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Abstract
Tamoxifen (TAM) is a life-saving and cost-effective drug widely used in the
prevention and treatment of breast cancer. However, the adverse effects
of tamoxifen can lead to non-adherence and poor patient outcomes. There-
fore, exploring novel strategies to improve TAM safety profile is crucial.
Given the key role that vitamin D (VD) plays in modulating lipid metabolism
and inflammation, in addition to its benefits in reducing risk and progression
of breast cancer, we evaluated the protective potential of VD against
TAM-induced hepatotoxicity focusing on lipid metabolism and microRNAs
(miRNAs) regulation. Female rats were pretreated with VD as cholecalcif-
erol (500 IU/kg/day, po) for 4 weeks before receiving TAM (40 mg/kg/day,
po) concurrently with VD during the fifth and sixth weeks. Liver histology,
lipid profile and expression of genes, proteins, and miRNAs involved in lipid
metabolism and inflammation were examined. TAM-induced steatohepatitis
was evidenced by elevated liver triglycerides and cholesterol contents,
increased serum miRNA-122 level, and ALT activity, in parallel with accu-
mulation of lipid droplets, focal necrosis, and inflammatory cells infiltration in
hepatocytes. Prophylactic use of VD mitigated TAM-induced steatohepatitis
by modulating key transcription factors in the liver: PPAR-α, Srebf1, and
NF-κB and their downstream genes/proteins Fas, CPT-1A, and TNF-α
resulting in reduced hepatic lipids and suppressed pro-inflammatory signal-
ing. Notably, VD pretreatment mitigated TAM-induced alterations in the
expression of serum miRNA-122, hepatic miRNA-21, and miRNA-33. The
combination therapy of VD and TAM has complementary benefits in terms
of safety and not only efficacy and should be further investigated clinically.
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1 | INTRODUCTION

Breast cancer is the second most common cancer and
the fifth leading cause of cancer death worldwide [1].
Tamoxifen (TAM) is a life-saving and cost-effective
drug widely used in the prevention and treatment of
hormone-sensitive breast cancer [2]. However, TAM

adverse effects can lead to poor patient adherence,
discontinuation, and consequently suboptimal clinical
outcomes [3]. Therefore, exploring novel strategies to
improve TAM safety profile is crucial.

Hepatic steatosis and steateohepatitis are
frequently reported adverse effects of TAM in humans
[4] and were replicated in experimental animals [5, 6].
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FFA, free fatty acids; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; H&E, hematoxylin and eosin; miRNAs, micro RNAs; NAFLD, non-alcoholic fatty liver
disease; NF-κB p65, nuclear factor kappa-light-chain-enhancer of activated B cells p65; ODS, overall damage severity; qPCR, quantitative PCR; RNU6, U6 small
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Hepatic steatosis can stem from increased influx of free
fatty acids (FFA) into the liver, increased de novo
synthesis of FFA, impaired FFA β-oxidation, and/or
reduced efflux of triglycerides from the liver. TAM has
been shown to interfere with several of these pathways
[5, 7–9]. Additionally, TAM hepatotoxicity was attributed
to mitochondrial toxicity [10].

Vitamin D (VD) has multiple physiological functions
beyond its role in bone metabolism [11]. Vitamin D
regulates 3–5% of the human genome via its recep-
tors which are widely distributed in cells, including
membrane of the lipid droplets in hepatocytes, mam-
mary glands epithelial cells, and immune cells [12, 13].
Vitamin D deficiency is more prevalent in patients
with non-alcoholic fatty liver disease (NAFLD) [14]
and in breast cancer patients than the general popula-
tion [15].

Clinical [16, 17] and animal studies [18, 19] have
reported that VD supplementation exerted beneficial
effects in NAFLD that were attributed to suppression of
inflammation and fibrosis, modulation of lipogenesis,
FFA β-oxidation, FFA uptake, and autophagy
[16, 18, 20–23]. Notably, VD can also reduce risk and
progression of breast cancer [24].

Mounting evidence shows that alterations in
miRNAs expression correlate with various liver dis-
eases including NAFLD [25, 26] as miRNAs play crucial
roles in lipid metabolism, inflammation, fibrosis, and
apoptosis by targeting transcription factors such as
PPAR-α, PPARβ/δ, SREBP-1c, and SREBP-2 [27–32].
Also, miRNAs are key modulators of carcinogenesis in
breast cancer [33]. On the other side, VD regulates
several miRNAs at transcriptional and post-
transcriptional levels in different cell types [34]. How-
ever, our understanding of effects of VD on hepatic
miRNAs regulation is still limited, and importantly, the
effects of VD on TAM hepatotoxicity were not examined
previously. Given the global burden of breast cancer,
the substantial therapeutic impact of TAM, and the suc-
cess stories of VD in combating liver inflammation and
steatosis, it was intriguing to explore the protective
potential of VD against TAM hepatotoxicity. We hypoth-
esized that prophylactic use of VD can modulate
hepatic miRNAs expression and mitigate TAM-induced
liver steatohepatitis.

2 | MATERIAL AND METHODS

2.1 | Animals

Adult normally cycling female Wistar rats (150 g) were
housed under standard conditions (24 � 2�C; 12 h
light/dark cycle; 40–70% humidity) with free access to
standard rodent chow and water. Animal use and care
procedures were approved by the Ethical Committee
for Animal Experimentation at Faculty of Pharmacy,

Cairo University (Permit Number: PT 2336) and were
carried out in accordance with ARRIVE guidelines and
EU Directive 2010/63/EU for animal experiments. All
efforts were made to reduce number and suffering of
animals.

2.2 | Drugs

Tamoxifen (CAS# 10540-29-1) and VD were pur-
chased from AstraZeneca-Egypt and Puritan’s Pride
(USA), respectively. Daily, VD and TAM solutions were
prepared fresh; TAM was suspended in 1% Tween
80, and VD was diluted in corn oil. TAM is used clini-
cally at an oral dose of 20 mg, twice daily for up to
5 years, equivalent to 0.67 mg/kg/day considering a ref-
erence human body weight of 60 kg. The animal equiv-
alent dose in rats is 4.13 mg/kg/day using a conversion
factor of 6.2 [35]. Clinically, TAM-induced hepatotoxicity
appears as early as 3 months after starting TAM regi-
men and is detected within 2 years in most cases [36].
In the present study, TAM was used at a daily oral dose
of 40 mg/kg for 2 weeks to induce steatohepatitis. This
dose was selected based on the findings of previous
studies in rats [37–39] and was confirmed in a pilot
study, taking in consideration our humane measures to
reduce the suffering of animals. VD was used at a daily
oral dose of 500 IU/Kg, a dose that was reported to be
effective in ameliorating inflammatory and histologic
changes in the liver associated with high fat diet [40]
and ischemia/reperfusion injury [41]. Importantly, this
dose is equivalent to a human dose of 80.6 IU/kg/day,
or 4838 IU/day [35], which lies within the safe
therapeutic range for VD supplementation in adults
(600–5,000 IU/day) [42]. TAM and VD were adminis-
tered orally to represent the most frequently used route
of administration of these drugs in humans.

2.3 | Experimental design

Rats were randomly divided into four groups (eight rats
per group): Group I, control (received vehicles for VD
for 6 weeks and vehicle for TAM for last 2 weeks);
Group II, VD (received VD 500 IU/kg/day, po for
6 weeks); Group III, TAM (received TAM 40 mg/kg/day,
po) during week 5 and 6; Group IV, VD + TAM
(pretreated with VD (500 IU/Kg/day, po) for 4 weeks
and then received VD (500 IU/Kg/day, po); and TAM
(40 mg/kg/day, po) during the last 2 weeks. Body
weights of rats were monitored weekly.

2.4 | Blood and tissue collection

After overnight fasting (to minimize feeding-induced
variation in lipid profile), blood samples were collected
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from retro-orbital sinus under anesthesia, then the rats
were sacrificed by cervical dislocation. Blood samples
were allowed to clot, centrifuged at 3,000 rpm for
15 min to separate the serum, which was snap frozen
for future assessment of blood lipid profile, transami-
nases activity and miR-122 expression. Livers were
rapidly excised, washed with ice-cold saline, patted
dry on filter papers, and then divided into five por-
tions. Parts –3 were snap frozen in liquid nitrogen for
the measurement of proteins, mRNA, and miRNA
expression. Part 4 was fixed in 10% formalin for histo-
pathological examination. Part 5 was homogenized in
ice-cold phosphate buffered saline to prepare 20%
homogenate, divided into aliquots, and then stored at
�20�C for future measurement of other hepatic
parameters.

2.5 | Biochemical parameters

Liver triglycerides (TG) and total CH were extracted
according to method of Bligh and Dyer [43]. Subse-
quently, serum and liver TG and CH contents were
measured using commercial kits (CAT#TR 20 30 and
CAT#12 20; Biodiagnostic, Egypt). Serum alanine
transaminase (ALT) and aspartate aminotransferase
(AST) activities were determined according to the
method of Reitman and Frankel [44] as indicators of
liver function.

2.6 | Protein expression

Hepatic TNF-α and PPAR-α protein contents were
measured in liver lysate using rat specific ELISA kits
(CAT# DY510-05, R&D Systems, USA) and (CAT#
CSB-E09755r; CUSABIO, USA). Results were normal-
ized to total protein content measured by Bradford
assay.

We used V3 Western Workflow system (Bio-Rad,
USA) for western blotting. Snap frozen liver samples
were homogenized in ice cold RIPA buffer (CAT#
R0278, Sigma-Aldrich, USA) supplemented with phos-
phatase and protease inhibitors and then centrifuged at
12,000 rpm for 20 min at 4�C. Protein concentration of
liver lysate was determined using Bradford assay. Liver
lysate in Laemmli sample buffer (20–30 μg of total pro-
tein) were separated by SDS/PAGE (10% acrylamide
gel), transferred to a PVDF membrane, washed, and
then blocked for 1 h with 5% skim milk in Tris-buffered
saline containing 0.1% Tween 20. Membranes were
washed, incubated with primary antibodies for nuclear
factor kappa-light-chain-enhancer of activated B cells
p65 (NF-κB p65) (CAT#51-0500, Invitrogen, USA),
carnitine palmitoyltransferase IA (CPT-1A)
(CAT#PA5-69347, Invitrogen, USA), or β-actin
(CAT#PA1-183, Invitrogen, USA) overnight at 4�C,

triple washed, and then incubated with their
corresponding secondary antibodies for1 h. After wash-
ing, the membranes were visualized using Pierce ECL
Western Blotting Substrate (CAT# 32209, Thermo Sci-
entific, USA) and ChemiDoc imaging system. Protein
band intensities were analyzed by Image Lab Touch
software 1 (Bio-Rad, USA), and results were expressed
as arbitrary units after normalization to β-Actin
(the housekeeping protein) expression.

2.7 | Expression of mRNA and miRNA

Total RNA was extracted from snap frozen liver sam-
ples using GeneJET RNA Purification Kit (CAT#K0731,
Thermo Fisher Scientific, USA). Concentration and
purity of extracted RNA were determined using
NanoDrop 1000 Spectrophotometer (Thermo Fisher
Scientific, USA). Total RNA was reverse-transcribed to
cDNA using RevertAid First Strand cDNA Synthesis Kit
(CAT# K1622, Thermo Scientific, USA). Gene expres-
sion was analyzed by quantitative PCR (qPCR) using
SYBR Green PCR Master Mix (CAT#4309155, Applied
Biosystems, USA) and Stratagene Mx3005P qPCR
system (USA). Primers were used as follows: sterol
regulatory element-binding transcription factor
1 (Srebf1): forward 50-GGAGCCATGGATTGCACATT-
30, reverse 50-GCTTCCAGAGAGGAGCCCAG-30, Fas
forward 50-AGAGGCTGTTCTCAAGGAAGG-30,
reverse 5-AGGGTACATCCCAGAGGAAGT-3, Gapdh
forward 50-ACAAGATGGTGAAGGTCGGTGTGA-30,
reverse 50-TTGAACTTGCCGTGGGTAGAGTCA-30).
Relative mRNA expression was calculated by the com-
parative cycle threshold (ΔΔCt) method normalized to
glyceraldehyde 3-phosphate dehydrogenase (Gapdh)
as a housekeeping gene.

We extracted miRNAs from sera and liver tissues
using mirVana PARIS RNA and Native Protein Purifi-
cation Kit (CAT#AM1556, Thermo Fisher Scientific,
USA). Reverse transcription and quantitative PCR
were carried out using TaqMan miRNA Reverse Tran-
scription kit (CAT# 4366597, Thermo Fisher Scientific,
USA), TaqMan MicroRNA Assays (CAT#4427975,
Applied Biosystems) specific to miR-122 (assay ID
002245), miR-21 (assay ID 000397), miR-22 (assay ID
000398), miR-33 (assay ID 002135), miR-16 (assay ID
000391), snRNA U6 (assay ID 001973) with TaqMan
Universal PCR Master Mix (CAT#4324018,
Applied Biosystems, USA), in Step One Plus system
(Applied Biosystem, USA) according to manufacturer’s
instruction. The relative expression of selected
miRNAs was calculated using ΔΔCt normalized to U6
small nucleolar RNA (RNU6) [45] as an internal control
for serum miR-122, and hepatic miR-16 for hepatic
miR-21, miR-22, and miR-33 as optimal reference
genes for measurement of microRNA in rodent
hepatotoxicity models [46].
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2.8 | Histopathological examination

Formalin-fixed and paraffin-embedded liver samples
were sectioned (4–5 μm thick), stained with hematoxy-
lin and eosin (H&E), and examined by a blinded
observer. Liver steatosis, sinusoidal leukocytosis, oval
cells proliferation, and congestion of central vein and
hepatic sinusoids were assessed using a semi-
quantitative score: normal (0), mild (1), moderate (2), or
severe (3) for each parameter to calculate an overall
damage severity (ODS) score. Slides from five animals
per group were examined.

2.9 | Statistical analysis

Results were expressed as mean � standard error
(SE). Kolmogorov Smirnov test was used to assess
normality of data, and Bartlett’s test was used to test
homogeneity of variances. For normally distributed
data, we used one-way-analysis of variance test
(ANOVA) followed by Tukey’s multiple comparisons
test or repeated measures ANOVA followed by
Bonferroni post-tests. The liver ODS scores (ordinal
data) were compared by Kuskal-Wallis followed by
Dunn’s test. Level of significance was set at p < 0.05.
GraphPad Prism software, version 5 (GraphPad

Software, Inc., USA), was used to carry out statistical
analyses and graphical presentation.

3 | RESULTS

3.1 | Effects of VD, TAM, and their
combination on body weight

Two weeks of TAM administration reduced body
weights of female rats compared to the control group
(154.1 � 3.8 g vs. 178.1 � 9.3 g, F[3,189] = 3.673,
p = 0.0132). Pre-treatment with VD did not ameliorate
TAM-induced weight loss as shown in Figure 1.

3.2 | Pre-treatment with VD partially
alleviated TAM-induced alterations in lipid
profile and liver enzymes

TAM-induced hepatotoxicity was indicated by
increased hepatic content of TG (F[3,20] = 788.7,
p < 0.0001) and CH (F[3,20] = 70.20, p < 0.0001), as
well as by elevated serum ALT level (F[3,25] = 13.84,
p < 0.0001) compared with the control group as
shown in Table 1. TAM also reduced serum
CH (F[3,27] = 14.05, p < 0.0001). VD mitigated

F I GURE 1 Effect of tamoxifen, vitamin D, and
their combination on body weight. Data are
represented as mean � SE (n = 8). Results were
analyzed by two-way ANOVA followed by
Bonferroni posttest. *Significantly different from
control group at p < 0.05. ***Significantly different

TAB LE 1 Effects of tamoxifen, vitamin D and their combination on serum and hepatic lipids, and serum transaminases

Control VD TAM VD + TAM

Serum TG (mg/dL) 28.1 � 1.5 11.5 � 0.5* 21.9 � 2.8** 20.7 � 1.5*, **

Serum CH (mg/dL) 72.9 � 3.9 73.2 � 2.3 51.2 � 3.5*, ** 39.8 � 6.2*, **

Hepatic TG (mg/g tissue) 3.46 � 0.1 2.3 � 0.1* 9.1 � 0.2*, ** 4.1 � 0.2*, **, ***

Hepatic CH (mg/g tissue) 1.63 � 0.1 1.43 � 0.1 2.77 � 0.2*, ** 1.74 � 0.0**, ***

Serum ALT (U/L) 151.9 � 4.2 154.9 � 10.1 217.1 � 11.7*, ** 229.5 � 14.5*, **

Serum AST (U/L) 88.09 � 2.5 64.08 � 3.1* 85.6 � 0.8** 83.57 � 3.4**

Note: Data are represented as mean � SE (n = 6–8). Results were analyzed by one-way ANOVA followed by Tukey’s multiple comparisons test.
Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; CH, cholesterol; TAM, Tamoxifen; TG, triglycerides; VD, vitamin D.
*Significantly different from the control group at p < 0.05. **Significantly different from VD treated group at p < 0.05. ***Significantly different from TAM treated group
at p < 0.05.
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TAM-induced elevation in hepatic TG and normalized
hepatic CH level but did not suppress the increase in
serum ALT. Treatment with VD alone for 6 weeks
reduced serum TG (F[3,21] = 3.464, p = 0.0346),
hepatic TG (F[3,20] = 788.7, p < 0.0001), and serum
AST level (F[3,22] = 17.03, p < 0.0001) (Table 1).

3.3 | Pretreatment with VD ameliorated
TAM-induced histopathological changes in
the liver

As shown in Figure 2 and Table 2, the histopathological
examination showed the VD mitigated TAM-induced
steatohepatitis. Figure 2a,b shows the normal structure
of hepatic lobules in the control group (ODS = zero). In
comparison, rats in TAM group (Figure 2c,d) showed
lipid droplets in hepatocytes, congestion of central vein,
focal hepatic necrosis associated with inflammatory

cells infiltration, oval cells proliferation, cytoplasmic
vacuolization of hepatocytes, and sinusoidal leukocyto-
sis indicating steatohepatitis (ODS = 10 � 0.9). Pre-
treatment with VD mitigated TAM-induced histological
changes (Figure 2g,h) reducing ODS to 3.5 � 1.2
(H = 16.77, N1 = 5, N2 = 5, N3 = 5, N4 = 5).

3.4 | Pretreatment with VD alleviated
TAM-induced steatohepatitis by reducing
inflammation and modulating FFA
metabolism

TAM increased gene expression of Srebf1
(F[3,20] = 427.4, p < 0.0001) and Fas (F[3,20] = 812.7,
p < 0.0001) (Figure 3a,b) in the liver and decreased
protein expression of PPAR-α (F[3,25] = 21.76,
p < 0.0001) and CPT-1 (F[3,20] = 71.52, p<0.0001)
(Figure 3c,d) compared to the control group in harmony

F I GURE 2 Representative photomicrographs
of hepatic sections stained by H&E (X 400).
(a and b) Control group showing the normal
histological structure of hepatic lobules. (c and d)
TAM treated group showing steatosis of
hepatocytes (c, small arrow), congestion of
central vein (c, large arrow), cytoplasmic
vacuolization of hepatocytes (d, small arrow), and
sinusoidal leukocytosis (d, large arrow). (e and f)
VD treated group showing no histopathological
changes. (g and h) VD + TAM group showing
cytoplasmic vacuolization of hepatocytes (g, small
arrow), congestion of central vein (g, large arrow),
cytoplasmic vacuolization of some hepatocytes
(h, small arrow), and congestion of hepatic
sinusoids (h, large arrow). n = 5
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TAB LE 2 Effects of tamoxifen, vitamin D, and their combination on liver histological scores

Histopathological lesion Control VD TAM VD + TAM

Steatosis of hepatocytes 0 � 0 0 � 0 3 � 0*, ** 1.5 � 0.5

Sinusoidal leukocytosis 0 � 0 0 � 0 2.2 � 0.4*, ** 0.4 � 0.2

Oval cells proliferation 0 � 0 0 � 0 2 � 0.4*, ** 0.2 � 0.2***

Congestion of central vein and hepatic sinusoids 0 � 0 0 � 0 2.8 � 0.2*, ** 1.4 � 0.4

Overall damage score 0 � 0 0 � 0 10 � 0.9*, ** 3.5 � 1.2

Note: Data are represented as mean � SE (n = 5). Histological scores were assessed blindly using a semi-quantitative scale: normal (0), mild (1), moderate (2), or
severe (3) and were compared by Kruskal-Wallis followed by Dunn’s multiple comparison test.
*Significantly different from the control group at p < 0.05. **Significantly different from VD treated group at p < 0.05. ***Significantly different from TAM treated group
at p < 0.05.

F I GURE 3 Effect of TAM, VD and their combination on inflammatory and FFA metabolism pathways in liver. (a and b) Gene expression of
Srebp1 and its target gene Fas in the liver measured by RT-qPCR (n = 6). (c) Protein expression of PPAR-α in the liver measured by ELISA
(n = 6–8). (d) Representative blots of NF-kB p65, CPT-1A, and β-actin in the liver examined by western blot. (f) Relative protein expression of
NF-kB p65 and CPT-1A in the liver measured by western blot (n = 6). (e) Protein expression of TNF-α in the liver measured by ELISA (n = 6–8).
Data are represented as mean � SE. Results were analyzed by one-way ANOVA followed by Tukey’s multiple comparisons test. *Significantly
different from the control group at p < 0.05, @significantly different from VD treated group at p < 0.05, and #significantly different from TAM
treated group at p < 0.05
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with our findings of increased hepatic TG content
(Table 1) and presence of intracellular lipid droplets in
hepatocytes histologically (Figure 2c). Furthermore,
TAM increased protein expression of NF-κB
(F[3,20] = 674.5, p < 0.0001) and TNF-α (F[3,25] = 19.56,
p < 0.0001) (Figure 3d,e), two key mediators of inflam-
mation in parallel with histological changes showing
inflammatory cells infiltration, and sinusoidal leukocyto-
sis in the liver (Figure 2d). Pre-treatment with VD miti-
gated TAM-induced alterations in FFA metabolism and
inflammatory pathways. Pre-treatment with VD
upregulated the expression of PPAR-α, and CPT-1A,
downregulated NF-kB and TNF-α, and suppressed
gene Srebf1 and its target gene Fas (Figure 3)
compared to TAM group, consistent with normalizing
liver histological ODS (Table 2) and reducing the liver
content of TG and CH (Table 1).

3.5 | Effects of TAM, VD, and their
combination on hepatic miRNAs profile

Next, we examined the expression of serum miR-122,
hepatic miR-21, miR-22, and miR-33 after TAM expo-
sure alone and after VD treatment. TAM exposure der-
egulated hepatic miRNAs expression, increasing the
levels of miR-122 in the serum indicating liver injury,
and elevating the expression of miR-21 and miR-33 in
the liver (Figure 4), whereas no change was observed
in the expression level of hepatic miR-22 relative to the
control group (data not shown). Pre-treatment with VD
restored expression of miR-33 (F[3,20] = 51.56,
p < 0.0001) to the normal levels of the control group

and reduced levels of serum miR-122 (F[3,20] = 316.8,
p < 0.0001) and hepatic miR-21 (F[3,20] = 307.9,
p < 0.0001) compared to TAM treated group (Figure 4).

4 | DISCUSSION

This study is the first, to the best of our knowledge, to
examine the protective effect of VD on TAM-induced
steatohepatitis. TAM, at the dosing regimen used in
this study, induced steatohepatitis evidenced by the
elevated hepatic TG and CH contents, increased
serum ALT activity and miR-122 expression, in parallel
with accumulation of lipid droplets in hepatocytes, focal
necrosis and inflammatory cells infiltration (Figure 2)
consistent with previous reports of TAM-induced hep-
atoxicity [4, 6, 47]. TAM downregulated PPAR-α and
reduced the gene expression of CPT-1A (Figure 3), a
protein regulating FFA transport across mitochondrial
membrane, an essential step to initiate FFA β-oxida-
tion. Also, PPAR-α controls directly or indirectly
lipogenic pathways in the liver and represses inflam-
matory responses via interference with NF-κB [48].
Our study showed that TAM exposure led to
upregulation of NF-κB and its target gene TNF-α
(Figure 3), consistent with histological changes
showing inflammatory cells infiltration and sinusoidal
leukocytosis (Figure 2).

Also, TAM increased the expression of Srebf1, one
of the two major transcription pathways that regulate de
novo lipogenesis [49], and its target gene Fas
(Figure 3). Therefore, our findings show that TAM
induced steatohepatitis via a dual effect: increasing

F I GURE 4 Effects of TAM,
VD, and their combination on
expression of serum miR-122 (a),
hepatic miR-22 (b), and miR-33
(c). Data are represented as
mean � SE (n = 6). Results were
analyzed by one-way ANOVA
followed by Tukey’s multiple
comparisons test. *Significantly
different from the control group at
P < 0.05, @significantly different
from VD treated group at
P < 0.05, and #significantly
different from TAM treated group
at P < 0.05
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biosynthesis and reducing degradation of FFA, in paral-
lel with triggering an inflammatory response.

Furthermore, TAM deregulated the expression of
hepatic miRNAs including miR-122 (measured in
serum), miR-33, and miR-21. In the liver, miR-122 is
the most abundant miRNA, and hepatocytes have the
highest abundance of miR-122 expression in the body
[30, 50]; miR-122 are also detected in the circulation
and can serve as an early biomarker of liver injury in
several liver diseases including NAFLD [51].
Upregulation of miR-122 expression in the liver and
serum was evident in NAFLD patients [26] and animal
models [52]. Similarly, liver miR-21 was over-
expressed in patients and rodent models of non-
alcoholic steatohepatitis [53]. Previous studies have
shown that TAM treatment can modulate the expres-
sion of hepatic miRNAs; TAM increased the expres-
sion of miR-122 and miR-21 among other miRNAs in
Human HepG2 cell [54] and upregulated miRNA-122
expression in adult Zebrafish liver [55]. Since miR-
122, miR-21, and miR-33 are known to regulate CH
and FFA biosynthesis, β-oxidation, and inflammation
by targeting PPAR-α, PPARβ/δ, SREBP-1c, SREBP-2,
ATP-binding cassette transporters, and CPT-1
[27–31, 56, 57], it is plausible that TAM-induced
steatohepatitis is mediated via its effects on miRNAs-
regulated PPAR-α and SREBP-1c signal transduction
pathways.

TAM reduced serum total CH (Table 1); the blood
lipids lowering effect of TAM was observed clinically
[58, 59] and experimentally [60, 61] and was attributed
to partial agonism at the estrogen receptors [59] and/or
inhibition of hepatic lipid secretion [7]. Our results sug-
gest that this effect may be secondary to TAM effects
on hepatic miR-122 and miR-33 (Figure 4); knocking
out miR-122 resulted in reduction of blood cholesterol
[29, 62], whereas overexpression of miR-33 decreased
HDL [63].On the bright side, this study shows that VD
attenuated TAM-induced steatohepatitis. These benefi-
cial effects of VD are, at least in part, secondary to VD
modulatory effects on three key transcription factors in
the liver, namely, PPAR-α, Srebf1, and NF-κB. Pre-
treatment with VD upregulated PPAR-α, reduced
Srebf1 and NF-κB, and consequently modulated the
expression of their target genes/proteins CPT-1A, Fas,
and TNF-α (Figure 3). Therefore, VD mitigated TAM-
induced steatohepatitis by decreasing FFA synthesis,
increasing FFA β-oxidation, and suppressing NF-κB
inflammatory pathway.

Notably, VD mitigated TAM-induced alterations in
hepatic miRNAs expression (Figure 4). In alignment
with our findings, 1α,25(OH)₂D₃ downregulated miR-21
expression in different human cells [64, 65] but
upregulated miR-21 in zebrafish [66]. It is plausible
that effects of VD are species, cell, dose, and
exposure duration specific. Furthermore, 1α,25(OH)₂D₃
decreased miR-122 expression in zebrafish [66].

Previous studies demonstrated the benefits of
decreasing miR-122 levels on liver steatosis; silencing
of miR-122 decreased hepatic CH and FFA synthesis,
increased FFA β-oxidation resulting in reduced hepatic
steatosis in mice fed high fat diet [27]. Also, in vitro
silencing of miR-122 indirectly reduced SREBP1
expression in hepatocytes [67], whereas transfection of
miRNA-122 in hepatocytes increased SREBP1 protein
expression [68].

Inhibition of endogenous miR-33 upregulated FFA
oxidation in hepatic cell lines [31]. Similarly, antago-
nism of miR-33 modulated the expression of several
genes involved in FFA metabolism including CPT-1A,
SREBP1, and FAS resulting in suppression of the
plasma levels of very-low-density lipoprotein [31]. Also,
pharmacological or genetic inhibition of miR-21 in liver
reduced inflammation by increasing PPAR-α [53].
Therefore, our results suggest that VD mitigated
TAM-induced steatohepatitis via modulating hepatic
miR-122, miR-33, and miR-21 expression, which in turn
regulate hepatic FFA synthesis and oxidation, as well
as inflammation.

Collectively, pre-treatment with VD reverted TAM-
induced changes in hepatic CH content, TNF-α, and
miR-33 expression. Meanwhile, pre-treatment with VD
reduced TAM-induced changes in hepatic TG content,
expression of Srebf1, Fas, PPAR-α, CPT-1, NF-κB,
miR-122, and miR-21 compared to TAM treated group
but did not restore these parameters to the values of
the control group. Therefore, VD mitigated TAM-
induced steatohepatitis but did not offer full protection.
Given that the dose of TAM used in this study to induce
experimental steatohepatitis is higher than the thera-
peutic dose used clinically, it is plausible that concomi-
tant use of VD could offer better hepatoprotection
clinically.

Regarding the systemic adverse effects of TAM,
pre-treatment with VD suppressed serum miR-122
(Figure 4), indicating reduced liver injury consistent with
improved liver histological score (Table 2). However,
VD did not restore blood ALT activity to the normal con-
trol levels (Table 1). Some [69, 70], but not all [71],
studies reported that VD supplementation reduced liver
enzymes in NAFLD patients. A recent systematic
review and meta-analysis on randomized clinical trials
in NAFLD patients revealed that VD supplementation
had no effect on blood AST, or ALT levels [72].
This discrepancy in VD effects may be attributed to the
variable pathophysiological mechanisms underlying the
different liver conditions collectively known as NAFLD,
as well as to the different dosing regimens of VD
supplementation used in these studies.

Also, TAM induced weight loss in female rats. This
well-documented effect of TAM in patients [73] and
experimental animals [61, 74] has been mostly attrib-
uted to TAM acting as a partial agonist at the central
and peripheral estrogen receptor, mimicking the
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central effect of estradiol in reducing food intake and its
peripheral effect in suppressing fat deposition [74, 75].
Another study showed that TAM anorectic action was
mediated via downregulation of FAS in the hypothala-
mus [76]. Therefore, it is not surprising that VD in our
study did not alleviate TAM-induced weight loss, given
the known anti-obesity effect of VD [77]. It is important
to notice that TAM can disrupt the estrous cycle of
female mice upon prolonged use [78] which could
affect in some way the results when comparing TAM
treated mice to the normally cycling control group.

The complementary effects of VD on TAM safety,
as observed in this study, and efficacy as reported by
previous studies, could have high clinical relevance.
VD exerts an additive anticancer action in breast can-
cer cells [79, 80] and reduces the resistance of cancer
cells to TAM [81]. It is worth noting that the additive
apoptotic effect of VD and TAM in breast cancer cells
was not observed in hepatocytes as shown in our
histopathological examination. Additionally, VD and
TAM have complementary beneficial effects on bone
and cardiovascular health. VD will likely reduce
TAM-induced bone loss and fractures [82], whereas
TAM can inhibit VD-stimulated bone resorption [83], an
adverse effect that can limit long-term use of
VD. Furthermore, VD can have additional benefits due
to its cardiovascular protective effect, particularly its
anti-thrombotic action [84], reducing the risk of throm-
boembolic and ischemic events associated with TAM
treatment. However, comprehensive long-term experi-
mental and clinical studies are needed to confirm the
benefits of this combined therapy.

5 | CONCLUSION

We conclude that pretreatment with VD attenuated
TAM-induced steatohepatitis biochemically and histo-
logically by modulating the expression and signaling of
three key transcription factors PPAR-α, SREBP-1c,
and NF-κB, resulting in reduced hepatic lipids and
inflammation, probably secondary to modulation of
hepatic miR-122, miR-21, and miR-33 expression.
Therefore, the combination therapy of VD and TAM can
have complementary benefits in terms of safety in addi-
tion to the previously reported additive anticancer
effects; therefore, this combination should be further
investigated clinically for the treatment of breast
cancer.

ACKNOWLEDGMENTS
The authors are grateful to Dr. Kawkab Ahmed, Profes-
sor of Histology, Cairo University, Egypt, for carrying
out the histological examination and to Dr. Laila
Rashed, Professor of Medical Biochemistry and Molec-
ular Biology, Cairo University, Egypt, for technical
assistance in molecular biology experiments.

FUNDING INFORMATION
This study did not receive any grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

STATEMENT OF ETHICS
Animal use and care procedures were approved by the
Ethical Committee for Animal Experimentation at
Faculty of Pharmacy, Cairo University (Permit Number:
PT 2336), and were carried out in accordance with
ARRIVE guidelines and EU Directive 2010/63/EU for
animal experiments. All efforts were made to reduce
the number and suffering of animals.

AUTHOR CONTRIBUTIONS
E.A.A. designed and performed the experiments,
collected and analyzed the data, and revised the
manuscript. N.A.S. designed and performed the pilot
experiments, analyzed the data, interpreted the results,
and wrote and revised the manuscript. Both authors
approved the final version of manuscript. All data were
generated in Cairo University, and no paper mill or data
manipulation was used.

ORCID
Nada A. Sallam https://orcid.org/0000-0002-0673-
2347

REFERENCES
1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer

incidence and mortality worldwide: Sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):
E359-E386.

2. Thorat MA, Balasubramanian R. Breast cancer prevention in
high-risk women. Best Pract Res Clin Obstet Gynaecol. 2020;
65:18-31.

3. Condorelli R, Vaz-Luis I. Managing side effects in adjuvant
endocrine therapy for breast cancer. Expert Rev Anticancer
Ther. 2018;18(11):1101-1112.

4. Lee B, Jung EA, Yoo JJ, et al. Prevalence, incidence and risk
factors of tamoxifen-related non-alcoholic fatty liver disease: a
systematic review and meta-analysis. Liver Int. 2020;40(6):
1344-1355.

5. Larosche I, Lettéron P, Fromenty B, et al. Tamoxifen inhibits
topoisomerases, depletes mitochondrial DNA, and triggers
steatosis in mouse liver. J Pharmacol Exp Ther. 2007;321(2):
526-535.

6. Leal S, Rocha L, Silva A, Faria J, Dinis-Oliveira RJ, S�a SI.
Evaluation of progressive hepatic histopathology in long-
term tamoxifen therapy. Pathol Res Pract. 2018;214(12):
2115-2120.

7. Birzniece V, Barrett PHR, Ho KKY. Tamoxifen reduces hepatic
VLDL production and GH secretion in women: a possible mech-
anism for steatosis development. Eur J Endocrinol. 2017;177(2):
137-143.

8. Cole LK, Jacobs RL, Vance DE. Tamoxifen induces
triacylglycerol accumulation in the mouse liver by activation of
fatty acid synthesis. Hepatology. 2010;52(4):1258-1265.

VITAMIN D MITIGATES TAMOXIFEN-INDUCED STEATOHEPATITIS 9

https://orcid.org/0000-0002-0673-2347
https://orcid.org/0000-0002-0673-2347
https://orcid.org/0000-0002-0673-2347


9. Zhao F, Xie P, Jiang J, Zhang L, An W, Zhan Y. The effect and
mechanism of tamoxifen-induced hepatocyte steatosis in vitro.
Int J Mol Sci. 2014;15(3):4019-4030.

10. Ribeiro MPC, Santos AE, Cust�odio JBA. Mitochondria:
the gateway for tamoxifen-induced liver injury. Toxicology. 2014;
323:10-18.

11. Skaaby T, Thuesen BH, Linneberg A. Vitamin D,
cardiovascular disease and risk factors. In: Advances in
Experimental Medicine and Biology. Vol.996. Springer New York
LLC; 2017:221-230.

12. Wang Y, Zhu J, DeLuca HF. Where is the vitamin D receptor?
Arch Biochem Biophys. 2012;523(1):123-133.

13. Natalija F, Ivana B, Ivana R, et al. Ultrastructural
characterization of vitamin D receptors and metabolizing
enzymes in the lipid droplets of the fatty liver in rat. Acta Histo-
chem. 2020;(2):151502. https://doi.org/10.1016/j.acthis.2020.
151502

14. Wang X, Li W, Zhang Y, Yang Y, Qin G. Association between
vitamin D and non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis: results from a meta-analysis. Int J Clin Exp Med.
2015;8(10):17221-17234.

15. Eliassen AH, Warner ET, Rosner B, et al. Plasma
25-hydroxyvitamin D and risk of breast cancer in women
followed over 20 years. Cancer Res. 2016;76(18):5423-5430.

16. Hariri M, Zohdi S. Effect of Vitamin D on non-alcoholic fatty liver
disease: a systematic review of randomized controlled clinical
trials. Int J Prev Med. 2019;10(1):14-22. https://doi.org/10.4103/
ijpvm.IJPVM-499-17

17. Geier A, Eichinger M, Stirnimann G, et al. Treatment of non-
alcoholic steatohepatitis patients with vitamin D: a double-
blinded, randomized, placebo-controlled pilot study. Scand J
Gastroenterol. 2018;53(9):1114-1120.

18. Jahn D, Dorbath D, Kircher S, et al. Beneficial effects of vitamin
D treatment in an obese mouse model of non-alcoholic
steatohepatitis. Nutrients. 2019;11(1):77. https://doi.org/10.
3390/nu11010077

19. Liu L, Lv G, Ning C, Yang YE, Zhu J. Therapeutic effects of
1,25-dihydroxyvitamin D3 on diabetes-induced liver complica-
tions in a rat model. Exp Ther Med. 2016;11(6):2284-2292.

20. Li R, Guo E, Yang J, et al. 1,25(OH)2 D3 attenuates hepatic
steatosis by inducing autophagy in mice. Obesity (Silver Spring).
2017;25(3):561-571.

21. Asano L, Watanabe M, Ryoden Y, et al. Vitamin D metabolite,
25-hydroxyvitamin d, regulates lipid metabolism by inducing
degradation of SREBP/SCAP. Cell Chem Biol. 2017;24(2):
207-217.

22. Yin Y, Yu Z, Xia M, Luo X, Lu X, Ling W. Vitamin D attenuates
high fat diet-induced hepatic steatosis in rats by modulating lipid
metabolism. Eur J Clin Invest. 2012;42(11):1189-1196.

23. Wang H, Zhang Q, Chai Y, et al. 1,25(OH)2D3 downregulates
the Toll-like receptor 4-mediated inflammatory pathway and
ameliorates liver injury in diabetic rats. J Endocrinol Invest.
2015;38(10):1083-1091.

24. de La Puente-Yagüe M, Cuadrado-Cenzual MA,
Ciudad-Cabañas MJ, Hern�andez-Cabria M, Collado-Yurrita L.
Vitamin D: and its role in breast cancer. Kaohsiung J Med Sci.
2018;34(8):423-427.

25. He Z, Hu C, Jia W. miRNAs in non-alcoholic fatty liver disease.
Front Med. 2016;10(4):389-396.

26. Miyaaki H, Ichikawa T, Kamo Y, et al. Significance of serum and
hepatic microRNA-122 levels in patients with non-alcoholic fatty
liver disease. Liver Int. 2014;34(7):e302-e307. https://doi.org/10.
1111/liv.12429

27. Esau C, Davis S, Murray SF, et al. miR-122 regulation of lipid
metabolism revealed by in vivo antisense targeting. Cell Metab.
2006;3:87-98.

28. Rottiers V, Näär AM. MicroRNAs in metabolism and metabolic
disorders. Nat Rev Mol Cell Biol. 2012;13(4):239-251.

29. Hsu S-H, Wang B, Kota J, et al. Essential metabolic, anti-inflam-
matory, and anti-tumorigenic functions of miR-122 in liver. J Clin
Invest. 2012;122(8):2871-2883.

30. Szabo G, Bala S. MicroRNAs in liver disease. Nat Rev
Gastroenterol Hepatol. 2013;10(9):542-552.

31. Rayner KJ, Esau CC, Hussain FN, et al. Inhibition of miR-33a/b
in non-human primates raises plasma HDL and reduces VLDL
triglycerides. Nature. 2012;478:404-407.

32. Foudi N, Legeay S. Effects of physical activity on cell-to-cell
communication during type 2 diabetes: a focus on miRNA sig-
naling. Fundam Clin Pharmacol. Published online. 2021:1-44.
https://doi.org/10.1111/fcp.12665

33. Cui Y, Wang J, Liu S, et al. miR-216a promotes breast cancer
cell apoptosis by targeting PKCα. Fundam Clin Pharmacol.
2019;33(4):397-404.

34. Giangreco AA, Nonn L. The sum of many small changes:
microRNAs are specifically and potentially globally altered by
vitamin D3 metabolites. J Steroid Biochem Mol Biol. 2013;136:
86-93.

35. Nair AB, Jacob S. A simple practice guide for dose conversion
between animals and human. J Basic Clin Pharm. 2016;7(2):
27-31.

36. Liu C-L, Huang J-K, Cheng S-P, Chang Y-C, Lee J-J, Liu T-P.
Fatty liver and transaminase changes with adjuvant tamoxifen
therapy. Anticancer Drugs. 2006;17(6):709-713.

37. Hashiba M, Kasahara T, Kim SY, Shibutani S, Degawa M. DNA
damage and altered gene expression of enzymes for metabo-
lism and DNA repair by tamoxifen and toremifene in the female
rat liver. Cancer Sci. 2006;97(6):468-477.

38. Kawamura Y, Hayashi H, Kurata Y, Hiratsuka K,
Masumura K, Nohmi T. Evaluation of the genotoxicity of tamoxi-
fen in the liver and kidney of F344 gpt delta transgenic rat in
3-week and 13-week repeated dose studies. Toxicology. 2013;
312:56-62.

39. Rahate KP, Rajasekaran A. Hepatoprotection by active fractions
from Desmostachya bipinnata stapf (L.) against tamoxifen-
induced hepatotoxicity. Indian J Pharm. 2015;47:311-315.

40. Yaghchiyan M, Roshangar L, Farhangi MA, Mesgari-Abbasi M,
Rafiei L, Shahabi P. Histologic, metabolic, and inflammatory
changes in the liver of high-fat diet-induced obese rats before
and after vitamin D administration. Iran J Allergy Asthma
Immunol. 2019;18:402-411.

41. Seif AA, Abdelwahed DM. Vitamin D ameliorates hepatic
ischemic/reperfusion injury in rats. J Physiol Biochem. 2014;
70(3):659-666.

42. Wimalawansa SJ. Vitamin D in the new millennium. Curr
Osteoporos Rep. 2012;10(1):4-15.

43. Bligh EG, Dyer WJ. A rapid method of total lipid extraction and
purification. Can J Biochem Physiol. 1959;37(8):911-917.

44. Reitman S, Frankel S. A colorimetric method for the determina-
tion of serum glutamic oxalacetic and glutamic pyruvic transami-
nases. Am J Clin Pathol. 1957;28(1):56-63.

45. Kang K, Peng X, Luo J, Gou D. Identification of circulating
miRNA biomarkers based on global quantitative real-time PCR
profiling. J Anim Sci Biotechnol. 2012;3(1):4.

46. Lardiz�abal MN, Nocito AL, Daniele SM, Ornella LA, Palatnik JF,
Veggi LM. Reference genes for real-time PCR quantification of
micrornas and messenger RNAs in rat models of hepatotoxicity.
PLoS ONE. 2012;7(5):e36323. https://doi.org/10.1371/journal.
pone.0036323

47. Famurewa AC, Ekeleme-Egedigwe CA, David EE, Eleazu CO,
Folawiyo AM, Obasi NA. Zinc abrogates anticancer drug
tamoxifen-induced hepatotoxicity by suppressing redox imbal-
ance, NO/iNOS/NF-ĸB signaling, and caspase-3-dependent
apoptosis in female rats. Toxicol Mech Methods. 2020;30(2):
115-123.

48. Pawlak M, Lefebvre P, Staels B. Molecular mechanism of
PPARα action and its impact on lipid metabolism, inflammation

10 ABD EL-HALEIM AND SALLAM

https://doi.org/10.1016/j.acthis.2020.151502
https://doi.org/10.1016/j.acthis.2020.151502
https://doi.org/10.4103/ijpvm.IJPVM-499-17
https://doi.org/10.4103/ijpvm.IJPVM-499-17
https://doi.org/10.3390/nu11010077
https://doi.org/10.3390/nu11010077
https://doi.org/10.1111/liv.12429
https://doi.org/10.1111/liv.12429
https://doi.org/10.1111/fcp.12665
https://doi.org/10.1371/journal.pone.0036323
https://doi.org/10.1371/journal.pone.0036323


and fibrosis in non-alcoholic fatty liver disease. J Hepatol. 2015;
62(3):720-733.

49. Sanders FWB, Griffin JL. De novo lipogenesis in the liver in
health and disease: More than just a shunting yard for glucose.
Biol Rev. 2016;91(2):452-468.

50. Lagos-Quintana M, Rauhut R, Yalcin A, Meyer J, Lendeckel W,
Tuschl T. Identification of tissue-specific MicroRNAs from
mouse. Curr Biol. 2002;12(9):735-739.

51. Yamada H, Ohashi K, Suzuki K, et al. Longitudinal study of
circulating miR-122 in a rat model of non-alcoholic fatty liver
disease. Clin Chim Acta. 2015;446:267-271.

52. Jin X, Ye Y-F, Chen S-H, Yu C-H, Liu J, Li Y-M. MicroRNA
expression pattern in different stages of nonalcoholic fatty liver
disease. Dig Liver Dis. 2009;41(4):289-297.

53. Loyer X, Paradis V, Hénique C, et al. Liver microRNA-21 is over-
expressed in non-alcoholic steatohepatitis and contributes to the
disease in experimental models by inhibiting PPARα expression.
Gut. 2016;65(11):1882-1894.

54. L�opez-Riera M, Conde I, Tolosa L, et al. New microRNA bio-
markers for drug-induced steatosis and their potential to predict
the contribution of drugs to non-alcoholic fatty liver disease.
Front Pharmacol. 2017;8:1-12.

55. Nam H-S, Hwang K-S, Jeong Y-M, et al. Expression of miRNA-
122 Induced by Liver Toxicants in Zebrafish. Biomed Res Int.
2016;2016:1473578.

56. Moore KJ, Rayner KJ, Su�arez Y, Fern�andez-Hernando C. The
role of microRNAs in cholesterol efflux and hepatic lipid metabo-
lism. Annu Rev Nutr. 2011;31(1):49-63.

57. Gatfield D, Le Martelot G, Vejnar CE, et al. Integration of micro-
RNA miR-122 in hepatic circadian gene expression. Genes Dev.
2009;23(11):1313-1326.

58. Bertelli G, Pronzato P, Amoroso D, et al. Adjuvant tamoxifen
in primary breast cancer: influence on plasma lipids and
antithrombin III levels. Breast Cancer Res Treat. 1988;12(3):
307-310.

59. Esteva FJ, Hortobagyi GN. Comparative assessment of lipid
effects of endocrine therapy for breast cancer: implications for
cardiovascular disease prevention in postmenopausal women.
Breast. 2006;15(3):301-312.

60. Gudbrandsen OA, Rost TH, Berge RK. Causes and prevention
of tamoxifen-induced accumulation of triacylglycerol in rat liver.
J Lipid Res. 2006;47(10):2223-2232.

61. Ke HZ, Chen HK, Simmons HA, et al. Comparative effects of
droloxifene, tamoxifen, and estrogen on bone, serum choles-
terol, and uterine histology in the ovariectomized rat model.
Bone. 1997;20(1):31-39.

62. Tsai WC, da Hsu S, Hsu CS, et al. MicroRNA-122 plays a critical
role in liver homeostasis and hepatocarcinogenesis. J Clin
Invest. 2012;122(8):2884-2897.

63. Marquart TJ, Allen RM, Ory DS, Bald�an �A. miR-33 links
SREBP-2 induction to repression of sterol transporters. Proc
Natl Acad Sci U S A. 2010;107(27):12228-12232.

64. Dambal S, Giangreco AA, Acosta AM, et al. microRNAs
and DICER1 are regulated by 1,25-dihydroxyvitamin D
in prostate stroma. J Steroid Biochem Mol Biol. 2017;167:
192-202.

65. Zhou Z, Li X, Jiang G, Wang J, Qian Y. Vitamin D down-
regulates microRNA-21 expression to promote human placental
trophoblast cell migration and invasion in vitro. Nan Fang Yi Ke
Da Xue Xue Bao. 2019;39(4):437-442.

66. Craig TA, Zhang Y, Magis AT, et al. Detection of
1α,25-dihydroxyvitamin D-regulated miRNAs in zebrafish by
whole transcriptome sequencing. Zebrafish. 2014;11(3):
207-218.

67. Shibata C, Kishikawa T, Otsuka M, et al. Inhibition of
microRNA122 decreases SREBP1 expression by modulating

suppressor of cytokine signaling 3 expression. Biochem Biophys
Res Commun. 2013;438(1):230-235.

68. Gracia A, Fern�andez-Quintela A, Miranda J, Eseberri I,
Gonz�alez M, Portillo MP. Are miRNA-103, miRNA-107 and
miRNA-122 Involved in the prevention of liver steatosis induced
by resveratrol? Nutrients. 2017;9(4):360. https://doi.org/10.3390/
nu9040360

69. Hussain M, Iqbal J, Malik SA, Waheed A, Shabnum S, Akhtar L,
Saeed H. Effect of vitamin D supplementation on various param-
eters in non-alcoholic fatty liver disease patients. 2019;32:360.
Accessed June 6, 2020. https://www.researchgate.net/
publication/336070842

70. Lorvand Amiri H, Agah S, Mousavi SN, Hosseini AF, Shidfar F.
Regression of non-alcoholic fatty liver by vitamin D supplement:
a double-blind randomized controlled clinical trial. Arch Iran
Med. 2016;19(9):631-638.

71. Shidfar F, Mousavi SN, Lorvand Amiri H, Agah S,
Hoseini S, Hajimiresmail SJ. Reduction of some
atherogenic indices in patients with non-alcoholic fatty liver by
vitamin D and calcium co-supplementation: a double blind
randomized controlled clinical trial. Iran J Pharm Res IJPR.
2019;18(1):496-505.

72. Tabrizi R, Moosazadeh M, Lankarani KB, et al. The
effects of vitamin D supplementation on metabolic profiles
and liver function in patients with non-alcoholic fatty liver
disease: a systematic review and meta-analysis of randomized
controlled trials. Diabetes Metab Syndr Clin Res Rev. 2017;11:
S975-S982.

73. Bishop JF, Smith JG, Jeal PN, et al. The effect of danazol
on tumour control and weight loss in patients on
tamoxifen therapy for advanced breast cancer: a randomised
double-blind placebo controlled trial. Eur J Cancer. 1993;29A(6):
814-818.

74. Lampert C, Arcego DM, Laureano DP, et al. Effect of chronic
administration of tamoxifen and/or estradiol on feeding behavior,
palatable food and metabolic parameters in ovariectomized rats.
Physiol Behav. 2013;119:17-24.

75. Wade GN, Heller HW. Tamoxifen mimics the effects of
estradiol on food intake, body weight, and body composition
in rats. Am J Physiol Regul Integr Comp Physiol. 1993;
264(6 33-6):R1219-23. https://doi.org/10.1152/ajpregu.1993.
264.6.r1219

76. L�opez M, Lelliott CJ, Tovar S, et al. Tamoxifen-induced anorexia
is associated with fatty acid synthase inhibition in the ventrome-
dial nucleus of the hypothalamus and accumulation of malonyl-
CoA. Diabetes. 2006;55(5):1327-1336.
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