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Metformin (MET), a first-line oral antidiabetic medicine, is known for its ability to increase
insulin sensitivity. However, uncontrolled lactic acidosis, a potential side effect of MET, can
cause organ injury. On the other hand, antioxidants like black rice bran (BRB), containing
cyanidin-3-glucosidase (C3G), have demonstrated efficacy in preventing diabetic kidney injury
and fibrosis due to oxidative stress. The objective of this study is to investigate the potential of
combining the ethanol extract of black rice bran (EEBRB) with MET in the regulation of various
parameters in hyperglycemic rats. In this study, 20 male rats were divided into different groups.
They were treated for 21 days after being divided into the normal group, alloxan (ALX) group
150 mg/kg BW, MET 63 mg/kg BW, and a combination of MET 63 mg/kg BW and EEBRB 50
mg/kg BW. The results of the study indicate that both treatments properly controlled fasting
blood glucose levels with no hypoglycemia over a duration of 21 days. Furthermore,
histopathological examinations revealed significant protection against kidney, liver, and
pancreatic injury in the group receiving the combination treatment. Although there was no
statistically significant weight loss, the combination did not lead to excessive weight gain, a
common concern with some antidiabetic medications. MET and EEBRB can regulate blood
glucose levels and attenuate organ damage in animals with hyperglycemia. Further investigation
is necessary to elucidate the processes underlying the safety and efficacy of the combination

approach.
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Introduction

Diabetes is a significant health challenge worldwide. The
estimated worldwide incidence of diabetes mellitus (DM) in 2019 was
9.3%, affecting approximately 463 million people. Estimations
indicate that this prevalence will continue to rise to 10.2% (578
million) by 2030 and further increase to 10.9% (700 million) by
2045.! Currently, many non-insulin antidiabetic drugs are available for
DM management, including metformin (MET). MET s classified as
an oral antidiabetic medication belonging to the biguanide class. Its
primary mechanisms of action include enhancing insulin sensitivity,
promoting intracellular glycogen synthesis, inhibiting hepatic glucose
production, and augmenting muscle glucose absorption.? Clinically,
this drug is a first-line treatment in patients with type 2 diabetes
mellitus (T2DM) to reduce hyperinsulinemia and body weight,
effectively reducing HBA1C.>* MET has also been proven to increase
insulin sensitivity by balancing the intestinal microflora in T2DM
mice to maintain the integrity of the intestinal structure.* Another
advantage of MET in maintaining blood glucose levels is the
prevention of weight gain by modulating the hypothalamic appetite
control center.! Research results also show the nephroprotective®
benefits of MET and endometriosis alleviation.®’
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However, MET use has also been noted to trigger organ damage in
several incidents, including the risk of fatty liver and fibrosis with
MET use for two years.® Lactic acidosis is a significant adverse impact
of MET usage, which, if not handled, can lead to a number of health
complications, including liver and renal impairment.”

Various studies have found that antioxidants can protect against organ
damage from oxidative stress.’® Black rice bran (BRB) contains
anthocyanin-type cyanidin-3-glucosidase (C3G)® and has been
proven to prevent kidney dysfunction and fibrosis,™* protecting against
kidney damage.’? As per previous studies, this anthocyanin content
also reduces blood glucose, improving the blood chemistry profile of
diabetic mice.”

The use of a combination of ethanol extract of black rice bran
(EEBRB) and MET can provide an effective way to control blood
glucose. It may also improve blood glucose levels by inhibiting insulin
production during gluconeogenesis, affecting the amount and structure
of liver glycogen.™® Meanwhile, BRB can reduce blood glucose by
inhibiting the a-glucosidase enzyme in the gastrointestinal tract,
increasing insulin secretion and glucose uptake in peripheral cells.”
This research aimed to evaluate the effectiveness of the combination
of EEBRB and MET in controlling blood glucose and protecting the
liver and kidneys after 21 days of use in hyperglycemic mice.

Materials and Methods

Materials

The materials used were a vacuum rotary evaporator, a water bath, a
2610-gram rat scale (Lark, China), an analytical balance (Presica A-
SCS), a visible spectrophotometer (Star Dust FC*15), a sonicator, a
centrifuge (Mini  Spin), and a CX23 binocular microscope
(Olympus®). MET was obtained from Indofarma. Additionally,
alloxan (ALX, Sigma-Aldrich®), reagent kit Glucose GOD FS,
distilled water, 96% ethanol, hydrochloric acid, glucose, ketamine,
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xylazine, and saline solution (0.9% NaCl solution) were used for the
experiment.

Plant collection and identification
The materials used were BRB, obtained from the harvest in Kingkang,
Klaten, West Java, Indonesia.

Animals

The male white Wistar rats used in this study were obtained from the
Pharmacology Laboratory, Faculty of Pharmacy, Muhammadiyah
University, Surakarta. These rats had a weight range of roughly 160—
180 g and were approximately 2-3 months old. Additionally, they
were provided with a standard mouse feed and full access to water,
and they were kept in cage enclosures at a temperature of 25 + 1°C.
Ethical approval for the study was obtained from the ethical
committee of KEPK (No. 3733/A-1/KEPK-FKUMS/X/2021).

Extraction of BRB for anthocyanin enrichments

Two hundred (250) gram of dried BRB was soaked in a solvent
mixture of ethanol, water, and hydrochloric acid in a volume ratio of
50:50:0.5, v/v/v, for two hours. The macerate was evaporated with a
rotary evaporator for six hours, followed by a dry exhauster for 24
hours. The dry extract was obtained by adding 10:1 desiccant to the
BRB extract to enrich it with C3G content.'**®

Modeling hyperglycemic animals

Male white rats, which had been adapted to the experimental
environment and had set initial parameters as baseline values, were
induced with ALX 150 mg/kg BW (0.3% in saline) intraperitoneally.
Treatment was administered to animals whose blood glucose levels
were above 200 mg/dL on the fourth day following induction.*’

Treatment of experimental animals

The animals were treated with distilled water, ALX, MET, and a
combination of MET and the extract for 21 days. The normal control
group received distilled water; the negative control group was injected
with ALX (150 mg/kg BW);'® the MET group received 63 mg/kg BW;
and the combination group received a combination of MET (63 mg/kg
BW) and EEBRB (50 mg/kg BW). Colorimetry was employed to
detect the levels of fasting blood glucose (FBG), blood urea nitrogen
(BUN), serum creatinine (SCr), and serum glutamic pyruvic
transaminase (SGPT) on days 0, 7, 14, and 21 using appropriate
reagents. On day 21, all test animals were sacrificed, and their
pancreas, liver, and kidneys were retrieved to be fixed in normal
buffered formalin and stained with hematoxylin-eosin (HE). The
normal and damaged cells in the tissue were observed using a
binocular microscope with 1000x magnification. A small section of
the liver was washed off with saline solution and then dehydrated in
an oven in order to determine its glycogen content.?

Determination of rat liver glycogen levels

A total of 25 mg of liver, which had been dried at 50°C overnight, was
extracted using 1 mL of a 30% KOH solution. The mixture was then
incubated in a boiling water bath for 20 minutes and left to cool at
room temperature. The sample was added to 1.5 mL of cold ethanol
(95%), and it was kept at 4°C for 30 minutes. The glycogen precipitate
was separated by centrifugation (2500 rpm for 20 minutes). Then, 1
mL of distilled water was added to the sample, and a 100 uL sample
was taken into a test tube. After this, 3 mL of anthrone-sulfuric acid
(0.2%) was heated, and the color changed to green. The absorbance of
the sample was measured with a spectrophotometer at a wavelength of
620 nm."*%°

Statistical analysis

An ANOVA was carried out on the data obtained from the treatment
groups, followed by a Tukey post hoc test. Meanwhile, non-parametric
tests were employed in the analysis to quantify normal cells and cells.
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Results and Discussion

Hyperglycemia was induced in the rats with intraperitoneal ALX (150
mg/kg BW). This dose was 2-3 times higher than the intravenous
dose. ALX reacts with two (-SH) groups in the binding of glucokinase
glucose, resulting in the formation of disulfide bonds and the
inactivation of the enzyme. This reaction produces hyperglycemia
after exceeding the four phases of increasing and decreasing FBG
levels. The first stage after an ALX injection will be hypoglycemia,
which lasts about 30 minutes. The second stage, one hour after the
ALX injection, causes an increase in blood glucose concentration,
which is the first hyperglycemic phase after the interaction between
the pancreatic f-cells and the toxin. This occurs for 2-4 hours and
causes the plasma insulin concentration to decrease due to the
inhibition of insulin secretion in the pancreatic -cells—caused by the
induction of toxicity to p-cells. The third stage will be a second
hypoglycemia, which lasts around 4-8 hours after the ALX injection.
Insulin deficiency occurs due to ALX induction and the rupture of cell
membranes, resulting in a hypoglycemic transition. The last part of the
blood glucose response is a permanent diabetic phase with high blood
sugar during degranulation and p-cell damage between 24 and 48
hours after ALX administration. Specifically, in the current study,
hyperglycemia was observed on the fifth day after administration, with
blood glucose levels exceeding 400 mg/dL (Table 1). This elevated
blood glucose level persisted until the end of the 21st day of the
experiment. The elevation occurred due to the inhibition of insulin
production in pancreatic beta cells stimulated by glucose.?

Treatment with MET 63 mg/kg BW reduced FBG levels to an average
level of 72.67 + 30.238 (Table 1) on day 21. The MET reduces FBG
levels by inhibiting excessive hepatic glucose production through
reduced gluconeogenesis and increased peripheral glucose utilization,
which brings down food intake and glucose absorption in the
intestine.” Glycogenolysis releases glucose into the bloodstream for
uptake by other cells, so suppressing glycogenolysis reduces liver
glucose output as a practical approach to controlling hyperglycemia
conditions.” While reducing FBG levels, MET does not stimulate
endogenous insulin secretion, so it does not cause hypoglycemia or
hyperinsulinemia, common side effects associated with other
antidiabetic drugs.

Several ingredients support the ability of EEBRB to reduce FBG
levels, including C3G. Research has demonstrated that C3G exhibits
the ability to enhance insulin resistance in adipocyte cells and
modulate insulin signaling through the regulation of insulin receptor-
related pathways and the augmentation of glucose transporter 4
(GLUT4) translocation,**® which inhibits glucose absorption. In the
current study, the combination of EEBRB and MET controlled FBG
from day 7 to 21, reducing FBG levels to 83.0 + 33.0 (Table 1). The
reduction in levels from this combination was a combined effect of the
two ingredients.

Similarly, the body weights of the animals were monitored throughout
the experiment. The final body weight of mice decreased in each
group. The final body weight of the mice treated with MET decreased
to 185.80 g + 18.074, while that of the mice in the group combining
MET with EEBRB also reduced to 160.60 g + 43.517, which was
statistically insignificant (Figure 1). A higher final body weight was
noted in the normal group in comparison to the MET group alone, but
overall, MET administration did not cause excess body weight. MET
rarely causes hypoglycemia and excess body weight,® so MET is the
first choice for diabetes treatment in overweight patients who are
unable to control diabetes through diets.?

Anthocyanin is one of the antioxidants in BRB, which contains a
pharmacological activity, among others, capable of lowering FBG? by
inhibiting the alpha-glucosidase enzyme, resulting in delayed blood
glucose absorption.?” MET acts by reducing hepatic glucose
production (gluconeogenesis), bringing down glucose absorption in
the large intestine, and increasing insulin receptor sensitivity.”® The
administration of MET and the combination of MET and EEBRB for
14 days showed relatively normal FBG until the 21st day and
maintained stable FBG levels (< 126 mg/dL). EEBRB has been
proven to be potent in reducing FBG by inhibiting glucose absorption
through alpha-glucosidase enzyme inhibition®” and increasing insulin
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secretion.”® The MET and EEBRB combination slowly decreased FBG
levels without a hypoglycemic effect (Table 1). damaged by
histopathological tests.

Glycogen is usually formed through glycogenesis, which involves
insulin, leading to glucose storage in the liver. In this study, MET
administration for 21 days increased liver glycogen levels by
stimulating glucose production and lactate release (Figure 2). MET,
together with EEBRB, increases glycogen levels. The anthocyanin
compound C3G increases glucose absorption and reduces glycolysis
activity by increasing glucose 6-phosphate (G6P) and reducing
phosphoenolpyruvate and lactic acid. Increasing G6P to pentose
phosphate increases nicotinamide adenine dinucleotide phosphate
(NADPH) production. NADPH produced from the pentose phosphate
pathway may be used to maintain the cellular oxidative capacity of the
liver, which increases glutathione (GSH) levels, implying that C3G
increases the antioxidant capacity in the liver®® by forming glycogen
for glucose storage in the liver.

The kidney function was studied by monitoring the SCr and BUN
parameters. Urea is the final product of amino acid and protein
catabolism, which is filtered by the glomerulus, and some of it is
reabsorbed if kidney function is disrupted. Serum urea measurements
can be used as a reference for evaluating kidney function. Creatinine is
a waste product of muscle breakdown, excreted through the kidneys.?
The ALX and MET groups showed higher BUN and SCR values than
the others (Table 2). Renal dysfunction in the ALX and MET groups
was verified using histological analysis.

In the current study, the results of the kidney histopathology showed
that the ALX group had the most cell damage compared to the others
(p < 0.05, Figure 3). Similar damage was observed in the group given
MET 63 mg/kg BW (p < 0.05, Figure 3). Chronic exposure to
relatively high reactive oxygen species (ROS) causes cell function
disorders® in prolonged hyperglycemic conditions, including kidney
cells, endothelial cells, smooth muscle cells, mesangial cells,
podocytes, and tubular cells.* The MET and EEBRB combination
groups did not differ in the number of damaged kidney cells from the
normal group (p > 0.05, Figure 3). The anthocyanins in EEBRB,
which have antioxidant activity, can reduce kidney cell damage in
hyperglycemic mice, reduce ROS production, and increase antioxidant
enzyme activity.’® C3G, an anthocyanin in EEBRB, is rapidly
distributed to several organs, including the kidneys, and eliminated
intact,* thus possibly protecting these organs.

Liver histopathology showed that the ALX group exhibited more liver
cell damage than the other groups (p < 0.05, Figure 3). This may have
occurred due to hyperglycemia induced by ALX triggering
morphological and ultrastructural changes in the liver similar to those
in human diseases, ranging from steatosis to steatohepatitis and liver
fibrosis with unclear mechanisms.** Anthocyanins, which also act as
antioxidants, can prevent and repair liver cell damage. C3G increases
glucose absorption and reduces glycolytic activity. The increase in 6-
phosphogluconate as a substitute for ribose 5-phosphate and ribose 1-
phosphate indicates that C3G increases the pathway conversion of
G6P to pentose phosphate only slightly, thereby increasing NADPH
production and can be used to increase GSH levels, which increases
the antioxidant capacity of the liver.?® This can also be seen from the
liver function test results. The MET and EEBRB combination group
showed higher levels of normal cells than the group given only MET
(Figure 3).
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The examination of pancreatic damage in the MET and EEBRB
combination group showed that the number of normal pancreatic cells
in this group was more significant than that in the group given MET
alone, with the number of normal cells not significantly differing from
the normal group (p > 0.05, Figure 3). In hyperglycemic modeling, the
main factor for pancreatic cell damage is the use of ALX as a
diabetogenic agent, which can damage pancreatic beta cells by
forming ROS. However, if ROS production is excessive or
continuous, it will have a negative correlation because ROS can
damage pancreatic p-cells.?*** Anthocyanins, which also act as
antioxidants, can prevent and repair damage to pancreatic, kidney, and
liver cells.'? The results of this study showed the ability of a MET and
EEBRB combination to protect the kidneys, liver, and pancreas, which
can be seen in the histopathology results with HE staining (Figure 4).
Furthermore, the number of normal cells in the group treated with
MET and EEBRB did not differ significantly from that of the normal
group, according to the statistical analysis (Figure 3).
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Figure 1: Average body weight before and after treatment for
21 days in normal, alloxan (ALX), metformin (MET), and
combination metformin (MET) and ethanol extract of black
rice bran (EEBRB) groups (n = 5).
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Figure 2. Liver glycogen levels (%b/b) after 21 days of
treatment in various groups (n = 5).

*Significant ALX-group (p < 0.05); # not significant with
MET 63 mg/kg BW (p < 0.05).

Table 1: Average blood glucose levels before and after treatment with distilled water, MET 63 mg/kg BW alone, and joint
administration with EEBRB 50 mg/kg BW (n = 5)

Fasting Blood Glucose (mg/dL)

Parameter

Baseline Induksi Day 7 Day 14 Day 21
Normal 80.0 £284 93.0+31.6 99.6 £17.1 84.4+3538 100.2 +22.2
ALX 914 +44 41224945 450.0 £91.4 480.2 +80.9 542.4 +£835
MET 91.8+5.1 435.6 +63.1 174.0 +139.8 102.6 +39.2 79.2+244
MET + BRB 93.4+8.9 453.4 +129.7 288.4 +146.2 183.6 +44.3 83.0+33.0
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Table 2: Data on BUN, SCr, and SGPT levels in various treatment groups specified at baseline, induction, and days 14 and 21 after
treatment (n = 5)

SGPT Level (1U/L) After Treatment

Parameter Baseline Induced Day 14 Day 21

Normal 208+75 21.2+6.4 39.4+45 31.20£4.9

ALX 28.0+8.0 44695 57.0+8.3 83.40 £34.0

MET 27.40+35 45.6+£18.3 43.0+9.4 47.00 £10.5

MET+ BRB 38.20+28.0 35.40+9.2 40.8 +10.5 31.40+£6.0

Parameter SCr

Baseline Induced Day 14 Day 21

Normal 0.90+0.2 0.86 £0.1 094+0.1 0.96 £0.0

ALX 0.74+0.2 0.88+£0.2 0.92+0.2 1.30+0.3

MET 0.76 £0.1 0.94+0.2 0.86 £0.1 1.06 £0.1

MET+ BRB 0.76 0.1 1.02+0.1 0.86 £0.2 0.82+0.1

Parameter BUN

Baseline Induced Day 14 Day 21

Normal 36.6 £ 6.6 32.80+6.9 39.0+£7.6 422+9.7

ALX 40.2+9.3 95.2 £48.2 103.0 + 68.1 135.2+63.6

MET 42.4+104 74.0+51.8 60.6 £29.1 69.6 +£30.9

MET+ BRB 334+10.1 91.6 £25.0 64.2+£21.2 45.0+104
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Figure 3: Results of the number of normal and damaged (A) kidney cells, (B) liver cells, and (C) pancreatic cells in the various
treatment groups (n = 5)
* marks the parameters that showed a significant difference with the alloxan group (p < 0.05); # marks the parameters that did not significantly differ
with the normal group (p > 0.05)

Conclusion

In this study, it was observed that the combination of MET and
EEBRB successfully lowered blood glucose levels in hyperglycemic
rats and protected them against damage to the kidneys, liver, and
pancreatic cells. The mechanism of this effect may be unclear, but it
may have occurred because of the synergistic effects of the two
components. Future studies are suggested to elucidate the possible
cellular mechanism of the antihyperglycemic effects of the MET and
EEBRB combination.
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