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Abstract

Earlier we have reviewed on lipid metabolism in relation to obesity in the form of role of poly unsaturated fatty acids (PUFA’s) and

ceramide metabolism in obesity. Further we have been attempting to find ways of tackling nonalcoholic fatty liver disease (NAFLD)

which as a result of obesity has attained mammoth proportions. Previously we tried to study roles of leveo carnitine (LC) and nico-

tiname riboside (NR) having importance in FA (3-oxidation and as a precursor of nicotinamide adenine diamide (NAD+) respectively

which acts as a coenzyme in FA beta oxidation to help in reducing the fatty acids from liver. Here we attempted to study further other

targets that can be used for treating NAFLD. Utilizing the pubmed search engine we looked for terms like Vitamin D/Vitamin D Recep-

tor (VDR) and allyl isothiocyanate (AITC) in NAFLD, besides other miscellaneous agents like acipimox and curcumin in NAFLD. Of the

total 3471 articles we selected a total of 50 articles for this review.
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Introduction

All over the world, the prevalence of overweight and obesity
in both adults and children has dramatically increased over the
last decades and thus become a main health concern. Adiposity
along with ectopic fat accumulation are manifestations of obesity
which=> comorbidities. Recently non-alcoholic fatty liver disease
(NAFLD) has presented to be the most common chronic liver dis-
ease that is related to obesity [1,2]. Latest concepts regarding obe-
sity therapy concentrate on lifestyle changes and take into account
diet changes advice in combination with exercise. Despite these,
obesity rates have not reduced in the last 3 decades. Further re-
cent therapies is insufficient to achieve sustained weight loss for
most of the obese patients [3]. Thus need for new strategies which
stimulate energy metabolism in other ways is required [4]. Ear-

lier we had reviewed how still we have not achieved any suitable

medical therapy for alleviating obesity and comorbidities although
thylakoids, GLP1 receptor agonist combinations and some plant
products have some promising role and other than Bariatric Sur-
gery we don’t have any promising therapy for maintaining weight
loss [5-9]. Further we had reviewed regarding role of fat metabo-
lism in effects of obesity and NAFLD development along with role
of polyunsaturated fatty acids. Here we further review on how we
can attack the lipid metabolism for achieving effective control for
obesity and NAFLD [10,11].

Methods

We used the pubmed search engine for articles regarding NFLD,
with special emphasis onMeSH terms like Vit D/Vitamin D recep-
tor and NAFLD, allyl isothiocyanate (AITC) and NAFLD, and other
modulators of NAFLD.
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Results and Discussion

We found a total of 3471 articles of which 90 articles pertain-
ing to Vitamin D/Vitamin D receptor and 60 articles pertaining to
AITC and NAFLD, of which we selected 38 articles pertaining to
Vitamin D/VDR and14 articles pertaining to AITC and other 8 mis-

cellaneous articles for this review. No meta-analysis was done.

At present nonalcoholic fatty liver disease (NAFLD) is thought
to be the most prevalent chronic hepatic disease globally [1]. It
affects roughly 1/4™ of adults globally. From the epidemiological
reports it seems that its prevalence is on the rise that say that 25%
right now affect the normal population [2], with a sharp increase
in the obese subjects [12], presenting with type2 diabetes mel-
litus (T2DM) [13], along with the ones with metabolic syndrome
(MetS) [14]. Now NAFLD has reached a problem globally, affect-
ing public health [15]. NAFLD basically depicts a broad spectrum
of disease stages, varying from simple steasosis to nonalcoholic
steatohepatitis (NASH), that has the properties of hepatocellullar
damage along with inflammation and ultimately might lead to liver
cirrhosis or hepatocellular carcinoma [16]. Moreover NAFLD has
a strong tendency to cause T2DM, atherosclerosis, CVS disease
along with chronic kidney disease [17,18]. With the rapid rise in
many countries, it has started becoming an epidemic. Numerous
workers have demonstrated a rise in CVS problems, with NAFLD
subjects and that NAFLD represents a risk factor that is on its own

responsible for >cardiovascular (CVS) mortality [19] (Figure 1).

Role of vitamin D in NAFLD

Despite the dramatic increase with the clinical implications of
this disease what leads to its formation, along with progression is
not clear properly and presently no efficacious therapies exist. In
the last few yrs some hypothesis given for its aetiopathogenesis
have been cited, of which the maximum affected one is the “mul-
tiple parallel hits” [20]. As per this hypothesis whatever is influ-
encing accumulation of fat in the liver, inflammation along with
fibrosis are influenced by some fine tuning of various causes [20]
and related to this vitamin D and its receptor (VD/VDR) axis is be-
ing actively probed. Besides the central part in bone and mineral
homeostasis, VD represents a molecule, that has actions on a lot of
biological systems, especially the active VD controls the immune
system and further affects the insulin sensitivity in different ex-

perimental models related to metabolic diseases [21].
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Figure 1: AITC

Courtesy ref no 48 Model of allyl isothiocyanate action. Sche-
matic diagram: allyl isothiocyanate ameliorates hepatic lipid accu-
mulation and hepatic inflammation by activating the Sirt1/AMPK

signaling pathway and inhibiting the NF-«kB pathway. AITC: Allyl
isothiocyanate; IKK: IkB kinase; IkBa: Inhibitor of nuclear factor
kappa B o; TNFa: Tumor necrosis factor a; IL-6: Interleukin-6;
IL-1f3: Interleukin-1; Sirt1: Sirtuin 1; AMPKa: AMP-activated
protein kinase o; PGC1a: Proliferator-activated receptor gamma
coactivator 1a; PPARa: Peroxisome proliferator-activated recep-
tor o; CPT1a: Carnitine palmitoyl transferase 1 o; SREBP1: Sterol
regulatory element binding protein 1; SCD1: Stearoyl coenzyme A
desaturase 1; FAS: Fatty acid synthase; ACC1: Acetyl-CoA carbox-
ylase 1.

Lot of researchers have demonstrated that low circulating VD
amounts are related to obesity [22], Metabolic Syndrome (MetS)
[23], and type 2 diabetes mellitus (T2DM) [15]. Further work done
in number of adults showed a good correlation between hypovi-
taminosis D with the NAFLD diagnosis [25]. Similar results were
validated in children, where hypovitaminosis D correlated with his-

tological extreme of NAFLD, that was not dependent on the meta-
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bolic factors [26].

This is further proven by the animal research, that impaired VD
balance takes part in the formation of NAFLD. Roth., et al. dem-
onstrated that absence of VD input in obese rats led to the ini-
tiation along with progression of NAFLD, that was evaluated via
hepatic histology, showing a >NAFLD activity score along with
enhancing lobular inflammation [27]. Similarly, in experimen-
tal circumstance VD has been demonstrated to possess anti-in-
flammatory action, along with a marked inhibition of antifibrotic
markers expression in the liver, like platelet derived growth fac-
tor and transforming growth factor. Further there was decreased
production of collagen, a-smooth muscle actin along with tissue
inhibitorsofmetalloproteinase-1f3, that represented more anti-in-
flammatory effects of VD [28]. Another work done on mice hav-
ing non alcoholic steatohepatitis (NASH), phototherapy decreased
inflammation in the hepatocyte along with fibrosis and improved

insulin resistance (IR) by enhancing VD.

Based on these proofs given by experiments along with epide-
miology, VD has become a centre of interest as a probable treat-
ment for NAFLD. But till now RCTs could not show any improve-
ment with VD addition in decreasing fatty liver amount, or the
histological changes showing inflammation and fibrosis, or raised

transaminases during the course of either NASH or NAFLD [29].

Hence clinical value of VD in NAFLD remains debatable. Exam-
ining the results of randomized controlled trials (RCTs) critically
might offer some reasonable basis for carrying out more appro-
priately designed experiments (like personalized regimens of sup-
plementation related to VD concentrations at baseline and at the
point of hepatic damage, >VD supplementation regimens, propor-
tional to VD levels, longer time of supplementation prior to con-
cluding finally with regards to VD use. Still currently one can’t see

what exact beneficial effects can be got by bringing VD values to

VDR role

Further part played by VDR has been examined in different
metabolic diseases by itself, concentrating mainly on its presence
or expression in insulin sensitive tissue including liver. Barchetta.,
et al. showed for the 1st time in humans the expression of VDR in
various liver cell kinds and decreased VDR expression in liver cells

of patients having NASH. From that point of time multiple publi-
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cations revealed that in liver VDR controls microinflammation and
fibrosis [30]. Furthermore Arai., et al. [31] showed that in subjects
who had biopsy validated NAFLD, polymorphisms of the VDR gene

are correlated with the degree of severity of hepatic fibrosis.

Their data revealed that besides VD, secondary hydrophobic
bile acids like lithocholic acid, activated VDR in human hepatocytes
[32]. In animal studies Bozic., et al. [30], showed that the produc-
tion of liver steatosis got blunted, once VDR was deleted. When
mice were exposed to a HFD, an early induction of liver VDR ex-
pression in the presence of fatty liver that was followed by a ten-
dency towards decrease in VDR in the longterm, when> severity
of inflammation and fibrosis took place [30]. Same group carried
out analysis of expression of genes that were associated with lipid,
metabolism in mouse livers, that pointed that lipogenic pathways
activation along with inhibition of hepatic oxidation. Furthermore
Garcia-Moneizon.,, et al. [33], showed that liver angiopoietin like
protein 8 (ANGPL8) expression is raised on VDR activation. AN-
GPL8 is recognized as a crucial controller of metabolism of triglyc-
erides and > levels of ANGPLS is related to the presence of NAFLD
[34]. From these results it is indicated that >prominence of VDR is
found in liver damage that is in advanced stage, that will point that
VDR is induced at an initial stage of the disease and does not need

liver injury or fibrosis for having got fully developed.

The total data favours the proposition that, in the period of met-
abolic diseases, VDR, independent of its own ligand VD might have
a key role in helping liver fat accumulation. More studies need to
be directed to get full insight in the processes that lead to liver VDR
activation and examining the part of a new target for novel strate-

gies in the early tackling of NAFLD.

The pathogenesis of NAFLD is not clear, with no present treat-
ment method or very little options. Beyond life style changes re-
sulting in weight reduction and increased physical activity are the
ones that have at present any approval [35]. Thus the requirement
of an immediate finding some medical therapies that prove to be
efficacious in NAFLD.

Role of allyl isothiocyanate (AITC)
Increased triglyceride (TG) collecting in the liver hepatocytes
is a property of hepatic steasosis, with a marked correlation with

chronic hepatic inflammation along with Insulin resistance(IR)
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[36]. Moreover the IkB Kinase (IKK)/nuclear factor kappa B
(NFkB) signaling pathways take a key role in the formation of vari-
ous metabolic disorders which include NAFLD, and particularly

hepatic inflammation [37].

Sirtuin 1 (Sirtl) represents a markedly conserved nicotinamide
adenine nucleotide-dependent protein deacetylase which controls
a broad types of biological actions in mammals which are stea-
sosis along with energy homeostasis [38]. AMP activated protein
kinase (AMPK) acts as a switch of energy, regulating various cel-
lular functions like steasosis, via inhibition of lipogenesis in liver
and stimulation of fatty acid oxidation [30]. Earlier reports showed
that Sirt1 is needed essentially for lipogenesis in liver along with
fatty acid oxidation via numerous sensors of nutrients which are
sterol regulatory element binding proteinl (SREBP1), peroxisome
proliferator activated receptor gamma coactivator 1a (PGCla) and
peroxisome proliferator activated receptor a (PPARa) [39]. More-
over (Sirt1) controls AMPK activation in NAFLD, causing increased
lipolysis and (-oxidation, and further abrogated hepatic steatosis
[41].

Allyl isothiocyanate (AITC) is produced from sinugrin, that is
obtained from many cruciferous vegetables, consumes a lot by
humans [42]. Myrosinase present within the intestinal organisms,
catalyzes the hydrolysis of sinugrin to AITC both in humans along
with in animals [42]. Earlier work demonstrated that AITC dem-
onstrated anti- inflammatory in addition to anticancer actions
[43,44]. AITC was found to be an innovative therapy for DIO along
with IR via mitochondrial functioning abnormalities modulation
[45]. Further Okulicz M demonstrated that AITC increased both
basal along with adrenaline induced lipolysis in adipocytes and
augmented the degree of hydrolysis of TG in the blood serum of
rats [46]. Further more earlier, Kim., et al. had demonstrated that
AITC inhibits adipogenic differentiation of 3T3L1 preadipocytes
and repressed gene expression of those that get upregulated at the
time of adipogenesis [47]. Still not much answers are there as far
as its direct actions on the liver are concerned along with their ba-

sic mode of action.

Thus Li, et al. tried to find out the action along with how AITC
acted in NAFLD. Thus for developing a mouse along with a cell
model of NAFLD, they fed High Fat Diet (HFD) to C57BL/6 mice
over 8week period, and treated AML-12 cells with 200 pM palmi-
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tate acid for 12hrs. To receive treatment with AITC, mice were giv-
en AITC (100mg/kg/d) via oral route, while AML-12 cells received
20pmol/L of AITC. With AITC administration HFD induced weight
increase was markedly abrogated, along with collection of lipids
in the liver and inflammation in vivo. Moreover the transaminas-
es, namely serum alanine amino transferase and aspartate amino
transferase levels got significantly decreased in AITC treated mice.
As far as mechanism of action is concerned, marked downregula-
tion of SREBP1 along with its lipogenesis genes which it targets,
along with upregulaion of proteins participating in FA -Oxidation,
in addition to upstream mediators like Sirtl and AMPKa in the liv-
ers of HFD mice. Subsequent to AITC administration NFkB signal-
ing pathway got ameliorated. As thought AITC abrogated palmitate
acid caused lipid collection and inflammation in AML-12 cells in
vitro via the Sirtl/AMPK and NFkB signaling pathways. Interest-
ingly, future work demonstrated that the curative effect of AITC
on or lipid collection was ameliorated by siRNA mediated knock-
down of either AMPKa or Sirtl in AML-12 cells. Thus concluding
that marked abrogation of hepatic steatosis and inflammation was
caused by AITC via activation of Sirtl1/AMPK and NFkB pathway.

Role of acipimox

IR is related to enhanced lipolysis and increased concentration
of FFA s that ultimately result in compromised vascular function.
Aday.,, et al. proposed that decreasing FFA with acipimox, that is a
derivative of nicotinic acid, which compromises FFA efflux, might
help in increasing endothelial function as observed by flow-me-
diated dilation, in subjects with MetS. They recruited 18 patients
having MetS along with 17 healthy controls and gave them 250mg
acipimox orally 6 hrly/placebo for 7 days utilizing a randomized
double blind, crossover trial. They observed that acipimox de-
creased amounts of Free Fatty Acid (FFA) in cases of MetS to ap-
proximately normal concentrations (p=0.01), without any changes
found in healthy controls (p=0.17). No improvement of endothe-
lial - based FMD was found in any group (MetS; P=0.42; Healthy
Controls: p=0.16) by acipimox, though endothelial nondependent
nitroglycerin -mediated dilation in cases presenting with MetS had
a tendency of rising (20.3%, p=0.06). No differences in lipids or
inflammation markers were seen after therapy. Very little altera-
tions in FMD along with baseline BMI measures (p=-0.09) or waist
circumference (p=-0.15). Thus concluding that in those having nor-
mal or increased baseline FFA, short time decreases don’t enhance
endothelial function as studied using FMD [49].
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Role of curcumin

The main risk factor for MetS development is obesity, that re-
fers to the pathological hyperplasia or/and hypertrophy of AT,
How many mature adipocytes will be present is on the bases of
differentiation of adipocytes from preadipocytes. Wu,, et al. tried
to examine the actions of curcumin on adipogenesis and its mecha-
nism. For testing cell toxicity caused by curcumin, 3T3L1 pread-
ipocytes got 0-50uM curcumin for a period of 24h, 48h or 72 h,
and then they measured cell viability with the help of MTT (3- (4,
5-dimethyl thiazol-2-yl) 2, 5-diphenyl tetrazolium bromide) assay.
Curcumin’s action on cell cycle was measured by flow cytometry.
Cell apoptosis stimulated by curcumin was checked by the TUNEL
Assay and caspase activation was checked by immunoblotting. Ef-
fect of curcumin on the differentiation of adipocytes was checked
using mitotic clonal expansion (MCE), expression of adipogenic
transcription factors, along with lipid collection. Marked reduc-
tion of viability of preadipocytes was observed following therapy
with 30puM curcumin, that is an amount that results in apoptosis
in preadipocytes, as checked, using TUNEL assay, and lead to ac-
tivation of caspases 8, 9 along with 3. Non cytotoxic dose of cur-
cumin (15pM) inhibited MCE, along with the downregulation of
the expressionof PPAR y and C/EBPa, disallowed differentiation
-medium stimulated (-catenin downregulation, and reduced lipid
collection in 3T3L1 adipocytes. Thus concluding that curcumin can
stimulate preadipocytes apoptosis and prevent adipocytes differ-

entiation => reduction of adipogenesis [50].

Conclusion

Earlier we had reviewed regarding importance of polyunsatu-
rated fatty acids and role of ceramide metabolism in obesity and
utilization of Levo Carnitine and Nicotnamide Riboside combina-
tion in treating NAFLD. Here we have further emphasized on role
of Vitamin D although adding vitamin D has not clearly yielded
results of resolution of NAFLD, needing further studies, and role
of Vitamin D receptor irrespective of its ligand Vitamin D in liver
which needs to be further investigated for its role in NAFLD, roles

of acipimox and curcumin are further explored.
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