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Introduction

Background: Nonalcoholic fatty liver disease is the commonest chronic liver disease worldwide.
Its prevalence steadily increased. The development of preventive measures is crucial. Aim of
the work: to investigate the role of vitamin D in non-alcoholic fatty liver disease.
Methodology: Thirty Male Wistar rats were randomly assigned to three equal groups; the
control group. The high fructose group (for induction of NAFLD), and the high fructose group
plus vitamin D3, where rats fed fructose in drinking water and had intraperitoneal injection of
vitamin D3 (5ug/kg; each two days for 8 weeks). Blood and liver samples were collected for
laboratory and histopathological examination.  Then liver lipid contents and hepatic
glutathione were determined and scoring of fibrosis and steatosis was calculated. Results: Liver
weight and index were significantly increased in groups Il and Ill when compared to control
group. Blood glucose was significantly increased in group Il and Ill when compared to control
group. However, it was significantly lower in group Il than group Il (190.60+11.06 vs
206.20+12.80 mg/d|, respectively). Serum insulin significantly reduced in groups Il and Il than
control group. HOMA significantly increased in group Il than control group (1.88+0.17 vs
1.53%0.15, respectively) and group Ill. Liver total cholesterol was significantly increased in group
Il than control and the third groups (5.39+0.67 VS 4.43%0.32 and 4.28+0.31 umol/g tissue,
respectively). Histopathological examination of the liver sections revealed steatosis and
hepatocyte ballooning in high fructose group, but there was no fibrosis. Vitamin D
supplementation significantly decreased the steatosis and hepatocyte ballooning scores in high
fructose group. Conclusion: Vitamin D3 supplementation could alleviate the hepatic lesions
associated NAFLD induced by high fructose diet. This could be exerted by many mechanisms,
chiefly anti-oxidative stress actions. Other potential mechanisms should be investigated.

be obtained through proper nutrition. However, ergocalciferol

Nonalcoholic fatty liver disease (NAFLD) is one of the
commonest chronic diseases of the liver. NAFLD started by a
condition called steatosis, which is a reversible pathology.
Steatosis increased susceptibility of the liver to damage by
oxygen radicals (reactive oxygen species), with subsequent
advancement of steatosis to more advanced pathology of the
liver (e.g, nonalcoholic steatohepatitis (NASH), fibrosis and
even cirrhosis) (1). Thus, prevention of steatosis or its
transformation to advanced lesions of the liver represents the
base of different therapeutic strategies (2). Vitamin D is
usually present in one of two forms: Vitamin D2
(ergocalciferol) and  Vitamin D3  (cholecalciferol).
Ergocalciferol (Vitamin D2) present in different food and can
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(Vitamin D3) is synthesized in vivo in presence of ultraviolet
light on the skin. Both forms are metabolized with
hydroxylation reactions, leading to production of 25-
hydroxyvitamin D [25(OH) D], which used as an indicator of
vitamin D stores. The first hydroxylation reaction takes place
in the liver, while the second hydroxylation process occurs in
the kidneys, resulting in the production of 1,25
dihydroxyvitamin D [1,25(0OH)2D] (the active form of Vitamin
D) (3,4). Active form of vitamin D exerts its functions by
binding to Vitamin D receptor (VDR) in the nucleus. The main
and primary target of vitamin D is the bone, kidney, and
intestines. but, VDRs are available in others tissues (e.g.,
endocrine system, immune system, muscles, liver and brain).
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Thus, it could play a role in gene regulation, immune function,
cellular growth and differentiation, protein synthesis and
inflammation, in addition, to its primary role in regulation of
bone homeostasis. It was reported to play a crucial preventive
role of many diseases like hypertension, diabetes, autoimmune
diseases, cardiovascular diseases and even cancer (3-7).

It had been proposed that, vitamin D deficiency may stimulate
insulin resistance, and play a pathogenetic role in the
development of metabolic syndrome and NAFLD (8-12). The
mechanism under the association between vitamin D
deficiency and fatty liver is not fully understood. However, it
was proposed to be due to increased oxidative stress, cytokine
production or increased apoptosis (13-16).

High fructose diet is used to induce metabolic syndrome (17)
and fatty liver in experimental models. However, the
knowledge about role of vitamin D-supplementation in such
models is limited (18).

Aim of the work
The current study aimed to investigate the role of vitamin D in
non-alcoholic fatty liver disease

Materials and methods

Fructose (Fr), and other chemicals were purchased from
Sigma-Aldrich (Saint-Louise, MI, USA). Vitamin D2 was
obtained from (e.g., EI- GOMHOURIA Company for drugs,
pharmaceuticals and Medical Supplies (Egypt).

Animals: Thirty Male Wistar rats (145-165 g) were obtained
from the Faculty of Veterinary animal house (Cairo
University), Egypt. Animals were kept and housed in plastic
cages with free access to food and water. Animals were kept at
standardized conditions for one week for acclimatization.

After the end of the first week, the experiment was started and
continued for 8 weeks. All animals were fed on a laboratory
chow diet (Cairo Bio-Pharm CO, Nasr City, Cairo, Egypt). At
the start, rats were randomly assigned to three groups (each 10
rats); the first is the control group, and rats in this group were
given drinking water and injected with saline each two days
(the wvehicle) interperitoneally as the tested substances. The
second group is the high fructose group (for induction of
NAFLD), where rats received fructose (30%; w/v, in drinking
water). The third group was high fructose group plus vitamin
D3, where rats fed fructose in drinking water and had
intraperitoneal injection of vitamin D3 (5ug/kg; each two days
for 8 weeks). This dose and regiment were selected after Yin et
al. (13), where they used different doses of vitamin D (1, 3, 5
ng/kg). Here were used the higher tested dose in their study.

Sampling: At the end of the 8" week, animals had an overnight
fasting, anesthetized, sacrificed and blood samples were
collected in dry tubes, centrifuged and serum was obtained and
kept at -80°C till the time of analysis. In addition, the liver was
removed, cleaned with 0.9% NaCl, weighed and kept in ice.
The liver index was calculated from the equation [liver index =
(liver weight/body weight)/100]. Liver tissues were
homogenized in ice-cold, centrifuged at 600 g for 10 minutes
and post-nuclear fraction (PNF) was obtained and kept at —80
°C until analysis.

The following parameters were measured in serum: fasting
blood sugar, cholesterol, triglycerides, and liver enzymes (ALT
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and AST) using autoanalyzer (Automatic Biochemistry
Analyzer, No. 7179A, Hitachi, Japan). In addition, serum
insulin was measured using ELISA Kkits according to
instructions provided by the manufacturer. The insulin
resistance was determined through assessment of homeostasis
model (HOMA), which was calculated from the equation
[HOMA= fasting insulin concentration (pmol/L) x fasting
glucose concentration (mmol/L)/135 ™. High HOMA scores
indicate IR (low insulin sensitivity).

Determination of liver total cholesterol (TC) and triglycerides
((TG): the method of hepatic lipid extraction was performed as
previously described by Folch et al. (20). A solution of
chloroform: methanol (2:1) was used and levels of TC and TG
were assayed and results were expressed in pmol/g tissue.

Determination of hepatic glutathione (GSH): Hepatic
glutathione levels were estimated by the use of 5,5-dithiobis-
(2- nitrobenzoate) at 412 nm. Results were expressed as nmol/
mg protein as described previously by Beutler et al. (21).

Histopathology, scoring of fibrosis and steatosis

Liver samples were immersed in formalin fixative (10%
buffered formalin), embedded in paraffin, sectioned and
stained with hematoxylin and eosin for histologic
examinations. Masson’s trichrome staining was also performed
to show reticulin fibers of fibrotic areas. Steatosis, liver
damage, and fibrosis scores were made according to the
protocol proposed by Goodman (22). Briefly, steatosis was
score as none (0- < 5.0%), mild (5-33.0%), moderate (34-
66.0%) and severe (>67.0%). Fibrosis was categorized by
Ishak's staging system, where (0= no fibrosis, 1= fibrous
expansion of some portal areas, with or without inclusion of
short fibrous septa, 2 = expansion of fibrosis to include most
portal areas, with or without inclusion of short fibrous septa,
3= 3=fibrous expansion included most of the portal areas with
occasional portal to portal bridging; 4= expansion of fibrosis to
include areas with marked bridging (portal to portal as well as
portal to central); 5=marked bridging (portal to portal and/or
portal to central) with occasional nodules (incomplete
cirrhosis); and 6=cirrhosis, probable or definite).

Statistical analysis

Collected data were fed to Microsoft excel, coded and
transferee to the statistical analysis software package (SPSS,
version 16; SPSS Inc., Chicago, IL, USA). Normal distribution
of quantitative data was carried out by Kolmogorov-Smirnov
test. Quantitative variables were expressed as arithmetic mean
(measure of central tendency) * standard deviation (SD)
(measure of dispersion). One way analysis of variance or
Kruskal-Wallis tests were used to test significance between
groups, and in presence of significant differences, the two-way,
post hoc test or Mann-Whiteny (U) tests were used, according
to normal distribution of data. P value < 0.05 was set as
significant.

Results

Male Wistar rats were the animal model of this work to avoid
the estrogenic effect. All rats reached the end of the study.
Group | was assigned for control group, group Il for high
fructose diet and group Il for high fructose diet with vitamin
D3. The initial weight of included animals did not significantly
differ between groups. However, food intake was significantly
reduced in groups Il and Il when compared to control group
(11.10+1.0 and 12.30£1.25 vs 24.20+2.10 g/day, respectively).
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But water intake did not differ significantly between groups.
The final weight significantly decreases in group Il (high
fructose+ vitamin D3) when compared to group Il
(286.70+10.01 vs 302.30+14.47 g, respectively). However, the
difference was not significant between control group and each
of group Il or group IIl. Furthermore, both liver weight and
liver index were significantly increased in groups Il and IlI
when compared to control group. However, the difference
between groups Il and I11 was non-significant (Table 1).

In the current experimental study, blood sugar was
significantly increased in group Il and Il when compared to
control group. However, it was significantly lower in group Il
than group Il (190.60+11.06 vs 206.20+12.80 mg/dl,
respectively). Serum insulin significantly reduced in groups Il
and Il than control group. However, the difference between
groups Il and Il was not significant. HOMA significantly
increased in group Il than control group (1.88+0.17 vs
1.53+0.15, respectively) and group Il (1.64+0.15). however,
the difference between control group and group IlI, was not
significant. Total cholesterol was significantly reduced and
triglycerides were significantly increased in groups Il and 111

than control group. However, TG significantly lower in group
Il than group Il. ALT and AST significantly increased in
group Il than control group. However, both were lower in
group 111 than group Il (Table 2).

In the current work, liver total cholesterol was significantly
increased in group Il than control and the third groups
(5.39£0.67 vs 4.43+0.32 and 4.28+0.31 pmol/g tissue,
respectively). The liver TC interestingly decreased in group 11
than control group. However, the difference as non-significant.
Liver TG was significantly increased in groups Il and 111 than
control group and in group Il than group I11. However, hepatic
GSH significantly decreased in groups Il and Il than control
group (Table 3).

Histological examination

Histopathological examination of the liver sections revealed
steatosis and hepatocyte ballooning in high fructose group, but
there was no fibrosis was observed. 1,25(0OH)2D3 treatment
significantly decreased the steatosis and hepatocyte ballooning
scores in high fructose group. Steatosis did not exceed 5% in
any rat.

Table (1): Comparison between studied groups regarding body weight, liver weight, food and water intake and liver index

Control group (1) Group 11 Group 111 F p
Initial weight () 154.10+6.10 155.00+6.73 156.50+5.26 0.400 0.674
Food intake (g/day) 24.20£2.10 11.10+1.00" 12.30+1.25" 226.19 <0.001*
Water intake (ml/day) 34.90+2.23 38.30+6.36 39.70+6.45 2.10 0.142
Final weight () 296.40+14.63 302.30+14.47 286.70+10.01° 3.55 0.043*
Liver weight (g) 7.90+0.74 9.50+1.35" 9.40+1.51" 5.18 0.012*
Liver index 2.67+0.24 3.14+0.38" 3.28+0.48" 7.12 0.003*

* Indicate significant variance; # indicate significant difference when compared to control group; @ indicate significant

difference when compared to NAFLD group

Table (2): Serum levels of blood sugar, insulin, lipids and lever enzymes among studied groups

Control group (1) Group 11 Group I F p
Blood sugar (mg/dI) 125.10+6.72 206.20+12.80" 190.60+11.06™@ 167.618 <0.001*
Serum insulin (pmol/L) 29.80+2.90 22.20+2.10 20.90+1.91" 42.132 <0.001*
HOMA-IR 1.53+0.15 1.88+0.17" 1.64+0.15° 13.063 <0.001*
Total cholesterol (mg/dI) 151.0+5.89 140.0+5.33" 137.10+3.84" 20.713 <0.001*
Triglycerides (mg/dl) 43.40+2.91 100.50%5.64" 70.50+4.95"@ 377.557 <0.001*
ALT (1U/dl) 4.20+1.40 6.60£0.97" 5.20+0.92¢ 11.679 <0.001*
AST (1U/DI) 10.40+1.43 14.60+1.43" 9.10+0.99"¢ 48.821 <0.001*

* |Indicate significant variance; # indicate significant difference when compared to control group; @ indicate significant

difference when compared to NAFLD group

Table (3): Liver TC, TG, GSH and steatosis scores among studied groups

Control group (1) Group 11 Group 111 F p
Liver TC (umol/g tissue) 4.43+0.32 5.93+0.67" 4.28+0.31% 39.03 <0.001*
Liver TG (umol/g tissue) 15.70+1.34 30.60+2.67" 17.60+1.51%€ 175.99 <0.001*
Hepatic GSH (mmol/g tissue) 22.60+2.91 18.50+2.12" 18.0+3.13" 8.39 0.001*
Steatosis score (units) 0.0 3.30+0.67 1.30+0.48° 120.33 <0.001*
Fibrosis score (units) 0.0 0.0 0.0 - -

* Indicate significant variance; # indicate significant difference when compared to control group; @ indicate significant

difference when compared to NAFLD group

Discussion

NAFLD represented by an excessive fat accumulation in the
liver of individuals with no history of alcohol intake and no
other causes of hepatic steatosis. It actually a spectrum of
disorders ranging from simple steatosis to NASH, which may
be progressed to fibrosis, cirrhosis and hepatic carcinoma (23).
It affects 20-30% of populations (in healthy individuals, the
incidence is about 15%, that dramatically increased in high-
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risk patients (e.g. increased to 16% in diabetics and to 90.0% in
hyperlipemia and 91.0% in obese individuals)) (24-26).

Fructose is a highly lipogenic substance, and mainly
metabolized in the liver. High fructose diet induces hepatic
steatosis and led to insulin resistance and non-alcoholic fatty
liver disease (NAFLD). Oxidative stress and advanced
glycation end products (AGEs) could play a role in the
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pathogenesis of high fructose-induced toxicity (27).

Results of the current work revealed significant elevation of
liver enzymes in high fructose group. In addition, there was
microvascular steatosis and hepatocyte ballooning, which was
reduced by concomitant administration of vitamin D3. In
addition, there was hyperglycemia, insulin resistance and
oxidative stress. In line with results of the current work,
Elseweidy et al. (18) reported that, vitamin D3
supplementation was associated with improvement of some
metabolic  disturbances such as insulin  resistance,
hyperglycemia and dyslipidemia. In addition, Maia-Ceciliano
et al. (28) also reported improvement of hepatic lesions (e.g.,
steatosis) and reduced insulin resistance and lipogenesis gene
expression and inflammatory changes of the liver of high
fructose fed-rats. These effects were proposed to be due
antioxidant and anti-inflammatory actions of vitamin D3 (29).
The antioxidant properties of vitamin D3 was ascribed to its
structural similarity to cholesterol and induction of the
expression of different molecules include in oxidant-
antioxidant system (e.g., GSH, glutathione peroxidase and
superoxide dismutase) (30).

Results of animal studies demonstrated that, the administration
of vitamin D3 in diabetic mice reduce the formation of reactive
oxygen species by the suppression of Nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase gene expression
(31). The activation of NADPH oxidase was considered as a
positive indicator for oxidative stress (32). Vitamin D3 reduces
the lipid peroxidation and improves activity of superoxide
dismutase (SOD), the first line of cellular defense against
antioxidants (33).

Furthermore, Foroozanfard et al. (34) suggested that vitamin D
plays an antioxidant role as a result of associated increase of
hepatic GSH in rats that have administered cholecalciferol. The
combination of calcium with vitamin D supplementations were
associated with an enhanced antioxidant effects than separate
administration of calcium and vitamin D.

In the current work, body weight, liver weight and liver index
were significantly increased in high fructose diet and slightly
reduced by administration of vitamin D. Zhu et al. (35)
reported that, body weights, liver enzymes, hepatic
triglycerides were significantly elevated in high fat-diet group
and the liver pathology demonstrated tissue changes
remarkable of non-alcoholic liver disease.

The effects of vitamin D3 supplementation on the liver weight
may be due to lipid metabolism gene- expression regulation of
in the liver as reported by Yin et al. (13). Zhu et al. (35)
reported that, the body weight expresses a trend like liver
weight and the biochemical indicators with no significant
difference between high fat diet group with and without
vitamin D3 supplementation. This may be due to different
responses of different organs to vitamin D. also, body weight is
affected by many factors.

Additionally, vitamin D deficiency was prevalent among cases
with non-alcoholic steatohepatitis (36, 37).

Nakano et al. (38) also revealed that, the sunlight exposure
increased serum D3 levels and ameliorated the progression of
NASH in a diet-induced NASH animal model.

Yin et al. (13) suggested that vitamin D3 protect against
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induced hepatic steatosis by prevention of fatty acid oxidation
and restoring lipogenesis.

In conclusion, results of the current work revealed that, vitamin
D3 supplementation could alleviate the hepatic lesions
associated NAFLD induced by high fructose diet. This could
be exerted by many mechanisms, chiefly anti-oxidative stress
actions.
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