± 9,50c 436 ± 15,82ab 164 ± 12,50a 25 ± 5,00bc

P0 = the negative control, P1 = the positive control, P2 = the ethyl acetate extract of the Malaka flesh given a concentration of 100 mg/kg body weight, P3 = the
ethyl acetate extract of the Malaka flesh given a concentration of 200mg/kg body weight. Different letters showed significant differences among the
group (p < 0.05)
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wavelength by using a spectrophotometer [34]. Calcula-
tion results based on experimental data showed that the
vitamin C and the ethyl acetate fraction from the Malaka
flesh gained IC50 values of 6.34 and 7.20 ppm respect-
ively. The ethyl acetate fraction consisted of phenolics,
flavonoids, tannins, and saponins. The phenolic compo-
nents have demonstrated a number of biological effects
such as antioxidant activity through mechanisms as re-
ducing agents, free radical catchers, metal chelating, re-
ducing the formation of singlet oxygen and electron
donors [35]. The high antioxidant activity was indicated
by the smallest IC50 value. Antioxidant activity is directly
proportional to total phenol [36], the higher the phenol
content in the ethyl acetate fraction (625.07 ± 3.49 mg
GAE) the higher its activity as an antioxidant (IC50 value
of 7.20 ppm). This finding showed an optimistic affinity
between the radical scavenging action and the total
phenolic content [37].
The ethyl acetate fraction of the Malaka flesh could

decrease blood glucose level in the rats after given 50%
glucose monohydrate solution due to it has phenolic
contents as shown in Fig. 2. The flavonoid substances
are secondary metabolite compounds had an antioxidant
property that can capture free radicals [38]. Reducing
free radicals can prevent damage to pancreatic β cells
and cause sufficient quantities of insulin to reduce blood
glucose levels [39]. The blood glucose level experimental
data analyzed by two-way ANOVA showed that the
interaction effect was significant, F(6, 16) = 1366,
p < 0.0001. The main effect for concentration of the ex-
tract and the control generated an F ratio of F(3, 8) =

1313, p < 0.0001, demonstrating a significant difference
of the blood glucose level in the post-treatment among
the negative control (Mean = 399.00, SD = 1.73), the
positive control (Mean = 98.67, SD = 1.15), the concen-
tration of 100 mg/kg body weight (Mean = 104.00, SD =
6.93), and the concentration of 200 mg/kg body weight
(Mean = 119.00, SD = 0.82). The main effect for the
blood glucose level produced an F ratio of F(1.69,
13.49) = 17,012, p < 0.0001, representing that the effect
for the blood glucose level was significant. The Dun-
net’s post hoc analysis showed the administration of
the extract to the experimental rats at a concentration
of 100 mg/kg body weight had the same effect on the
decrease in blood glucose shown by administering the
metformin (p = 0.5403). Whereas, administration of
the extract at a concentration of 200 mg/kg body
weight showed a significantly different (p < 0.0001)
effect with the metformin administration. This could
be understood that the administration of the extract
with a dose of 100 mg/kg body weight in the diabetic-
induced rats could reduce blood sugar levels better
than administering the extract at a dose of 200 mg/kg
body weight compared to the effect of giving the met-
formin as a blood sugar-reducing drug.
The histopathological observations in kidney cells

showed changes in the proximal tubule of the kidney
as displayed in Table 3. Changes occurred in the tu-
bule damage cells or necrosa. The number of necrosa
cells in the group given the control treatment of the
drug metformin was the same as the treatment of the
ethyl acetate fraction of the Malaka flesh on a

Fig. 2 Diagram of the treatment relationship of each group with blood glucose level
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Fig. 4 Pancreatic histology in the rats given the ethyl acetate fraction of the Malaka flesh. Black arrow = pancreatic beta cell

Fig. 3 Renal histology in the rats given the ethyl acetate fraction of the Malaka flesh. Yellow arrow = Glomerulus, green arrow = proximal tubule
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concentration of 100mg/kg body weight. Administration
of the metformin can decrease hyperglycemia so that it
can minimize kidney tubular cell impairment. The results
showed that administration of the ethyl acetate fraction of
the Malaka flesh at a concentration of 200mg/kg body
weight demonstrated specific destruction to renal tubular
cell in the diabetic rats. The kidneys are the target organs
of insulin. The insulin cascade in the glomerulus indicates
a disturbance [40]. In diabetes circumstances, stimulus of
insulin in the proximal tubular transport of the kidneys is
disrupted, therefore, glucose absorbed declines and is se-
creted through urine [41, 42]. The administration of the
ethyl acetate fraction of the Malaka flesh improved the
renal and cells in the proximal tubule were identical to
normal rats as evidenced in Fig. 3.
The quantity of pancreatic β cells in the tested rat

showed the same amount found in normal rat (p < 0.05)
as shown in Table 3. The pancreatic β cells secrete insu-
lin, insulin functions to control glucose levels in the
blood to normal, so that hyperglycemic conditions can
be overcome [43]. The antioxidant substances found in
the Malaka flesh can overcome hyperglycemic condi-
tions by improving pancreatic β cell regeneration as
shown in Fig. 4.
The administration of the ethyl acetate fraction did

not damage the liver cells (hepatocytes), i.e. the num-
ber of hepatocytes under normal conditions as re-
vealed in Table 3 and proven in Fig. 5. The number
of necrosis in liver cells given the ethyl acetate

fraction at a concentration of 200 mg/kg body weight
was the same as the number of normal rat liver cells
(p < 0.05). The liver cells experienced necrosa were in
the normal threshold, meaning that the antioxidant
components found in the ethyl acetate fraction of the
Malaka flesh could repair liver cells and not caused
toxic to the rat liver cells. Antioxidant induced mor-
phological changes in hepatocytes of both the normal
and the diabetic rats [44].

Conclusions
The conclusions of this study are:

1) The ethyl acetate fraction of Malaka flesh with a
concentration of 100 mg/kg body weight could
reduce blood sugar levels equivalent to the
administration of metformin with a concentration
of 65 mg/kg body weight.

2) The administration of the ethyl acetate fraction of
Malaka flesh was able to repair damaged cells and
restore their function as demonstrated in the
histology of the kidney, pancreas, and liver in the
tested rats.
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