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Type 2 diabetes mellitus (DM) is a chronic metabolic disorder characterized by
hyperglycemia due to insulin resistance in peripheral tissues. This disease is difficult to cure
but can be successfully managed with proper treatment adherence. Previous studies showed
that the alcohol extract of Syzygium cumini (S. cumini) leaves inhibited a-glucosidase. In
addition, the water extract of Lagerstroemia speciosa (L. speciosa) leaves enhances glucose
transport in hepatocytes, and the corosolic acid component of the leaves promotes insulin
receptor phosphorylation. Curcuma xanthorrhiza (C. xanthorrhiza) rhizomes are known for
hepatoprotective properties, potentially mitigating diabetes-related complications. Therefore,
this study aimed to evaluate the combination of the three herbal extracts as a safe antidiabetic
treatment. The evaluation experiment was conducted on diabetic Wistar rats. Five treatment
groups established were normal control, diabetic, metformin, and a combination of the extract
at doses of 200 and 300 mg/kg BW (body weight). Parameters assessed were decreased glucose
levels, insulin levels, insulin resistance, pancreatic histopathology, superoxide dismutase
(SOD) and malondialdehyde (MDA), serum glutamic pyruvic transaminase (SGPT) and serum
glutamic oxaloacetic transaminase (SGOT) levels. The results showed that the herbal extract
combination significantly reduced blood glucose, insulin resistance, oxidative stress, and
inhibited pancreatic damage in diabetic rats while maintaining liver safety. A dose of 300 mg/
kg BW effectively reduced SGPT levels, signifying the potential of the combination as a safe
and effective antidiabetic treatment.

Keywords: Curcuma xanthorrhiza; Diabetes; Lagerstroemia speciosa;
Serum Glutamic Pyruvic Transaminase (SGPT); Syzygium cumini.

Diabetes mellitus (DM) is a metabolic
disease characterized by elevated blood glucose
levels or hyperglycemia originating from impaired
insulin secretion by pancreas (type 1 DM) or insulin
resistance in peripheral tissues (type 2 DM). Type
2 DM is the most common form, accounting for
approximately 90% of all diabetes cases, and the

increasing global prevalence of this disease is a
significant concern. According to International
Diabetes Federation (IDF), in 2021, the global
number of affected individuals was 536.6 million,
with a projection to rise to 783.7 million by 2045.
Indonesia reported 19.451 million cases in 2021,
with an estimated increase to 28.569 million by
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2045. Diabetes-related complications are a leading
cause of mortality, contributing to approximately
59.5% of deaths in the country.'

Metformin is currently the first-line
treatment for managing type 2 DM, which works by
inhibiting gluconeogenesis in the liver, enhancing
muscle glucose uptake, and suppressing glucagon
activity.” Prolonged use of metformin has risks,
including adverse effects on kidney function,
potentially leading to chronic kidney disease, as
well as an increased vulnerability to lactic acidosis
because of impaired circulation and tissue hypoxia.*
Consequently, safer alternative treatments, such as
herbal medicines, are being explored.

Herbal medicines offer diverse
mechanisms for improving diabetes symptoms. A
literature review identified six primary mechanisms
underlying herbal treatment effects, namely
enhancing insulin secretion, improving insulin
sensitivity, facilitating glucose uptake in muscles
and adipose tissue, reducing intestinal glucose
absorption, inhibiting gluconeogenesis in the
liver, and exerting anti-inflammatory effects.*
These mechanisms signify the potential of herbal
medicines in managing blood glucose levels while
mitigating diabetes-related complications.

A promising herbal ingredient is S.
cumini leaf extract, which has shown significant
hypoglycemic effects in diabetic rats induced by
streptozotocin.’ Ethanol extract from S. cumini
leaves inhibits the a-glucosidase enzyme by
approximately 97% in vitro and produces 81%
antioxidant activity.® These properties help regulate
postprandial glucose levels by preventing sudden
increases. Moreover, acute toxicity tests show that
S. cumini seeds are safe at doses reaching 200 mg/
kg BW (body weight).”

Another key herbal ingredient is L.
speciosa because studies show that water and
methanol extract from the leaves enhance insulin-
mediated glucose transport in hepatocytes.®
Corosolic acid, a prominent active compound in the
leaves, promotes insulin receptor phosphorylation,
accelerating glucose uptake by muscle cells without
affecting insulin saturation levels.” L. speciosa
leaves consist of a natural “phytoinsulin” property
supporting endogenous insulin function.

The third herbal component is C.
xanthorrhiza recognized for the hepatoprotective
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properties. Investigations have found that C.
xanthorrhiza extract can normalize insulin levels,
reduce blood glucose, and lower free fatty acid and
triglyceride levels in obese rats.'” This plant reduces
SGPT and SGOT levels to protect the liver from
toxin-induced damage, such as the type caused by
paracetamol."

Combining the three herbs S. cumini,
L. speciosa leaves, and C. xanthorrhiza provides
a synergistic effect in diabetes management. S.
cumini inhibits glucose absorption and enhances
pancreatic function, L. speciosa leaves act as a
phytoinsulin to support insulin activity, and C.
xanthorrhiza protects against liver damage often
associated with diabetes. These herbs provide
antioxidant and anti-inflammatory benefits, which
are crucial for preventing more complications.
However, challenges remain in using the herbs,
particularly the limited availability of S. cumini
seeds, as the plant produces fruit seasonally and is
considered rare.'” To address the scarcity of seeds,
the use of S. cumini leaves is expected to facilitate
the provision of this anti-diabetes herbal ingredient.

MATERIALS AND METHODS

Ethical approval

The maintenance and handling of subjects
adhered to the Guide for the Care and Use of
Laboratory Animals 8" edition.'® The study animals
were provided with a standard chow diet and water
ad libitum. These included rats procured from the
Malang Murine Farm Animal for an Experiment in
Malang, Indonesia. The Ethics Commission of the
Faculty of Science and Technology, UIN Maulana
Malik Ibrahim Malang, approved all experimental
protocols featuring animals under number 04/EC/
KEP-FST/2024.
Preparation of plant extract

S. cumini leaves, L. speciosa leaves, and
C. xanthorrhiza extract was obtained from UPT
Materia Medica, located at Lahore Street No. 87,
Pesanggrahan, Batu, East Java, Indonesia. The
plant materials were dried at 60°C. The herbs
ground into a fine powder until it could pass
through an 80-mesh filter. A total of 500 g of plant
powder was macerated in 96% ethanol at a ratio of
1:10 for 24 hours. The filtrat solution was filtered
and concentrated using a rotary evaporator at a
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temperature of <60°C with a rotation speed of 80
rpm. Crude extract was stored in a refrigerator at
2-4°C.
Diabetes Induction

Diabetes induction was performed using
a high-fat and fructose diet (HFFD) combined
with propylthiouracil (PTU) and alloxan injection
(HFFDUA). After an acclimatization period, rats
(excluding the normal group) were fed a high-fat
diet (HFD) and given a fructose solution for 2
weeks. The HFD formulation which consisted
of standard feed, duck egg yolk, and lard"* was
prepared by mixing 50 mL of lard, 50 mL of duck
egg yolk, and 5 mL of PTU (0.001%).'* This was
administered through a gastric tube, while a 15%
fructose solution was provided as drinking water,
and 40 g of normal feed was supplied daily. For
diabetes induction, test animals, excluding normal
controls, received an intraperitoneal injection
of 170 mg of alloxan per 200 g of BW.'*'” The
injected rats were given a 5% sucrose solution as a
precaution against hypoglycemia, fasted for 8 hours
after the 2-week HFFD regimen, and assessed to
determine blood sugar levels. Rats with blood sugar
levels exceeding 200 mg/dL post alloxan injection
were classified as diabetic.
Design of animal experiment

A total of 50 Wistar rats of the same age (8
weeks) and average weight (150 g) were selected
for this study. The rats were acclimated for 7 days
at a 25-27°C temperature under a 12-hour light-
dark cycle. During acclimatization, feeding was
carried out with a standard chow diet and there was
ad libitum access to water. Post acclimatization,
7 rats were maintained on a normal diet (control
group), while 43 were fed HFD and provided 15%
fructose solution as drinking water for 2 weeks,
followed by alloxan injection. Among the subjects,
30 diabetic rats with blood glucose levels >200 mg/
dL were selected and divided into groups of five
treatments. The groups included control or DM-
HO (Diabetic rats without treatment), DM-H200
(Diabetic rats treated with a herbal combination at
200 mg/kg BW), DM-H300 (Diabetic rats treated
with a herbal combination at 300 mg/kg BW), and
DM-Metf (Diabetic rats treated with metformin at
a45 mg/kg BW dose). BW and fasting blood sugar
levels were measured before diabetes induction, 3
days after alloxan injection, and at the completion
of this study. Treatments were administered daily
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for 2 weeks before euthanizing the rats to isolate
blood serum, pancreas, and liver tissues for further
analysis.

Serum, pancreas, and liver isolation and
preparation

The animals given 14 days of herbal
treatment were sacrificed, and blood and organ
tissues were immediately collected. Blood was
drawn from the ventricles of all rats after fasting
for 8—10 hours. The blood samples were allowed to
clot at room temperature for 10-20 minutes, then
centrifuged at 2000-3000 RPM for 20 minutes.
The supernatant was carefully collected, avoiding
any sediment, and serum samples intended for use
in 5 days were stored at 2 to 8§°C.

SOD (superoxide dismutase) and MDA
(malondialdehyde) levels were measured by
thoroughly insing tissues of rats in ice-cold PBS
(pH 7.4) to remove excess blood and weighed
prior to homogenization. The tissues were minced
and homogenized in PBS at a ratio of 1 g tissue:
9 mL PBS using a glass homogenizer on ice. The
suspension was sonicated with an ultrasonic cell
disrupter or subjected to freeze-thaw cycles to
break down cells further. The homogenates were
centrifuged at 12,000 RPM for 15 minutes at
4°C, the resulting supernatant was collected, and
samples intended for use in 5 days were stored at
2 to 8°C.

A portion of pancreas was fixed in 10%
formalin and processed into paraffin-embedded
histological sections. The prepared sections were
stained with hematoxylin and eosin (HE) for
microscopic examination.

Glucose, SOD, MDA, insulin, SGOT, and SGPT
levels measurement

Fasting glucose levels during the treatment
period were measured with the Accu-Chek Instant
(Roche), while fasting glucose levels in serum at
the completion of the study were analyzed using a
spectrophotometer. Insulin and MDA levels were
determined using the procedures provided in the
Rat IGF-1 and GRIN2B ELISA Kits (BT Lab),
respectively.

SOD levels in the blood samples were
assessed with the Mouse Cu-Zn SOD1 ELISA Kit
(BT Lab). SGPT and SGOT levels were measured
with the TUBIO iChem spectrophotometer
following the IFCC-kinetic method, using reagents
and protocols specified in the CliniQuant FSR-
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SGPT Reagent-21012014 and CliniQuant FSR-
SGOT Reagent-21012014, respectively.
Histopathological observation

Pancreatic histological observations were
performed with an Olympus CX23 microscope at
400x magnification.
Statistical analysis

All experimental data collected in
this study were presented as mean + standard
deviation. Parametric data analysis was conducted
using analysis of variance (ANOVA) followed
by Duncan’s multiple range test for post hoc
comparisons. Moreover, the statistical analyses
were performed using SPSS version 21 for
Windows (SPSS, Inc., Chicago, IL, USA).

RESULTS

Effect of extract combination on blood glucose
levels

The normal rats in this study had an
average glucose levels of 114.6 + 12.48 mg/dl.
In comparison, the fasting glucose levels had a
minimum value of 200 mg/dl with an average of
327.19 + 108.45 mg/dl after HFFDUA (High Fat,
Fructose Diet with PTU addition, and alloxan
injection) induction. Thé results showed that
precentage decreased blood glucose met the
parametric rules, namely following a normal
distribution with a homogeneous variance.
The One-Way ANOVA test of negative data
transformation found that the treatment had a very
significant effect (p <0.01). DMRT test showed
a decrease in blood sugar levels along with the
increasing treatment dose. In the 2-week treatment,
herbal dose 0of 200 or 300 mg/kg BW had the same
effect as metformin administration but did not
return to normal (Table 1).
Effect of extract combination on insulin levels
and insulin resistance

ANOVA test results showed a very
significant effect of treatment on insulin levels and
resistance (p<0.01). Meanwhile, DMRT test found
that all diabetic rats experienced hyperinsulinemia,
specifically DM-HO group without treatment. The
combination of herbal treatment significantly
reduced hyperinsulinemia and insulin resistance,
particularly the 300 mg/kg BW dose which
decreased insulin levels the best. Both high dose
extract and metformin administration produced this
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similar effect but did not return insulin to normal
levels, the effect of a high dose herbal combination
is able to reduce insulin resistance very well, the
same as the effect of treatment using metformin
until it returns to normal (Table 1, Figure 1).
Effect of extract combination on the histological
structure of the islets of Langerhans in pancreas

Histological examinations (Figure 1)
were performed to assess both the endocrine
tissue known as islets of langerhans and exocrine
tissue composed of acinar cells in pancreas using
qualitative and quantitative methods. HE staining
of pancreatic sections showed that acinar gland
cells participating in digestive enzyme production
appeared darker than the lighter-colored islets of
langerhans responsible for hormone secretion. In
the normal treatment group, the cells in the islets
of langerhans were compactly arranged, with a
clear boundary between the endocrine and exocrine
regions, suggesting healthy insulin production.

PI=Pancreatic Islet, A= Acinus cells, blue
arrow= angiectasis, and green arrow= necrosis.
Normal: Pancreatic Islets are circular, cells are
arranged compactly, the nucleus is visible, no
degeneration, and cells can be clearly distinguished
from exocrine tissue. DM-HO: Pancreatic Islets
are irregular in shape, cells are arranged non-
compactly, nucleus appears brighter, and numerous
angiectasis are observed. DM-H200: Pancreatic
Islets are irregular in shape, cells are arranged less
compactly, the nucleus appears pale, and small
amount of angiectasis is observed. DM-H300:
Pancreatic Islets are arranged compactly, the cells
can be clearly distinguished from exocrine tissue,
and there is small amount of angiectasis. DM-Metf:
Pancreatic Islets are arranged less compactly,
relatively large in size, while angiectasis and
necrosis are observed. HE Staining at 400X.
Normal= Normal diet, DM-H0= Diabetes mellitus
without treatment, DM-H200= DM treated with
combination of L. speciosa L. leaf extract, S. cumini
L., and C. xanthorrhiza thizome R. at 200 mg/kg
BW, DM-H300= Diabetes mellitus treated with
the combination of L. speciosa L. leaf extract, S.
cumini L., and C. xanthorrhiza rhizome R. at 300
mg/kg BW, DM-Metf= Diabetes mellitus treated
with Metformin.
Effect of extract combination on SOD and MDA
levels of diabetic rats

The One-Way ANOVA test produced
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a p-value of <0.01, representing a significant
effect on serum MDA, and Duncan’s test further
confirmed the presence of two treatment groups
with significantly different levels. The groups with
low MDA levels were DM-H300 (2.197+0.81 U/
ml) and DM-Metf (1.86+0.36 U/ml), while high
MDA levels were found in the Normal (3.75+0.49
U/ml), DM-HO (4.49+0.82 U/ml), and DM-H200
(4.68+0.56 U/ml) groups. This suggested that
HFFD-alloxan induction induced type 2 diabetes
in rats over the 2-week study period without
reducing oxidative stress levels. However, the
administration of the 300 mg/kg BW extract (DM-
H300) significantly ameliorated oxidative stress by
lowering MDA levels, showing similar effects to
metformin treatment.
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SOD and MDA hepatic data obtained
from the One-Way ANOVA test showed a p-value
>0.05. This suggested the absence of a significant
treatment effect on SOD and MDA levels in the
liver of experimental rats (Table 2, Figure 2).
Effect of extract combination on SGOT and
SGPT levels

The results of the Kolmogorov-Smirnov
normality test for SGOT levels showed normal
data distribution with homogeneous variance,
and ANOVA test found that the treatment had
no significant effect (p>0.05). The Kolmogorov-
Smirnov normality test for the LN transformation
of SGPT data showed normal distribution (p>0.05),
and the Kruskal-Wallis test produced homogeneous
results (p>0.05). However, the One-Way ANOVA

Table 1. Insulin levels, insulin resistance, and percentage decreased glucose levels in blood
serum (Mean + SD) after the study

Treatment Insulin level (uIU/ml) Insulin resistance Glucose decreased (%)
Normal 14.02+£2.53 * 4.0+0.94* -7.44+4.218
DM-HO 57.60+4.52 ¢ 24.93+5.344 33.244.56°
DM-H200 31.42+£5.34 ¢ 11.33£3.99° 49.84+15.01"
DM-H300 22.3743.19° 7.52+2.08% 53.49+12.80°¢
DM-Metf 21.96+0.61° 6.26+0.52* 73.47+0.14¢

Note: Average values followed by the different letter notations in the same column are significantly different

from other treatments (p<0.05).

E—
E= Insulin Resistance

Insulin Level

B Glucose Decreased

e,f’ eﬁx?’@x‘"'

a
Fig. 1. Effect of extract combination on Insulin levels, insulin resistance, and percentage decreased glucose levels
in blood serum of diabetic rats
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showed a p-value <0.05, suggesting a significant
effect of the treatment on SGPT levels (Table 2,
Figure 3).

DISCUSSION

This study found that lower insulin
resistance significantly decreased percentage
blood glucose levels. The combination of herbs
at a dose of 300 mg/kg BW administered for 2
weeks successfully improved insulin sensitivity, as
evidenced by a substantial reduction in resistance

1366

levels (Table 1). The insulin resistance index (RI)
in DM-HO group was 24.93 + 5.34, significantly
decreasing to 7.52 + 2.08 in DM-H300 treatment
group. These results corresponded with the report
by Sharma et al.'® that S. cumini effectively
normalized insulin resistance, showing the
potential as an antidiabetic agent. This effect is
connected to the active compounds in S. cumini
and L. speciosa leaf extract. Previous studies
found that L. speciosa leaf extract at 25% and
50% concentrations provided a hypoglycemic
effect comparable to insulin in alloxan-induced

Image 1. Morphological and histological description of pancreas after combination treatment of L. speciosa L.
leaf extract, S. cumini L. leaf extract, and C. xanthorrhiza R. rthizome extract
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diabetic rats. The active compound corosolic acid  enzymes." These mechanisms were consistent with

in L. speciosa leaves enhances glucose transport,  the results by Hibi et al.,”® showing that corosolic

mimics insulin activity through GLUT4 activation,  acid administration to diabetic patients for 2 weeks

as well as inhibits d-amylase and a-glucosidase  improved glucose tolerance by reducing glucose
and insulin levels.

Table 2. Stress oxidation and transaminase enzyme levels after treatment

Treatment Serum Heparic lysate Serum
SOD (U/ml) MDA (U/ml) SOD (U/ml) MDA (U/ml) SGPT(U/L) SGOT (U/L)

Normal 9.37+£1.62 3.75 £ 0.49° 4.19+£0.08 386024  21.92+0.04* 66.0+£ 0.10

DM-HO0 6.39+1.03 4.49 +0.82° 5.35+0.89 1.31+0.33  40.84+1.41° 96.8+1.69
DM-H200 6.02+1.44 4.68 £0.56° 543+ 1.12 1.87+1.11 43.43+£0.12*  66.35+0.25
DM-H300 6.68+3.21 2.20+0.81° 9.38+2.10 228+ 1.11 25.87+0.73*®* 76.35+0.11
DM-Metf  9.43 £0.66 1.86 +0.36° 8.04+2.24 0.82+0.08  37.74+220° 65.3+4.00

Note: Averages followed by different letter notations in the same column are significantly different from other
treatments (p<0.05).

15—

W SOD serum (Ufml)
T MDA serum (U/ml)
10 B SOD hepar (Ufml)
= MDA hepar (U/ml)
) H
D_ ﬂ ﬁﬁ
RS S SO RSSO SRS S
é‘ o
R L AT
Fig. 2. Effect of extract combination on SOD and MDA levels of diabetic rats
100 —
mmm SGPT (U/L)
== SGOT (U/L)
80 —
60 —|
b b b
40 |
ab
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20—
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Fig. 3. Effect of extract combination on SGOT and SGPT levels of Diabetic Rats
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Resistance improvement in the
experimental rats suggests that corosolic acid
enhances insulin receptor phosphorylation and
promotes glucose uptake into muscle cells,
specifically at physiological insulin concentrations.
These results show the potential of corosolic acid
to normalize insulin signal transduction pathways,
offering a novel approach to addressing insulin
resistance. The induction of diabetes in this study
uses alloxan, which selectively targets pancreatic
beta cells through the GLUT2 glucose transporter.
Alloxan generates reactive oxygen species (ROS),
leading to beta-cell necrosis and reduced islet
populations.?!

Histological observations showed that
angiectasis was observed in the islets of Langerhans
in DM-HO group, a condition characterized by
the dilation of blood vessels and identified with
irregularly shaped, enlarged spaces containing
erythrocytes. Similar results of angiectasis in
pancreatic tissue of alloxan-induced diabetic
rats were reported by Ossai et al.?? In DM-Metf
group, there were identifications of necrotic
cells, characterized by vacuolated or empty cells.
Histological observations found significant beta-
cell damage in the untreated diabetic group, while
the treatment groups showed protective effects.
Specifically, the extract combination at 300 mg/kg
BW showed the most significant treatment effect,
promoting beta-cell regeneration in the islets of
Langerhans. The examined cells showed compactly
arranged pancreatic Islets, which were clearly
distinguished from exocrine tissue, and small
amount of angiectasis was identified. This observed
effect may be supported by quercetin, a compound
in S. cumini leaves known for playing a role in
beta-cell regeneration and insulin production.

Hyperglycemia-induced oxidative stress
was evident due to observations of elevated MDA
levels, while MDA levels decreased in high-dose
herbal treatment and metformin administration.
These results corresponded with reports of
decreased serum MDA levels followed by increased
catalase activity.”> MDA is considered a reliable
biomarker, particularly in comparison to SOD.*
Oxidative stress increases lipid peroxidation
and tends to be complicated by environmental
or physiological factors. The administration of
the herbal extract combination reduced oxidative
stress, as evidenced by decreased MDA levels. This
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improvement might be due to antioxidant properties
of the extract, which contributed to decreased
blood glucose levels. The results showed that
improvements in oxidative stress were not directly
related to SOD levels, suggesting the engagement
of other enzymatic antioxidants such as glutathione
peroxidase and catalase. Additionally, Keap!l-
Nrf2 signaling tended to play a role in mitigating
oxidative damage. Inhibitors such as curcumin
and corosolic acid stabilize Nrf2, facilitating
nuclear translocation and activating antioxidant
response elements (ARE). This process enhances
the expression of antioxidant enzymes, including
SOD and catalase,” which help neutralize free
radicals and protect cells from oxidative damage.

Liver function was a focal point of this
study, considering the susceptibility to oxidative
stress and diabetic complications. Based on the test
results, the two parameters of liver physiological
function showed different outcomes. There was
no significant difference in the treatment effect on
SGOT levels, but a significant effect was observed
on SGPT levels. This is because the enzyme
Aspartate Aminotransferase (AST) or SGOT is
found in hepatocytes as well as produced in large
quantities by myocardial muscle, skeletal muscle,
the brain, and kidneys. Therefore, increased
SGOT levels serve as a nonspecific marker of
hepatocellular damage. In the case of the second
enzyme, Alanine Aminotransferase (ALT) or SGPT
is primarily found in the liver.?

Elevated SGPT levels in untreated
diabetic rats suggested the presence of liver
dysfunction. Administering the herbal extract
combination at 300 mg/kg BW restored liver
function, as evidenced by normalized enzyme
levels. The result corresponds with studies showing
the hepatoprotective effect of C. xanthorrhiza in
reducing SGPT levels. ' This hepatoprotective
effect is attributed to phenolic compounds in
the extract, which possess antioxidant and anti-
inflammatory properties.”” Moreover, the ability of
the phenolic compound xanthorrhizol to regulate
DNA-binding activities of transcription factors,
NF-éB and AP-1, can be a potential mechanism to
clarify the preventive effect on hepatotoxicity. **

This study confirms the safety and efficacy
of the herbal treatment combination for managing
diabetes and the complications. By restoring blood
glucose levels, improving liver function, and
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mitigating oxidative stress, the extract combination
offers a comprehensive method to address diabetes
mellitus and the associated metabolic dysfunctions.
Future studies should explore the long-term
effect of this method and underlying molecular
mechanisms to validate the clinical potential.

CONCLUSION

In conclusion, the results showed that the
combination of extract from S. cumini L. leaves, L.
speciosa leaves, and C. xanthorrhiza R. thizomes
had antidiabetic potential. A dose of 300 mg/kgbw
is the best treatment in reducing blood glucose
levels proportionally in diabetic rats, improving
insulin resistance, improving the histological
structure of the islets of Langerhans in the pancreas.
This dose is also good in maintaining the status of
oxidative stress in serum and liver and reducing
SGPT enzyme levels which generally increase in
diabetic conditions.
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