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ABSTRACT
Introduction: In developed countries, obesity and iron deficiency are frequently encountered nutritional disorders. 
Nonalcoholic fatty liver disease (NAFLD) is a global health problem. Hepcidin is a peptide produced mainly by hepatocytes 
and adipocytes, which are responsible for iron metabolism, immunity, and inflammatory regulation. Curcumin, the active 
ingredient of turmeric.
Aim of the Work: Assess the role of hepcidin in iron homeostasis and its effects on fatty liver in albino rats with HFD-induced 
obesity. Also explore the protective role of curcumin on hepcidin-related obesity associated disorders.
Materials and Methods: Thirty adult male albino rats were divided into three groups: group I: consumed normal diet, group 
II: consumed high-fat diet (HFD) and group-III curcumin-treated group was fed a high-fat diet supplemented with curcumin. 
Body Mass Index (BMI), abdominal circumference (AC), lipid profile & some iron parameters were measured. Also, adipose-
tissue-expressed hepcidin, interleukin 6 (IL-6), and tumor necrosis factor-α (TNF-α) were measured by real-time polymerase 
chain reaction (PCR). Hepatic tissues were stained with hematoxylin and eosin (H&E), Masson trichrome (MT) and examined 
microscopically. Expression levels of BAX proteins were detected by immunohistochemistry.
Results: The HFD significantly stimulated adipose tissue expression of hepcidin, IL-6, and TNF-α. The HFD group had 
low serum iron, transferrin saturation levels and high serum ferritin. There was a significant correlation between hepcidin 
expression in adipose tissue and IL-6 and TNF-α expression in the HFD group. Non-alcoholic fatty liver was also identified in 
HFD-induced obesity group. Treatment with curcumin significantly improved the above mentioned parameters.
Conclusion: Hepcidin expression in dipose tissue plays a significant role in functional iron deficiency and non-alcoholic fatty 
liver in obese albino rats that are improved by curcumin which has antiobesity, antioxidant, and anti-inflammatory effects.
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INTRODUCTION                                                                  

Obesity is a health issue that is related to several 
metabolic diseases, especially  nonalcoholic fatty liver 
disease (NAFLD), cardiovascular risk, dyslipidemia, 
insulin resistance (IR) and type II diabetes[1,2]. 

Non-alcoholic fatty liver disease (NAFLD) refers to a 
variety of disorders caused by excessive fat accumulation 
in the liver, which may proceed to nonalcoholic 
steatohepatitis (NASH), fibrosis, cirrhosis, and even 
hepatocellular carcinoma. According to estimate 25% of 
people  globally have NAFLD and continues to rise with 
the obesity epidemic worldwide[3]. 

Many obesity-related disorders are attributed to low-
grade inflammatory reactions triggered by stretched 
fatty tissue. This stretching releases many inflammatory 
cytokines, such as  interleukin-6 (IL-6) and tumour necrosis 
factor (TNF), that harm several non-adipose tissues[4]. 

Hepcidin is a peptide hormone released by liver cells and 
is responsible for regulating iron metabolism, immunity, 

and inflammatory processes. It is well known that hepcidin 
cause down   regulation of iron homeostasis by preventing 
macrophages from releasing recycled iron from aged red 
blood cells and dietary iron absorption by enterocytes[5]. 
The effect of iron on liver inflammation occurrence has 
become a point of interest in many experimental studies, 
where iron homeostasis disturbance may play a role in 
NAFLD[6,7].

Although hepcidin is expressed mainly in the liver, 
however studies indicate that it can also be expressed in 
macrophages and adipose tissue in inflammatory states. 
Some researches done on children and teenagers report 
an iron deficiency secondary to obesity associated with 
elevated levels of hepcidin[8,9].

Pathologically elevated hepcidin concentrations cause 
or exacerbate iron-restrictive anemias such as anemias 
associated with inflammation, chronic kidney disease and 
some malignancies. Hepcidin deficiency results in iron 
overload in hereditary hemochromatosis and inefficient 
erythropoiesis. The hepcidin-ferroportin axis is the main 
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regulator of extracellular iron homeostasis in health and 
disease, and is a prospective target for the diagnosis and 
treatment of iron disorders and anemias[9,10].

Curcumin, a naturally occurring polyphenolic molecule 
with anti-inflammatory, antioxidant, and hepatoprotective 
roles. Curcumin has been demonstrated to protect the liver 
from storage of fat brought on by a high-fat diet in recent 
animal studies[11,12]. 

AIM OF THE WORK                                                          

The current work aimed to study hepcidin’s role in 
iron homeostasis, and effects on a high-fat diet (HFD) 
induced obesity-associated disorders, such as functional 
iron deficiency anemia, NAFLD, and curcumin protective 
effects.

MATERIAL AND METHODS                                                          

This was done at Faculty of Medicine, Zagazig 
University in a period from January to July 2019. The 
study involved a local strain of 30 healthy adult male 
albino rats (151–190 gm) from the Veterinary Medicine 
Animal House. Rats were housed in clean steel wire cages 
(5/cage) with a natural light/dark cycle, and with free water 
access. Food was obtained from the Faculty of Agriculture, 
Zagazig University. The Institutional Research Board 
and Ethics Committee of Faculty of Medicine, Zagazig 
University approved the work protocol.

Three groups each contained 10 rats were designed:

Group (I) control group: normal fed diet, which 
received 3.41 kcal/g of normal chow diet for 12 weeks. 
Calories were distributed as follows: 6% fat, 17% proteins, 
and 77% carbohydrates[13]. 

Group (II) high-fat-diet-induced obesity group: 
received 5.6 kcal/g of a HFD for 12 weeks. Calories were 
distributed as follows: 58% fat, 18% proteins, and 24% 
carbohydrates[14]. The food iron content was the same for 
both food groups.

Group (III) curcumin group was received a high-fat 
diet with curcumin 0.1 percent for 16 weeks. According to 
earlier research Hasan et al., demonstrated that curcumin 
at the medium dose of 0.05-0.1 percent was efficient at 
lowering levels of numerous inflammatory cytokines[15,16]. 
Curcumin (purity: 98 percent) was purchased from Sigma-
Aldrich (St. Louis, MO, USA).

The food iron content was the same for both food 
groups

A 25 mg/kg intraperitoneal dose of sodium thiopental 
was used to anaesthetize rats. At the conclusion of the study, 
blood samples from the retro-orbital plexus were taken. 
Rats were sacrificed, the abdominal cavity was opened, and 
visceral adipose tissue (perirenal, omental, and mesenteric) 
was removed and kept at 80°C until gene expression could 
be assessed. The livers were separated and cleansed. Each 
isolated liver was split into two pieces. For histological 
analysis, the first portion was fixed in neutral formalin 

solution at a 10% concentration. The second part was 
homogenized and then centrifuged. For measurements of 
malondialdehyde (MDA), lipid peroxidation, and hepatic 
iron concentration (HIC), the supernatant was taken and 
transferred to another tube. 

Anthropometric measurements
Body weight was measured by a digital balance at 

time zero, and then again after 12 weeks. The nose to anus 
length was measured according to Novelli 17. The formula 
used to determine Body Mass Index (BMI) was: BMI = 
Body Weight (gm)/Length (cm2). The obesity cut off value 
was BMI > 0.68 gm/cm2[17]. The abdominal circumference 
(AC) was measured at the widest zone with a plastic tape 
measure[18].

Blood Sample
Blood was drawn from the retro-orbital venous plexus 

and placed into two microcentrifuge tubes: one with an 
anticoagulant [ethyl-enediamine tetra acetic acid (EDTA, 
K2)], and the other with a serum separator. Hemoglobin 
concentration (Hb), hematocrit value (PCV), and mean 
corpuscular hemoglobin (MCH), were measured in the 
anticoagulant samples using an automatic blood analyzer 
(Coulter LH 750 Hematology Analyzer). Clotted serum 
samples were obtained by centrifugation for 20 min at 
3000 rpm and frozen at (−20°C) until assayed.

Biochemical analysis
Serum levels of lipid were assessed. Low-density 

lipoprotein-cholesterol (LDL-C) and very-low-density 
lipoprotein-cholesterol (VLDL-C) were estimated. All 
measurements were performed using BioSource Europe 
S.A. Belgium kits.  Total serum cholesterol (TC) was 
measured using the Tietz[19] method. The Fossati and 
Prencipe[20] enzymatic colorimetric method was adapted 
to measure triglyceride (TG). HDL-C serum levels were 
measured following the Nauk[21] method. The LDL-C 
serum levels were calculated by the Friedewald[22] equation: 
LDL-C = TC -HDL-TG/5. VLDL-C levels in serum were 
also calculated by the Friedewald[22] equation.

Hepatic parameter measurements
The Rec[23] method was adopted to measure both 

serum aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) levels using AST & ALT  ELISA 
rat kits (Shanghai Sun Red Biological Technology, China). 
Albumin level in serum was calculated by the method 
Stoskopf[24] using the bromocresol green. Rat serum 
hepcidin was measured using ELISA kits (USCN life 
Co., Houston, TX, USA) following the manufacturer’s 
instructions[25]. TNF-α and IL-6 were estimated by ELISA 
(USCN life Co., Houston, TX, USA) according to the 
manufacturer’s instructions[26]. Serum iron (SI) and the 
total iron-binding capacity (TIBC) were measured using 
the Burits and Ashwood[27] technique and commercially 
available kits.  The transferrin saturation percentage                      
(TS %) was estimated using the ratio of SI and the TIBC 
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as presented by Siff et al.[28]. Hepatic iron concentration 
(HIC) was estimated according to the manufacturer’s 
instructions[29] by the Tissue iron assay kit (Abcam, 
Cambridge, MA, USA). MDA liver concentrations were 
measured by a lipid peroxidation assay kit (Cayman, Ann 
Arbor, MI, USA). 

Detecting Hepcidin, IL-6, and TNF-α gene 
expression by real-time Polymerase Chain Reaction 
(real-time PCR) in rat adipose tissue

Total RNA from adipose tissue was extracted using 
the RNeasy Lipid Tissue Mini Kits. The total RNA 
concentration was measured by 260/280 nm absorbencies. 
QuantiTect SYBR Green RT-PCR kits (Qiagen,) were 

used to produce complementary DNA (cDNA) from the 
extracted RNA by reversed transcription. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) used as an internal 
control. List of primers is in (Table 1). The PCR was done 
in a total of 25 μl: 12.5 μl QuantiFast SYBR Green PCR 
Master Mix, 1 mM of each primer (Invitrogen, USA), and 
2 mL cDNA. The PCR settings were: 30 cycles of 1 min 
at 95°C for denaturation, 1 min at 60°C for annealing, and 
extension for 1 min 30 s at 72°C. The final step consisted 
of an extension step for 10 min at 72°C. All primer sets had 
a calculated annealing temperature of 60°C. The hepcidin, 
IL-6, and TNF-α expression were calculated using the 
comparative Ct method formula 2−ΔΔCt. All kits were 
from QIAGEN (Valencia, CA, USA)

Table 1: primer sequence for hepcidin, IL-6, TNF-α, and GAPDH genes

Forward primer Reverse primer

hepcidin 5′CAAGAT GGCACTAAG CA TCG 3′ 5′-GCT GGG GTA GGA CAG GAATAA -3′

IL-6 5′GGGACTGATGTTGTTGACAG 3′ 5′TGTTCTTCACAAACTCCAGG 3′

TNF-α 5′CCCAGACCCTCACACTCAGAT3′ 5′TTGTCCCTTGAAGAGAACCTG 3′

GAPDH 5′ACCACCATGGAGAAGGCTGG 3′ 5′CTCAGTGTAGCCCAGGATGC 3′

Histology and immunohistochemistry
Each animal's liver was carefully removed, promptly 

fixed in 10 percent formol saline for 48 hours, and then 
sectioned into 5 m thick paraffin blocks that were stained 
with hematoxylin and eosin (H&E), Masson trichrome 
(MT) to demonstrate collagen fibers[30]. 

Bax immunohistochemical staining according to 
Ramos-Vara et al.[31]. Using the antigen retrieval technique 
liver sections were stained. The primary antibody used 
was an immunoglobulin G (IgG) type for Bax detection 
(commercial kit CSA, DakoCytomation, Denmark). For 
the negative control, the primary antibody was replaced 
with PBS. 

Morphometrical measurements

Using a Leica Qwin 500 Image Analyzer Computer 
System (England), Masson trichrome stained sections and 
immunohistochemical reaction were morphometrically 
evaluated at the Pathology Department, Faculty of 
Dentistry, Cairo University. At a magnification of X 400, 
collagen fiber area percent in MT-stained sections and Bax 
immunoreaction optical density were determined. Five 
randomly selected fields per section, totaling five sections, 
with eight rats in each group were used to measure each 
parameter

Statistical Analysis

The SPSS program (version 18 for Windows, SPSS Inc. 
Chicago, IL, USA) was used to tabulate and analyze the 
gathered data. Quantitative values were presented as the 
mean ± SD. Student’s t-test were used to compare group 
data and their correlations were detected by Pearson’s 
correlation. P-values < 0.05 were considered significant. 

RESULTS                                                                                         

Curcumin effect on HFD induced changes on body 
weight gain and serum lipid profile

Twelve weeks of ingesting a HFD significantly 
increased body weight (P < 0.001). Furthermore, there 
was dyslipidemia in the HFD group, demonstrated by the 
significantly high TC, TG, LDL-C, and significantly low 
HDL-C. In group III there was significantly decreased 
body weight, BMI, serum total cholesterol, triglyceride, 
LDL-c and VLDL-c while level of HDL was increased 
(Table 2).

HFD on modulation effect of hepatic iron and 
hepatic malondialdehyde MDA levels

The HFD (group II) demonstrated a significant 
elevation of hepatic iron and hepatic MDA levels (P < 0.01) 
when compared to the control group .In group III there was 
significantly decreased these parameters (Table 2).
Effect of curcumin on HFD induced changes on 
iron parameters 

There was a significant decrease in Hb level, MCH, and 
SI in the HFD group compared to controls. These changes 
in iron parameters were ameliorated by curcumin (Table 3).
Serum hepcidin, IL-6, and TNF-α

A significant increase in the mean values of serum 
hepcidin, IL-6, and TNF-α was observed in the HFD 
(group II) compared to the control group (Table 2). There 
was a significant positive correlation between serum 
hepcidin with BMI, serum cholesterol, triglyceride, AC, 
LDL, ALT, and AST. Also, there was a significant positive 
correlation between IL-6 and serum hepcidin, TNF-α, or 
serum ferritin. There was a significant negative correlation 
between hepcidin and HDL or albumin (Table 4).
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Relative expression of hepcidin, IL-6, and TNF-α in 
adipose tissue

The mRNA expression of hepcidin, IL-6, and TNF-α 
were upregulated in HFD when compare to control                  
(Figure 1). There was a significant positive correlation 
between hepcidin expression in adipose tissue and IL-6 or 
TNF-α expression (Table 5, Figure 2).

Histopathological analyses of hepatic tissues of the 
experimental groups

Control liver sections stained with H&E revealed 
normal hepatic structure; hepatocytes radiated from the 
central vein. The hepatocytes had central rounded nuclei 
and acidophilic cytoplasm. Blood sinusoids were seen in 
between hepatocytic cords. Portal areas were seen at the 
periphery of the lobules. The bile duct and portal vein 
were detected as normal structures (Figure 3a,b). The HFD 
group showed changes in the normal hepatic architecture. 
The hepatocyte cords were seen around a congested 
central vein. Some hepatocytes with dark stained nuclei 
and acidophilic cytoplasm, while others had vacuolated 
cytoplasm. Fatty infiltration in between hepatocytes and 
blood sinusoids were congested. The portal area had 
the bile duct, the hepatic artery, as well as a dilated and 
congested portal vein. Mononuclear cellular infiltration 
can be seen in the peri-portal area (Figure 4a,b,c).

Liver section from group III showed nearly normal 
hepatic architecture. Some hepatocytes had vacuolated 
cytoplasm, while others had central vesicular rounded 

nuclei were observed. Blood sinusoids appeared normal. 
Portal area with bile duct, hepatic artery and portal vein 
were detected as nearly normal structure. Few hepatocytes 
with darkly stained nuclei were still seen (Figure 5a,b).

Control Mallory trichrome stained sections revealed 
few collagen fibers surrounding the central vein and in the 
portal area, where the portal vein and bile duct were seen 
(Figure 6a,b). The HFD group showed markedly increased 
collagen fibers around the central vein and portal area; 
around the congested portal vein (Figure 6c,d). Moderate 
amount of collagen was seen in group III around central 
vein and in portal area around portal vein (Figure 6e,f).

Bax immunohistochemistry revealed a weak positive 
Bax reaction in the hepatocyte cytoplasm for the control 
group (Figure 7a). However, a strong positive Bax immune 
reaction in the hepatocyte cytoplasm was found in the HFD 
group (Figure 7b). While group III showed a moderate 
positive reaction for Bax (Figure 7c).

Statistical and morphometrical results

Optical density of Bax immune reaction and area % 
of collagen fibers as assessed by image analyzer among 
the different studied groups revealed that high fat fed diet 
group showed a significant statistically increase in the 
mean area percent of collagen fibers and optical density of 
Bax immune reaction when  compared with control group.  
In group III, highly significant decrease in their levels in 
comparison to group II (Table. 6). 

Fig. 1: Adipose tissue hepcidin, IL-6, and TNF-α mRNA expression levels in each study group.
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Fig. 2: Correlation between hepcidin gene expression with hepcidin level, BMI, IL-6, and TNF-α expression.

Fig. 3: Photomicrographs of liver section from the control group (a) showing the normal hepatic architecture; central vein (CV) with radiating blood sinusoids 
(S), hepatocytes arranged in cords with central rounded nuclei (arrowhead), and acidophilic cytoplasm are observed. (b) Showing the portal area with bile duct 
(Bd) and portal vein (PV) are detected as normal structures. (H&E X 400).
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Fig. 4: Photomicrographs of a liver section from group II (a) showing change in the normal hepatic architecture. The hepatocyte cords around the congested 
central vein (CV) can be seen. Some hepatocytes had dark stained nuclei (bifid arrow) and acidophilic cytoplasm, while others with vacuolated cytoplasm 
(arrowhead) were observed. Some blood sinusoids appear dilated and congested (S). (b) Some fat cells (curved arrow), congested central vein (CV), some 
hepatocytes with dark stained nuclei (bifid arrow) and dilated congested blood sinusoids (S) were observed. (c) Showing the portal area with a dilated congested 
portal vein (PV), bile duct (Bd), and hepatic artery (Ha), dilated congested blood sinusoids (S). Mononuclear cellular infiltration (If) can be seen in the peri-
portal area. (H&E X 400).

Fig. 5: photomicrograph of a liver section from group III (a) Showing nearly normal hepatic architecture. The cords of hepatocytes around central vein (CV) 
can be seen. Some hepatocytes  with vacuolated cytoplasm ( bifid arrow)  while others with central rounded  vesicular nuclei (arrow) are observed. Blood 
sinusoids appeared normal  (S).(b) Showing the portal area with bile duct (Bd) , hepatic artery (Ha) and portal vein (PV) are detected as nearly normal structure. 
Few hepatocytes cells with darkly stained nuclei (short arrow) while others with central rounded vesicular nuclei (arrow) are also observed (H&E x400)
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Fig. 6: Mallory trichrome stained sections showing (a and b): few collagen fibers (arrow) around the central vein (CV) and in the portal area. Portal vein (PV) 
and bile duct (Bd) are seen in the control group. (c and d) A marked increase in collagen deposition around the CV and around congested PV in group II. . (e 
and f): moderate amount of collagen can be seen in group III, collagen fibers around central vein (CV) and in portal area around portal vein(PV). ( MT X 400)
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Fig. 7: A photomicrograph of a liver section from the control group. (a) Showing weak positive Bax immune reaction in the hepatocyte cytoplasm. Group 
II (b) showing strong positive Bax immune reaction in the hepatocyte cytoplasm (arrows). While group III (c) showing a moderate positive reaction for Bax  
(arrows). (Bax immunostaining X 400)

Table 2: anthropometric and biochemical measurements of all studied groups.

Parameters Group I Group II Group III P value

Final BMI (gm/cm2) 0.49 ± 0.07 0.76 ± 0.05 a 0.63 ± 0.04a,b  < 0.001

AC (cm) 13.43±0.6 24.49±2.7 a 18.56±1.9 a,b  < 0.001

Serum  cholesterol (mg/dl) 60.7±7.6 185.3±12.7 a 107.1±11.3a,b  < 0.001

Serum  triglyceride (mg/dl) 53.8±8.6 162.8±10.6 a 106.8±8.3 a ,b < 0.001

Serum  HDL-c (mg/dl) 43.7 ± 5.8 19.5 ± 3.2 a 36.2 ± 3.9 a ,b  < 0.001

Serum LDL-c (mg/dl) 18.7±4.1 93.9±11.1 a 45.2±6.7 a ,b  < 0.001

Serum ALT (mg /dl) 52.1±7.3 134.1±8.5 a 86.4±7.8 a ,b < 0.001

Serum AST (mg /dl) 129.9±6. 8 201.9±8.8 a 174.5±8.8 a ,b  < 0.001

Serum albumin (g/dl) 5.0±0.68 1.7±0.38 a 2.9±0.55  a ,b  < 0.001

Serum Hepcidin (ng/ml) 179.1±6.1 216.7±6.4 a 197.7±6.2 a  < 0.001

TNF (pg/ml) 12.45±3.98 46.23± 5.89 a 19.67±2.45 a ,b  < 0.001

IL6 (pg/ml) 17.59±2.43 33.26 ± 4.92 a 20.15 ± 3.74 b < 0.001

Hepatic iron (nmol/mg) 0.14 ± 0.028 0.54 ± 0.11  a 0.32±0.12 a ,b < 0.001

Hepatic MDA (nmol/g) 139.20 ± 4.3 176.5 ± 8.65  a 151.4±5.13 a ,b < 0.001

a = versus group I         b = versus groupII          NS = non-significant (P > 0.05)
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Table 3: Iron status parameters in the all studied group

Parameters Group I Group II Group III P value

Hb (g/d) 12.98±0.9 10.55±0.7 a 11.58±0.7 a,b < 0.001

PCV (%) 40.9±5.62 36.35±5.26 38.88±3.56 0.1339

MCH (pg) 17.44±1.15 15.0±1.01 a 12.61±1.36 a,b < 0.001

SI (mg /dl) 171.54.±11.54 138.58±3.36 a 146.91±5.17 < 0.001

TIBC (mg /dl) 402.39±26.62 313.77±24.51 a 359.95±14.27 a,b  < 0.001

Tsat(%) 30.68±3.62 27.49±4.01 29.12±2.26 0.127

SF (ng/ml) 108.66±22.23 153.65±18.51 a 137.69±11.08 a < 0.001

a = versus group I         b = versus groupII          NS = non-significant (P > 0.05)

Table 4: Correlation between hepcidin and serum markers. 

Hepcidin (ng/ml) r P-value

BMI 0.836 <0.001

AC 0.914 <0.001

Serum Cholesterol (mg/dl) 0.788 <0.001

Serum triglyceride (mg/dl) 0.908 <0.001

HDL (mg/dl) −0.817 <0.001

LDL (mg/dl) 0.896 <0.001

Serum ALT (mg /dl) 0.903 <0.001

Serum AST (mg /dl) 0.907 <0.001

Serum albumin (g/dl) −0.818 <0.001

SF 0.740 <0.001

TNF-α (pg/ml) 0.923 <0.001

IL-6 (pg/ml) 0.974 <0.001

r = Pearson’s correlation coefficient. P-value < 0.05 was considered 
statistically significant and P-value > 0.05 was not considered statistically 

significant.

Table 5: Correlation between hepcidin gene expression with 
hepcidin level, BMI, IL-6, and TNF-α  expression.

Hepcidin mRNA expression r P-value

BMI (gm/cm2) 0.718 <0.001

Serum hepcidin (ng/ml) 0.789 <0.001

IL-6 mRNA expression 0.646 <0.001

TNF-α mRNA expression 0.6152 <0.001

r = Pearson’s correlation coefficient. P-value < 0.05 was considered 
statistically significant and P-value > 0.05 was not considered statistically 

significant.

Table 6: The optical density of Bax immune reaction and area % of collagen fibers. 

Parameters Group I Group II Group III t-test P-value

Area % of collagen 1.0±0.3 5.5±1.2 2.0±0.5 14.09 <0.001

Optical density of Bax 1.5±0.1 9.8±2.1 3.5±0.6 15.29 <0.001

P-value < 0.05 was considered statistically significant and P-value > 0.05 was not considered statistically significant.

DISCUSSION                                                                      

Over recent years, the obesity prevalence has rapidly 
increased, creating a major public health problem[32]. 
Obese individuals suffer from a persistent low-grade 
inflammatory disorder, eventually inducing many 
subsequent complications. Adipose tissue has a role 
in hepcidin secretion. Hepatic cells produce 150-fold 
more hepcidin than fat cells. However, more hepcidin is 
produced by the adipose tissue owing to its larger mass 
(60–70 kg) (20-folds higher than hepatic mass in highly 
obese individuals) 5. Its expression increases in cases of 
insulin resistance and generalized inflammation, which are 
common in obese individuals 33.

The present study evaluates the variation in hepcidin 
expression in adipose tissue after HFD and its role in iron 
homeostasis, In order to better understand how this role 

participates in disorders associated with obesity. Expression 
of hepcidin is reduced by hypoxia, iron shortage, and 
inefficient erythropoiesis and stimulated by iron overload 
and inflammation[33]. The IL-6/STAT3 (Signal Transducer 
and Activator of Transcription-3) pathway mediates 
hepcidin production during inflammatory circumstances, 
such as in obesity[34].

Hepcidin is responsible for controlling iron homeostasis 
by inhibiting intestinal absorption and releasing iron from 
macrophages[34,35]. The current study showed that rats on  
HFD had low Hb and iron levels compared to the control 
group. Additionally, ferritin levels were increased in the 
HFD group, indicating functional iron deficiency. These 
results are in agreement with Mehdad  et al[35], who reported 
that  elevated BMI and body fat level were associated with 
lower hemoglobin concentrations and iron deficiency 
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anemia. Moreover, Sarafidis et al.[36] considered obesity as 
a chronic state of inflammation that can be associated  with  
low serum iron and high serum ferritin[36].

Accumulating fatty tissue in obese individuals might 
be responsible for the elevated hepcidin level, which in 
turn, disturbs iron homeostasis and the synthesis of red 
blood cells[37]. This explains the current result, which 
demonstrates a higher adipose tissue hepcidin expression 
and the serum levels in the HFD group. These observations 
are in agreement with many studies, demonstrating 
abnormally increased serum hepcidin and decreased serum 
iron in overweight children compared to those with a 
normal weight[38,39]. Our results revealed that there was a 
positive correlation between ferritin and serum hepcidin. 
Hepcidin induces ferroportin degradation, inhibiting 
intestinal iron absorption, leading to an accumulation 
of ferritin in macrophages, hepatocytes and  duodenal 
enterocytes[36].

To clarify the inflammatory state in adipose tissue, 
we evaluated the expression of both IL-6 and TNF-α and 
assessed the correlation between their expression and 
that of hepcidin. Our results show a high IL-6, TNF-α, 
and hepcidin mRNA expression in the HFD group. Our 
results also revealed a positive correlation between IL-6 
and TNF-α adipose expression with hepcidin adipose 
expression (Figure 2). Hepcidin synthesis is increased 
as a result of an increase in the inflammatory mediators 
IL-6 and TNF. Hepcidin and IL-6 are both produced and 
expressed in adipose tissue. Hepcidin can be produced by 
adipocytes in response to inflammatory stimuli like IL-6[40]. 

Bekri et al.[34], Sanad et al.[41] and Meyer et al.[42] all 
demonstrated that hepcidin mRNA was highly expressed 
in all obese conditions and that depletion of iron stores 
modulates hepatic hepcidin production but not adipocytes 
hepcidin production. However, in our study, we highlight 
the expression of adipose tissue hepcidin, which is in 
agreement with Sarafidis[36]. They credited the stimulated 
hepcidin production in obese individuals was triggered 
by adipocyte hypoxia and enhanced the inflammatory 
cytokines production, such as TNF-α, IL-1, and IL-6. 
Nemeth et al[43] also showed that the production of hepcidin, 
IL-6, and SI reduction were all directly linked. Also, Bekri 
and colleagues[34] reported that hepcidin production and 
IL-6 or CRP (C-reactive protein) expression by adipocytes 
were significantly linked. 

In our study, we evaluated other obesity-associated 
complications besides functional iron deficiency. The 
hepatic histopathological samples of the HFD group 
revealed hepatic damage presented as fat deposition, mixed 
inflammatory cell foci, and fibrosis. This could be signs of 
NASH. Also, the HFD group had significantly low serum 
albumin, and significantly high ALT and AST. 

Histological and immunohistochemical observations 
support those biochemical results as the HFD rat group 
revealed changes in the normal hepatic architecture in 
H&E stained sections. The hepatocyte cords were seen 

around a congested central vein. Some hepatocytes with 
dark stained nuclei and acidophilic cytoplasm, while others 
had vacuolated cytoplasm. Fatty infiltration between the 
hepatocytes and congested blood sinusoids were also 
evident. The portal area had a bile duct, hepatic artery, 
and a congested dilated portal vein. Mononuclear cellular 
infiltration can be seen in the peri-portal area. Disturbed 
hepatic architecture seen in this study was attributed to 
oxidative protein damage in the liver cells. Additionally, 
necrotic changes in hepatocytes cause irregularity in the 
orientation of hepatocyte plate, ultimately disturbing the 
hepatic architecture[44]. Congested and dilated central 
veins, blood sinusoids, and portal veins are attributed to 
ischemia, inflammatory changes, and hypoxia following 
HFD[44]. The dilatation may also be due to developing 
hypertension after obesity induced by HFD[45].

It was revealed that adipocytes in the fatty liver are 
active cells that secrete pro-inflammatory cytokines as: 
TNF-α ,IL-6, and reactive oxygen species (ROS). All of 
these factors play a role in the hepatocyte damage and 
chronic inflammatory state[46]. Furthermore, cytoplasmic 
vacuolation was a result of lipid peroxidation because 
of oxidative stress that damaged the cell and organelle 
membranes, leading to increased permeability and 
disturbed ion concentrations in the cytoplasm and cell 
organelles[47,48].

Masson trichrome stained sections showed that 
collagen deposition was noticeably increased in the area 
surrounding the central vein and portal region. Chronic 
liver injury leads to liver fibrosis, as well as excessive 
collagen deposition and other extracellular matrix (ECM) 
components[49]. ROS generation has an important role in 
liver damage by enhancing the production of pro-fibrogenic 
mediators and initiating hepatic fibrogenesis[50].

We observed a strong positive Bax immune reaction 
in hepatocyte cytoplasm in HFD rats. While group III 
showing a moderate positive reaction for Bax. These 
findings were in agreement with Panasiuk et al.[51], who 
found that Bax expression was significantly higher 
in steatosis hepatocytes in the patients with NAFLD. 
Panasiuk et al.[51] also stated that apoptosis is one of the 
most important mechanisms that can eliminate hepatocytes 
in NAFLD. The inflammation intensification in NAFLD 
induces the pro-apoptotic proteins p53 and Bax with the 
inhibition of anti-apoptotic Bcl-2[52].

To emphasize the histological finding in hepatic tissue, 
we evaluated hepatic iron and hepatic MDA. Our results 
showed that both hepatic iron and MDA levels were 
significantly increased in the HFD group. This may be 
explained by iron being stored in the liver mainly as ferritin. 
It has been reported that iron in the microenvironment 
can trigger regional oxidative stress and subsequent lipid 
peroxidation. Elevated oxidative stress in HFD-fed rats 
indicates hepatic fat accumulation with increased hepatic 
fatty acids oxidation and macrophage activation. This 
scenario stimulates the inhibitor NF-κB in hepatic cells and 
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increases the expression of pro-inflammatory cytokines, as 
TNF-α and IL-6. In turn, this leads to enhanced hepatic 
injury and acceleration to NAFLD development in obese 
subjects[53,54]. 

Another explanation for this link was provided by 
Sarafidis who stated that HFD precipitated hepatic 
inflammation, such as injury stimulated release of adipose-
derived cytokines and leptin, which are believed to trigger 
insulin resistance and NAFLD. This eventually stimulates 
hepatic hepcidin production by a similar mechanism to              
IL-6[36]. 

Also iron localization in obese mice visceral adipose 
tissues correlated with macrophage infiltration between the 
adipocytes. The iron retention in these cells also contributes 
to their production of pro-inflammatory cytokines. 
Therefore, iron can induce insulin resistance and reduce 
adiponectin expression in isolated adipocytes[55].

In this research, Liver section from group III showed 
nearly normal hepatic architecture. Some hepatocytes had 
vacuolated cytoplasm, while others with central vesicular 
rounded nuclei were observed. Blood sinusoids appeared 
normal. Portal area with bile duct, hepatic artery and 
portal vein were detected as nearly normal structure. Few 
hepatocytes with darkly stained nuclei were still seen. 
These results were in agreement with Feng et al,[56] who 
found that oral administration of curcumin in HFD-fed mice 
reduces liver steatosis by lowering plasma dyslipidemia 
and hepatic triglyceride accumulation, suggesting that 
curcumin has a protective role on HFD-induced hepatic 
steatosis and NAFLD.

Curcumin supplementation Inhibit adipocyte 
angiogenesis, lowering preadipocyte differentiation, and 
reducing lipid accumulation in adipocytes all contribute to 
a reduction in body weight[57]. 

In this study, it was found that curcumin's protective 
effects were accompanied by the elimination of oxidative 
stress, which was exhibited by lowering the elevated level 
of MDA. These results are in consistence with previously 
reported studies[58]. Curcumin's recognized antioxidant 
actions include inhibiting the production of ROS, 
scavenging free radicals, and chelating oxidative metals 
including iron and copper[59]. 

This study showed that giving curcumin to HFD-fed 
rats protected them from developing hepatic disorders. 
This was shown by an improvement in the activity of 
the liver enzymes ALT and AST which was supported 
by an amelioration of the severity grade of liver injury 
and a decrease in liver index. These findings are quite 
concerning when compared to other investigations using 
various animal models of NAFLD, including HFD[60]. 

In summary, HFD-induced obesity was associated with 
adipose tissue inflammation and increased the expression 
of both IL-6 and TNF-α. This, in turn, stimulated the 
expression of adipose hepcidin, leading to functional 
iron deficiency. We also conclude that dysregulation of 

iron metabolism may contribute to fatty liver progression 
associated with obesity. Curcumin ameliorated the 
development of these abnormalities. The protective effect 
of curcumin depends on its antioxidant, anti-inflammatory 
effects as well as on the improvement of obesity. Further 
studies are necessary to determine the effect of hepcidin 
administration especially in humans which may ameliorate 
anemia, offering new tools that are already or will be soon 
clinically explored for the treatment of specific anemias.
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الملخص العربى

الكركمين يحسن من الاضطرابات المرتبطة بالسمنة في ذكور الفئران البيضاء التي تتغذى 
على نسبة عالية من الدهون: دور الهيبسيدين

محمود،                                     العظيم  عبد  3عبير  اسماعيل،  ابراهيم  2صفية  السيد،  محمود  2رضوى  المجيد،  عبد  فوزي  1امل 

1ولاء محمد سامي

الطب،                                     كلية  الخلية،  وبيولوجيا  الطبية  الأنسجة  3قسم  الفسيولوجيا،  2قسم  الطبية،  الحيوية  الكيمياء  1قسم 

جامعة الزقازيق، مصر 

خلفية: في البلدان المتقدمة ، كثيرا ما تواجه السمنة ونقص الحديد اضطرابات غذائية. مرض الكبد الدهني غير الكحولي 
هو مشكلة صحية عالمية. الهيبسيدين هو الببتيد الذي تنتجه بشكل رئيسي خلايا الكبد والخلايا الشحمية ، المسؤولة عن 

استقلاب الحديد ، والمناعة ، والتنظيم الالتهابي. الكركمين ، العنصر النشط للكركم.
المصابة  البيضاء  الفئران  الدهني في  الكبد  الحديد وتأثيراته على  الهيبسيدين في توازن  تقييم دور  العمل:  الهدف من 
بالسمنة التي يسببها النظام الغذائي عالي الدهون. أيضا استكشاف الدور الوقائي للكركمين في الاضطرابات المرتبطة 

بالسمنة المرتبطة بالهيبسيدين. 
المواد والطرق: تم تقسيم ثلاثين من ذكور الفئران البيضاء البالغة إلى ثلاث مجموعات: المجموعة الأولى: استهلكت 
المعالجة  الثالثة  المجموعة  تغذية  وتم  الدهون  عالي  غذائيا  نظاما  استهلكت  الثانية:  والمجموعة   ، عاديا  غذائيا  نظاما 
بالكركمين بنظام غذائي غني بالدهون مكمل بالكركمين. تم قياس مؤشر كتلة الجسم ومحيط البطن وملف الدهون وبعض 
 α (TNF( معلمات الحديد. أيضا ، تم قياس هيبسيدين المعبر عن الأنسجة الدهنية ، إنترلوكين 6 ، وعامل نخر الورم
عن طريق تفاعل البوليميراز المتسلسل في الوقت الفعلي. تم تلطيخ الأنسجة الكبدية بالهيماتوكسيلين والايوسين ، ماسون 
ثلاثي الألوان وفحصها مجهريا. تم الكشف عن مستويات التعبير عن بروتينات BAX بواسطة الكيمياء الهيستولوجية 

المناعية.
النتائج: حفز النظام الغذائي الغني بالدهون بشكل كبير تعبير الأنسجة الدهنية من الهيبسيدين و نترلوكين 6و وعامل 
نخر الورم )α (TNF. كان لدى مجموعة النظام غذائي غني بالدهون حديد مصل منخفض ومستويات تشبع ترانسفيرين 
وفيريتين مصل مرتفع. كان هناك ارتباط معنوي بين تعبير الهيبسيدين في الأنسجة الدهنية وتعبير إنترلوكين 6 ، وعامل 
نخر الورم )α (TNF في مجموعة النظام الغذائي الغني بالدهون. كما تم تحديد الكبد الدهني غير الكحولي في مجموعة 

السمنة التي يسببها النظام الغذائي الغني بالدهون. العلاج مع الكركمين تحسن بشكل كبير المعلمات المذكورة أعلاه. 
الخلاصة: يلعب تعبير الهيبسيدين في الأنسجة الدهنية دورا مهما في نقص الحديد الوظيفي والكبد الدهني غير الكحولي 
في الفئران البيضاء البدينة التي يتم تحسينها بواسطة الكركمين الذي له تأثيرات مضادة للسمنة ومضادة للأكسدة ومضادة 

للالتهابات.


