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Abstract

Background: Diabetes mellitus is linked to hepatic dysfunction, requiring effective therapeutic
strategies. Metformin (MET), a standard antidiabetic agent, and naringenin (NAR), a citrus
flavonoid, have shown complementary actions in enhancing insulin sensitivity and reducing
oxidative damage through activation of AMP-activated protein kinase (AMPK). This study explores
the dose-dependent effects of MET and NAR combinations on liver function and antioxidant status
in diabetic rats.

Methods: Sixty male wistar rats were divided randomly into six groups: G1, normal control; G2
vehicle control (MET 50 mg/kg + NAR 50 mg/kg); G3, diabetic group (injected ip with nicotinamide
(230 mg/kg) followed by streptozotocin (65 mg/kg), and three diabetic treated groups G4, G5 and
G6 received MET (50 mg/kg) with NAR at 25, 50, or 100 mg/kg. respectively. Treatments were
administered orally for five weeks. Body weight and fasting blood glucose (FBG) were recorded
weekly, along with biochemical liver function parameters and total antioxidant capacity at the end
of the experiment.

Results: Diabetic rats showed significant weight loss, elevated FBG, liver enzymes (ALT, AST),
and bilirubin, alongside reduced total protein and total antioxidant capacity (TAC). Treatment with
MET plus NAR significantly resulted in body weight increase, FBG, liver enzymes and TAC
normalized compared to untreated diabetic rats.

Conclusion: These findings suggest that the combination of metformin and naringenin exerts
synergistic antidiabetic and hepatoprotective effects. At the same time improve the antioxidant status
in diabetic rats.
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Diabetes mellitus is a long-term

metabolic disorder marked by persistently high

Introduction blood glucose concentrations. This condition
arises either due to insufficient insulin
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production by the pancreas or due to impaired
cellular responsiveness to insulin. Over time,
such dysregulation in glucose homeostasis may
result in significant health complications
(Saeedi et al., 2019). Among its different types,
type 2 diabetes is the most prevalent form.
Type 2 diabetes (T2D) represents the most
prevalent form of diabetes, constituting more

than 90% of cases worldwide (Rob et al., 2025).
It is a chronic metabolic condition marked by
sustained hyperglycemia, which stems from
both insulin resistance in peripheral tissues and
an insufficient insulin secretion by pancreatic
beta cells. This dysregulation disrupts normal
metabolism of carbohydrates, fats, and proteins.
The disease progression involves a decline in
beta-cell function which disrupts the body's
capacity to regulate blood glucose levels
effectively, leading to elevated blood glucose
levels and associated metabolic complications
(Galicia-Garcia et al., 2020, Reed et al., 2021).
According to previous studies which reported
that diabetes mellitus induces a significant
imbalance in the liver's oxidative status,
characterized by elevated reactive oxygen
species (ROS) production and diminished
activities of key antioxidant enzymes, including
superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx). This
oxidative stress in the liver contributes to
cellular damage, lipid peroxidation, and
impaired hepatic function, which may underline
the development of chronic liver disorders
associated with diabetes, such as non-alcoholic
fatty liver disease (NAFLD), steatohepatitis,
and cirrhosis. The hyperglycemia and insulin
resistance in  diabetes disrupt normal
metabolism of lipids, carbohydrates, and
proteins, triggering both oxidative stress and an
aberrant inflammatory response that activates
pro-apoptotic ~ pathways and  damages
hepatocytes. Pro-inflammatory mediators such
as interleukin-1 beta (IL-1B), interleukin-6)
(IL-6), and tumor necrosis factor alpha (TNF-a
)exacerbate this oxidative damage, further
promoting liver injury and progression to severe
liver pathology (Lucchesi et al., 2013,
Mohamed et al., 2016, Zahran et al., 2024).

As a first-line oral antidiabetic medication,
metformin is extensively utilized in treating
patients with type 2 diabetes mellitus due to its
effective glucose-lowering properties and
favorable safety profile (Pernicova and
Korbonits, 2014, LaMoia and Shulman, 2021).

Metformin  primarily acts by inhibiting
gluconeogenesis in the liver, leading to a
reduction in hepatic glucose production,
thereby lowering blood glucose levels (LaMoia
and Shulman, 2021). Metformin is transported
into hepatocytes through the organic cation
transporter 1 (OCT1), where it inhibits complex
I of the mitochondrial respiratory chain. This
disruption alters the cellular energy balance,
thereby stimulating AMP-activated protein
kinase (AMPK), a central regulator of both
glucose and lipid metabolism (Rena et al.,
2017). This activation suppresses
gluconeogenic gene expression and improves
insulin  sensitivity, contributing to better
glycemic control (Pernicova and Korbonits,
2014).

Beyond its glucose-lowering effects,
metformin exerts protective effects on the liver.
It reduces hepatic lipid accumulation,
inflammatory responses, and oxidative stress,
which serve as major contributors to the
development and progression of hepatic
disorders, particularly nonalcoholic fatty liver
disease (NAFLD) commonly associated with
diabetes (Apostolova et al., 2020). By
modulating AMPK  activity, metformin
improves lipid metabolism and inhibits
pathways leading to liver fibrosis and injury,
thus offering hepatoprotective benefits in
diabetic patients (Rena et al., 2017).

Naringenin is a naturally occurring
flavonoid predominantly found in citrus fruits,
noted for its multifaceted biological activities,
encompassing antioxidant, anti-inflammatory,
antifibrogenic, and tumor-suppressive effects. It
has attracted attention for its potential
therapeutic role in various liver diseases caused
by oxidative damage, inflammation, and tissue
fibrosis (Hernandez-Aquino and Muriel, 2018).

The mechanism of action of naringenin
involves inhibition of oxidative stress and
various  signaling  cascades, including
transforming growth factor-beta (TGF-B) and
the mitogen-activated protein kinase (MAPK)
pathway, and toll-like receptor (TLR)
pathways. This leads to reduced stimulation of
hepatic stellate cells (HSCs) alongside a
reduction in extracellular matrix (ECM)
production, which are key processes in liver
fibrosis (Naeini et al., 2021). Additionally,
naringenin enhances the cellular antioxidant
defense by upregulating enzymes like
superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx), thus
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protecting liver cells from oxidative damage
(Xu et al., 2024).

Naringenin’s protective effects on the liver
include prevention of lipid peroxidation,
reduction of inflammation, and inhibition of
fibrogenesis. It has demonstrated efficacy in
experimental models of liver injury caused by
toxins, alcohol, and metabolic disorders,
improving liver function and histology.
Furthermore, naringenin  modulates lipid
metabolism, which helps in managing
nonalcoholic fatty liver disease (NAFLD) and
prevents progression to more severe liver
conditions (Mansour et al., 2023).

Streptozotocin  (STZ) is a standard
diabetogenic agent extensively utilized in
preclinical models to simulate diabetes mellitus
due to its selective cytotoxicity on pancreatic 3-
cells, leading to their necrosis and resulting in
hyperglycemia similar to human diabetes
(Ghasemi and Jeddi, 2023). At appropriate
doses, STZ impairs insulin secretion by
destroying p-cells and disrupting glucose
metabolism, which can model both type 1 and
type 2 diabetes depending on the dose and
protocol(Rehman et al., 2023). To induce type
2 diabetes specifically, nicotinamide (NA) is
administered prior to STZ. Nicotinamide
partially protects B-cells from STZ-induced
damage Dby inhibiting poly(ADP-ribose)
polymerase-1 (PARP-1) activity, preventing
NAD+ and ATP depletion, and thus allowing
some B-cells to survive and respond to glucose
stimulation(Yan, 2022) (Szkudelski, 2012).
This combination produces a model of type 2
diabetes characterized by partial B-cell
dysfunction and reduced insulin sensitivity,
mimicking the pathophysiology of human type
2 diabetes more closely than STZ alone (Alenzi,
2009, Elamin et al., 2018).

The present study aims to evaluate the
combined effects of metformin and differetnt
concentrations of naringenin on liver function
and metabolic parameters in a rat model of type
2 diabetes established by STZ and
nicotinamide. This combination therapy is
hypothesized to provide synergistic benefits by
improving glycemic control and exerting
hepatoprotective and antioxidant effects,
potentially offering approach for managing
diabetes-associated liver complications.

Methods

Chemicals

Metformin  hydrochloride  (Tokyo
Chemical Industry Co., Ltd., Tokyo, Japan),
naringenin were purchased from Glentham Life
Sciences Ltd., England. Streptozotocin (Sigma
Chemical Co., St Louis, MO, USA).
Nicotinamide was purchased from Fluka AG,
Switzerland. Sodium citrate dihydrate from
Glentham Life Sciences Ltd., England. Portable
glucometers and glucose test strips (perfecta
Bianca, Italy) were purchased from a local
pharmacy. All kits were procured from
Biodiagnostic Company, Egypt.

Animals

Sixty adults male wister rats weighing
(180-200 g) were obtained from the regional
center for mycology and biotechnology, Al-
Azhar university, Cairo, Egypt. The rats were
housed in steel wire cages with mesh walls,
which allowed for temperature control set at (22
+ 3) °C. The cages also had adjustable lighting
to create a 12-hour cycle of darkness and light.
The relative humidity in the cages was
maintained at (80 + 4) %. The rats were
provided with free access to food and water.
Prior to the experiments, the rats were placed in
a standard laboratory setting for acclimation,
two weeks in advance.

Experimental induction of diabetes mellitus

All rats were fasted for six hours prior
to diabetes induction. To establish a non-obese
type 2 diabetes model with residual B-cell
function, nicotinamide was administered
intraperitoneally at 230 mg/kg 15 minutes
before injecting freshly prepared streptozotocin
(STZ) at 65 mg/kg body weight dissolved in
citrate buffer (50 mM, pH 4.5). This protocol
partially protects pancreatic B-cells from STZ
toxicity, allowing for a model of type 2 diabetes
characterized by partial B-cell damage.
Following diabetes induction, a combination of
treatments was applied to the animals.

Estimation of blood glucose

Fasting blood glucose levels were
measured 72 hours post-diabetes induction
using a portable glucometer. Blood samples
were collected by clipping the tip of the rat’s tail
to collect a drop of blood (Togashi et al., 2016).
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Inclusion criteria required blood glucose values
greater than 180 mg/dL to confirm diabetic
status. Following confirmation of diabetes
induction, combined treatment protocols were
initiated.

Experimental design

The rats were randomly assigned into
six groups each of ten rats. Following the
experimental induction of diabetes, treatments
with MET and NAR were administered daily
via oral gavage for 5 weeks.

Experimental design

The present study includes the following six
groups:

Control group: untreated healthy rats.

MET + NAR group: healthy rats were
administered with metformin (50 mg/kg) and
naringenin (50 mg/kg).

Diabetic (NICO/STZ) group: diabetes was
induced in rats using nicotinamide (230 mg/kg)
and streptozotocin (65 mg/kg), without
treatment.

METs, + NARgzs group: diabetic rats were
treated with metformin (50 mg/kg) and
naringenin (25 mg/kg) daily for 5 weeks.
METs, + NARsy group: diabetic rats were
treated with metformin (50 mg/kg) and
naringenin (50 mg/kg) daily for 5 weeks.
METs, + NAR1g group: diabetic rats were
treated with metformin (50 mg/kg) and
naringenin (100 mg/kg) daily for 5 weeks.
Weekly assessments of body weight and fasting
glucose levels were recorded throughout the
experiment. At the end of Met andNAR
treatments, the rats were subjected to an
overnight fast before being euthanized using
CO2 for sample collection.

Blood sampling

At the end of the experiment, rats were
euthanized using CO2, followed by careful
opening of the peritoneal cavity to collect blood
samples from the inferior vena cava. Blood was
drawn into vacuum tubes to facilitate serum
separation for subsequent biochemical analysis.

Estimation of liver function

Serum levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT)

were assessed according to the method of
(Reitman and Frankel, 1957). The protein
concentration was determined according to the
method of (Kemp et al., 1961). The total and
direct bilirubin in the sample were determined
according to the method of (Walter and Gerade,
1970) .

Estimation of total antioxidant capacity (TAC)

The serum antioxidant capacity is
measured by adding a known amount of
hydrogen peroxide (H,O,) to the sample, where
antioxidants reduce its concentration. The
remaining H,O, is then  quantified
colorimetrically through an enzymatic reaction
that produces a colored product from 3, 5-
dichloro-2-hydroxybenzenesulfonate. The
assay involves mixing the serum with diluted
H,O, substrate, incubating, adding a
chromogen-enzyme mixture, further
incubation, and measuring absorbance at 505
nm. TAC is calculated using the difference in
absorbance between a blank and the sample,
multiplied by a factor of 3.33. This method
described by Koracevic et al (Koracevic et al.,
2001)

Statistical analysis

All data are expressed as mean =
standard error (SE). Statistical evaluation
was performed using SPSS version 25.
Group comparisons were made through
one-way ANOVA, and a p-value less than
0.05 was

significant.

considered  statistically

Results
Effects of treatments on body weight

Normal rats treated with NAR +MET
showed an insignificant change in body weight
(p = 0.068) versus normal group. Additionally,
diabetic rat ...exhibited a significant reduction
in body weight. (p < 0.001, Figure 1) compared
to normal group. In contrast, diabetic rats
treated  with (M ET 5 + NAR 25) ,
(MET50+NAR50) and (MET 50 + NAR 100)
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displayed significant increases in body weight

relative to diabetic group (p < 0.001).

Table 1: Mean Levels of ALT, AST, Total protein, Total Bilirubin and Direct bilirubin for all groups.

MET METso+ METso+ METso+

Control  {NAR NICOSTZ  NARss NARso NAR100
ALT (U/mL) 492+00 508+32  148.7+38  53.1+35°  657+12° 527425
AST (U/mL) 741+11 868+2.3°  1468+33°  77.0£0.6° 1117 £05°  113.1£0.9°
Total Protein(g/dL) 159+04 156305  88%05° 15,5 £ 0.5° 14.7 £0.5° 15,5 % 0.5°
Total Bilirubin 0.44:0.3  1.07x01°  1.1420.12 0.46+0.04° 0.43+0.03° 0.450.07¢
(mg/dL)
Direct

0.27+0.03  0.28+0.04 0.48+0.03? 0.34+0.02¢ 0.27+0.01°¢ 0.36+0.01°¢

bilirubin(mg/dL)

TAC(mM/L) 025+0.01 025+0.01 0.21+0.012 0.26 £0.01°¢ 0.25+0.002¢ 0.24+0.003¢

Data represented as mean + SE, a =significant when compared with the control rat group, ¢ =significant when compared with
nicotinamide/streptozotocin injected rat. NICO: nicotinamide, STZ: streptozotocin, MET: metformin, NAR: naringenin,
METso: metformin administered at 50 mg/kg, NAR2s: naringenin administered at 25 mg/kg, NARso: naringenin administered
at 50 mg/kg and NAR1o0: naringenin administered at 100 mg/kg. TAC: total antioxidant capacity.

Table 2. Pearson correlation between laboratory parameters in all studied groups

body weight FBG ALT

AST T.ptn T.BIL D.BIL TAC

body weight r -.993™ -.952™ -.890™ 881" -.586" - 783" 714
p 0.000 0.000 0.000 0.000 0.035 0.002 0.001™
FBG r -993" .993™ 881" -.959™ 0.472 .864™ -.819-**
p 0.000 0.000 0.001 0.000 0.168 0.001 0.002
ALT r -952" 993" .889™ -.951™ 0.509 .829™ - 747
p  0.000 0.000 0.000 0.000 0.076 0.000 0.000™
AST r_ -.890™ 881" .889™ 745" 0.294 690" -.953
p 0.000 0.001 0.000 0.021 0.330 0.013 0.000™
T.ptn r  .881” -.959™ -.951™ -.745" -0.504 -.813™ .697
) p _0.000 0.000 0.000 0.021 0.166 0.004 0.003™
TBIL r -586" 0.472 0.509 0.294 -0.504 0.437 -0.334
' p 0.035 0.168 0.076 0.330 0.166 0.080 0.379
DBIL r  -783" .864™ .829™ 690" -.813" 0.437 -.809 _
) p 0.002 0.001 0.000 0.013 0.004 0.080 0.005
TAC ro 714 -.819™ =747 -.953™ 697" -0.334 -.809"
p 0.001 0.002 0.000 0.000 0.003 0.379 0.005

** Correlation is significant at the 0.01 level
* Correlation is significant at the 0.05 level
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Figure 1. Effect of metformin and Naringenin on
body weight.VValues are expressed as mean +SE.*
significant when compared to control group,®
significant when compared to NICO/STZ group.

Effects of treatments on fasting blood glucose

Normal treated rats with MET + NAR
exhibited insignificant changes in FBG
compared to normal group (p =0.78, Table 1
and Figure 2). Meanwhile, diabetic group
exhibited a significant elevation in fasting blood
glucose (FBG) levels relative to the normal
group (p < 0.001). In contrast, diabetic rats
treated with (MET 50 + NAR 25), (MET 50 +
NAR 50), and (MET 50 + NAR 100) had a
significant reduction in FBG compared to
diabetic group (p < 0.001).

Effects of treatments on liver function tests

In Table 1, Normal treated rats with MET +
NAR showed no significant change in ALT
activity compared to normal group (p = 0.677).
In contrast, ALT and AST activities in diabetic
rats were significantly elevated compared to
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normal group (p <0.001, Figure 3a and Figure
3b), whereas Diabetic rats treated with (MET so
+ NAR 25 ), (MET 50 + NAR 50 ), and (MET s
+ NAR 100 ) demonstrated substantial
reductions in these enzymes relative to diabetic
group (p <0.001).

FBG (mg/dL)

250
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o-é‘} gﬁ \é"\' & & s
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Figure 2. Effects of metformin and Naringenin on
FBG. Values are expressed as mean +SE.*
significant when compared to control group, *
significant when compared to NICO/STZ group.

Similarly, normal rats treated with
MET + NAR experienced an insignificant
decrease in total protein level compared to
normal group (p = 0.642, Table 1). While total
protein levels in diabetic group were lower than
those in normal group (p < 0.001), but whereas
diabetic rats treated with (MET 50 + NAR 25),
(MET 50 + NAR 50), and (MET 50 + NAR 100)
exhibited significant increases in total protein
level compared to diabetic group (p < 0.001,
Figure 3C). Regarding bilirubin levels, normal
rats treated with MET + NAR experienced a
significant increase in total bilirubin (p < 0.05)
with no change in direct bilirubin compared to
normal group (p = 0.874). Additionally,
diabetic rats had a significant rise in total and
direct bilirubin compared to normal group (p <
0.01 and p <0.001, respectively). Meanwhile,
diabetic rats treated with (MET 50 + NAR 25),
(MET 50 + NAR 50) and (MET50+NAR100)
showed a significant reduction in total bilirubin
(p < 0.01, Figure 3d). Notably, Diabetic rats
treated with (MET 50 + NAR 25), (MET 50 +
NAR 50), and (MET 50 + NAR 100) all displayed
significant reductions in direct bilirubin
compared to diabetic rats (p < 0.01, p < 0.001,
and p < 0.05, respectively) as shown in Figure
3e.
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Figure 3. Effects of metformin and naringenin on a)
ALT, b) AST, c) Total protein, d) Total bilirubin and
e) Direct bilirubin. Values are expressed as mean +
SE. * significant when compared to control group.”
significant when compared to NICO/STZ group.

Effects of treatments on TAC

Normal rats treated with the
combination of MET+NAR showed no
significant change in total antioxidant capacity
(TAC) compared to the normal group (p =
0.856, Table 1 and Figure 4). In contrast,
diabetic rats displayed a significant decrease in
TAC (p < 0.01) compared to normal rats.
Diabetic rats were treated with (MET 50 + NAR
25), (MET 50 + NAR 50) and (M ET 50+ NAR 100)
significantly increased TAC (p < 0.001, p =
0.001, and p = 0.023, respectively) compared to
untreated diabetic rats.
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Figure 4. Effects of metformin and naringenin on
TAC. Values are expressed as mean = SE. *
significant when compared to control group.”
significant when compared to NICO/STZ group
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Discussion

Diabetes mellitus is a long-standing
metabolic disease marked by elevated blood
glucose levels resulting from inadequate insulin
secretion, impaired insulin action, or both
(Ehsan et al., 2025). Effective diabetes
management frequently requires combination
therapy, integrating two or more treatments to
address the multiple pathways implicated in
chronic hyperglycemia and its associated
complications. (Nankar et al., 2017). This
investigation focused on assessing the effect of
naringenin (a citrus flavonoid) and metformin
(a standard antidiabetic drug) on STZ-induced
diabetic rats by comparing liver function. The
findings highlight the therapeutic potential of
these compounds, particularly in diabetic
conditions, while also revealing dose-
dependent variations in efficacy. The results
showed a marked increase in serum levels of
blood glucose, ALT, AST, total and direct
bilirubin, with a concomitant decrease in total
proteinand body weight secondary to induction
of diabetes in rats. These results align with other
studies that have observed increased serum
levels of blood glucose, ALT, AST, total and
direct bilirubin (HJ, 1970, Zulkifle et al., 2024,
Kakkar et al., 1998, Kumar et al., 2011).

In this study, the changes that occur in body
weight may be a consequence of energy
imbalance between intake and expenditure may
lead to the utilization of alternative energy
sources, primarily through increased lipid
metabolism, reduced glucose utilization, and
the breakdown of structural proteins (Ojo et al.,
2017, Wilson and Islam, 2012). Additionally,
an elevation in body weight was observed
across all diabetic groups receiving treatment
may be due to that naringenin enhances insulin
sensitivity, promoting energy expenditure, and
improving lipid metabolism thereby reducing
weight loss (Coulter et al., 2023).

Notably, the reduction in fasting blood
glucose levels in treated groups relative to the
diabetic control supports the idea that
naringenin improves glucose metabolism by
modulating organic cation transporter 1 (OCT1)
expression, enhancing metformin’s hepatic
uptake and subsequent glucose-lowering effects
(Mato Mofo et al., 2020).

Diabetes mellitus is often associated with
elevated levels of liver enzymes such as alanine
aminotransferase  (ALT) and  aspartate
aminotransferase (AST), which serve as

biomarkers of hepatic injury and dysfunction
(Targher, 2010). The persistent hyperglycemia
characteristic of diabetes induces oxidative
stress and inflammation in hepatic tissues,
leading to hepatocellular damage and
subsequent leakage of these enzymes into the
bloodstream (Fang et al., 2019). In this study,
all three treatment combinations significantly
reduced ALT and AST levels compared to the
untreated diabetic group, indicating improved
liver function. Metformin’s hepatoprotective
effect is largely attributed to its activation of
AMP-activated protein kinase (AMPK), which
suppresses hepatic glucose synthesis and lipid
accumulation, thereby mitigating oxidative
stress and inflammation (Foretz et al., 2014).
Conversely, naringenin exerts its protective role
by scavenging free radicals and modulating
inflammatory pathways, which helps restore
liver integrity and enzyme levels (Assini et al.,
2013).

Diabetes-induced reductions in total serum
protein reflect underlying hepatic dysfunction
caused by persistent hyperglycemia and
oxidative injury, which impair the liver’s ability
to maintain normal protein  synthesis
(Dharmalingam and Yamasandhi, 2018). In this
study, the three treatment combinations
significantly increased total protein levels
compared to the diabetic group, indicating
improved liver function. Metformin acts
primarily by activating AMPK, which reduces
gluconeogenesis and  improves insulin
sensitivity, thereby decreasing metabolic
burden on the liver and supporting protein
synthesis (Nyane et al.,, 2017). Naringenin
enhances hepatic function by promoting AMPK
phosphorylation and providing antioxidant
protection, which together restore hepatocyte
metabolic balance and protein production (He et
al., 2022).

Diabetes is often associated with impaired
liver function, reflected by increased levels of
total and direct bilirubin, which serve as
important biomarkers of hepatic injury and
cholestasis. The elevated bilirubin levels in
diabetic patients arise from oxidative stress and
inflammation-induced hepatocyte damage,
disrupting bilirubin metabolism and excretion
pathways (Ramirez-Mejia et al., 2024). In our
study, all three treatment combinations
significantly reduced total and direct bilirubin
compared to the diabetic group, indicating
improved liver function. The hepatoprotective
mechanism of metformin is largely dependent
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on the upregulation of AMPK activity, which
reduces hepatic glucose production and
oxidative stress, thereby mitigating liver injury
and normalizing bilirubin metabolism (Zhou et
al., 2001). Meanwhile, naringenin acts as a
potent antioxidant and anti-inflammatory agent,
enhancing bilirubin conjugation and excretion
by upregulating detoxifying enzymes such as
UDP-glucuronosyltransferase (UGT1A1) and
improving bile flow (Mulvihill et al., 2016).

In the present study, diabetic rats exhibited
markedly lower TAC than the control group.
Kawabhito, et al, Inoguchi, et al and Nishikawa,
et al., illustrated that, hyperglycaemia is known
to induce oxidative stress and suppressing
endogenous antioxidant defence systems
(Kawahito et al., 2009, Inoguchi et al., 2000,
Nishikawa et al., 2000). Nevertheless, diabetics
treated with all combinations demonstrated
substantial improvements in TAC levels
compared to diabetic group, with the
combination of (MET s + NAR 25) being of
significant.

In summary, the co-administration of
metformin and naringenin represents a
promising therapeutic approach against
diabetes-induced metabolic and hepatic
dysfunction. This combination effectively
reverses weight loss, normalizes fasting blood
glucose, and significantly improves liver
function markers in diabetic rats. These
findings highlight that metformin plus
naringenin holds great promise as an adjuvant
treatment to mitigate diabetes-related hepatic
complications, leveraging their complementary
mechanisms to enhance glycemic control.
These findings highlight the potential for
tailored dosing to address specific diabetic
complications.

Conclusion

This study underscores the efficacy of
combining metformin with moderate doses of
naringenin  for managing diabetic liver
dysfunction while providing insights into dose-
dependent responses critical for optimizing
treatment regimens.
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