Hypoglycemic Activity of Pediococcus acidilactici Strain DNH16 (Fachrial E, et al.)

DOI: 10.18585/inabj.v16i1.2781

RESEARCH ARTICLE

Indones Biomed J. 2024; 16(1): 31-9

Hypoglycemic Activity and Safety Assessment of
Pediococcus acidilactici Strain DNH16 in
Experimental Type 2 Diabetes Mellitus Rats Induced with Streptozotocin

Edy Fachrial*, Juliana Lina', Harmileni?, Sari Anggraini®, Widya Yanti Sihotang*

Faculty of Medicine, Universitas Prima Indonesia, JI. Sampul, Sei Putih Barat, Medan 20118, Indonesia
“Department of Chemical Engineering, Politeknik Teknologi Kimia Industri, JI. Medan Tenggara No. VII, Medan Tenggara, Medan 20228, Indonesia
*Department of Agrotechnology, Faculty of Agro Technology, Universitas Prima Indonesia, JI. Danau Singkarak No. 3, Sekip, Medan 20117, Indonesia
“Department of Public Health, Faculty of Medicine, Universitas Prima Indonesia, JI. Sampul, Sei Putih Barat, Medan 20118, Indonesia

*Corresponding author. Email: fachrial edy@yahoo.co.id

Received date: Nov 14, 2023; Revised date: Dec 25, 2023; Accepted date: Dec 28, 2023

Abstract

ACKGROUND: Type 2 diabetes mellitus (T2DM)

cases tend to rise throughout the year in all

parts of the world. The a-glucosidase inhibitors
are frequently used to both prevent and treat T2DM. This
a-glucosidase inhibitor activity is seen in some probiotic
species, and a certain strain of Pediococcus acidilactici
exhibits promising characteristics as an o-glucosidase
inhibitor. This study was conducted to assess the
hypoglycemic activity and safety of P. acidilactici strain
DNHI16 (PADNHI16) in experimental rats with T2DM
induced by streptozotocin.

METHODS: The experiment was conducted in vivo using
Wistar rats. Acarbose was employed as a positive control,
and Lactobacillus casei was used as a comparative. For 24
days, post-prandial blood glucose levels were assessed every
3 days, followed by serum biochemical levels measurement
of liver, kidney, and lipid profiles. The pancreas was
histopathologically examined utilizing the Hematoxyline-
Eosin staining procedure.

RESULTS: Administration of PADNH16 to T2DM rats
lowered post-prandial blood glucose levels and gave
hypoglycemic benefits comparable to acarbose and
commercial probiotics. PADNH16 dosing did not affect
serum glutamic oxaloacetic transaminase (SGOT), serum
glutamic pyruvic transaminase (SGPT), urea, or creatinine
levels, showing that PADNH16 was not hazardous to
liver or kidney function. The lipid profile assessment
revealed that the values, including high-density lipoprotein
(HDL), low-density lipoprotein (LDL), and triglycerides,
were comparable to the control group. The pancreatic
histopathology revealed that injection of PADNH16 caused
no alterations to pancreatic 3 cells.

CONCLUSION: P acidilactici isolate DNH16 has a
hypoglycemic effect on T2DM rats, but does not affect
liver function enzymes, kidneys, lipid profiles and does not
provide significant changes in pancreatic 3 cells.
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Pediococcus acidilactici strain DNH16
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Introduction

Globally, the prevalence of type 2 diabetes mellitus
(T2DM), a chronic metabolic disorder, has been rising
consistently. The pattern above is rapidly escalating into
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an epidemic in certain nations across the globe. Projections
indicate that the number of afflicted individuals will double
within the following decade, primarily attributable to
the aging population. This will further strain healthcare
providers, particularly in developing countries.(1) Diabetes
prevalence has increased in recent years, and the number
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of diabetic individuals is expected to reach 642 million
by 2040.(2) An upward trend in the national prevalence
of diabetes among individuals aged 15 and older between
2013 and 2018 was reported. The majority of reported
cases occurred in individuals aged 45 and above. Based on
blood glucose testing, the Indonesian Ministry of Health
estimated the empirical prevalence of diabetes to be 6.9%
in 2013, whereas self-reported diabetes diagnosis indicated
a prevalence of basically 2.1%.(3)

There are numerous diabetes medications available
today. Metformin is typically used as a first-line treatment.
Alternatives to metformin exist when it is not possible
to control blood sugar levels by dietary and lifestyle
modifications alone. These alternatives include sulfonylureas
and glinides, pioglitazone, glucosidase inhibitors, glucagon-
like peptide-1 agonists, and dipeptidyl peptidase 4 (DPP-4)
inhibitors.(4) The development of T2DM is significantly
influenced by prolonged postprandial hyperglycemia;
therefore, a-glucosidase inhibitors (a-Gls) are frequently
employed in both the prevention and management of this
condition. Oral a-GIs have been suggested to potentially
postpone the digestion of carbohydrates, thereby
ameliorating hyperglycemia and diabetic complications.(5)
Acarbose therapy has been found to have notable impacts
on glycemic control and insulin levels, but no significant
effects on lipids. However, it has been reported that this
therapy may lead to gastrointestinal disorders, including
abdominal aches and bloating.(6)

Probiotics are living microorganisms that bestow a
beneficial effect on the host when administered in sufficient
quantities. The majority of scientific publications adhere
to this definition of probiotics.(7) The selection of the
correct food matrix for transporting the probiotics into
their host to produce synbiotic foods assures their viability
during shelf life. It allows them to overcome physical and
chemical barriers in the gastrointestinal system. Resistance
to simulated gastric juice is crucial for probiotic bacteria to
colonize their host's colon efficiently.(8) Several previous
research studies have found that probiotics have the potential
to alleviate hyperglycemia via the a-GI mechanism.(9-11)

A prior investigation isolated a probiotic strain from
the traditional food from North Sumatera, Indonesia,
known as Dali Ni Horbo. This particular strain identified
as Pediococcus acidilactici DNH16 (PADNH16) exhibits
promising characteristics as an a-GI.(12) Therefore, the
hypoglycemic activity of P. acidilactici DNH16 in vivo was
assessed using streptozotocin (STZ)-induced experimental
rats, and the effects of this probiotic administration on liver
and kidney function were evaluated.
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Methods

Bacterial Cultures

PADNH16 was cultured into 9 mL of sterile MRS broth in
test tubes and incubated for 24 hours anerobically using an
anaerobic jar, at 37°C. For long-term storage, PADNH16
culture was stored in 20% glycerol stock at -25°C.(13) For
in vivo testing, PADNH16 was diluted to 1x10° CFU/mL.
PADNH16 solution was obtained by dissolving PADNH16
cells in sterile physiological NaCl.

Animal and Experimental Design

Twenty-five Wistar rats weighed 150-180 grams were
obtained from the Faculty of Medicine, Universitas Prima
Indonesia. All rats were kept in a temperature-controlled
environment (25°C) with a 12-hour light/dark cycle and free
access to water and food. All rats were acclimatized to the
laboratory environment for 7 days before the experiment.
All rats were then randomly assigned to one of 5 groups,
each group with 5 rats. STZ was used to induce T2DM in
experimental rats. STZ was injected intraperitoneally into
fasting rats at 45 mg/kgBW.(14) After 72 hours of the STZ
injection, blood glucose levels were determined, and rats
with blood glucose levels higher than 200 mg/dL were
used in the experiments as rats with T2DM.(15) Normal
control (NC) group included non-diabetic rats that were
normally feed and given 0.25 mL of 3% sucrose. T2DM
Group included diabetic untreated rats that were normally
fed and given 0.25 mL of 3% sucrose. Positive Control (PC)
group included diabetic rats that were normally fed and
treated with 0.25 mL acarbose 100 mg/kgBW. PADNH16
group included diabetic rats that were normally fed and
treated orally with 0.25 mL of 1x10° CFU/mL PADNHI6.
Lactobacillus casei (LC) group included diabetic rats that
were normally fed and treated orally with 0.25 mL of 1x10°
CFU/mL L. casei.

Measurement of post-prandial glucose levels was
done every three days. Blood samples were taken every 3
days until the end of the experiment on day-24. The study
protocol has been approved by The Health Research Ethics
Commission of Universitas Prima Indonesia (No. 034/
KEPK/UNPRI/V/2023).

Serum Biochemical Analysis

At the end of the experiment, the rats were anesthetized by
placing a towel that had been soaked in volatile anesthetics
into the nose of the rats, then the procedure of drawing
blood from the heart was carried out. Four mL of blood was



Hypoglycemic Activity of Pediococcus acidilactici Strain DNH16 (Fachrial E, et al.)

DOI: 10.18585/inabj.v16i1.2781

collected into a tube and centrifuged to obtain serum. The rat
should be immediately euthanized post-blood collection.(15)
The safety of probiotics for consumption was determined by
determining the rats’ liver function parameters, with serum
glutamic pyruvic transaminase (SGPT) and serum glutamic
oxaloacetic transaminase (SGOT), as well as the kidney
function parameters, with urea, creatinine, and lipid profiles.
SGOT/SGPT levels were determined using SGOT and SGPT
kits by Sigma Aldrich (St. Louis, MO, USA). Triglyceride
levels were determined using the glycerol phosphate
oxidase-p-aminophenazone (GPO-PAP) method, while
high-density lipoprotein (HDL), low-density lipoprotein
(LDL) and cholesterol levels were determined using the
(CHOD-PAP)
method. The creatinine and urea levels were determined

cholesterol  oxidase-p-aminophenazone
using DiaSys Creatinine and Urea FS kit (DiaSys Diagnostic
Systems GmbH, Waterbury, CT, USA).

Histopathological Examination

Rats were sacrificed after 24 days, and each pancreas was
extracted and fixed in a formalin solution. After that, the
samples were immersed in a xylol solution for around 2
minutes. They were then rehydrated for 30 minutes in a
sequence of alcohols (70, 80, 90, 95, and 100%). After being
cleared for 1.5 hours with xylene until the xylene's color
became pale, they were cleared again with xylene/paraffin
replacement (3:1, 1:1, and 1:3, v/v) for 30 minutes each in a
45°C oven. They were then penetrated twice daily with hard
paraffin and embedded in paraffin. Eosin was used to stain
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sections of these embedded samples. A 400x magnification
histological investigation was performed using a light
microscope.(16) An anatomic pathologist was assigned
to interpret the pancreatic histopathology results based on
the shape of the islets of Langerhans, the shape of acinar
cells, and whether there was congestion and interstitial
hemorrhage.

Results

Effect of PADNH16 Administration on Reducing Post-
Prandial Glucose Levels

In general, there was a decrease in blood glucose levels
in rats with T2DM conditions that were given PADNH16
probiotics. The same pattern was shown in the PC and LC
rat groups.

As presented in Table 1, after three days of rats
induced with STZ, there was a significant increase in post-
prandial blood glucose levels (p<0.001) between groups
T2DM, PC, PADNHI16, and LC compared to the NC group.
On day-3, there was still a highly significant difference
(p=0.000) between the average blood glucose levels of
PADNH16 group rats and NC group rats, which were
193.20+£9.36 mg/dL and 103.40+7.30 mg/dL respectively.
The average blood glucose level of PADNH16 group rats
also did not show a significant difference compared to
the average blood glucose level of T2DM group rats
(p=0.171). On day-12, there was a significant decrease in

Table 1. The changes in post-prandial blood glucose levels in each treatment group.

Post Prandial Glucose Level (mg/dL)

Time
NC T2DM PC PADNH16 LC
Day-0 110.4043.84 """ 222.80+11.43" 217.20+12.61" 208.40+ 6.42" 207.20£6.09™
Day-3 103.40+7.30"°"¢7¢" 210.40+11.41 77" 194.40+18.00° 193.2049.36™ 190.40+11.86™
Day-6 97.00+4.18"™""4" 227.60+15.19™¢ 4™ 161.20422.87"" 182.80+14.13""° 184.80+9.20""°
Day-9 111.60:£9.18™0 4" 220.60+13.16 " 151.60+27.337*® 170.00+22.13""® 188.20+20.71"*
Day-12 108.00+4.18"¢ 222.60+5.63"% 144.40+18.17" 148.20+33.98° 173.20422.67"
Day-15 113.20+14.37™ 277.00+89.98 145.20+12.87" 139.00+27.45" 156.00+23.39°
Day-18 110.40+9.78™" 240.80+26.02"¢ 139.20+11.127% 136.80+28.55" 151.00+32.96°
Day-21 109.40+8.79™" 237.80+16.67 "¢ 127.80+£10.75™ 139.40+26.78" 129.20+21.07"°
Day-24 103.60+4.03™ 214.20+9.75""de 108.80+5.97™° 133.40+28.80° 114.20£10.73"

Values are the mean+SD. The p-value for blood glucose levels on days 0, 3, 9, and 15 were determined based on Bonferroni post hoc non-
parametric analysis results. The p-value for blood glucose levels on days 6, 12, 18, 21, and 24 were determined based on the Games-Howell
Post-Hoc non-parametric analysis results. *significant difference to NC group (p<0.05); bsignificant difference to T2DM group (p<0.05);
csignificant difference to PC group (p<0.05); “significant difference to PADNH16 group (p<0.05); ¢significant difference to LC group (p<0.
05); "ssignificant difference to NC group (p<0.001); "significant difference to T2DM group (p<0.001); *“significant difference to PC group
(p<0.001); "significant difference to PADNH16 group (p<0.001); "significant difference to LC group (p<0.001).
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blood glucose levels in PADNHI16 group rats compared to
T2DM group rats (p=0.034).

The decrease in post-prandial blood glucose levels
continued to occur gradually until the end of the experiment
(day-24). From day-24, there was no significant difference in
post-prandial blood glucose levels in groups PC, PADNH16,
and LC group compared to the NC group. In contrast,
there was still a significant difference in post-prandial
glucose levels between groups NC, PC, PADNHI16, and
LC against group T2DM. There was a significant difference
in blood glucose levels (p=0.011) in the PADNHI16 rat
group compared to the T2DM rat group with mean blood
glucose levels of 133.4+28 mg/dL and 214.2+9.75 mg/dL
respectively, while the average blood glucose levels of rats
in the PC, LC and NC groups showed a very significant
decrease (p=0.000) compared to the average blood glucose
levels of rats in the T2DM group.

Safety Assessment of Probiotic

Serum biochemical measurements of liver and kidney
function and lipid profile were conducted at the end of the
experiment to assessed the safety of the probiotic used.
The measurement results showed no significant difference
between groups for SGPT, SGOT, and urea levels. There
was a significant difference in creatinine between the NC
group, T2DM, and PADNH16 against the LC group, where
LC group rats showed the lowest creatinine value. There
was a significant increase in triglyceride levels in T2DM
group rats compared to groups NC, PC, PADNH16, and LC.
While for HDL, LDL, and cholesterol levels, there were no
significant differences between groups (Table 2).

Print ISSN: 2085-3297, Online ISSN: 2355-9179

The administration of PADNH16 isolate only induced
changes in triglyceride levels. There was a highly significant
decrease in triglyceride levels in PADNH16 group rats
compared to T2DM group rats with p=0.000.

Histopathological Analysis
The
representative group of experimental rats were shown in

results of pancreatic histopathology of each
Figure 1. In the NC group, the islets of Langerhans were
regular in shape, namely oval round, acinar cells have an
oval, round shape, with bluish cytoplasm with dark nuclei,
there was no congestion, and there was also no interstitial
hemorrhage (Figure 1A). In T2DM group, the islets of
Langerhans had an irregular shape, indicating that damage
had occurred. The acinar cells have irregular shapes, with
pale cytoplasm and dark nuclei. This indicated that the
acinar cells in the rat pancreas are also damaged. There
were signs of congestion in the pancreatic blood vessels.
This congestion was characterized by dilated and reddish-
This
increased blood flow to the pancreas (Figure 1B). In PC

colored blood vessels. indicated that there was
group, the islets of Langerhans and acinar cells had a more
regular shape, with bluer cytoplasm and darker nuclei, with
no signs of congestion or interstitial bleeding. Overall, the
histopathology images of the pancreas of T2DM rats treated
with acarbose above showed that the pancreas of the rats
had improved. The administration of acarbose can repair the
damage caused by T2DM (Figure 1C). In the PADNHI16
group the islets of Langerhans and acinar cells had a more
regular shape with bluish cytoplasm and darker nuclei.
However, there were congested blood vessels, no signs of

Table 2. Statistical analysis of liver, kidney and lipid profile parameters.

Parameters NC T2DM PC PADNHI16 LC
SGOT (U/L) 106.20+16.11 152.60+25.20 106.60+18.83 119.20+4.08 113.00+5.61
SGPT (U/L) 58.80+8.92 59.60+9.18 50.80+9.31 55.80+9.09 72.20£25.11
Urea (mg/dL) 48.40+6.30 45.60+4.33 48.8042.58 47.20+4.71 53.40+3.97
Creatinine (mg/dL) 0.54+0.11° 0.62+0.13° 0.79+0.31 0.59+0.05° 0.24+0.02*
Trygliceride (mg/dL) 47.60+7.33™ 95.00£16.24" " 68.20+12.57"" 50.40+6.22"" 42.80+4.54™"
Cholesterol (mg/dL) 53.40+3.78 51.20£3.27 58.40+15.20 57.40+3.28 50.40£1.67
HDL (mg/dL) 27.602.90 26.40+3.84 34.80+7.22 29.80+5.06 33.80+1.48
LDL (mg/dL) 7.40+2.07 15.60+6.50 9.00+1.00 9.801.09 7.80+3.03

Significant differences in data between groups were determined based on p-value. The p-values for SGPT, serum urea,
triglyceride, and HDL levels were determined based on Bonferroni post hoc non-parametric analysis results. The p-values
for SGOT, creatinine, cholesterol, and LDL levels were determined based on the results of Games-Howell Post-Hoc non-
parametric analysis. “significant difference to NC group (p<0.05); “significant difference to T2DM group (p<0.05); ‘significant
difference to PC group (p<0.05); %significant difference to PADNH16 group (p<0.05); significant difference to LC group (p<O0.
05); "significant difference to NC group (p<0.001); "significant difference to T2DM group (p<0.001); *significant difference
to PC group (p<0.001); "‘significant difference to PADNH16 group (p<0.001); *significant difference to LC group (p<0.001).
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Figure 1. Histopathological analysis of the pancreas. A: Histopathological picture of the pancreas of NC group: islets of Langerhans
(yellow arrow) are intact and well concentrated, 3 cells are located in the center of the islets, and there is no inflammation of lymphocytes
and blood vessel congestion. B: In the histopathologic picture of the pancreas of the T2DM group (DM model), there are large amounts
of congested blood vessels (green arrow) and inflammation lymphocytes (blue arrow). C: Histopathology of the pancreas of the PC group
(acarbose treatment): There was inflammation of lymphocytes, and islets of Langerhans (yellow arrow) were intact and well concentrated.
D: Histopathology of the pancreas of the PADNH16 group (treated with DNH16 isolate) showed that there were smaller-scale congested
blood vessels (green arrow), and islets of Langerhans were intact (yellow arrow). E: Histopathology of the pancreas of LC group, showed
intact Langerhans islets (yellow arrow) and small amounts of congested blood vessels (green arrow). Yellow bar: 50um

interstitial hemorrhage between pancreatic cells, and no
eosinophilic cytoplasm (Figure 1D). While in LC group (as
comparison), there was intact Langerhans islets and small
amounts of congested blood vessels (Figure 1E).
Histopathological analysis of the pancreas was carried
out based on the observation of islets of Langerhans,
congested blood vessels, interstitial vessels, and lymphocyte
inflammatory cells. The scale given was from (+) to (+++).
Data in Table 3 indicated that the NC group exhibited
superior pancreatic histology compared to the other groups.
The acarbose treatment group, consisting of diabetic rats
given control drugs, exhibited superior histology compared
to the diabetic group and was nearly identical to the
normal group. Furthermore, the PADNH16 and LC groups

demonstrated noteworthy improvements in the histology
of the pancreas of diabetic rats, which were comparable
to those observed in the acarbose treatment group. These
results underscored the potential of the two probiotic groups
to inhibit and enhance the histological characteristics of the
pancreas in rats with diabetes.

Discussion

"STZ diabetes" occurs when pancreatic cells undergo
necrosis; this agent is the primary choice for causing
diabetes in animals. Depending on the type of animal, the
dose of the drug, how it is administered, and the duration

Table 3. The results of pancreas histopathology analysis of each treatment group.

Parameters NC T2DM PC PADNH16 LC

Langerhans islets ++ ++ ++ ++ ++
(round) (oval) (round) (oval) (oval)

Congested blood vessel + ++ ++ ++ ++

Interstitial vessel + ++ ++ ++ ++

Lympochyte inflammatory cells + ++ ++ ++ ++
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of STZ use in rats, diabetes can be severe (blood glucose
above 200/300mg/dL) or mild (glycemia between 120
and 200/300mg/dL). To induce severe diabetes, STZ is
administered to adult rats at a dose of 40-50mg/kg body
weight via intravenous or intraperitoneal injection.(17)

On day 3, there was a significant increase in glucose
levels (p<0.001) in the T2DM group compared to groups
NC, PC, PADNHI16, and LC. However, glucose levels in
groups PC, PADNH16, and LC did not differ significantly.
Glucose levels that were not significantly different between
groups PC, PADNH16, and LC continued until the end of
the experiment. This indicates that PADNH16, acarbose, and
L. casei showed almost equivalent hypoglycemic activity.
Through competitive inhibition of the a-glucosidase enzyme
in the lumen of the small intestine, acarbose interferes
with carbohydrate digestion. Consequently, it enhances
insulin sensitivity, inhibits postprandial hyperglycemia and
hyperinsulinemia, and decreases glucose absorption.(18)
These result was in line with previous study which explains
that administering Lactobacillus fermentum to diabetic
rats can reduce blood glucose levels. It was reported that
there was a significant decrease in blood glucose levels after
two weeks of treatment compared to the negative control
group.(19)

The administration of "Shubat," a traditional food from
camel milk containing probiotics, showed hypoglycemic
activity in experimental rats with T2DM as indicated by
a decrease in fasting blood glucose (p<0.01) and HbAlc
(»<0.05), C-peptide and glucagon like peptide 1 (GLP-1)
levels.(20) A prior investigation documented that diabetic
experimental rats fed milk fermented with P acidilactici
strain BE experienced a reduction in blood glucose levels
from 410.27+51.60 to 304.07+9.88 mg/dL (p<0.05).
This effect was comparable to that of metformin, which
decreased blood glucose levels from 382.30+13.39 mg/dL to
253.33440.66 mg/dL (p<0.05).(21) In another study, it was
explained that supplementation of P. acidilactici CECT9879
(pAlc) in nematodes with high glucose conditions was able
to counteract the effects of glucose levels by reducing the
effects of reactive oxygen species (ROS) by as much as
20%.(22) In another study, it was reported that P. acidilactici
004 and Lactobacillus plantarum 152 isolated from yogurt
and pickles, given to T2DM rats, had a better glucose-
lowering effect than the commercial probiotic Lactobacillus
rhamnosus CCFM0528.(23)

By delaying the digestion and assimilation of
carbohydrates, inhibition of the a-glucosidase enzyme
can reduce fasting glucose levels. In the small intestine,
a-glucosidasehasthecapabilitytohydrolyzeoligosaccharides
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and disaccharides into glucose/monosaccharides, which are
subsequently prepared for absorption. Probiotics' capacity
to inhibit a-glucosidase may potentially aid in the reduction
of fasting glucose levels, thereby offering prospects for the
prevention and management of diabetes. It was reported
that administering L. rhamnosus as much as 10° CFU/mL
reduced blood glucose levels in experimental rats induced
with STZ. Oral administration of L. rhamnosus BSL and
L. rhamnosus R23 reduced fasting blood glucose (FBQG)
and improved glucose tolerance by regulating glucose-
6-phosphatase (G6pc) expression.(24) An administration
of probiotic products WBF-010 and WBF-011 to human
patients with T2DM improved postprandial glucose control.
However, there was no change in fasting glucose levels.(25)
facilitate the
lipopolysaccharides (LPS) and oligosaccharides to short-

Probiotics conversion of
chain fatty acids (SCFA), including lactate and acetate,
which are subsequently converted back to butyrate to provide
energy to the intestinal mucosa. Moreover, probiotics
can reduce the permeability of intestinal mucosa to LPS
in a direct manner. T2DM, lipopolysaccharide reduction
decreases the systemic inflammatory response and oxidative
stress linked to insulin resistance. Through cross-kingdom
cell-to-cell transmission, probiotics can affect antioxidant
enzyme levels and activity and reduce oxidative stress that
can destroy pancreatic beta cells and cause insulin resistance
by lowering LPS.(26)

In the measurement of liver function enzymes, there
was a non-significant increase in SGOT and SGPT levels
in the T2DM group compared to the NC group. In addition,
there were no significant differences between groups for
these liver function enzymes. Liver function biomarkers,
including SGOT and SGPT, are wvalid toxicological
parameters.(24) This indicates that PADNHI16 isolate is
not toxic to the liver. One study reported that probiotic
Escherichia coli 16 could even provide a protective effect
on the liver, as shown by a decrease in SGOT and SGPT
enzymes to approach average numbers in experimental rats.
(27) The blood test for blood urea nitrogen (BUN) measures
the major nitrogenous end-products of the breakdown of
proteins and amino acids, as well as creatinine, which comes
from the breakdown of creatine phosphate in muscles and is
excreted by the kidneys. BUN is a crude measurement of
kidney function as it measures the amount of urea nitrogen
in the blood, which is directly related to kidney excretion.
On the other hand, the creatinine test helps diagnose
impaired kidney function by measuring the amount of
creatinine phosphate in the blood. Elevated levels of BUN
and creatinine in the blood indicate kidney dysfunction.
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These tests are prevalent and widely accepted to assess
kidney function.(28) This indicates that the administration
of PADNH16 is not toxic to kidney function.

ANOVA
between groups in triglycerides, HDL, and LDL testing

results showed significant differences
parameters. There was a significant increase in triglycerides
levels in the T2DM group compared to groups NC, PC,
PADNH16, and LC. While for HDL and LDL parameters,
there were no significant differences between groups. There
was an increase in LDL levels in T2DM group rats, but it
was insignificant. When compared between patients with
diabetes, individuals with diabetes have a 2 to 4x more
significant risk of suffering from stroke and death from
heart disease. This is because elevated triglycerides levels
are widespread in patients with T2DM.(29) Triglycerides
levels in diabetic rats were also found to be higher than
diabetic rats treated with Celastrus pamiculatus methanolic
seed extract which is known to have hypoglycemic,
hypolipidaemic and antioxidant activities.(30)

One study reported that the ratio of triglycerides to
cholesterol (TG/HDL-c) was positively and significantly
correlated with glycated hemoglobin and fasting glucose
levels.(33) One of the prevalent conditions linked to
inadequate glycemic control in T2DM is dyslipidemia.
Hypoglycemia or resistance to insulin leads to a reduction
in lipoprotein lipase activity, which is the pathogenesis
of dyslipidemia in T2DM. Lipids are metabolized by the
enzyme lipoprotein lipase in healthy individuals in response
to insulin. Reduced adiponectin and relative insulin
deficiency result in impaired lipoprotein lipase activity in
T2DM, which is characterized by elevated levels of LDL,
triglycerides, and reduced levels of HDL.(31) Based on
Figure 1, there were significant morphological changes
between the pancreas of the control group and the diabetic
group. Prior research documented substantial morphological
impairment in the liver and pancreas of rats induced with
diabetes using STZ. Specifically, the pancreatic tissue
exhibited B-cell damage and acinar cell enlargement, while
the liver tissue demonstrated hepatocyte degeneration.(32)
Figure 1 shows an improvement in pancreatic morphology
in the pancreas of PC group rats, characterized by islets
of Langerhans that are still intact. However, there is still a
small scale of blood vessel congestion. Previous research
found that probiotic L. acidophilus improved the shape of
the islets of Langerhans in rats, resulting in a decrease in
the degree of insulitis to 0. This is most likely owing to L.
acidophilus' ability to lower TNF-a levels, which inhibits
Nuclear Factor-Kappa B (NF-«kB) activation. The activation
of NF-kB is caused by the stimulation of reactive oxygen
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species (ROS), which leads to endothelial dysfunction.(33)
Probiotic bacteria can help promote cytokine release from
intestinal epithelial cells in a strain- and dose-dependent
way. In the colon, probiotics have been shown to interact
with enterocytes and dendritic cells, as well as Thl, Th2,
and regulatory T cells (Treg). These probiotics must come
into contact with macrophages and dendritic cells in order
to promote the production of anti- or pro-inflammatory
cytokines, which can then activate immunological signaling
pathways. It has been proposed that probiotics can reduce
inflammation by boosting anti-inflammatory cytokines and
reducing pro-inflammatory cytokines, which can then alter
the activity of NK cells, block toll-like receptors (TLR),
and, ultimately, the NF-kB pathway.(34) It is recommended
to conduct further genomic mapping through whole
genomic sequencing and annotation to determine whether
the probiotics do not have the presence of virulence genes
and antimicrobial resistance genes so that probiotics can be
used as candidates for supplements that are safe for humans.

Conclusion

From the study results, it can be concluded that PADNH16
can provide hypoglycemic effects in T2DM rats. The
hypoglycemic effect shown by PADNHI6 is almost
equivalent to the effect given by acarbose and L. casei.
PADNHI16 isolate was also safe for liver and kidney
function, as indicated by no increase in the observed liver
and kidney function parameters, namely SGPT, SGOT,
urea, and creatinine.
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