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ABSTRACT

Introduction and Aim: Increased hepatic iron deposition participate in the pathogenesis of non-alcoholic fatty liver disease
(NAFLD). Hepcidin is a master iron regulator that decrease iron efflux from hepatocytes and its level in NAFLD is still
controversial. 1,25-dihydroxyvitamin D3 (vitamin D3) is a potent regulator of hepcidin and its deficiency was linked with
increased severity of NAFLD. Therefore, this study aimed to assess the effect of vitamin D3 on hepatic iron deposition and
circulating hepcidin levels in NAFLD model induced in adult male albino rats.

Materials and Method: Sixty-four adult male rats average age five months weighing 180-200 g were distributed to eight
groups. Group (1): ND (normal diet) fed for 4 weeks, Group (2): ND+VD (normal diet with vitamin D3; injected twice weekly
with vitamin D3; 5 pg/kg BW) fed for 4 weeks, Group (3): HFD (high- fat diet) fed for 4 weeks, Group (4): HFD+VD (high-
fat diet with vitamin D3; injected twice weekly with vitamin D3; 5 ng/kg BW) fed for 4 weeks. Group (5): ND (normal diet)
fed for 12 weeks, Group (6): ND+VD (normal diet with vitamin D3; injected twice weekly with vitamin D3; 5 pg/kg BW) fed
for 12 weeks, Group (7): HFD (high- fat diet) fed for 12 weeks, Group (8): HFD+VD (high-fat diet with vitamin D3; injected
twice weekly with vitamin D3; 5 pg/kg BW) fed for 12 weeks. Body mass index (BMI), abdominal circumference (AC), lipid
profile, and serum levels of liver enzymes, hepcidin, IL-6, iron and ferritin, hepatic levels of iron and reactive oxygen species
(ROS) were measured in all groups. Histology of hepatic tissues was examined using hematoxylin & eosin, Prussian blue, and
Masson's trichrome stains.

Results: Vitamin D3 induced significant reduction in BMI, AC, lipid profile parameters (except for high-density lipoprotein
HDL which was increased), liver enzymes, hepcidin, IL-6, ferritin, hepatic iron and ROS., Whereas, significant increase in
serum iron levels in 4 and 12W-HFD groups was noticed compared to their time-matched HFD groups. Additionally, vitamin
D3 abolished the pathological changes associated with HFD in 4-week group and markedly attenuated the changes in 12-week
group, and significantly diminished hepatic iron deposition and hepatic fibrosis in these groups in comparison to their time-
matched HFD groups.

Conclusion: Vitamin D3 protects against HFD-induced NAFLD in adult male albino rats by suppression of hepcidin level and
subsequent reduction in hepatic iron deposition that decreased oxidative stress-mediated hepatic injury and fibrosis.
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INTRODUCTION goal for treatment!®. Iron was reported to induce toxic
Nonalcoholic fatty liver disease (NAFLD) is regarded oxygen harm by generating oxygen free radicals through

ionl”
as one of the liver health problems worldwide that induce the Fenton reaction'™.

abnormal liver function tests!">¥. NAFLD ranges from Hepcidin is a 25 amino acid-antimicrobial peptide
simple steatosis to non-alcoholic steato-hepatitis (NASH) expressed in the liver and a master iron regu]ator[s]_
that may lead to liver cirrhosis and even to hepato-cellular Hepcidin was reported to down regulate iron efflux from
carcinomal’, Multiple insults were implicated in the the enterocytes, macrophages and hepatocytes!®!®!", Pro-
pathogenesis of NAFLD, and no therapy is effective until inflammatory cytokines were reported to up-regulate
now'?. hepcidin ~ during inflammation>"®!.  Hepcidin ~ was
Increased hepatic iron deposition was implicated suggested to have an important role in iron accumulation
in the pathogenesis of NAFLD, but the mechanisms in NAFLD patients who showed raised serum hepcidin!'4l,
incriminated in this deposition are still unclear®. It was Some studies reported higher Hepcidin serum levels
claimed to potentiate the start and progression of NAFLD in NAFLDUS!® while others reported that circulating
by increasing oxidative stress, modifying insulin signaling hepcidin levels were associated with obesity but not with
and lipid absorption, and was introduced as a potential the presence of NAFLD!'7,
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Vitamin D circulating levels were reported to relate
inversely to the severity of NAFLDU3"1, Also, low vitamin
D is associated with inflammation, insulin resistance,
obesity, oxidative stress, and dyslipidemia in NAFLD?2%21],
Vitamin D is introduced as a potent regulator of hepcidin
in both monocytes and hepatocytes. Therefore, the
current study was planned to explore the effect of
1,25-dihydroxyvitamin D3 (vitamin D3) on hepatic iron
deposition and circulating hepcidin levels in high fatty diet
(HFD)- induced NAFLD in adult male albino rats.

MATERIAL AND METHODS
Animal Models

After the approval of the Institution of Research Board
(IRB) of Faculty of Medicine, Zagazig University, Egypt
(number 4408/27-2-2018) and according to the National
Institutes of Health recommendations in the guide for
laboratory animals’ care and use, sixty-four adult male
albino rats with average age five months weighing 180-
200 g were obtained from Faculty of Veterinary Medicine,
Zagazig University. The rats were kept under hygienic
conditions , and housed 4 animals per cage in steel wire
cages (50 cm x 60 cm x 60 cm) in the house of animal of
Physiology Department, Faculty of Medicine, University
of Zagazig. The animals were kept in room temperature
with free water access on 12 hour cycle of dark and light for
14 days in the animal house until the start of experiment.
After acclimatization, the animals were distributed into
eight fed groups (8 rats per group)

Group (1): ND (normal diet): rats fed normal chow
diet (ND) and injected intraperitoneally (ip) with corn oil
(1mL/kg BW, twice per week) for 4 weeks

Group (2): ND+VD (normal diet with vitamin
D3; injected ip twice weekly with vitamin D3; 5 pg/kg
BW) for 4 weeks.

Group (3): HFD (high- fat diet): rats fed HFD
(containing 18% protein, 24% carbohydrate, and 58%
fat and obtained from Faculty of Agriculture, Zagazig
University), and injected ip with corn oil twice weekly)
for 4 weeks.

Group (4): HFD+VD (high-fat diet with vitamin D3;
injected twice weekly with vitamin D3; 5 pg/kg BW) fed
for 4 weeks.

Group (5): ND (normal diet) for 12 weeks.

Group (6): ND+VD (normal diet with vitamin D3;
injected twice weekly with vitamin D3; 5 pg/kg BW) for
12 weeks.

Group (7): HFD (high- fat diet) for 12 weeks.

Group (8): HFD+VD (high-fat diet with vitamin D3;
injected twice weekly with vitamin D3; 5 pg/kg BW) for
12 weeks?l.

Anthropometric measures

At the first and last day of the experiment, the animals

were weighed, nose to anus length was measured and BMI
index was calculated according to the equation [body
weight (g) / length2 (cm2)]?*. Abdominal circumference
(AC) was measured in the largest zone of the rat’s abdomen
according to Gerbaix et al.®!.

Blood Sampling

When the experimental period ends with animals
overnight fasting, samples of blood were taken from
retro-orbital sinus of each rat and put in centrifuge tubes
until occurrence of clotting and separation of the serum
by centrifugation of blood 3000 rpm for 15 minutes. The
serum was aspirated by automatic pipettes and kept in deep
frozen at -20° C until tested according to Abassi et al.*S).

Biochemical Analysis

Serum alanine aminotransferase (ALT), aspartate
aminotransferase ~ (AST), total cholesterol (TC),
triglycerides (TG), high-density lipoprotein (HDL), and
hepcidin were measured using the corresponding ELISA
kits (Sun Red Biotechnology, Shanghai, China) following
manufacturer's protocols. IL-6 and ferritin were measured
using ELISA kits (Mybiosource Co. China, Egyptian
Co. for Biotechnology, Egypt, respectively) according
to manufacturer's instructions. Serum iron measured by
Quantichorm TM Iron Assay Kits (BioAssay System,
China) as stated by manufacturer's guidelines. Low-
density lipoprotein (LDL) levels were assessed using the
equation: LDL=TC-HDL-TG/5 according to Friedewald
et al.”", Very low-density lipoprotein (VLDL) levels were
measured. using the equation: VLDL= TG/5 according to
Wilson et al.?®.

Tissue Sampling

A small portion of hepatic tissue was excised then
the homogenate was used for biochemical estimations of
hepatic iron using Quantichorm TM Iron Assay Kits and
hepatic reactive oxygen species (ROS) using rat ROS
ELISA kits according to manufacturer's instructions
according to Siqueira et al.**l.

Histopathological Examination

For microscopic evaluation, the liver tissues were
obtained from each animal and then dissected and
submerged in 10% formalin saline for two days to be treated
to make 5-um-thick paraffin sections and subsequently
stained with Hematoxylin and Eosin (H&E) to view the
histological features, Masson's trichrome to identify the
fibers of collagen and Prussian blue for detection of iron
deposition.

Histopathologic scores of NAFLD were accepted
when: the degree of steatosis was as follows: (0: <5%,
1: 5%-33%, 2 : >33% -66%, and 3: > 66%) ,. The degree
of hydropic degeneration was as follows (0: no hydropic
degeneration, 1: < 25%, 2: between 25% and 50%, and 3:
> 50%). Portal tract affection was classified as none, mild,
moderate, and severe (0-3) as follows (0: no inflammation,
1: scanty cells of inflammation in 1/3 of portal tracts,
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2: increased inflammatory cells in >1/3-2/3 of portal
tracts, and 3: heavily packed of inflammatory cells in >2/3
of portal tracts)B.,

Statistical analysis

The statistical analysis was done using SPSS program
(version 18) (SPSS Inc. Chicago, IL, USA). The data
obtained in this study were presented as mean = SD.
One-way Analysis of Variance (ANOVA) (followed by
LSD post hoc test and Tukey’s post hoc test) was used to
relate statistical differences between the groups. Pearson’s
correlation was used to analyze correlations between %
areas of hepatic iron deposition and hepatic fibrosis in
all studied groups. The histopathologic scores of NAFLD
were evaluated by Kruskal-Wallis test followed by Mann-
Whitney test to state difference between groups. P value
<0.05 was considered statistically significant for all
performed statistical tests.

RESULTS

Table 1 showed the results of anthropometric, serum
and hepatic parameters in all studied groups. As regard
the anthropometric parameters, the final BMI and AC
showed a significant time-dependent increase in 4W
and 12W-HFD groups when compared with their time-
matched ND groups and a significant decrease in 4W and
12W-HFD+VD groups when compared with their time-
matched HFD groups. No significant difference was found
between 4W-HFD+VD and 4W-ND groups. However, a
significant increase was found in 12W-HFD+VD group
when compared with 12W-ND group.

As regard the serum biochemical parameters, the levels
of ALT, AST, TC, TG, LDL, VLDL, hepcidin, IL-6, ferritin
were significantly and progressively increased in 4W and
12W-HFD groups in comparison to their time-matched ND
groups and significantly decreased in 4W and 12W-HFD
+VD groups when compared with their time-matched HFD
groups. Also, serum hepcidin levels were significantly
decreased in 4W and 12W-ND+VD groups when compared
with their time-matched ND groups. All parameters
showed insignificant difference in 4W-HFD+VD when
compared with 4W-ND groups, however, they showed a
significant increase in 12W-HFD+VD group when related
with 12W-ND group except for AST and ferritin which
showed insignificant difference.

However, serum levels of HDL and iron showed a
significant progressive decrease in 4W and 12W-HFD
groups in comparison to their time-matched ND groups and
a significant increase in 4W and 12W-HFD +VD groups
when compared with their time-matched HFD groups.
Also, iron serum levels were significantly increased in 4W
and 12W-ND+VD groups when compared with their time-
matched ND groups. No significant difference in serum
levels of HDL and iron was found between 4W-HFD+VD
and 4W-ND groups. However, a significant decrease was
found in 12W-HFD+VD group when compared with 12W-
ND group.

As regard the Hepatic parameters, hepatic iron and
ROS levels were significantly increased in 4W and
12W-HFD groups in comparison to their time-matched ND
groups and significantly decreased in 4W and 12W-HFD
+VD groups when compared with their time-matched HFD
groups. Also, they were significantly decreased in 4W and
12W-ND+VD groups when compared with their time-
matched ND groups. No significant difference in hepatic
iron and ROS levels was found between 4W-HFD+VD and
4W-ND groups. However, a significant increase was found
in 12W-HFD+VD group when compared with 12W-ND
group.

Histological assessment of the liver

Light microscopic examination of liver tissue from all
experimental groups were seen in figures 1-6. The hepatic
tissue from the 4W-ND (Figures la,b) and 4W-ND+VD
(Figures lc,d) groups revealed normal structure of
hepatocytes, it was arranged in cords around the central
vein and separated by blood sinusoids. Hepatocytes
had rounded vesicular nuclei and acidophilic cytoplasm
whereas 4W-HFD group showed fat deposition in
hepatocytes (Figures 2a,b). In 4W-HFD+VD group hepatic
sections exhibited retained normal structure of hepatocytes,
with less fat deposition and displayed a similar form to the
control group (Figures 2c¢,d).

The hepatic tissue from 12W-ND (Figures 3a,b) and
12W-ND+VD (Figures 3c,d) groups showed the same
normal structure as in 4W-ND group. 12W-HFD group
displayed degenerative alterations in hepatocytes along
with fat droplet deposition and infiltration of inflammatory
cells (Figures 4a,b). 12W-HFD+VD group displayed a
similar form to 4W-HFD+VD group with less fat deposition
and inflammatory cells (Figures 4c,d).

Table 2 shows histopathological scoring of NAFLD
in all studied groups. Administration of vitamin D3 along
with HFD in 4 and 12 week groups induced a significant
decrease in the grades of fat deposition in hepatocyte,
hydropic degeneration and portal tract inflammation in
comparison to the corresponding HFD groups.

Figure 5 shows Prussian blue stain results in all
studied groups. No iron deposition was found in
4W-ND, 4W-ND+VD, 12W-ND and 12W-ND+VD
groups (Figures 5a,b,e,f) respectively. Apparent
significant increase in iron deposition was detected mainly
inside blood sinusoid in 4W-HFD group (Figure 5c) as
compared to 4W-ND group. In contrary, the 4W-HFD+VD
group showed significant decrease in iron deposition
inside the blood sinusoids as compared to the 4W-HFD
group (Figure 5d). As
regard the 12W-HFD group, there was obvious increase in
iron deposition mainly in blood sinusoids which revealed
a significant increase compared to both 12W-ND and
4W-HFD groups (Figure 5g). However, the 12W-HFD+VD
group revealed a significant decrease in iron deposition in
comparison to the 12W-HFD group, but still revealed a
significant increase when compared to the 12W-ND group
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(Figure Sh). These outcomes were confirmed statistically
by measuring the % area of iron deposition in liver tissues

(Figure 51).

Figure 6 shows Masson's trichrome stain results in all
studied groups. Delicate collagen fibers were found around
the portal triad in 4W-ND, 4W-ND+VD, 12W-ND and
12W-ND+VD groups (Figures 6a,b,e,f) respectively. The
4W-HFD group displayed apparent increase in collagen
fibers around the portal triad that exhibited a significant
increase compared to 4W-ND group (Figure 6c). In
contrary, the 4W-HFD+VD group showed significant
decrease in collagen fibers around the portal triad as
compared to the 4W-HFD group (Figure 6d). As regard
the 12W-HFD group, there was obvious increase in
distribution of fibers of collagen around the portal triad

‘,1d &%< % a‘,_d p

where it revealed a significant increase compared to both
12W-ND and 4W-HFD groups (Figure 6g). However,
the 12W-HFD+VD group revealed significant decrease
in collagen fibers in comparison to the 12W-HFD group,
but revealed a significant increase when compared to the
12W-ND group (Figure 6h). These results were confirmed
statistically by measuring the % area of the collagen fibers
in liver tissues (Figure 61).

Table 3 shows correlation between % area of hepatic
iron deposition indicated by Prussian blue stain and % area
of hepatic fibrosis indicated by Masson's trichrome stain
in all studied groups. A significant positive correlation was
found between hepatic iron deposition and hepatic fibrosis
in 4W-HFD, 4W-HFD+VD, 12W-ND+VD, 12W-HFD and
12W-HFD+VD groups.

<

§ .
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Fig.1: Photomicrographs of H&E-stained rat liver tissues of 4W- normal diet groups: 4W-ND (a, b), 4W-ND+VD (c, d). Fig.1 (a, ¢) show normal structure
of the liver with firmly arranged cords of polygonal hepatocytes having rounded vesicular nuclei and acidophilic cytoplasm (arrowheads) radiating from the
central vein (CV) and separated by blood sinusoids (S). Fig.1 (b, d) show the portal area containing the portal vein (PV) and the bile duct (Bd) surrounded by
normal hepatocytes (arrowheads) and separated by blood sinusoids (S). Scale bar= 50 um, x400
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A
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Fig. 2: Photomicrographs of H&E-stained rat liver tissues of 4W- high fat diet groups: 4W-HFD (a, b) and 4W-HFD+VD (c, d): Fig.2 a shows interrupted liver
structure around slightly dilated and congested central vein (CV). Most hepatocytes demonstrate macrovesicular (F) and microvesicular (f) fat droplets. Few
hepatocytes show hydropic degeneration with vacuolated cytoplasm (curved arrow) and some normal hepatocytes can be observed (arrowhead). Fig.2 b shows
the portal triad, portal vain (PV), hepatic artery (Ha) and bile duct (Bd). Most hepatocytes demonstrate macrovesicular (F) and microvesicular (f) fat droplets
and some normal hepatocytes can be observed (arrowhead). Fig.2 ¢ shows nearly normal appearance with slightly dilated central vein (CV). Most hepatocytes
exhibit rounded vesicular nuclei and acidophilic cytoplasm (arrowhead) and separated by slightly dilated blood sinusoids (S). Minimal microvesicular fat
drplets (f) can be noticed. Fig.2 d shows the portal triad [portal vein (PV), hepatic artery (Ha) and bile duct (Bd)[! is surrounded by normal hepatocytes
(arrowheads) and well-organized blood sinusoids (S). A few dispersed hepatocytes containing minute vacuoles (f) can be observed. Scale bar= 50 pm, x400

Fig. 3: Photomicrographs of H&E-stained rat liver tissues of 12W- normal diet groups: 12W-ND (a, b), 12W-ND+VD (c, b). Fig. 3 (a, ¢) show normal structure
of the liver with firmly arranged cords of polygonal hepatocytes with rounded vesicular nuclei and acidophilic cytoplasm (arrowheads) radiating from the
central vein (CV) and separated by blood sinusoids (S). Fig.3 (b, d) show the portal area containing the portal vein (PV) and bile duct (Bd) surrounded by
normal hepatocytes (arrowheads) and blood sinusoids (S). Scale bar= 50 pm, x400
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liver structure around dilated central vein (CV). Most hepatocytes have vacuolated cytoplasm with hydropic degeneration (curved arrow). Macrovesicular (F)
and branch of hepatic artery (Ha) and microvesicular (f) fat droplets can be observed. Fig.4 b shows proliferation of the bile ducts (Bd) with mononuclear
cell infiltrations (Star). Most hepatocytes have vacuolated cytoplasm with hydropic degeneration (curved arrow). Macrovesicular (F) and microvesicular (f)
fat droplets can be observed. Fig.4 ¢ shows most hepatocytes with rounded vesicular nuclei and acidophilic cytoplasm) but few hepatocytes have vacuolated
cytoplasm with dark nuclei (curved arrow) radiating from slightly dilated central vein (CV). Minimal macrovesicular (F) and microvesicular (f) fat droplets
can be noticed. Fig.4 d shows some normal hepatocytes with rounded vesicular nuclei and acidophilic cytoplasm (arrowhead) and other hepatocytes have
vacuolated cytoplasm with dark nuclei (curved arrow). Slightly dilated portal vein (PV) and bile duct (Bd) surrounded by few mononuclear cell infiltrations
(star) can be observed. Minimal microvesicular fat droplets (f) can be noticed. Scale bar= 50 um, x400

4vVv-ND
4vV-ND+VD
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12W-HFD+VD

% Area of iron deposition
N & O ® O

Fig.5: Prussian blue stained liver sections in different experimental groups: a) 4W-ND, b) 4W-ND+VD, ¢) 4W-HFD, d) 4W-HFD+VD, ¢) 12W-ND f),
12W-ND+VD, g) 12W-HFD and h) 12W-HFD+VD. Arrows indicates increase blue staining of iron deposition inside the blood sinusoid in 4W-HFD and
12W-HFD compared to 4W-ND and 12W-ND groups and decrease in iron deposition in 4W-HFD+VD and 12W-HFD+VD compared to 4W-HFD and
12W-HFD. i) Bar chart demonstrating the analysis of the % area of iron deposition (x400) of the different experimental groups.* Significant difference
compared to the 4W-ND, P<0.05. # Significant difference compared to the 4W-HFD group, P<0.05. @ Significant difference compared to the 12W-ND group,
$ Significant difference compared to the 12W-HFD group, P< 0.05. blue, x 50 um, x400.
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Masson Trichrome
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Fig.6: Masson's trichrome stained liver sections in different experimental groups: a) 4W-ND group, b) 4W-ND+VD, ¢) 4W-HFD, d) 4W-HFD+VD, ¢) 12W-
ND, f) 12W-ND+VD, g) 12W-HFD and h) 12W-HFD+VD. Arrows indicates green staining of the collagen fibers around the portal triad (portal vein (PV),
bile duct (Bd), hepatic artery (Ha) which increases in 4W-HFD and 12W-HFD compared to 4W-ND and 12W-ND groups and decreases in 4W-HFD+VD
and 12W-HFD+VD compared to 4W-HFD and 12W-HFD. i) Bar chart demonstrating the analysis of the % area of collagen fibers (x400) of the different
experimental groups. * Significant difference compared to the 4W-ND, P< 0.05. # Significant difference compared to the 4W-HFD group, P< 0.05. @
Significant difference compared to the 12W-ND group, $ Significant difference compared to the 12W-HFD group, P< 0.05. Masson trichome, x 50 um, x400.
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Table 1: Measured parameters in all studied groups (mean + SD)

Groups 4W-ND 4W-HFD
m\ 4W-ND D 4W-HFD D 12W-ND  12W-ND+VD 12W-HED 12W-HFD+VD
Final BMI ab be abed be abedef abdefe
(&/em2) 0.51£0.07  0.48£0.02  0.72+0.09*  0.54£0.06°¢  0.63+£0.02b<¢  0.630.02" 0.84£0.020bdef  (0.7240,02004et
Final AC (cm)  17.540.9  16.6%1.1 23.3+1.1% 182411 21.120.6°04  20.320.5%0d 24 60.62beders 22 440,500 etz
SGTLTRSLT 38754149 36251148  99.37£7.29% 4204370 39.25:1.04°  37.62+1.06°  162.50£7.07+bcder  104.0048.7]hdet
SGTLTJY\IL/;ST 14548.1 14125274 163.1247.5°  150.63£6.23"  145.634£7.8°  141.50£4.80  193.50£13.2:0edel  [5] 7545 btz
s?rr;;;le)c 736433 70.6£17  1232459%  76.6£1.70¢ 76.542.6>¢ 75.543.8b¢ 163.14£5.200edef ][] 445 gubedefe
S?r‘;l”g/‘ dT)G 442444 414553 795540  46.50:537  49.141.8bc  49.042.4bc  110.7£10.1%beder 7], |sbedels
Serum HDL b b bedet bade.f,
(me/d) 425617 43716 33.943.1% 41.6242.3% 42.3+1.5¢ 43.140.8° 26.3+1 gubede 33,142 30bdets
Serum LDL ab ¢ c c abedef abedefg
(mg/d) 213426  20.6£1.6 73.5+7.9% 25.742.3 24.4+3.0 22.6+3.9 113.6£5.bedef 64, ]£6, |sbedes
Serum VLDL ¢ 4.9 83411 15.9:0.8% 9.341.1¢ 0.8+0.4¢ 0.8+0.5¢ 22,122, 0vbeded  [4.2:] ebedets
(mg/dl)
Serum
Hepcidin 41951 2226£1.7°  196.17427.9%  52.149.7°¢  49.3247.4b¢ 252044204 361.214£32.8bedel 9447431 2abdets
(ng/ml)
Se(g‘g“;nllﬁ'é 451448 41545 73.749.9% 48.5+4.0¢ 47.9+5 4 44,6547 206.6£12.300der 89 |49 Subeders
Se(r:l‘g} ;lr)"“ 13234162 154.6£13.7°  101.3+83*  122.549.6°  1332+16.9% 1533132000 64.546.9eboder 93,748,720 de ke
Sen(llr:g/Fneqr)mm 185.6£6.7  180.0£7.0  209.7+11.3*>  190.5%6.5¢ 184.47.1¢ 173346550 223.6£10.4%beder 182.347.95
HepaticIron 23 .5 5 gg34060 87.0+3.0° 76.0+1.9% 7704245 69.044.9%de  ]39 [£5 4sbedel  9Q 316 Subedefs
(ng/g tissue)
Hepatic ROS ) 4 05 1280020 182004 142005  1420.04%  1320.03wde 2420 28bedes 1,60, ]=boders
(nmol/mg)

W: week; ND: normal diet; HFD: high-fat diet; VD: vitamin D3; AC: abdominal circumference; ROS: reactive oxygen species. a: significant versus 4W-ND
group, b: significant versus 4W-ND+VD group, c: significant versus 4W-HFD group, d: significant versus 4W-HFD+VD group, e: significant versus 12W-ND
group, f: significant versus 12W-ND+VD group, g: significant versus 12W-HFD group.

Table 2: Histopathological scoring of NAFLD in all studied groups (Median+ IQ range)

4W-ND

4W-HFD

4W-ND 4W-HFD 12W-ND  12W-ND+VD 12W-HFD  12W-HFD+VD  Chi-square
+VD +VD
Steatosis 0 (0-0) 0 (0-0) 2.5 (1-3)* 0(0-2)° 0(0-0)° 0(0-0)¢ 3 (2-3)bdef 1 (0-2)»beete »<0.001
Hydropic ab ¢ ¢ c abcdef abefg
Degeneration 0 (0-0) 0 (0-0) 1(1-2) 0(0-1) 0 (0-0) 0 (0-0) 2.5(1-3) 1(0-2) p<0.001
Portal Tract ab c c c ab.odef abefg
inflammation 0 (0-0) 0 (0-0) 1(1-2) 0(0-1) 0 (0-0) 0 (0-0) 2 (1-3) 1(0-2) 1<0.001

W: week; ND: normal diet; HFD: high-fat diet; VD: vitamin D3. a: significant versus 4W-ND group, b: significant versus 4W-ND+VD group, c: significant

versus 4W-HFD group, d: significant versus 4W-HFD+VD group, e: significant versus 12W-ND group, f: significant versus 12W-ND+VD group, g: significant
versus 12W-HFED group.

Table 3: Correlation between % area of hepatic iron deposition and hepatic fibrosis in all studied groups

Groups R P value

4W-ND 0.572 P>0.05 (0.138)
4W-ND+VD 0.552 P>0.05 (0.156)
4W-HFD 0.779 P<0.05 (0.023)
4W-HFD+VD 0,808 P<0.05 (0.015)
12W-ND 0.383 P>0.05 (0.349)
12W-ND+VD 0.740 P<0.05 (0.036)
12W-HFD 0.857 P<0.01 (0.007)
12W-HFD+VD 0.885 v<0.01 (0.003)

W: week; ND: normal diet; HFD: high-fat diet; VD: vitamin D3

839



VITAMIN D3 SUPPRESSES HEPCIDIN EXPRESSION

DISCUSSION

The risk of developing NAFLD has been correlated
to the excessive fat intake among animals and humans?'.
Also, hepatic fat accumulation was considered the first
mark in the pathogenesis of the NAFLDE2. In the present
study, the final body weight, AC, BMI, serum levels of
TC, TG, LDL and VLDL showed a significant and time-
dependent increase in the 4 W and 12W-HFD groups
accompanied by a significant decrease in HDL level in
the same groups. These results which indicate that obesity
was successfully induced by HFD are consistent with
those of several previous studies on HFD-fed rats2*-#334,
Moreover, the results of liver histopathology demonstrated
fat deposition in hepatocytes of 4W-HFD group indicating
hepatic steatosis, while, degenerative changes were found
in hepatocytes of 12W-HFD group accompanied by
inflammatory cell infiltration indicating NASH®3..

Hepatocytes arranged in disordered manner with losing
of liver architecture. It showed vacuolated cytoplasm
with hydropic degeneration 4W and 12W-HFD groups.
These results are inconsistence of Jahn et al.®> who added
that there was hepatocellular ballooning with marked
inflammatory cell infiltration around hepatocytes and
diffuse infiltration around the portal vein in high fat sugar
diet fed rats compared to low fat diet fed rats .

A concomitant significant and time-dependent increase
in liver enzymes was found in HFD groups. Consistent
with these results, several studies reported the occurrence
of hepatic steatosis and steatohepatitis in HFD-fed rats
after 4 and 12 weeks respectively*3¢37],

It was reported that pro-inflammatory cytokines are
integrated in the pathogenesis of NAFLDP®. Also, NAFLD
was presented as a chronic inflammatory condition that
involve both systemic and intrahepatic inflammation".
Consistent with these studies, the current study revealed a
significant and progressive rise in serum levels of IL-6 in
4W and 12W-HFD groups. This study revealed a significant
time-dependent increase in serum hepcidin levels in
4 W and 12W-HFD groups. This finding is consistent
with other studies that revealed elevated hepcidin levels
in NAFLD!4¥*4%  This increase may be explained by
the inflammatory condition that accompanied NAFLD
induced by HFD and was confirmed by increased serum
IL-6 levels. Consistent with this explanation, some studies
demonstrated increased hepcidin levels in obesity and
other chronic inflammatory conditions*'#%. Also, hepcidin
was reported to be induced by systemic or intrahepatic
inflammation!l. Moreover, hepcidin was found to be up
controlled by pro-inflammatory cytokines including IL-
6, IL-1 and TNF-o%!. In contrast to the previous studies,
the study by Lu et al.™ reported that lack of hepcidin
expression might cause early development of fibrosis
in NAFLD following HFD. Also, other studies found
that circulating hepcidin levels were associated with the
presence of obesity rather than NAFLDU441,

Increased hepatic iron deposition was found in NAFLD,
but the mechanisms incriminated in this deposition are
still unclear™. Valenti et al' linked hepatocellular
iron deposition with the severity of liver fibrosis. In line
with these reports, the existing study had a significant
and time-dependent increase in hepatic iron level in 4W
and 12W-HFD groups. This finding was confirmed by
the results of Prussian blue stain of hepatic tissue which
revealed significant increase in iron deposition mainly
inside blood sinusoid in 4W and 12W-HFD groups.
Moreover, the results of Masson's trichrome stain of hepatic
tissue showed significant increase in fibers of collagen
around the portal triad in 4W and 12W-HFD groups. Also,
a significant positive correlation was found between the %
area of hepatic iron deposition and hepatic fibrosis. These
findings of Masson's trichrome stain are consistent with
those of Zhu et al.l. The present study suggested that
elevated hepcidin levels may be incriminated in inducing
increased hepatic iron deposition.

In support of this hypothesis, the study by Pietrangelo!*!
reported that hepcidin induced by inflammatory cytokines
in NAFLD might cause hepatic iron deposition. Moreover,
increased hepatic hepcidin level was reported to be
associated with iron retention in hepatic macrophagest*’%.

Oxidative stress was reported to have a crucial role in
the development and advancement of NAFLD through
inducing changes in insulin sensitivity and modulation of
inflammation. Excess iron caused damage to cells from
oxidative stress due to generation of ROSP. Nelson et al.F
reported that elevated hepatic deposition of iron induced
generation of ROS that increased hepatic oxidative stress
and inflammation, resulting in liver injury, steatohepatitis
and fibrosis. Consistent with these studies, the present
study showed a significant increase in hepatic ROS level
in HFD groups which can be attributed to the increased
hepatic iron established in these groups.

This study showed an increase in a serum ferritin levels
significantly in HFD groups when matched with control
groups which may be attributed to increased hepatic
iron overload found in these groups. In accordance with
this finding, Britton et /) and Ryan et al.V reported
that iron could cause hyperferritinemia either by direct
release of ferritin or cytokine-—mediated stimulation
of ferritin release by other cells, and thus ferritin levels
reflect liver iron in NAFLD. Also, hyperferritinaemia
was associated with obesity and insulin resistance in
NAFLD and serum ferritin was considered a biomarker
of body iron stores®%2, Moreover, hyperferritinemia was
observed in one-third of patients with non-alcoholic fatty
liver disease (NAFLD) and Metabolic Syndrome!'*. In
contrast, the study by Bugianesi ez al.**! demonstrated that
serum ferritin level was not associated with hepatic iron
concentration in NAFLD, but was considered a marker of
severe histologic damage., Kim et al.’¥ correlated ferritin
levels with the severity of NAFLD in absence or presence
of hepatic iron deposition. The present study also found a
significant decrease in serum iron levels in HFD groups
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when compared with control groups. This decrease may
be explained by elevation of serum hepcidin level in HFD
groups that caused iron retention inducing decrease in
serum iron. Consistent with our finding, Ganz?®* found that
the increased hepcidin levels induced iron sequestration
within reticuloendothelial system resulting in decrease iron
available for erythropoiesis and hemoglobin synthesis.
Also, Ryan et al.®" reported that serum iron was lower in
NAFLD patients where iron is sequestered in macrophages.

The connection between vitamin D deficiency,
obesity and severity of NAFLD has been investigated.
Cordeiro et al.5% reported increased prevalence of vitamin
D deficiency in obese individuals, that worsens with
progression of NAFLD. Moreover, Dasarathy et al.!"!
linked hypovitaminosis D with the severity of NAFLD.
Consistent with this, the present study showed that vitamin
D3 significantly reduced serum levels of TC, TG, LDL,
VLDL and liver enzymes, but significantly increased
serum levels of HDL in 4 W and 12W-HFD groups in
comparison to their time-matched HFD groups. Parallel to
these changes, the histopathological examination of liver
tissue revealed that vitamin D3 abolished the pathological
changes of NAFLD induced by HFD in 4W group, nearly
retained the normal architecture of hepatocytes, and
markedly attenuated the changes induced by HFD in 12W
group. This finding showed similar result with the study by
Zhu et al ! who reported that lipid profile, liver enzymes
and histopathological changes of NAFLD were markedly
reduced in animals administrated with vitamin D along
with HFD in comparison to HFD groups.

Vit.D3 co-adminisration showed a decrease cytoplasmic
vaculation and fat deposition in hepatocytes in 4W and
12W-HFD groups, these data are inconsistence with Bingul
etal.’”! who observed that there was neither microvesicular
steatosis nor hepatocyte ballooning in alchoholic and non
alchoholic fatty liver diseases .

Vit. D3 treatment diminished hepatic ROS formation,
lipid and protein oxidation products and inflammation in
the liver together with histopathological improvements
as improvement of hepatic architecture, decrease in
the grades of fat deposition in hepatocyte, hydropic
degeneration and portal tract inflammation in comparison
to the corresponding HFD groups. These results are in
accordance with Bingul etal.®” who stated that, there was
improvement of the biochemical and histopathological
results in alchoholic and non alchoholic fatty liver diseases.

The present study also demonstrated that vitamin
D3 produced significant reduction in BMI and AC. This
finding is constant with the study by Farhangi et a/.*"
which demonstrated that vitamin D reduced food intake
and weight gain in HFD-induced obese rats. In contrast to
our results, the studies by Wamberg et al.*® and Mason
et al.®! showed that treatment with vitamin D had no
effect on body weight reduction. Also, Sharifi et al.[®C
found that vitamin D did not change the serum levels
of hepatic enzymes in adults with NAFLD. In addition,

Tabrizi et al.® reported that vitamin D did not affect lipid
profiles in patients with NAFLD. The reason for this may
be attributed to the species difference as these studies were
performed on human patients.

Vitamin D was reported to reduce the production of
inflammatory cytokines and induce anti- inflammatory
responsel®>%¥, In line with these reports, the present study
found that vitamin D3 significantly decreased serum IL-6
levels in 4 W and 12W-HFD groups when compared
with their time-matched HFD groups. Consistent with
this finding, Bikle!*! found that vitamin D reduced the
expression of inflammatory biomarkers in adults with
NAFLD.

Vitamin D was presented as a potent regulator of
hepcidin trough suppression of hepcidin in monocytes and
hepatocytes!. Additionally, it was reported that high-dose
vitamin D induced alterations of the hepcidin-ferroportin
axis in monocytes through decreasing hepcidin while
increasing ferroportin in the presence of an inflammatory
stimulus and led to a reduction of pro-hepcidin cytokine,
IL-6 and IL-1b, therefore facilitating iron efflux during
inflammation(®¥]. Based on these findings, the current study
investigated the vitamin D3 effect on serum hepcidin
level and found that vitamin D3 significantly reduced
serum hepcidin levels in 4 and 12W-HFD-fed groups
when compared with their time-matched HFD groups.
This effect may be explained by the anti-inflammatory
effect of vitamin D3 through decreasing the level of IL-6.
This explanation is supported with the studies by Baeke
et al!® and Nemeth®! which reported that vitamin D
inhibits the production of inflammatory cytokines which
directly induce hepcidin production. In contrast to these
studies, Atkinson et al.®"! reported insignificant change
in serum IL-6 and hepcidin levels after cholecalciferol
treatment in children with chronic kidney disease. This
distinction may be explained by the different underlying
pathological condition and/or the species difference. The
present study also found that vitamin D3 significantly
reduced serum hepcidin level in normal diet groups. This
finding led us to suggest that vitamin D3 has a direct effect
on hepcidin level independent of inflammatory cytokines.
This finding is consistent with the study by Smith et a/.[*®)
which revealed that vitamin D3decreased plasma hepcidin
significantly in healthy adults, in absence of inflammatory
conditions.

Vitamin D is a well-documented suppressor of
oxidative stress®*", Farhangi et a/.?! reported a reduction
in levels of oxidative stress indices after vitamin D intake.
In agreement with these studies, the present study revealed
that vitamin D3 significantly reduced hepatic ROS level
in 4 and 12W-HFD-fed groups when compared with their
time-matched HFD groups. This anti-oxidant effect of
vitamin D3 may be explained by the suppressive action
of vitamin D3 on serum hepcidin level which negatively
regulate iron leading to increase in serum iron and decrease
hepatic iron. The diminished hepatic iron is suggested to
decrease the production of hepatic ROS level and thus
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protect the liver against its oxidative injury. To confirm this
hypothesis, the hepatic iron, serum iron and serum ferritin
were measured in vitamin D3-treated groups. The present
results demonstrated a significant reduction in hepatic iron
and serum ferritin, while, a significant increase in serum
iron in comparison to HFD groups. These findings were
further confirmed by the results of Prussian blue staining of
hepatic tissue which showed that vitamin D3 significantly
diminished iron deposition in 4 and 12W-HFD-fed groups
compared with their time-matched HFD groups. This
reduction in hepatic iron deposition was accompanied
by significant reduction in hepatic fibrosis indicated by
decrease of % area of collagen fibers in the hepatic tissues
stained with Masson's trichrome stain. Consistent with
the present findings, Dunn et al.""! reported that vitamin
D decreased hepatic iron and serum ferritin through its
suppressive effect on hepcidin. Additionally, the study
by Zhu et al.”®) demonstrated a reduction in the level of
fibrosis in hepatic tissues of vitamin D-treated HFD group
in comparison to HFD groups. In contrast to the previous
studies, Braithwaite et al.’” reported that vitamin D3 had
no effect on hepcidin or other markers of iron status and
inflammation in pregnancy. This contradiction may be
explained by presence of other implying factors such as
hormonal changes occurring in pregnancy.

The present study found that vitamin D3 significantly
increased serum iron level in 4 Wand 12W-ND groups
when compared with their time-matched ND groups. This
effect may be explained by the direct effect of vitamin
D3 on hepcidin which was found to be increased in the
same groups. Consistent with this finding. Bacchetta
et al.?? demonstrated that vitamin D might directly affect
serum hepcidin level through vitamin D response element
on the HAMP gene of hepcidin. Furthermore, the study
by Smith et all® showed that high-dose vitamin D3
supplementation significantly reduced circulating hepcidin
concentrations after one week among healthy adults in
absence of inflammatory conditions.

CONCLUSION

The current study found that administration of vitamin
D3 abolished the NAFLD changes associated with HFD
in 4 weeks group, and markedly attenuated the changes
associated with HFD in 12 weeks group. The protective
effect of vitamin D3 against progression of NAFLD may be
mediated by suppression of hepcidin level and subsequent
reduction in hepatic iron deposition that decrease oxidative
stress-mediated hepatic injury and fibrosis.
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