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ABSTRACT

In the absence of additional risk factors that contribute to metabolic syndrome, such as
hypertriglyceridemia and obesity, type-2 diabetes mellitus may be a risk factor for the
development and progression of liver disease. A key component of metabolism is the liver. As
a result, it is extremely vulnerable to toxicity caused by chemicals. The present work aimed at
studying the effects of T2DM and ethanol induced liver disorders on hepcidin with iron status
and some hematological parameters. Fifty adult male albino rats alienated evenly into equal
five groups. Group I: normal control group (C), Group II: control iron (CI), Group III:
diabetic iron (DI), Group IV: hepatic iron (HI) and Group V: hepatic diabetic iron (HDI). The
obtained results showed that the hematological profile was significantly reduced (P<0.05) by
T2DM induction and chronic ethanol treatment, while levels of HbAI1C, aspartate
transaminase (AST), alanine transaminase (ALT), total bilirubin (TB), hypo-albuminemia,
and fasting blood glucose (FBG) were elevated. Moreover, significant changes in serum
hepcidin and serum iron profile (iron, ferritin, total iron binding capacity and transferrin
saturation %) were recorded in this study. It could be concluded that ethanol administration
and T2DM persuade revocable alterations in hematology and biochemical markers.
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Acute and chronic alcohol-induced liver
o ) o injury is possibly due to the fact that the
Alcohol - drinking is a significant liver is the main organ of alcohol

INTRODUCTION

clinical, social, and financial issue (Axley
et al, 2019). Numerous illnesses,
including gastrointestinal damage,
alcoholic  liver  disease  (including
cirrhosis), pancreatitis, hepatocarcinoma,
esophageal  cancer, breast cancer,
hypertension, and strokes, can be brought
on by prolonged alcohol use (Zhou et al.,
2016).
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metabolism (Osna et al., 2017). It is now
well established that ethanol is a
hepatotoxin ~ (Clemens, 2007). Chronic
consumption of ethanol damages the liver
by changing the metabolism of methionine,
particularly by reducing the amount of
methionine synthase (MS), an essential
enzyme that remethylates homocysteine
(Kharbanda and Barak, 2005; Kharbanda,
2013). MS is characterized by an increase
in S-adenosyl homocysteine (SAH) and a
decrease in hepatic S-adenosylmethionine
(SAM). A fatty liver and liver damage
results from the impairment of many vital
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methylation processes caused by the drop
in the intrahepatic SAM: SAH ratio
(Kharbanda, 2013; Ganesan et al., 2016;
Arumugam et al., 2022).

The pathophysiology of T2DM is
significantly influenced by the liver and
kidney. T2DM, a metabolic disorder that is
growing more prevalent, is typified by
insulin resistance and hyperglycemia in
tissues, such as the liver, pancreas, muscle,
and adipose (Wong et al., 2014). Since
high bodily iron reserves can lead to T2D,
the iron regulating hormone Hepcidin may
have a direct or at least indirect role in the
aetio-pathogenesis of T2D (Aregbesola et
al., 2015). Elevated ferritin and serum iron
levels, as well as excessive iron deposition
in key organs, such as the liver, pancreas,
and heart, were characteristics of diabetes.
Interestingly, more than 20% of people
with  genetic hemochromatosis have
diabetes (Guo et al., 2013).

Hepcidin, ferritin, and transferrin are
hepatic iron metabolism-regulating
proteins. Apart from their functions in iron
metabolism, these proteins are acute-phase
reactants, and inflammation or hepatic or
systemic damage might change how they
are expressed (Bloomer and Brown, 2021).

The liver, adipose tissue, pancreas, and
intestinal cells all produce hepcidin, a
cysteine-rich 25-amino acid antimicrobial
peptide (Hentze et al., 2010). Iron reserves
promote hepcidin synthesis, which is
downregulated during erythropoiesis and
hypoxia and upregulated during infections
and inflammations (Jiang et al, 2011). It
controls the release of iron from
hepatocytes, enterocytes, and macrophages
to achieve its regulatory action. By
internalizing and then  lysosomally
degrading its receptor, the cellular iron
exporter ferroportin in the duodenum and
macrophages, Hepcidin negatively controls
the amount of iron that enters the
bloodstream. This lowers tissue iron
content and controls intestinal iron

absorption and plasma iron concentration
(Ganz and Nemeth, 2012). Raising
hepcidin can reduce iron-mediated
oxidative stress by downregulating iron
transporters, which lowers the amount of
iron in the brain of rats that are iron-
overloaded (Du et al, 2015). It's uncertain
if elevated hepcidin might alleviate
cerebral iron deposition and cognitive
impairment in T2D, despite the fact that its
therapy has proven to be an effective
treatment for iron overload (Cong et al.,
2015).

Iron (Fe) has a potential role in diabetes, as
it is a powerful pro-oxidant that causes an
increase in ROS and OS, contributing
directly to tissue damage, raising the risk
for diabetes (Rajpathak et al, 2009).
Transferrin is the iron transporter from
locations of absorption to locations of
usage, whereas ferritin is in charge of
storing iron. Serum ferritin levels are
known to strongly correlate with bodily iron
stores (Ponka er al, 1998). However,
transferrin ~ saturation is utilized in
conjunction with serum ferritin concen-
tration to evaluate the real iron status, as
serum ferritin concentrations reflect both
inflammation and body iron reserves (Park
et al, 2015). Conflicting findings have
been reported, nevertheless, the relation-
ships between transferrin saturation and
diabetes has not been thoroughly examined
(Yeap et al., 2015).

This study is designed to evaluate iron
status, ferritin and its regulator Hepcidin
hormone with a hyperlipidemic
hyperglycemic diet in hepatic and diabetic
rat model.

MATERIALS AND METHODS

Experimental animals and design

Fifty mature male albino rats (local strain)
weighing between 100 and 250 g were
acquired from Zagazig University's
Faculty of Veterinary Medicine's animal
house. Plastic cages measuring thirty
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inches in length, eighteen inches in
breadth, and twenty-four inches in height
were used to house the animals. In the
animal house of Zagazig University. The
rats were kept in cages under sanitary
circumstances, with unrestricted access to
a regular meal. Every rat had unrestricted
access to water, was kept at a reasonable
temperature (20 to 24 °C), and was kept on
a regular light-dark cycle. The animals
were acclimated to the circumstances of
the animal home for three weeks prior to
the commencement of the investigation.
The rats were divided equally into 5
groups: group I: control group (NC), group
II:  control+iron (CI), group III:
diabetict+iron (DI), group IV: hepatic+iron
(HI) and group V: hepatic diabetic+iron
(HDI).

Liver Disease Induction: FEthanol and
distilled water (10 mL/kg) in varying
concentrations (high dose 1: 1 (m/v),
medium dose 1: 5, and low dose 1: 10)
were administered daily to rats of group IV
(HI) and group V (HDI). Ethanol was
given according to the following ways:
35% ethanol (v/v) at a dose of 3 g/kg body
weight for 7 days, 40% ethanol (v/v) at a
dose of 4 g/kg body weight for the next 7
days, and 52% ethanol (v/v) at a dose of
5 g/kg body weight on the 15th day. All the
intervention methods were intragastric
administration (Zhang et al., 2016).

Diabetes Induction in Rats: An antibiotic
called streptozotocin (STZ) is frequently
used in experiments to create a model of
type 2 diabetes. It causes insulin
insufficiency and hyperglycemia. STZ
(Sigma Chemicals, St. Louis, MO) was
injected intravenously into adult rats in
groups III: (DI) and group V: (DHI) at a
single dose of 60 mg/kg of body weight to
induce diabetes (Karunanayake et al.,
1975). To verify the induction of diabetes,
the fasting blood glucose (FBG) level was
assessed three days (72 hours) following
the injection of STZ® using a Glucometer
(Accu Chek Active Performa, Roche,

Germany). Diabetic rats were defined as
having blood glucose levels between 220
and 250 mg/dl. All groups were kept in
metabolic cages under feeding and
metabolism control.

Dietary Protocol and Composition: The
control group I (NC) was nourished with
normal balanced food, which contains the
following: cornstarch (400 g/kg), casein
(150 g/kg), soybean oil (80 g/kg), salt
mixture (50 g/kg), cellulose (20 g/kg),
vitamin mixture (10 g/kg), and choline (4
g/kg). The control iron group II (C+Iron)
was fed the control diet and given iron
dextran solution (100 g Fe?’’/L) by
intraperitoneal inoculations. Iron dextran
injections at dosages of 10 mg/d for 5 days
were administered to the rats during week 6
after they had been fed the diets for 8 weeks
(Turbino-Ribeiro et al., 2003).

The other groups (III D+Iron), (IV H+Iron)
and (VD H+Iron) were fed with a diet
containing  high  carbohydrate = and
cholesterol (glycemic and hyperlipemic
diet), and iron dextran solution, as
previously mentioned. The hyperlipemic
and glycemic diet contained the following:
corn starch (700 g/kg), cellulose (200 g/kg),
soybean oil (250 g/kg), casein (125 g/kg),
salt mixture (50 g/kg), cholesterol (10 g/kg),
vitamin mixture (15 g/kg), and choline (4
g/kg) (AOAC, 1980).

Blood sampling: Rats were given no food
for the whole night, and then given an
intraperitoneal injection of pentobarbital at
a dose of 60 mg/kg body weight to the end
of the protocol. Blood samples were
collected from the brachial plexus either in
tubes containing EDTA for hematology
assay or in plain test tubes without
anticoagulant for serum separation by
centrifugation at 4000 g for 10 minutes.
The obtained sera were stored at —20°C
until biochemical analysis.

Hematological analysis: Red blood cell
count (RBC), hemoglobin concentration
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(Hb), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular
hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) were
determined using a Spinreact 3-Part-Diff.
Hematology Analyzer according to the
manufacturer’s recommendation.

Biochemical analysis: Serum hepcidin
was determined using rat hepcidin ELISA
Kit (Cat. No. MBS2021087) MyBio-
Source, Inc. San Diego, CA 92195-3308,
USA. Serum ferritin level was measured
using Rat Ferritin ELISA Kit Catalog
Number EEL129 Rev 2.0, Thermo Fisher
Scientific inc., Waltham, 168 3rd Ave,
USA. Rat blood HbAIC levels were
measured using Rat HbAIC ELISA kit
(Fine Test®, Catalogue No.: ER 1030,
Revision: V4.0, Wuhan, 430074, Hubei,
China), strictly following the
manufacturer's instructions. Transferrin
saturation percentage was calculated as
serum iron/TIBC x 100. Serum total iron
was measured using a colorimetric assay
by a LAbOSPECT 008AS automatic
biochemical analyzer (Roche Diagnostics).
The total iron-binding capacity (TIBC)
was estimated by an automated chemistry
analyzer (Cobas C702; Roche, Mannheim,
Germany). Blood glucose was measured
by the enzymatic colorimetric method
using the Rx Monza analyzer. Liver
transaminases (ALT and AST), total
bilirubin (TB), and albumin were estimated
by using commercially  accessible
diagnostic kits (Thermo Electron, Santa
Cruz, CA, USA).

Statistical analysis: SPSS version 21
software (SPSS Inc., Chicago, IL, USA)
was used to analyze the results obtained.
Statistical significance was defined as
P<0.05, and the findings were presented as
mean + standard error (SE).

RESULTS

Statistical analysis of Hematological
parameters revealed considerable increases

in RBC count and HCT values in group II
control iron-treated rats (CI), with non-
significant (P>0.05) alterations in Hb
levels, compared to group I normal control
rats (C), as illustrated in Table 1. However,
the red blood indices (RBC count, Hb and
HCT) in the diabetic iron group (DI) were
significantly lower than normal control and
CI groups (P<0.05). Appreciable reduc-
tions were also observed in the red blood
indices in HI and HDI-treated rats (groups
IV and V) when matched with the CI
group, although the changes in HCT were
not significantly (p> 0.05) different from
the values of the normal control group (C).
Erythrocyte indices (MCV, MCH and
MCHC) displayed nonsignificant variat-
ions among groups: III (DI), IV (HI) and V
(HDI), compared to the control groups
(I&II), indicated normocytic normochro-
mic anemia (Table 1).

Regarding biochemical parameters, the
mean fasting blood sugar (FBS), HbA1C,
hepcidin, iron, ferritin, TIBC, and
transferrin saturation varied statistically
significantly among all studied groups
(Table 2). Compared with the controls (C&
CI), the mean FBS showed significant
elevation in DI, HI and HDI groups. The
highest increase was observed in rats of the
DI group. The HbA1C values in diabetic
and hepatic diabetic iron groups (DI
&HDI) were significantly increased
(P<0.05) in association with the group's
controls (C&CI), however, it showed non-
statistical variation in the HI group. There
is no significant difference in serum
hepcidin between control (C) and control
iron (CI) groups, however, it significantly
(P<0.01) decreased and increased in HI
and HDI groups, respectively. The serum
iron, ferritin, and TIBC were statistically
higher in CI than C group, however, they
were significantly (P<0.01) diminished in
DI and increased in HI group, compared to
CI, except TIBC, which significantly
(P<0.001) decreased in both DI and HI
groups. On the contrary, the iron, ferritin,
and TIBC serum levels were not
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statistically (P=0.678) different for the HDI
and CI groups, but increased when
coordinated with group I normal rats (C).
Transferrin saturation percentage exhibited
an elevation in DI, HI, and HDI groups,
paralleled with control one. Diabetic rats
(DI) showed no statistical variations in
serum iron, ferritin, TIBC, and percentage
of transferrin saturation, while they
increased in the HI and DHI groups,
compared to the control (C). Table 3
indicates that the serum of the HI and HDI
groups had considerably higher levels

(P<0.001) of liver transaminases ALT and
AST activity and TB levels than the
control group, while the serum albumin
levels were significantly (P<0.01) lower
than the control group. Diabetic rats (DI)
showed a known (P<0.001) increase in
serum ALT and TB levels, with a drop
(P<0.01) in serum albumin levels,
compared to control groups (I&I).
However, serum AST activity was not
significantly (P>0.05) increased when
compared with the normal control group.

Table 1: Erythrocyte indices in rat groups: control (C), control iron (CI), diabetic iron (DI),
hepatic iron (HI) and hepatic diabetic iron (HDI) (Mean £SE) (n=15).

Variables C Cl DI HI HDI

Hb (g/dl) 13.3140.20*  13.60+0.21* 12.43+0.21°> 12.15+0.20° 11.75+0.20¢
RBCs(x10%mm?) 7.42+0.03°  7.72+0.05% 7.2240.04°  6.92+0.03¢  6.77+0.05°
HCT (%) 48.94+0.32° 50.34+0.33% 48.54+0.33% 48.34+0.31° 47.94+0.33°
MCYV (fL) 65.96+1.01% 65.22+1.03®® 67.23+£0.32>  69.86+0.02¢ 70.81+0.032
MCH (pg) 17.9440.022  17.62+0.03* 17.22+0.04*° 17.56+0.02* 17.36+0.03?
MCHC (g/dL) 27.1940.40° 27.11+£0.22° 25.64+0.322 25.14+0.14%> 24.54+0.12%

Statistically significant differences (P<0.05) are shown by values with distinct superscripts along a

Tow.

Table 2: Biochemical variables in rats of control (C), control iron (CI), diabetic iron (DI),
hepatic iron (HI) and hepatic diabetic iron (HDI) groups (Mean +SE) (n=15).

Variables C CI DI HI HDI

FBS (mg/dl) 77.84£3.219  88.56+3.14¢ 296.86+8.84° 147.90+6.11° 266.2+10.99°
HbA1C (%) 4.79+0.12°  4.85+0.13°  5.86+0.167  5.17+0.13%  5.59+0.14°2
Hepcidin (ng/mL) 50.57+1.52%°  47.53+1.43°  50.38+1.51®® 39.33+1.43°¢ 52.40+1.57%
Tron (Ug/dL) 103.70+3.49¢ 120.77+43.47% 101.46+3.89°¢ 151.88+4.52% 120.77+3.47°
Ferritin (ng/mL)  155.55+5.24°¢ 181.16+5.20° 152.20+5.83° 227.83+6.78* 181.16£5.20°
TIBC (Ug/dL) 395.99+7.26° 494.99+9.08°* 340.55+6.25° 272.44+5.00¢ 217.95+4.00°¢
o Transferrin o 40103 046551.00°  30.0941.46°  56.082.36°  55.95:2.33°
saturation

Statistically significant differences (P<0.05) are shown by values with distinct superscripts along a

Tow.

Table 3: Liver function indicators in rats of control (C), control iron (CI), diabetic iron (DI),
hepatic iron (HI) and hepatic diabetic iron (HDI) groups (Mean +SE) (n=15).

Variables C CI DI HI HDI

ALT activity (U/L) 13.47+0.85° 16.07+0.97° 21.07+1.30°® 39.47+2.40°% 36.67+2.22°
AST activity (U/L)  38.27+2.32° 40.6+2.47* 42.13+£2.57° 49.33+2.97° 52.3343.16"
TB (mg/dL) 0.25£0.019  0.29+0.02¢  0.34+0.01°  0.35+£0.02° 0.42+0.01°
Albumin (g/dL) 3.71+0.11*  3.63+0.12%  3.12+0.10°  2.37+0.10°  2.31+0.09¢

Statistically significant differences (P<0.05) are shown by values with distinct superscripts along a

Tow.
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DISCUSSION

The high rate of morbidity in diabetic
patients is due to complications of the
illness, which are shown by anomalies in
the  biochemical, histological, and
hematological parameters as the disease
progresses (Rashid et al., 2019; Fagbohun
et al, 2020). Impaired glucose
homeostasis, or DM, is a common
endocrine condition that causes many
systems to malfunction. Hyperglycemia is
the final outcome of diabetes-related
systemic and metabolic abnormalities
(Anand et al, 2007). In experimental
animal models, streptozotocin (STZ) is a
well-known diabetogenic chemical agent
that causes both types of diabetes mellitus.
It does this by causing specific cytotoxicity
to pancreatic B-cells, which in turn affects
endogenous insulin discharge or action, or
both, raising the fasting blood glucose
level (Nastaran et al., 2011).

In the present study, there were significant
changes in the RBC, Hb, and HCT levels of
the diabetic rats, along with non-significant
changes in the erythrocyte indices (MCV,
MCH, and MCHC), pointing to the
occurrence of normocytic normochromic
anemia, which has been linked to increased
non-enzymatic  glycosylation of RBC
membrane proteins and decreased erythro-
poietin production by failing kidneys
(Oyedemi et al., 2011; Fagbohun et al,
2020). These long-lasting diabetogenic
changes in rats with STZ-induced diabetes
followed a similar pattern to prior findings
(Usman ef al., 2018; Rehman et al., 2023).
Fagbohun et al. (2020) also noted a decline
in MCH, MCHC, and Hb concentration,
which are critical for erythrocyte function.
These alterations can result in injured
erythrocytes rapidly initiating apoptosis,
which lowers their lifetime and oxygen-
carrying capacity due to an increase in
hemolysis rate. This situation lowers HCT
in rats with STZ-induced diabetes. The
hematological parameters in ethanol-
induced liver disorders were represented

by a decline in RBCs, Hb and HCT as
related to other treatment groups.

In the process of detoxifying the chemicals
in the blood, the liver is subjected to high
concentrations of toxicants and toxic
metabolites, which makes it susceptible to
damage (Mohamed et al., 2018). Through
the control of ALD-1, alcohol metabolism
generates cytotoxic aldehyde, which is
then oxidized into acetate by the ALDH-2
enzyme, followed by the creation of ROS,
which causes hemolysis of red blood cells
(Boby et al., 2021). The reduction in RBC
count, Hb and HCT parameters in the
hepatic diabetic iron treated group (HDI)
was higher than other treated groups (CI,
DI, HI). Such findings may be attributed to
chronic diseases (DM and liver damage
induced by ethanol) and may be associated
with the liberation of superoxide, hydroxyl
radicals and hydrogen peroxide. These
reactive species have an adverse effect on
blood, such as hemolysis, and are regarded
as hemotoxic agents (Kola-Ajibade et al.,
2021).

HbAlc is a product of the nonenzymatic
glycation between the N-terminus of the h-
chain (valine) amino groups and glucose
on Hb protein. From the perspective of
molecular biology, HbAlc is a member of
a broad class of compounds known as
advanced glycation end-products (AGEs).
Relative HbAlc values in each person,
whether they have diabetes or not, indicate
the length and intensity of hyperglycemic
episodes, as well as their total exposure to
the extracellular glucose in their blood.
HbAlc wvalues were developed as
biomarkers for both the premorbid chronic
glycemic management and the diagnosis of
diabetes at different cut-offs (Chamberlain
et al., 2016). Diabetes induction by STZ in
rats was verified by a significant rise in
blood glucose levels. According to reports,
alcohol and diabetes have a strong and
synergistic  relationship that induces
oxidative toxicity. It has also been shown
that ethanol has cytotoxic effects on
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hepatocytes, which leads to a decrease in
the antioxidants that exacerbate diabetes-
induced hepatic dysfunction (Kodidela et
al, 2022). In this study, FBG and
HbA1c% displayed an elevation in DI, HI
and HDI groups compared with the control
rats' groups (C& CI), however, HbAlc
showed non statically (P>0.05) variation
in HI group. One often used biomarker for
determining the severity of T2D and its
effects is HbA1c% (Jiao et al., 2023).
Similarly, rats given STZ showed
hyperglycemia, expressed by increased
glucose in the blood and HbAlc (Al-
Amarat et al, 2021). Elevated blood
HbAlc percentages can either directly or
indirectly accelerate the development of
liver disease by activating receptors for
advanced  glycation end  products,
promoting hypoxia, and inhibiting NO
release (Kitade et al., 2017; Chen et al,
2020). Our results were consistent with
those of Hafez et al. (2024), who reported
that rats with STZ-induced diabetes
revealed significantly higher fasting
glucose and HbAlc % compared to the
normal control group. These findings
suggest a higher grade of inflammatory
cascade in the liver caused by diabetes.
Research has demonstrated that the
prevalence and progression of T2D can be
influenced either directly or indirectly by
iron metabolism markers, such as
transferrin, ferritin, hepcidin, transferrin
saturation, and others (Liu ef al., 2020).

Hepcidin is a peptide hormone made by
the liver. It is essential for iron metabolism
because it prevents the cellular iron
exporter ferroportin-1 from becoming
active (Galy et al, 2024). Hepcidin is
chiefly produced by hepatocytes and is
increased during iron overload, infections,
inflammation, chronic kidney disease,
obesity-related metabolic disorders, and
chronic liver diseases (Afsar et al., 2021).

The serum hepcidin levels in the current
study revealed no significant difference in
diabetic rats (DI group) but significantly

decreased in HI and increased in HDI
groups compared with other treated rat
groups. According to earlier reports, there
was no noteworthy relationship between
the serum hepcidin concentrations and the
jeopardy factors for T2D, such as body
mass index, glycosylated hemoglobin, FBS
levels, etc. (Liu et al., 2020). Inconsistent
with our findings, serum hepcidin
concentrations are much higher in
diabetics than in controls and are strongly
associated with the risk of type 2 diabetes,
which contradicts our findings (Guo et al.,
2013). Higher hepcidin levels, however,
may help lower T2DM incidence,
according to a previous investigation (Guo
etal., 2018).

The levels of iron, ferritin, and TIBC in
serum were higher in CI than C group,
however, they were significantly (P<0.01)
diminished in DI and increased in HI
group when compared with CI, except for
TIBC that profoundly dwindled in both DI
& HI groups. The former parameters were
not statistically dissimilar for the HDI and
CI groups but increased, compared to the
normal control group (I). Because
changing glucose metabolism changed the
iron profile and vice versa, there is a close
link between the two conditions. The
changed iron profile or the fact that free
iron causes oxidative stress and
inflammatory cytokines is the origin of this
reciprocal interaction (Manikandan et al.,
2015). Foregoing reports have indicated
that transferrin saturation >50% is
concomitant with augmented diabetes
hazard Ellervik et al. (2011). The iron
profile in this study agreed with Lagisetty
(2022) and partially close to that of
Dhakad et al. (2019), who stated that the
plasma fasting glucose, HbAIC, Fe,
saturation percentage and ferritin were
statistically increased while TIBC and Hb
were statistically declined in T2DM
subjects as synchronized to healthy control
subjects. However, serum levels of ferritin
were increased in diabetic patients with no
significant differences in the iron level,
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compared to the healthy group (Kuba et
al., 2022). Equated with normal control,
diabetic rats showed no statistical
variations in serum iron, ferritin, TIBC,
and % transferrin saturation, while
increased in HI and DHI groups. These
results are analogous to those of a previous
study (Manikandan et al., 2015). On the
contrary, another report showed that the
diabetic group had a considerably greater
ferritin level, which is thought to be a
sensitive indicator of iron status. There is
no positive link seen with the other
measures, such as iron, TIBC, and Hb
(Chhabra et al, 2017). Regarding the
changes of iron profile in HI and HD
groups, the effect of dietary iron on the
liver and adipose tissue is a significant
factor in the risk of metabolic diseases.
(Miranda et al., 2019). Iron buildup in the
liver can interfere with insulin's capacity to
lower hepatic glucose assembly, which can
result in insulin resistance (Tagi et al,
2019). Iron can be oxidized to produce an
extremely reactive, lipid-soluble iron—
oxygen complex (Zhao, 2019). A former
study concluded that the increased
hepcidin may restrain the iron release from
the cells by affecting the expression of
ferroportin, which is probably associated
with the development of diabetic
complications (Chen et al, 2015).
Hepcidin and ferritin are related to
inflammation due to diabetes, both being
acute phase proteins. During inflammation,
an increase of hepcidin induces a decrease
of circulating iron and an increase of
ferritin due to inflammation (Ganz and
Nemeth, 2012).

A diagnostic tool for determining systemic
toxicity caused by xenobiotics, biological
agents, and intrinsic factors (Petlevski et
al., 2006) or diabetes (Pitocco et al., 2013)
is the measurement of AST and ALT
activities in the blood and liver. Serum
aminotransferases (ALT & AST) increased
in diabetic rats, indicating increased de
novo synthesis of the enzymes brought on
by the need for an alternate energy source

through gluconeogenesis, which may result
in increased liver catabolism of amino
acids (Asagba et al., 2019). According to
the findings of the current investigation, in
STZ-induced type 2 diabetes, the elevated
levels of hepatic enzymes may be caused
by the release of enzymes from the hepatic
tissue into the plasma (Eguavoen et al.,
2019). Chronic administration of ethanol
(HI& DHI groups) significantly raised the
levels of aminotransferases and TB, with a
decline in albumin in the serum matched
with the control group, which specified the
existence of liver injury.

One of the most prevalent and significant
causes of chronic liver diseases worldwide
is still alcohol intake (Ahmad et al., 2022).
The increase in these serum indicators'
activity can be linked to cytosolic enzymes
escaping into the bloodstream as a result of
hepatic parenchyma injury, disruptions in
the machinery involved in enzyme
production, and changes in membrane
permeability (Hoek and Pastorino, 2002).
One of the key components of ethanol-
induced liver damage is oxidative stress
(Liu et al, 2020). The main causes of
oxidation-induced damage in hepatocytes
are the production of a lot of ROS and the
consumption of antioxidant molecules
(Cichoz- Lach and Michalak, 2014).

Earlier studies showed that alcohol
consumption causes fatty acid synthesis
with accumulation of fat in the liver, which
results in steatosis (Donohue, 2007),
because alcohol increases the expression of
SREBP-1c (sterol regulatory element-
binding protein-1c) at both the gene and
protein levels, which controls the proteins
involved in lipid synthesis by activating
ATP citrate lyase and fatty acid synthase
(Osborne, 2000). The oxidative stress,
inflammation, and hepatic cell death are
among the cellular mechanisms involved
in the pathophysiology of ethanol-induced
liver disease (Luo ef al., 2023; Mohd Ali et
al. (2013); Olanrewaju et al. (2017); Boby
et al. (2021). Moreover, chronic ethanol
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administration led to hepatotoxicity as
evidenced by the increased levels of serum
ALT, AST and ALP (Ahmad et al., 2022).
The primary cause of ethanol-induced
hepatotoxicity is the production of free
radicals by the ethanol active metabolite
acetaldehyde, which in turn causes
oxidative stress and inflammation in the
liver tissues (Ganapathi et al, 2021).
Similar findings revealed that giving
ethanol (7.9g/kg/day) for sixty days
negatively affected serum TP, albumin and
A/G ratio with increased TB levels
(Saravanan et al., 2006). A similar study
showed  augmented  bilirubin  and
diminished albumin levels in the serum of
ethanol-induced hepatotoxicity in rats
(Shankari et al., 2010; Madrigal-Santillan
et al., 2015). Declined albumin is linked to
an adverse metabolic profile, which
includes elevated glucose, obesity, and
inflammation of adipose tissue, as well as a
higher risk of T2D (Chang et al., 2019).
The decrease in liver absorption and
increased  bilirubin  or  conjugation
production are the primary causes of the
higher pattern of serum bilirubin levels in
STZ-induced type 2 diabetes (Chang ef al.,
2019).

CONCLUSION

The existing study describes the regulating
role of hepcidin on iron status, either cause
or an effect, and that hepato-toxicity
caused by ethanol administration was due
to free radical formation that affects the
hematological and biochemical profiles.
Disorders of iron metabolism may play a
role in the pathogenesis of liver disease
and diabetes.
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