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HIGHLIGHTS

GRAPHICAL ABSTRACT

« HBV, HBC, and alcoholic and non-
alcoholic fatty liver disease lead to
liver cirrhosis.

« All these are inflammatory conditions
with PUFA deficiency state.

« HBV, HCV, and alcohol inhibit PUFA
metabolism.

« PUFAs and their metabolites have
anti-viral and cytoprotective actions.

« PUFAs and vitamin C may be of
benefit in NAFLD, AFLD, and liver
cirrhosis.
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It has been suggested that hepatitis B virus (HBV)- and hepatitis C virus (HCV)-induced hepatic damage
and cirrhosis and associated hypoalbuminemia, non-alcoholic fatty liver disease (NAFLD), and alcoholic
fatty liver disease (AFLD) are due to an imbalance between pro-inflammatory and anti-inflammatory
bioactive lipids. Increased tumour necrosis factor (TNF)-o0 production induced by HBV and HCV leads
to a polyunsaturated fatty acid (PUFA) deficiency and hypoalbuminemia. Albumin mobilizes PUFAs from
the liver and other tissues and thus may aid in enhancing the formation of anti-inflammatory lipoxins,
resolvins, protectins, maresins and prostaglandin E1 (PGE1) and suppressing the production of pro-
inflammatory PGE2. As PUFAs exert anti-viral and anti-bacterial effects, the presence of adequate levels
of PUFAs could inactivate HCV and HBV and prevent spontaneous bacterial peritonitis observed in cirrho-
sis. PUFAs, PGE1, lipoxins, resolvins, protectins, and maresins suppress TNF-o and other pro-
inflammatory cytokines, exert cytoprotective effects, and modulate stem cell proliferation and differen-
tiation to promote recovery following hepatitis, NAFLD and AFLD. Based on this evidence, it is proposed
that the administration of albumin in conjunction with PUFAs and their anti-inflammatory products
could be beneficial for the prevention of and recovery from NAFLD, hepatitis and cirrhosis of the liver.
NAFLD is common in obesity, type 2 diabetes mellitus, and metabolic syndrome, suggesting that even
these diseases could be due to alterations in the metabolism of PUFAs and other bioactive lipids.
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Hence, PUFAs and co-factors needed for their metabolism and albumin may be of benefit in the preven-

tion and management of HBV, HCV, alcoholic hepatitis and NAFLD, and liver cirrhosis.

© 2019 The Author. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Alcoholism, hepatitis B virus (HBV), hepatitis C virus (HCV) and
fatty liver disease (non-alcoholic fatty liver disease, NAFLD, and
non-alcoholic steatohepatitis, NASH) are the most common causes
of liver cirrhosis [1]. NAFLD and NASH are common in subjects
with obesity, diabetes mellitus and coronary heart disease (CHD)
[2,3]. Hence, a better understanding of the pathophysiology of
HBV, HCV, NAFLD, and NASH may also provide clues for under-
standing obesity, diabetes mellitus, and CHD.

Both HBV and HCV can cause acute and chronic infection.
Chronic HBV and HCV infections may lead to cirrhosis and hepa-
tocellular carcinoma (HCC). In addition, patients with chronic
HBV and HCV hepatitis may remain infectious and transmit the
disease to other for many years. Several other causes of hepatitis
include hepatitis A, hepatitis D (HDV) and hepatitis E viruses
(HEV). Other infrequent causes of viral hepatitis include aden-
ovirus, cytomegalovirus (CMV), Epstein-Barr virus (EBV) and her-
pes simplex virus (HSV). Both HBV and HCV may cause
extrahepatic manifestations. Approximately 5% of the world’s
population (ie, 350 million people) are estimated to be chroni-
cally infected with HBV. Of which, about 20% will eventually
develop HBV-related cirrhosis or hepatocellular carcinoma
(HCC). Both HBV and HCV are transmitted via perinatal, par-
enteral (especially via intravenous and intranasal drug use) and
sexual routes. Health workers are especially at risk of contacting
both HBV and HCV infections (HBV > HCV). HBV and HCV are the
most common causes of serious hepatitis (HAV is common but
causes mild hepatitis, self-limiting and is transmitted through
contaminates food, water and from person to person). Hence,
the present discussion is restricted to HBV and HCV.

Alcohol is metabolized in the body to acetaldehyde and acetate
by alcohol dehydrogenase and aldehyde dehydrogenase enzymes
respectively. Acetaldehyde is hepatotoxic. HBV, HCV and alcohol
cause inflammation and thus, ultimately, they lead to hepatotoxi-
city and apoptosis and necrosis of liver cells that can lead to fibro-
sis and hepatocellular carcinoma. Non-alcoholic fatty liver disease
(NAFLD) is the most common cause of liver damage and is due to
accumulation of excess of fat in the liver that can trigger inflamma-
tion and its consequences. Thus, inflammatory events seem to be at
the centre of both infective and non-infective causes of liver
damage, cirrhosis and hepatocellular carcinoma (HCC). Current
knowledge suggests that there is a significant role for pro- and
anti-inflammatory cytokines, bioactive lipids and oxidative stress
in the pathogenesis of viral hepatitis, alcoholic hepatitis, NAFLD,
liver cirrhosis, and HCC. In the current review, I surveyed critically
literature pertaining to cytokines, free radicals, antioxidants, and
various bioactive lipids namely polyunsaturated fatty acids
(PUFAs) and their pro- and anti-inflammatory metabolites and
their role in hepatitis, NAFLD and liver cirrhosis. Based on these
evidences, I suggested that bioactive lipids and their metabolites
and the co-factors needed for their appropriate metabolism could
be exploited in the prevention and management of these diseases.
Since, NAFLD is common in those with obesity, type 2 diabetes
mellitus and metabolic syndrome, it is implied that similar
approaches could be employed in the prevention and management
of these conditions as well.

Cirrhosis is associated with PUFA deficiency

The total n-6 and n-3 PUFA levels and the levels of linoleic (LA),
dihomo-vy-linolenic acid (DGLA), arachidonic acid (AA), and
docosahexaenoic acid (DHA) have been reported to be significantly
lower in patients with post-viral and alcoholic cirrhosis than in
healthy controls, and the administration of AA, eicosapentaenoic
acid (EPA) and DHA has been shown to be beneficial in HCV and
diet- and chemical-induced hepatic dysfunction [4-7]. These
results indicate that a deficiency of n-3 and n-6 PUFAs and the
resultant decreased formation of their anti-inflammatory products,
such as prostaglandin E1 (PGE1), prostacyclin (PGI2), lipoxins
(LXs), resolvins, protectins and maresins, play a significant role in
the pathogenesis of liver cirrhosis [8-15]. In general, PUFAs,
PGE1, PGI2, LXs, resolvins, protectins and maresins seem to exert
anti-fibrotic effects as they can also prevent cardiac, renal and pul-
monary fibrosis [16-21] by suppressing inflammation. Lipoxin A4
(LXA4) can attenuate the expression of fibronectin, N-cadherin,
thrombospondin and the notch ligand jagged 1 induced by pro-
fibrotic TGF-B partly by regulating the expression of microRNA
let-7c, which enhances the expression of fibronectin, N-cadherin,
thrombospondin and the notch ligand jagged 1. In addition, several
microRNA let-7c target genes have been found to be upregulated in
fibrotic human renal biopsies, indicating that the reduced synthe-
sis and action of LXA4 may play a significant role in fibrosis [15,21].

In this context, it is noteworthy that HBV and HCV inhibit the
activity of A® and A® desaturases that are essential for the metabo-
lism of dietary linoleic acid (LA) and alpha-linolenic acid (ALA) into
their respective long-chain products gamma-linolenic acid (GLA),
DGLA and AA and EPA and DHA, respectively (see Figs. 1 and 2
regarding the metabolism of essential fatty acids, EFAs, and their
influence on inflammation). Thus, it is anticipated that HBV and
HCV infection would cause a deficiency of GLA, DGLA, AA, EPA
and DHA and their anti-inflammatory metabolites, such as LXs,
resolvins, protectins and maresins, as well as PGE1 and PGI2. Such
a virus-induced PUFA deficiency may further aggravate viral (e.g.,
HCV and HBV) infection due to the absence or decrease in the
anti-viral activity of PUFAs, which are probably needed for anti-
viral responses.

Pufas and their metabolites exert anti-HBV and anti-HCV effects

It is noteworthy that HBV and HCV inhibit the activity of desat-
urases and thus produce a PUFA (GLA, DGLA, AA, EPA and DHA)
deficiency. This virus-induced PUFA deficiency seems to be a
defensive mechanism developed by HBV and HCV to protect them-
selves from the viricidal action of these bioactive lipids. This idea is
supported by the observation that several PUFAs (especially AA)
and their metabolites exert anti-viral effects [22-52]. It has been
reported that AA, EPA and DHA show anti-HCV activity at a phys-
iologically relevant dose of 4 uM (especially AA), whereas ALA, GLA
and LA are effective at a much higher dose (100 uM). In contrast,
oleic acid (18:1) and saturated fatty acids, including myristic acid,
palmitic acid, and stearic acid, were found to be ineffective. It is
interesting to note that AA enhanced the anti-viral activity of
interferon (IFN)-o0 [23]; additionally, IFN is known to activate
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Fig. 1. Scheme showing potential role of PUFAs and their metabolites on cytokines, stem cells and liver cirrhosis. HBV, HCV, and alcohol decrease the activities of desaturases.
This leads to a decrease in the formation of GLA, DGLA, AA, and EPA and DHA from their dietary precursors LA and ALA, respectively. HBV, HCV, and alcohol activate PLA2 and
induce the release of various PUFAs from the liver cell membrane. These released PUFAs will be used for the formation of their respective pro- and anti-inflammatory
metabolites by the action of COX-2 and LOX enzymes. HBV, HCV, and alcohol enhance the formation of pro-inflammatory products such as PGE2, LTs and pro-inflammatory
cytokines such as IL-6 and TNF-o.. Under normal physiological conditions, when the hepatocyte content of PUFAs are normal released PUFAs undergo peroxidation. The lipid
peroxides inactivate HBV and HCV. If the hepatocytes are deficient in PUFAs, it leads to the formation of pro-inflammatory PGE2 and LTs. This causes hepatocyte inflammation
(hepatitis). If PUFAs are present in adequate amounts in hepatocytes, it leads to the formation of anti-inflammatory lipoxins, resolvins, protectins and maresins that not only
inhibit inflammation (hepatitis) but also inactivate HBV and HCV and protect liver from toxic actions of alcohol. PUFAs and their metabolites can also act on stem cells to
enhance repair process and augment liver regeneration. IL-18 enhances the formation of lipoxins, resolvins, protectins and maresins. Pro-inflammatory cytokines augment
the production of pro-inflammatory bioactive lipids whereas anti-inflammatory cytokines enhance the formation of lipoxins, resolvins, protectins and maresins. AA and LXA4
deficiency may cause obesity, NAFLD and type 2 DM. Free radicals (ROS) generation induced by inflammatory process (including cytokines) triggered by HBV and HCV is
suppressed by albumin, lipoxins, resolvins, protectins, maresins, and PUFAs especially AA. PUFAs and lipoxins, resolvins, protectins and maresins suppress the production of
IL-6, TNF and HMGBI1. In summary AA, EPA, DHA, LXs, resolvins, protectins and maresins inactivate viruses, suppress ROS, prevent abnormal lipid peroxidation, suppress
inappropriate inflammation and thus, prevent NAFLD, hepatitis, liver cirrhosis, obesity, type 2 DM and metabolic syndrome. For further details see text.

phospholipase A2 (PLA2) and induce the release of PUFAs from the
cell membrane lipid pool, indicating that one of the mechanisms by
which IFN meditates its anti-viral effects is by inducing the release
of PUFAs [53-56]. Thus, PUFAs released by IFN are utilized to form
PGE2, a pro-inflammatory molecule and immunosuppressor,
which may explain the pro-inflammatory actions of IFN. It is note-
worthy that activation of the ERK, p38 and JNK signalling cascades
in host cells is needed for virus-induced cyclo-oxygenase (COX)-2
activation and PGE2 formation. Paradoxically, PGE2 enhances viral
replication [57]. On the other hand, AA, EPA, DHA, PGA, PGJ2, PGET1,

and leukotrienes (LTs) have anti-viral properties [22-52]. These
results suggest that fatty acid molecules themselves and/or some
of their selective products have anti-viral activity, indicating that
the way PUFAs are metabolized is crucial for determining whether
viruses are allowed to replicate or are inhibited from replicating,
thus preventing liver damage due to HBV and HCV from occurring.
It is important to note that PGA is a vasodilator, PGE2 is a vasodila-
tor and pro-inflammatory molecule, and LTs are vasoconstrictors
and pro-inflammatory in nature, whereas PGE1, LXs resolvins, pro-
tectins and maresins are anti-inflammatory and anti-viral. Thus,
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the final outcome of viral infections (especially HBV and HCV infec-
tions) of either the progression of hepatic damage and liver cirrho-
sis or the inhibition of viral replication and the resolution of
hepatic damage and the inflammatory process (induced by viruses)
depends on the presence of adequate amounts of PUFAs in the hep-
atocyte cell membranes and their release and conversion into anti-
viral (e.g., PGA, PGJ2, LTs, LXs, resolvins, protectins and maresins)
or viral replication-enhancing products (e.g., PGE2). How exactly
this balance between useful and harmful PUFA products is deter-
mined remains unclear.

Interactions among PUFAs, PGE2, LXA4 and their relationship
with HBV and HCV hepatitis

It has been well documented that the anti-inflammatory
metabolites of PUFAs (PGE1, PGA, LXs, resolvins, protectins and
maresins) are essential for wound healing and possess cytoprotec-
tive properties [58-62]. PUFAs, PGE1, LXs, resolvins, protectins and

maresins inhibit IL-6 and TNF-a, which are increased in patients
with hepatitis and exert cytotoxic effects [63-65]. These results,
coupled with the observation that those with post-viral and
alcoholic cirrhosis, HCV, and diet- and chemical-induced hepatic
dysfunction have a deficiency of n-3 and n-6 PUFAs and their
anti-inflammatory metabolites, PGE1, PGI2, LXs, resolvins, pro-
tectins and maresins [4-15], suggest that these bioactive lipids play
a significant role in the pathogenesis of liver cirrhosis. These results
also indicate that there could be an imbalance between pro- and
anti-inflammatory bioactive lipids in cirrhosis. It is rather paradox-
ical that a decrease in the plasma level of AA, the precursor of LXA4,
and an increase in the concentration of pro-inflammatory PGE2,
which is also derived from AA, are observed in these patients. This
findings indicate that a deficiency of AA enhances the production of
pro-inflammatory PGE2 synthesis and decreases that of LXA4, its
anti-inflammatory metabolite [12]. It is noteworthy that supple-
menting AA to normal healthy subjects and those with inflamma-
tion does not increase the PGE2 level but does increase the LXA4
level [66,67], suggesting that AA (and EPA and DHA) behave as
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anti-inflammatory molecules when their concentrations are nor-
mal. On the other hand, low concentrations of these molecules
(wherein the cell membrane concentrations are low) lead to the for-
mation of pro-inflammatory molecules, such as PGE2 and PGE3
(PGES3 is also pro-inflammatory but much less potent than PGE2).
AA, EPA, DHA, LXA4, resolvins protectins, maresins and PGE2 are
inhibitors of IL-6 and TNF-o. Despite the inhibitory action of PGE2
on IL-6 and TNF-¢, inflammation persists and progresses, suggest-
ing that perhaps a concomitant deficiency of LXA4, resolvins, pro-
tectins and maresins is needed for the pro-inflammatory state to
occur and continue. Hence, under such pro-inflammatory condi-
tions, supplementation with AA/EPA/DHA is the best strategy for
suppressing inflammation and restoring homeostasis.

It may be noted here that TNF-o and IL-6 have the ability to
induce a state of EFA deficiency in cells and tissues [68]. As a result,
the cellular content of various PUFAs is reduced, which can result
in the decreased formation of LXA4. This EFA-deficient state trig-
gered by excess TNF-a/IL-6 production during the inflammatory
process can further enhance TNF-o/IL-6 production, which is
expected to result in the aggravation and persistence of inflamma-
tion due to the lack of negative feedback control exerted by PUFAs
and LXA4 on TNF-o//IL-6 production. However, paradoxically, TNF-
o needs PUFAs to exert its tumouricidal effects [69,70], and under
some very specific conditions, cytoprotective properties [71,72].
AA regulates TNF receptor expression, neutrophil function and free
radical generation induced by TNF without being metabolized by
COX and lipoxygenase enzymes [73]. Thus, AA itself seems to be
capable of these actions via its incorporation into the cell mem-
brane and the consequent alteration in membrane fluidity, which
is known to alter the expression of many receptors. Another possi-
bility is that AA is metabolized into LXA4, which exerts cytoprotec-
tive effects, modulates neutrophil function, and regulates free
radical generation, properties that are similar to those of TNF-o.
Although this appears paradoxical (TNF-oo induces an EFA-
deficient state and thus reduces LXA4 formation, whereas LXA4

inhibits TNF-o. production to restore homeostasis, and PUFAs are
needed for TNF-o actions), perhaps both positive and negative
feedback among PUFAs, TNF-o/IL-6 and LXA4 are needed to regu-
late the actions of all these molecules (see Fig. 3): LXA4 is needed
to control excess pro-inflammatory activity of TNF-o, whereas
TNF-a is needed to induce an apparent PUFA deficiency, which is
necessary to upregulate TNF-o synthesis and activity in inducing
an optimal inflammatory state to trigger the resolution process,
which calls for the formation of LXA4 and the synthesis of
AAJ/EPA/DHA from dietary LA and ALA. One of the purposes of
the PUFA-deficient state induced by TNF-o could be to induce
the excess production of PGE2 (which inhibits TNF-o and IL-6 syn-
thesis) that is needed for inflammation to reach its peak, in turn,
triggering the resolution process. It is considered that once inflam-
mation reaches its peak, surrounding normal cells release PUFAs
from their cell membrane (possibly due to PLA2 activation by
TNF-o//IL-6) that are utilized for the synthesis of LXA4/resolvins/p
rotectins/maresins to initiate the resolution of inflammation. In
addition, it has been shown that under some very specific condi-
tions, PGE2 can also exert ani-inflammatory effects [74] by enhanc-
ing LXA4 formation [75], which is understandable since both PGE2
and LXA4 are derived from AA, suggesting that the pro-
inflammatory PGE2 pathway is redirected towards anti-
inflammatory LXA4 synthesis; however, the mechanism of this
redirection from PGE2 to LXA4 synthesis is not clear.

Mechanism of anti-viral action of PUFAs and their metabolites

The fact that PUFAs and some of their metabolites exert anti-
viral effects [22-52] is not only interesting but also indicates that
they may serve as endogenous anti-microbial compounds
[24,25,28]. In such an event, decreased PUFA production or utiliza-
tion could lead to the occurrence and progression of infections. The
interactions of PUFAs and their metabolites with pro- and
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anti-inflammatory cytokines, reactive oxygen species (ROS) and
antioxidants may form a tight network that could play a significant
role in the pathobiology of several infective and non-infective but
inflammatory disorders. This network may explain the role of
PUFAs and their metabolites in various disorders, such as diabetes
mellitus, hypertension, obesity, Alzheimer’s disease, and autism,
among others, although it is uncertain whether alterations in the
metabolism of PUFAs are the cause or effect of these diseases. In
liver cirrhosis, the role played by PUFAs is significant because the
condition is characterized by bacteraemia, endotoxaemia and
spontaneous bacterial peritonitis, which are due to increased gut
permeability, decreased resistance to infections, especially bacte-
rial infections, and increased oxidative stress [76,77]. It is notewor-
thy that PUFAs and their metabolites, such as LXs, resolvins,
protectins and maresins, can restore the gut microbiome/micro-
biota and gut permeability to normal [78-80]. It is possible that
macrophages, leukocytes and other immunocytes secrete PUFAs
and their metabolites (in addition to ROS, nitric oxide, and reactive

nitrogen species) to inactivate various microbes, and this process
may be defective in liver cirrhosis due to an altered PUFA metabo-
lism, which might be responsible for bacteraemia, septicaemia,
spontaneous bacterial peritonitis and defective wound healing
(see Figs. 4 and 5).

Although the exact mechanisms by which PUFAs and LXs, resol-
vins, protectins, maresins, PGA and PGJ2 exert their anti-microbial
effects are unclear, some possibilities include the following: dis-
rupting the cell membrane of various enveloped viruses (including
that of HCV and HBV), bacteria and fungi; enhancing the immune
response (both humoural and cellular); modulating macrophage
function; directly inhibiting fatty acid synthesis that is essential
for bacteria to survive; inducing the heat-shock response; and
inhibiting viral protein glycosylation [22-52]. AA and other PUFAs
seem to activate macrophages and augment their capacity to gen-
erate free radicals (ROS, NO, CO, H2S) that have microbicidal activ-
ity [28,81-86]. In addition, these bioactive lipids are able to
modulate macrophage function (enhancing the generation of M2
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ever, the synthesis and action of anti-inflammatory IL-10 and LXA4 are reduced, it
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vice versa. But, under some very specific conditions, PGE2 may function as an anti-
inflammatory molecule (see text for details). Inflammation triggered by IL-6, TNF-o
and PGE2 and LTD4 is resolved by adequate formation of LXA4 and IL-10. It is not
clear how exactly tissues determine as to when resolution of inflammation should
start. It appears when inflammation attains its peak, it leads to suppression of
PGE2/LTD4 synthesis and initiation of the formation and release of LXA4 and
resolvins, protectins and maresins. It is possible, but needs firm proof, that AA,
which is the precursor of PGE2 and LTD4, is redirected to form LXA4 and so
suppression of inflammation. It is likely that IL-10 enhances the formation of LXA4
whereas IL-6 and TNF-o trigger the formation of PGE2 and LTD4. Similarly, LXA4
may trigger the formation of IL-10, whereas IL-6 and TNF-o enhance the synthesis
of PGE2/LTDA4. For details see text.

macrophages and decreasing that of M1 macrophages) to facilitate
the anti-inflammatory process and augment wound healing by
eliminating infection, enhancing the phagocytosis of debris at the
site of inflammation and suppressing the production of pro-
inflammatory PGs, LTs and TXs [28] via the inhibition of COX-2.
Thus, bioactive lipids seem to have both immunologic and non-
immunologic activities to account for their anti-microbial effects,
which have been specifically described against Staphylococci,
Streptococci, Mycobacteria, Helicobacter, and viruses, such as
HBV, HCV, herpes, influenza, Sendai, Sindbis, polio, HIV, vesicular
stomatitis, encephalomyocarditis, and measles [22-52].

Neutral sphingomyelinase (SMase), a hydrolase enzyme, plays
an important role in sphingolipid metabolism reactions. SMase
can break sphingomyelin (SM) into phosphocholine and ceramide.
AA, and possibly other PUFAs, stimulate SMase activity in
leukocytes and other cells and thus enhance intracellular ceramide
formation, which has a tumouricidal effect [28,87,88]. Altered
SMase activity drives immune evasion and facilitates tumour
growth, suggesting that PUFAs, by enhancing SMase activity, can
produce a significant enhancement in Th1-mediated and cytotoxic
T cell-mediated anti-tumour and anti-microbial immunity. This
may result in the appropriate synthesis and activity of TNF-a and
other cytokines and COX-2 expression [89-92] which, in turn,
facilitate the anti-microbial action of PUFAs and their metabolites.

In view of the complex relationships among HBV/HCV, cytoki-
nes, PUFAs and their metabolites and inflammation, a detailed dis-
cussion of the role of PGE1 (anti-inflammatory eicosanoid) and
PGE2 (pro-/anti-inflammatory eicosanoid) in the pathobiology of
liver cirrhosis is provided below.

PGE1 and its precursors in liver cirrhosis

Previously, the authors hypothesized that an imbalance in the
prostaglandin system (i.e., reduced formation of PGE1 and throm-
boxane A2 and increased formation of PGE2) may play a role in the
pathogenesis of liver cirrhosis [93]) and demonstrated that the oral
administration of GLA, the precursor of DGLA, is of significant ben-
efit to these patients [94]. This proposal was based on the observa-
tion that PGs regulate fibroblast proliferation [95] and
glycosaminoglycan and collagen synthesis [95,96] and participate
in the immune response and inflammation [97,98]. Corradini
et al. [99] showed that cirrhotic patients have higher levels of
monounsaturated fatty acids and lower levels of n-6 and n-3
PUFAs, especially DGLA, the precursor of PGE1, which were inde-
pendently associated not only with the presence of cirrhosis but
also with its prognosis, post-transfusion graft hepatocellular
necrosis and sinusoidal congestion. These results suggest that the
administration of DGLA could be beneficial to patients with liver
cirrhosis, which supports our previous observation that GLA, which
can be rapidly elongated to form DGLA, is beneficial in the treat-
ment of liver cirrhosis [94]. It has been shown that 12 of 17
patients studied responded favourably to the intravenous infusion
of PGE1 at 0.2 ug/kg per hour, increased by 0.1 ug/kg per hour
every 30 min to a maximum of 0.6 pg/kg per hour with adjustment
of the dose to the patients’ clinical response and maintained for up
to 28 days. In this study, after 4 weeks of intravenous PGE1 ther-
apy, the patients were transitioned to oral PGE2. No relapses were
observed in these patients with hepatitis A virus (HAV) and HBV
infection. Liver biopsies in all 12 surviving patients reverted to nor-
mal [100]. The remaining five non-responders showed an improve-
ment in hepatic function, but all deteriorated and died of cerebral
oedema (n=3) or underwent liver transplantation (n=2). These
results support the original hypothesis (93) and usefulness of
GLA in liver cirrhosis [94]. Several other studies [101-103] have
shown a significant benefit of PGE in cirrhosis. These results lend
support to the contention that a deficiency of anti-inflammatory
bioactive lipids may underlie the pathogenesis of liver cirrhosis,
whereas methods designed to enhance the formation of PGE1, an
anti-inflammatory molecule [104-106], and other anti-
inflammatory products of PUFAs, especially of GLA, which also
has anti-inflammatory activity [107,108], could be of significant
benefit to patients in this condition.

PGE2 in liver cirrhosis

One of the earliest investigations pertaining to the involvement
of eicosanoids in the pathobiology of liver cirrhosis was performed
with the idea that vasodilatory PGs could play a role in maintaining
renal perfusion in patients with cirrhosis and ascites [109]. PGE2
was decreased in 14 patients with hepatorenal syndrome com-
pared with healthy controls (2.2 +£0.3 vs 6.3 £0.8 ng/h, P<0.01),
patients with acute renal failure (9.6 + 2.1 ng/h) and patients with
alcoholic hepatitis (9.2 + 3.3 ng/h). In contrast, the TXB2 concentra-
tion was normal in patients with alcoholic hepatitis (0.12 + 0.02 vs
0.15+£0.03 ng/mL) and minimally increased in those with acute
renal failure (0.18 £ 0.15 ng/mL) but markedly elevated in those
with hepatorenal syndrome (0.69  0.15 ng/mL, P < 0.001). These
data suggest an imbalance in the levels of vasodilator and vasocon-
strictor metabolites of AA in patients with hepatorenal syndrome.
Further, it was evident PGE2 was elevated that in those with alco-
holic hepatitis compared to the normal controls (9.2 + 3.3 ng/h vs
6.3 £ 0.8 ng/h), while there was no significant difference in the
TXB2 level between the patients and controls (0.12+0.02 vs
0.15+£0.03 ng/mL). These results are supported by the
observations of Rimola et al. [110], who showed that patients with
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cirrhosis without functional renal failure had a significantly higher
urinary excretion of 6-keo-PGFla (a stable metabolite of PGI2),
TXB2 and PGE2 (15.9 + 1.7 ng/h, 3.0 £ 0.3 ng/h, and 6.2 + 1.0 ng/h,
respectively) than did normal subjects (9.2+0.9, 1.3 0.1, and
2.3 +0.4 ng/h, respectively). The plasma renin activity, nore-
pinephrine and anti-diuretic hormone levels were significantly
increased in these patients with cirrhosis (8.0 + 1.4 ng/mL/h,
667 + 67 pg/mL, and 3.9 + 0.3 pg/mL) compared to the normal con-
trols (1.3 £0.2, 275 £ 46, and 2.4 + 0.2 pg/mL, respectively). These
results suggest that renal haemodynamics in cirrhosis depend
upon a critical equilibrium between the activity of endogenous
vasoconstrictors and the renal production of the vasodilators
PGI2 and PGE2, as well as the renin activity and norepinephrine
levels. It is noteworthy that renin enhances the formation of
angiotensin-II, a pro-inflammatory molecule [111-113], and that
norepinephrine has pro-inflammatory activity [114-116].

Furthermore, cirrhotic patients have an altered sympatho-vagal
balance with a reduced sympathetic predominance in response to
passive tilting [117]. In another study, patients with cirrhosis who
were awaiting liver transplantation showed significantly lower
baroreflex sensitivity than did the controls (4.2+0.9 vs
21.1 £3.8 ms/mm Hg; P<0.05), and baroreflex sensitivity was
lower in patients with cirrhosis with hepatic encephalopathy than
in those without hepatic encephalopathy (2.6+09 vs
6.1 £ 1.0 ms/mm Hg; P < 0.05). These results suggest that vagal tone
is markedly depressed in cirrhosis [118]. Acetylcholine, the princi-
pal neurotransmitter of the vagus nerve, is known to have anti-
inflammatory activity [119-121].

It may be noted that patients with liver cirrhosis exhibit a
hyperdynamic circulatory state, as indicated by tachycardia, and
an increase in cardiac output accompanied by an elevated sympa-
thetic tone [122]. Thus, patients with cirrhosis may have increased
sympathetic activity and reduced vagal tone, which may account
for the increased inflammatory status that is exacerbated by
enhanced plasma levels of pro-inflammatory PGE2.

PGE1 and inflammation

From the preceding discussion, it is evident that both PGE1 and
PGE2 modulate inflammation and that to a large extent, PGE1 is
anti-inflammatory, while PGE2 is pro-inflammatory. However, this
is not always true.

Using a modified Draize scoring procedure, Hall and Jaitly [123]
reported that topical application of 100 ug of PGE1 can cause con-
junctival redness (erythema due to vasodilatation), swelling
(oedema due to increased capillary permeability), discharge, lid
closure (decrease in palpebral aperture) and miosis. PGE1 and
PGE2 produced almost identical dose-related increases in the
scores of most of the inflammation parameters, although
the oedema-related responses were consistently lower after the
application of PGE2. These results suggest that under certain cir-
cumstances, both PGE1 and PGE2 have similar, if not identical,
pro-inflammatory activity. It is interesting that PGE1 has been
found to potentiate the oedema and pain thresholds of LTD4 and
LTB4 in the rat paw. LTD4 alone had no significant effect on the
development of yeast-induced paw oedema, while LTB4 signifi-
cantly reduced yeast-induced oedema, and this reduction was
reversed by the administration of PGE1. A significant decrease in
the pain threshold was caused by PGE1, which is enhanced in the
presence of LTD4. These results suggest that PGE1 plays a signifi-
cant role in producing oedema but has much less of an effect on
the pain threshold. Nevertheless, PGE1 has pro-inflammatory
activity that seems to be modified by the presence of LTs [124].

In a study of patients with scleroderma [125], the mean base-
line serum C-reactive protein (CRP) level was significantly greater

than in the patients than in the normal controls (12 + 9.0 pg/mL vs
1.4+ 1.7 pg/mL; P<0.001). The mean CRP concentrations before
the administration of intravenous PGE1 infusion in the PGE1-
treated and placebo-treated groups were 14 +9 and 10 + 9 pg/mL,
respectively. Surprisingly, after a three-day infusion of PGE1, the
CRP values were 109+75 and 11 +10pug/mL (P<0.01) in the
PGE1-treated and placebo-treated groups, respectively. The sclero-
derma patients showed two types of responses to the PGE1 treat-
ment: some showed large increases (mean= 167 +32 pg/mL),
while others showed relatively smaller increases
(mean=22+17 ug/mL; P<0.005). Those who showed greater
increases in PGE1 had a shorter duration disease and greater cuta-
neous involvement. These results suggest that a high increase in
PGE1 can induce anti-inflammatory effects and thus reduce the
duration of the disease. These and other studies have revealed that
PGET1 infusion can significantly benefit patients with scleroderma,
a chronic inflammatory condition, as well as help relieve Raynaud’s
phenomenon, improve endothelial function, restore immune dys-
function, enhance the healing of digital ulcers and ultimately
improve quality of life [126-131]. Thus, at high doses, PGE1 has
significant anti-inflammatory activity, while at low doses, it seems
to have pro-inflammatory activity or be ineffective in suppressing
inflammatory events.

PGE2 and inflammation

At times, PGE2 may have anti-inflammatory activity [132-134].
The administration of human recombinant IL-1 B (0.3 pg/kg) to
rabbits with formalin-immune complex colitis 24 h before the
induction of colitis increased the PGE2 level (231+36 to
1,299 £ 572 pg/ml, P<0.01) and reduced the subsequent inflam-
matory cell infiltration index and oedema by a significant degree
compared with those in the vehicle-matched animals. The admin-
istration of ibuprofen (10 mg/kg i.v.) together with IL-18 prevented
PGE2 production, and colonic PGE2 production was found to be
inversely correlated with severity of inflammation and oedema.
These results suggest that pretreatment with IL-1p 24 h before
the induction of colitis reduces inflammation by a mechanism that
requires PG synthesis and that PGE2 may exert anti-inflammatory
effects [135]. Furthermore, PGE2 (50nm) attenuated the
lipopolysaccharide (LPS)-induced mRNA and protein expression
of chemokines, including monocyte chemoattractant protein 1,
IL-8, macrophage inflammatory protein 1o and 1B, and
interferon-inducible protein 10. In addition, PGE2 inhibited the
TNF-o-, IFN-vy-, and IL-1B-mediated expression of chemokines. A
selective EP4 (PGE2 receptor) antagonist reversed PGE2-mediated
suppression of chemokine production, suggesting that endogenous
PGE2 plays a role in the modulation of inflammation by suppress-
ing macrophage-derived chemokine production via the EP4 recep-
tor [134]. Thus, PGE2 has an anti-inflammatory effect on
macrophages by suppressing the stimulus-induced expression of
pro-inflammatory genes, including those encoding chemokines.

Subsequent studies demonstrated that PGE2 pretreatment
inhibited LPS-induced nuclear factor kappa B1 (NF-kB1) p105 phos-
phorylation and degradation in mouse bone marrow-derived
macrophages and RAW 264.7 cells through EP4-dependent mecha-
nisms. The enhanced expression of PGE receptor type 4-associated
protein (EPRAP) inhibited NF-kB activation induced by
pro-inflammatory stimuli in a dose-dependent manner. In co-
transfected cells, EPRAP directly interacted with NF-kB1 p105/p50
and formed a complex with EP4, while in EP4-overexpressing cells,
PGE2 enhanced the protective action of EPRAP against stimulus-
induced p105 phosphorylation. On the other hand, EPRAP silencing
in RAW 264.7 cells impaired the inhibitory effect of PGE2-EP4 sig-
nalling on LPS-induced p105 phosphorylation, whereas EPRAP
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knockdown and NF-kB1 deficiency in macrophages attenuated the
inhibitory effect of PGE2 on LPS-induced MIP-1 production. Thus,
PGE2-EP4 signalling augments NF-kB1 p105 protein stability
through EPRAP after pro-inflammatory stimulation, limiting
macrophage activation [135]. These results emphasize the fact that
under certain specific conditions, PGE2 behaves as an anti-
inflammatory molecule [136-138]. In fact, it has been shown that
blocking the 15-PGDH enzyme that leads to an increase in the
half-life of PGE2 enhances tissue regeneration and repair in the
bone marrow, colon, and liver [138]. These results indicate that
the increased plasma level of PGE2 observed in those with liver
cirrhosis could be an attempt on the part of the body to augment
hepatic regeneration. In addition, the pro- and anti-inflammatory
actions of PGE2 may depend on the presence of other AA metabo-
lites, such as LTB4 and LTD4, as discussed above [124], and the
ability of PGE2 to trigger the anti-inflammatory cascade. Thus, the
pro- and anti-inflammatory actions of PGE1 and PGE2 are only
relative and depend on the dose of PGs, the duration of tissue
exposure to PGs, and the presence or absence of other PGs, LTs
and TXs. It is also noteworthy that the LXA4 level is decreased
in cirrhosis and that LXA4 protects hepatocytes from carbon
tetrachloride-induced toxicity [12,14].

Optimal inflammation is critical for the initiation of anti-
inflammatory events

It is known that excess of PGE2 and LTs production could trigger
the production of anti-inflammatory LXA4 from AA. Enhanced
production of PGE2 and LTs seen on exposure to whole-body
gamma radiation, cobalt 60, and cyclotron neutrons could stimu-
late LXA4 production at the expense of the pro-inflammatory
AA-derived LTB4. It was reported that the production of the anti-
inflammatory metabolite 15-HETE (LXA precursor) peaked at
72 h following radiation/UVB exposure coincided with the gradual
decrease in PGE2 and LT formation. Thus, there seems to be a
gradual and smooth shift in the synthesis of eicosanoids from
pro-inflammatory PGE2 and LTs to 15-HETE and LXs that could
herald the initiation of resolution of the radiation-induced damage
[139-141]. This implies that the initial enhanced synthesis of pro-
inflammatory PGE2 and LTs is essential to trigger and initiate the
formation of anti-inflammatory LXA4. Furthermore, PGE2 can
enhance the production of IL-10, an anti-inflammatory cytokine
[142]. IL-6 release is enhanced by PGE2 in the presence of IL-10,
whereas both IL-10 and PGE2 inhibited the LPS-stimulated produc-
tion of IL-6 and TNF-a, and the selective inhibition of COX-2 or the
addition of anti-IL-10 reversed these effects [143]. Additionally,
exogenous IL-10 expression suppressed COX-2 production [144].
These results suggest that PGE2 induces the production of IL-10,
which, in turn, downregulates IL-6, TNF-o, and COX-2 activity to
restore homeostasis [142-144]. PGE2, a pro-inflammatory mole-
cule, may, in fact, trigger anti-inflammatory actions by augmenting
the synthesis of LXA4 and IL-10, which may explain the paradoxi-
cal pro- and anti-inflammatory actions reported by several investi-
gators. These results suggest that the degree, progression and
resolution of inflammation depend on the local concentrations of
PGE1, PGE2, LTs, LXA4, TNF-a, IL-10 and IL-6 and the orderly
fashion in which the transition from pro- to anti-inflammatory
events/molecules occurs, allowing wound healing and homeostasis
restoration to take place (see Figs. 4 and 5).

An interesting report by O’Brien et al. [145] demonstrated that
the concentration of the pro-inflammatory and immunosuppres-
sive eicosanoid PGE2 was elevated in patients with acute decom-
pensation of cirrhosis and could be restored to normal by
albumin and indomethacin, a non-selective COX inhibitor, but
not by a 12-lipoxygenase inhibitor. These results led to the

suggestion that the intravenous administration of human serum
albumin to patients with acutely decompensated cirrhosis could
not only lead to an increase in the serum albumin level but also
enhance the amount of PGE2 bound to albumin, leading to a
decrease in free PGE2 to restore immune competence [146]. This
finding suggests that an altered PUFA metabolism and an imbal-
ance in the eicosanoid system play significant roles in the patho-
genesis of liver cirrhosis as previously proposed [93,94].

Albumin, PUFA mobilization, and TNF-a in liver cirrhosis

In this context, it is interesting that albumin mobilizes PUFAs
from the liver and aids in the formation of LXs, resolvins, and pro-
tectins that inhibit oxidative stress-induced apoptosis and COX-2
expression [147-150]. In liver cirrhosis and other critical illnesses
associated with hypoalbuminemia, the ability of albumin to mobi-
lize PUFAs is limited; thus, the formation of LXs, resolvins, and pro-
tectins will be inadequate, which may be responsible for the
increased morbidity and mortality associated with these condi-
tions. Furthermore, following albumin treatment the plasma con-
centrations of TNF-a, IL-6, and macrophage inflammatory protein
2 were significantly lower and that of IL-10 was significantly higher
in an animal model of haemorrhagic shock [149-151], suggesting
that hypoalbuminemia decreased the formation of LXs, resolvins,
and protectins, tilting the balance more towards pro-
inflammatory events. The ability of albumin to mobilize PUFAs
from the liver is dependant on the hepatic stores of PUFAs, which
could be one variable that influences the level of LX, resolvin, and
protectin production. In addition, TNF-o caused a marked decrease
in the PUFA total phospholipid (PL) content and induced an
EFA-deficient state reminiscent of long-term malnutrition [152],
as confirmed by the observation that TNF administration to healthy
well-nourished rabbits produced hypoalbuminemia [153]. Hence,
enhanced circulating levels of TNF-ot and other pro-inflammatory
cytokines seen in liver cirrhosis, sepsis and other critical illnesses
cause not only hypoalbuminemia but also PUFA deficiency that
results in reduced formation of lipoxins, resolvins and protectins.

The activity of the enzymes (COX and 5-, 12-, and 15-
lipoxygenases) that are needed for the formation of LXs, resolvins,
and protectins may also vary depending on the underlying clinical
condition, which could contribute to the reported variations in the
response to albumin therapy. Albumin kinetics are altered in liver
cirrhosis and other critical illnesses such that the half-life is shorter
and the transportation rate is higher in the critically ill compared
to the controls [149], which could be yet another variable influenc-
ing the formation of LXs, resolvins and protectins.

Furthermore, it has been shown that (i) HCV induced ROS for-
mation and activated NF-xB, which mediated the activation of
COX-2 and thus enhanced the levels of PGE2 in HCV-expressing
cells, providing a mechanism by which HCV-induced inflammation
is relevant to the development of liver cirrhosis associated with
viral infection [154]; (ii) LXs, resolvins and protectins have antag-
onistic activity against PGE2, suppress PGE2 synthesis and exert
anti-fibrotic effects [7-15]; and (iii) resolvins and possibly LXs
and protectins have anti-bacterial activity [22], which may explain
why bacterial infections are common in cirrhosis, whereas PUFAs
themselves seem to have anti-bacterial, anti-viral and anti-fungal
activities [28]. In particular, AA, EPA and DHA have anti-HCV activ-
ities; AA is effective at 4 uM, which falls within the range of
physiologically relevant concentration [26,27]. HCV-infected hepa-
tocytes produce ROS, which initiate lipid peroxidation. When incu-
bated with AA without lipid-soluble antioxidants, Huh7 cells
harbouring an HCV replicon (Huh7-K2040 cells) exhibited a sharp
reduction (>95%) in HCV RNA and a simultaneous increase in lipid
peroxides that could be prevented by vitamin E.
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Thus, in the presence of AA and in the absence of lipid-soluble
antioxidants, such as vitamin E, HCV replication induced lipid per-
oxidation that reduced the level of HCV RNA. Thus, AA and possibly
other PUFAs (such as EPA and DHA) inhibit HCV (and possibly HBV)
replication via a lipid peroxidation-dependent process [26,28].

Conclusions and therapeutic implications

Based on the preceding discussion, it is suggested that (i) HCV
and HBV-enhanced TNF-a production induces a deficiency of
PUFAs (especially AA, EPA and DHA); (ii) HCV- and HBV-induced
ROS production and lipid peroxidation further aggravates the PUFA
deficiency, which, in turn, may enhance viral proliferation; (iii)
virus-triggered COX-2 activity leads to an increase in PGE2 produc-
tion; (iv) decreased hepatocyte AA, EPA and DHA levels lead to
decreased LX, resolvin and protectin production; (v) the enhanced
TNF-a0 production due to viral (HCV and HBV) infection causes
hypoalbuminemia that further aggravates the deficiency of LXs,
resolvins and protectins; and (vi) an imbalance between pro-
inflammatory PGE2 and anti-inflammatory LXs, resolvins and pro-
tectins (and decreased PGE1 formation due to the PUFA deficiency,
especially that of DGLA) may manifest in the form of immunosup-
pression, inflammation and inappropriate bacterial infections in
liver cirrhosis. Albumin is beneficial in patients with cirrhosis (pro-
vided there are sufficient hepatic stores of PUFAs) due to its ability
to mobilize PUFAs and enhance the formation of LXs, resolvins and
protectins. Thus, albumin complexed with PUFAs, LXs, resolvins
and protectins could be beneficial in treating liver cirrhosis. Addi-
tionally, the plasma levels of various PUFAs, PGE2, PGE1, PGI2, LXs,
resolvins and protectins may be useful as prognostic markers of
liver cirrhosis.

These observations indicate that the plasma levels of LXs, resol-
vins, and protectins may reflect the efficacy of albumin therapy;
albumin could be co-administered with EPA/DHA/PUFAs to
enhance the formation of LXs, resolvins, and protectins (apart from
reducing or quenching PGE2) and thus improve the prognosis of
cirrhosis. Thus, the plasma levels of PUFAs, PGE2, LXs, resolvins,
and protectins could be used to predict the beneficial effects of
albumin and the prognosis of cirrhosis.

Both alcohol-induced hepatitis and NAFLD are known to result
in liver cirrhosis. Alcohol (ethanol) is known to inhibit the activi-
ties of desaturases that are essential for the formation of AA, EPA
and DHA from dietary LA and ALA and thus could result in a PUFA
deficiency and the reduced formation of PGE1, LXs, resolvins, pro-
tectins and maresins, which may explain why chronic and excess
alcohol consumption leads to liver cirrhosis [3,155-157]. Similarly,
even NAFLD is characterized by a PUFA deficiency and the reduced
formation of LXs, resolvins, protectins and maresins, suggesting
that supplementation with various PUFAS, PGE1, LXs, resolvins,
protectins and maresins may resolve hepatic damage/dysfunction
[4,6,7,158-160]. Although the role of the gut microbiota in the
pathogenesis of liver cirrhosis is not discussed here, there is sub-
stantial evidence to suggest that PUFAs have a favourable influence
on the gut microbiome, which may explain yet another mechanism
by which bioactive lipids are beneficial in liver dysfunction/liver
diseases [80,161].

Our recent studies showed that obesity, type 2 diabetes mellitus
and metabolic syndrome induced by streptozotocin and high fat
diet can be prevented by supplementation of AA and its anti-
inflammatory metabolite LXA4 [58-62]. It was noted that strepto-
zotocin and high fat diet inhibit the activities of desaturases and
decrease the formation of AA and LXA4. Patients with type 2 DM
showed reduced plasma concentrations of AA and LXA4
[162,163]. These results indicate that obesity, type 2 DM and meta-
bolic syndrome, conditions in which NAFLD is common, are also

characterized by altered PUFA metabolism. This suggests that, in
all probability, bioactive lipids play a significant role in these con-
ditions and so, are likely to be of benefit in their prevention and
management [164].

Based on the preceding discussion, it is suggested that bioactive
lipids play a significant role in the pathogenesis of alcoholic liver
disease, NAFLD and virus-induced liver cirrhosis. Hence, it is sug-
gested that supplementation and/or infusion of appropriate
amounts of albumin, PUFAs, and co-factors that are needed for
the adequate formation of PGE1, PGI2, PGA, lipoxins, resolvins, pro-
tectins and maresins such as vitamin C, pyridoxine, vitamin B12
and folic acid could be employed to prevent, manage, and reverse
hepatic dysfunction/disease [4,6,7,58,59,93,94,158-160].

Conflict of interest

The authors declared that there is no conflict of interest.

Compliance with Ethics Requirements

This article does not contain any studies with human or animal
subjects.

References

[1] Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The contributions of
hepatitis B virus and hepatitis C virus infections to cirrhosis and primary liver
cancer worldwide. ] Hepatol 2006;45:529-38.

[2] Leite NC, Villela-Nogueira CA, Cardoso CR, Salles GF. Non-alcoholic fatty liver

disease and diabetes: from physiopathological interplay to diagnosis and

treatment. World ] Gastroenterol 2014;20:8377-92.

Kim HJ, Kim JH, Choe WH, Kwon SY, Lee CH. Alcoholic fatty liver disease

elevates estimated coronary heart disease risk to levels comparable with

those of nonalcoholic fatty liver disease in the Korean population: a cross-
sectional study. Clin Mol Hepatol 2014;20:154-61.

Kim EH, Bae ]S, Hahm KB, Cha JY. Endogenously synthesized n-3

polyunsaturated fatty acids in fat-1 mice ameliorate high-fat diet-induced

non-alcoholic fatty liver disease. Biochem Pharmacol 2012;84:1359-65.

Fernidndez 1, Torres I, Moreira E, Fontana L, Gil A, Rios A. Influence of

administration of long-chain polyunsaturated fatty acids on process of

histological recovery in liver cirrhosis produced by oral intake of
thioacetamide. Dig Dis Sci 1996;41:197-207.

Valenzuela R, Espinosa A, Gonzalez-Maiian D, D'Espessailles A, Ferndndez V,

Videla LA, et al. N-3 long-chain polyunsaturated fatty acid supplementation

significantly reduces liver oxidative stress in high fat induced steatosis. PLoS

One 2012;7:e46400.

Tapia G, Valenzuela R, Espinosa A, Romanque P, Dossi C, Gonzalez-Maiian D,

et al. N-3 long-chain PUFA supplementation prevents high fat diet induced

mouse liver steatosis and inflammation in relation to PPAR-o upregulation
and NF-xB DNA binding abrogation. Mol Nutr Food Res 2014;58:1333-41.

[8] Zardi EM, Dobrina A, Amoroso A, Afeltra A. Prostacyclin in liver disease: a
potential therapeutic option. Expert Opin Biol Ther 2007;7:785-90.

[9] Beck PL, McKnight GW, Kelly JK, Wallace JL, Lee SS. Hepatic and gastric
cytoprotective effects of long-term prostaglandin E1 administration in
cirrhotic rats. Gastroenterology 1993;105:1483-9.

[10] Sugawara Y, Kubota K, Ogura T, Esumi H, Inoue K, Takayama T, et al.
Protective effect of prostaglandin E1 against ischemia/reperfusion-induced
liver injury: results of a prospective, randomized study in cirrhotic patients
undergoing subsegmentectomy. ] Hepatol 1998;29:969-76.

[11] Musso G, Gambino R, Cassader M, Paschetta E, Sircana A. Specialized
proresolving mediators: enhancing nonalcoholic steatohepatitis and fibrosis
resolution. Trends Pharmacol Sci 2018;39:387-401.

[12] Claria J, Titos E, Jiménez W, Ros ], Ginés P, Arroyo V, et al. Altered biosynthesis
of leukotrienes and lipoxins and host defense disorders in patients with
cirrhosis and ascites. Gastroenterology 1998;115:147-56.

[13] Hu Q, Hu Z, Chen Q, Huang Y, Mao Z, Xu F, et al. BML-111 equilibrated ACE-
Angll-AT1R and ACE2-Ang-(1-7)-Mas axis to protect hepatic fibrosis in rats.
Prostaglandins Other Lipid Mediat 2017;131:75-82.

[14] Zhou XY, Yu ZJ, Yan D, Wang HM, Huang YH, Sha ], et al. BML-11, a lipoxin
receptor agonist, protected carbon tetrachloride-induced hepatic fibrosis in
rats. Inflammation 2013;36:1101-6.

[15] Yao L, Wang C, Zhang X, Peng L, Liu W, Zhang X, et al. Hyperhomocysteinemia
activates the aryl hydrocarbon receptor/CD36 pathway to promote hepatic
steatosis in mice. Hepatology 2016;64:92-105.

[16] Chan EC, Dusting GJ, Guo N, Peshavariya HM, Taylor CJ, Dilley R, et al.
Prostacyclin receptor suppresses cardiac fibrosis: role of CREB
phosphorylation. ] Mol Cell Cardiol 2010;49:176-85.

13

[4

(5

[6

17


http://refhub.elsevier.com/S2090-1232(18)30131-0/h0005
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0005
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0005
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0010
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0010
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0010
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0015
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0015
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0015
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0015
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0020
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0020
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0020
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0025
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0025
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0025
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0025
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0030
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0030
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0030
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0030
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0035
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0035
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0035
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0035
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0040
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0040
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0045
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0045
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0045
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0050
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0050
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0050
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0050
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0055
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0055
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0055
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0060
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0060
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0060
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0065
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0065
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0065
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0070
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0070
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0070
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0075
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0075
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0075
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0080
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0080
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0080

U.N. Das/Journal of Advanced Research 17 (2019) 17-29 27

[17] Zhu Y, Liu Y, Zhou W, Xiang R, Jiang L, Huang K, et al. A prostacyclin analogue,
iloprost, protects from bleomycin-induced pulmonary fibrosis in mice. Respir
Res 2010;11:34.

[18] Stratton R, Rajkumar V, Ponticos M, Nichols B, Shiwen X, Black CM, et al.
Prostacyclin derivatives prevent the fibrotic response to TGF-beta by
inhibiting the Ras/MEK/ERK pathway. FASEB ] 2002;16:1949-51.

[19] Baybutt RC, Rosales C, Brady H, Molteni A. Dietary fish oil protects against
lung and liver inflammation and fibrosis in monocrotaline treated rats.
Toxicology 2002;175:1-13.

[20] Priante G, Musacchio E, Valvason C, Clari G, Bordin L, Sartori L, et al. Further
insights about the beneficial effects of n-3 fatty acids in the early molecular
events of renal fibrosis in vitro. ] Nephrol 2013;26:652-9.

[21] Brennan EP, Nolan KA, Bérgeson E, Gough OS, McEvoy CM, Docherty NG, et al.
GENIE Consortium. Lipoxins attenuate renal fibrosis by inducing let-7c and
suppressing TGFBR1. ] Am Soc Nephrol 2013;24:627-37.

[22] Spite M, Norling LV, Summers L, Yang R, Cooper D, Petasis NA, et al. Resolvin
D2 is a potent regulator of leukocytes and controls microbial sepsis. Nature
2009;461:1287-91.

[23] Leu G-Z, Lin T-Y, Hsu JTA. Anti-HCV activities of selective polyunsaturated
fatty acids. Biochem Biophys Res Commun 2004;318:275-80.

[24] Das UN. Antibiotic-like action of essential fatty acids. Can Med Assoc ]
1985;132:1350.

[25] Das UN. Do unsaturated fatty acids function as endogenous antibacterial and
antiviral molecules? Am ] Clin Nutr 2006;83:390-1.

[26] Huang H, Chen Y, Ye ]. Inhibition of hepatitis C virus replication by
peroxidation of arachidonate and restoration by vitamin E. PNAS
2007;104:18666-70.

[27] Kapadia SB, Chisari FV. Hepatitis C virus RNA replication is regulated by host
geranylgeranylation and fatty acids. Proc Natl Acad Sci USA
2005;102:2561-6.

[28] Das UN. Arachidonic acid and other unsaturated fatty acids and some of their
metabolites function as endogenous antimicrobial molecules: a review. ] Adv
Res 2018;11:57-66.

[29] Conti C, Mastromarino P, Tomao P, De Marco A, Pica F, Santoro MG. Inhibition
of poliovirus replication by prostaglandins A and ] in human cells. Antimicrob
Agents Chemother 1996;40:367-72.

[30] Liu Q, Bengmark S, Qu S. Nutrigenomics therapy of hepatitis C virus induced-
hepatosteatosis. BMC Gastroenterol 2010;10:49.

[31] Ankel H, Turriziani O, Antonelli G. Prostaglandin A inhibits replication of
human immunodeficiency virus during acute infection. ] Gen Virol 1991;72
(Pt 11):2797-800.

[32] Tsukimoto A, Sugiyama R, Abe M, Nishitsuji H, Shimizu Y, Shimotohno K et al.
A new role for PGA1 in inhibiting hepatitis C virus-IRES-mediated
translation by targeting viral translation factors. Antiviral Res 2015;117:
1-9.

[33] Mastromarino P, Conti C, Petruzziello R, De Marco A, Pica F, Santoro MG.
Inhibition of Sindbis virus replication by cyclopentenone prostaglandins: a
cell-mediated event associated with heat-shock protein synthesis. Antiviral
Res 1993;20:209-22.

[34] Bertin J, Barat C, Bélanger D, Tremblay M]J. Leukotrienes inhibit early stages of
HIV-1  infection in  monocyte-derived microglia-like cells. ]
Neuroinflammation 2012;9:55.

[35] Santoro MG, Carruba G, Garaci E, Jaffe BM, Benedetto A. Prostaglandins of the
A series inhibit Sendai virus replication in cultured cells. ] Gen Virol 1981;53
(Pt 1):75-83.

[36] Santoro MG, Fukushima M, Benedetto A, Amici C. PGJ2, a new antiviral
prostaglandin: inhibition of Sendai virus replication and alteration of virus
protein synthesis. ] Gen Virol 1987;68(Pt 4):1153-8.

[37] Burlandy FM, Ferreira DF, Rebello MA. Inhibition of vesicular stomatitis virus
replication by prostaglandin A1 in Aedes albopictus cells. Z Naturforsch C
2004;59(1-2):127-31.

[38] Santoro MG, Benedetto A, Carruba G, Garaci E, Jaffe BM. Prostaglandin A
compounds as antiviral agents. Science 1980;209:1032-4.

[39] Pica F, De Marco A, De Cesare F, Santoro MG. Inhibition of vesicular stomatitis
virus replication by delta 12-prostaglandin ]2 is regulated at two separate
levels and is associated with induction of stress protein synthesis. Antiviral
Res 1993;20:193-208.

[40] de Marco A, Carattoli A, Rozera C, Fortini D, Giorgi C, Belardo G, et al.
Induction of the heat-shock response by antiviral prostaglandins in human
cells infected with human immunodeficiency virus type 1. Eur J Biochem
1998;256:334-41.

[41] Conti G, Portincasa P, Visalli S, Chezzi C. Inhibition by prostaglandin PGA1 on
the multiplication of influenza virus is a dose-dependent effect. Virus Res
2001;75:43-57.

[42] Fukushima M. Prostaglandin J2-anti-tumour and anti-viral activities and the
mechanisms involved. Eicosanoids 1990;3:189-99.

[43] Amici C, Palamara AT, Garaci E, Santoro MG. Inhibition of Sendai virus
replication by delta 12-prostaglandin J2: induction of heat shock protein
synthesis and alteration of protein glycosylation. Antiviral Res
1992;19:129-38.

[44] Santoro MG, Amici C, Elia G, Benedetto A, Garaci E. Inhibition of virus protein
glycosylation as the mechanism of the antiviral action of prostaglandin A in
Sendai virus-infected cells. ] Gen Virol 1989;70(Pt 4):789-800.

[45] Flamand L, Borgeat P, Lalonde R, Gosselin ]. Release of anti-HIV mediators
after administration of leukotriene B4 to humans. ] Infect Dis
2004;189:2001-9.

[46] Rozera C, Carattoli A, De Marco A, Amici C, Giorgi C, Santoro MG. Inhibition of
HIV-1 replication by cyclopentenone prostaglandins in acutely infected
human cells. Evidence for a transcriptional block. ] Clin Invest
1996;97:1795-803.

[47] Amici C, Santoro MG. Suppression of virus replication by prostaglandin A is
associated with heat shock protein synthesis. ] Gen Virol 1991;72(Pt
8):1877-85.

[48] Ankel H, Mittnacht S, Jacobsen H. Antiviral activity of prostaglandin A on
encephalomyocarditis virus-infected cells: a unique effect unrelated to
interferon. ] Gen Virol 1985;66(Pt 11):2355-64.

[49] Santoro MG, Favalli C, Mastino A, Jaffe BM, Esteban M, Garaci E. Antiviral
activity of a synthetic analog of prostaglandin A in mice infected with
influenza A virus. Arch Virol 1988;99:89-100.

[50] Dore-Duffy P. Differential effect of prostaglandins and other products of
arachidonic acid metabolism on measles virus replication in Vero cells.
Prostaglandins Leukot Med 1982;8:73-82.

[51] D’'Onofrio C, Franzese O, Ricci F, Bonmassar E. Combined treatments with
interferon (alpha, beta) plus PGA1 to control early infection with HTLV-I in
primary cord blood-derived mononuclear cells. Int ] Immunopharmacol
1993;15:125-36.

[52] Carattoli A, Fortini D, Rozera C, Giorgi C. Inhibition of HIV-1 transcription by
cyclopentenone prostaglandin Al in Jurkat T lymphocytes. ] Biol Regul
Homeost Agents 2000;14:209-16.

[53] Premecz G, Markovits A, Bagi G, Farkas T, Foldes I. Phospholipase C and
phospholipase A2 are involved in the antiviral activity of human interferon-
alpha. FEBS Lett 1989;249:257-60.

[54] Malada-Edelstein YF, Hadad N, Levy R. Regulatory role of cytosolic
phospholipase A, alpha in the induction of CD40 in microglia. ]
Neuroinflammation 2017;14:33.

[55] Su KP, Huang SY, Peng CY, Lai HC, Huang CL, Chen YC, et al. Phospholipase A2
and cyclooxygenase 2 genes influence the risk of interferon-alpha-induced
depression by regulating polyunsaturated fatty acids levels. Biol Psychiatry
2010;67:550-7.

[56] Wu T, Levine SJ, Lawrence MG, Logun C, Angus CW, Shelhamer JH. Interferon-
gamma induces the synthesis and activation of cytosolic phospholipase A2. ]
Clin Invest 1994;93:571-7.

[57] Wang H, Zhang D, Ge M, Li Z, Jiang J, Li Y. Formononetin inhibits enterovirus
71 replication by regulating COX- 2/PGE, expression. Virol ] 2015;12:35.

[58] Das UN. Metabolic syndrome pathophysiology: the role of essential fatty
acids. Ames, IA: John Wiley & Sons; 2010.

[59] Das UN. Molecular basis of health and disease. Springer; 2011.

[60] Naveen KVG, Naidu VGM, Das UN. Arachidonic acid and lipoxin A4 attenuate
alloxan-induced cytotoxicity to RIN5F cells in vitro and type 1 diabetes
mellitus in vivo. BioFactors 2017;43:251-71.

[61] Naveen KVG, Naidu VGM, Das UN. Arachidonic acid and lipoxin A4 attenuate
streptozotocin-induced cytotoxicity to RIN5F cells in vitro and type 1 and
type 2 diabetes mellitus in vivo. Nutrition 2017;35:61-80.

[62] Naveen G, Naidu G, Das UN. Amelioration of streptozotocin-induced type 2
diabetes mellitus in Wistar rats by arachidonic acid. Biochem Biophys Res
Commun 2018;496:105-13.

[63] Ren H, Zheng DF, Jia XP. Tumor necrosis factor and interleukin 6 in hepatitis C
virus infection. Zhonghua Nei Ke Za Zhi 1992;31. 344-346, 381.

[64] Torre D, Zeroli C, Giola M, Ferrario G, Fiori GP, Bonetta G, et al. Serum levels of
interleukin-1 alpha, interleukin-1 beta, interleukin-6, and tumor necrosis
factor in patients with acute viral hepatitis. Clin Infect Dis 1994;18:194-8.

[65] Geneva-Popova M, Murdjeva M. Study on proinflammatory cytokines (IL-1
beta, IL-6, TNF-alpha) and IL-2 in patients with acute hepatitis B. Folia Med
(Plovdiv) 1999;41:78-81.

[66] Tateishi N, Kakutani S, Kawashima H, Shibata H, Morita 1. Dietary
supplementation of arachidonic acid increases arachidonic acid and lipoxin
A4 contents in colon, but does not affect severity or prostaglandin E,content
in murine colitis model. Lipids Health Dis 2014;13:30.

[67] Tateishi N, Kaneda Y, Kakutani S, Kawashima H, Shibata H, Morita I. Dietary
supplementation with arachidonic acid increases arachidonic acid content in
paw, but does not affect arthritis severity or prostaglandin E,content in rat
adjuvant-induced arthritis model. Lipids Health Dis 2015;14:3.

[68] Mayer K, Schmidt R, Muhly-Reinholz M, Bégeholz T, Gokorsch S, Grimminger
F, et al. In vitro mimicry of essential fatty acid deficiency in human
endothelial cells by TNFo impact of ®-3 versus m-6 fatty acids. J Lipid Res
2002;43:944-51.

[69] Hayakawa M, Ishida N, Takeuchi K, Shibamoto S, Hori T, Oku N, et al.
Arachidonic acid-selective cytosolic phospholipase A2 is crucial in the
cytotoxic action of tumor necrosis factor. ] Biol Chem 1993;268:11290-5.

[70] Reid T, Rameshag CS, Ringold GM. Resistance to killing by tumor necrosis
factor in an adipocyte cell line caused by a defect in arachidonic acid
biosynthesis. ] Bio Chem 1991;266:16580-6.

[71] Papathanasiou S, Rickelt S, Soriano ME, Schips YG, Harald ], Maier HJ, Davos
CH, et al. Tumor necrosis factor-o. confers cardioprotection through ectopic
expression of keratins K8 and K18. Nat Med 2015;21:1076-86.

[72] Liu J, Maring MW, Wong G, Grail D, Dunn A, Bettadapura J, et al. TNF is a
potent anti-inflammatory cytokine in autoimmune-mediated demyelination.
Nat Med 1988;4:78-83.

[73] Moghaddami N, Costabile M, Grover PK, Jersmann HP, Huang ZH, Hii CS, et al.
Unique effect of arachidonic acid on human neutrophil TNF receptor
expression: up-regulation involving protein kinase C, extracellular signal-
regulated kinase, and phospholipase A2. ] Immunol 2003;171:2616-24.


http://refhub.elsevier.com/S2090-1232(18)30131-0/h0085
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0085
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0085
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0090
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0090
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0090
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0095
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0095
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0095
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0100
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0100
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0100
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0105
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0105
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0105
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0110
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0110
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0110
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0115
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0115
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0120
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0120
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0125
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0125
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0130
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0130
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0130
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0135
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0135
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0135
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0140
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0140
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0140
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0145
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0145
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0145
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0150
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0150
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0155
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0155
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0155
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0160
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0160
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0160
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0160
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0165
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0165
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0165
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0165
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0170
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0170
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0170
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0175
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0175
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0175
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0180
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0180
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0180
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0185
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0185
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0185
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0190
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0190
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0195
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0195
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0195
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0195
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0200
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0200
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0200
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0200
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0205
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0205
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0205
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0210
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0210
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0215
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0215
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0215
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0215
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0220
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0220
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0220
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0225
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0225
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0225
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0230
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0230
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0230
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0230
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0235
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0235
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0235
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0240
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0240
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0240
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0245
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0245
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0245
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0250
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0250
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0250
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0255
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0255
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0255
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0255
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0260
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0260
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0260
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0265
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0265
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0265
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0270
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0270
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0270
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0270
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0275
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0275
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0275
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0275
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0280
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0280
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0280
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0285
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0285
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0290
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0290
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0295
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0300
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0300
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0300
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0305
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0305
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0305
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0310
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0310
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0310
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0315
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0315
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0320
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0320
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0320
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0325
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0325
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0325
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0330
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0330
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0330
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0330
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0330
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0330
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0335
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0335
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0335
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0335
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0335
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0340
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0340
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0340
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0340
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0345
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0345
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0345
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0350
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0350
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0350
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0355
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0355
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0355
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0360
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0360
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0360
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0365
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0365
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0365
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0365

28 U.N. Das/Journal of Advanced Research 17 (2019) 17-29

[74] Duffin R, O’Connor RA, Crittenden S, Forster T, Yu C, Zheng X, et al.
Prostaglandin E2 constrains systemic inflammation through an innate
lymphoid cell-IL-22 axis. Science 2016;351:1333-8.

[75] Chan MMY, Moore AR. Resolution of inflammation in murine autoimmune
arthritis is disrupted by cyclooxygenase-2 inhibition and restored by
prostaglandin  E2-mediated lipoxin A4 production. ] Immunol
2010;184:6418-26.

[76] Bunchorntavakul C, Chamroonkul N, Chavalitdhamrong D. Bacterial
infections in cirrhosis: A critical review and practical guidance. World ]
Hepatol 2016;8:307-21.

[77] Kuo CH, Changchien CS, Yang CY, Sheen IS, Liaw YF. Bacteremia in patients
with cirrhosis of the liver. Liver 1991;11:334-9.

[78] Buffington SA, Di Prisco GV, Auchtung TA, Ajami NJ, Petrosino JF, Costa-
Mattioli M. Microbial reconstitution reverses maternal diet-induced social
and synaptic deficits in offspring. Cell 2016;165:1762-75.

[79] Golubeva AV, Joyce SA, Moloney G, Burokas A, Sherwin E, Arboleya S, et al.
Microbiota-related changes in bile acid & tryptophan metabolism are
associated with gastrointestinal dysfunction in a mouse model of autism.
eBiomedicine 2017;24:166-78.

[80] Yu H-N, Zhu ], Pan WS, Shen SR, Shan Wei-Guang, Das UN. Effects of fish oil
with high content of n-3 polyunsaturated fatty acids on mouse gut
microbiota. Arch Med Res 2014;45:195-202.

[81] Das UN, Begin ME, Ells G, Horrobin DF. Polyunsaturated fatty acids augment
free radical generation in tumor-cells in vitro. Biochem Biophys Res Commun
1987;145:15-20.

[82] Das UN, Begin ME, Ells G, Horrobin DF. Uptake and distribution of cis-
unsaturated fatty acids and their effect on free radical generation in normal
and tumor cells in vitro. Free Rad Biol Med 1987;3:9-15.

[83] Sangeetha P, Das UN, Koratkar R. Free radical generation in human leukocytes
by cis unsaturated fatty acids is a calmodulin dependent process.
Prostaglandins Leukot Essen Fatty Acids 1990;39:27-32.

[84] Das UN, Padma M, Sangeetha P, Ramesh G, Koratkar R. Stimulation of free
radical generation in human leukocytes by various stimulants including
tumor necrosis factor is a calmodulin dependent process. Biochem Biophys
Res Commun 1990;167:1030-6.

[85] Das UN. Tumoricidal action of cis-unsaturated fatty acids and its relationship
to free radicals and lipid peroxidation. Cancer Lett 1991;56:235-43.

[86] Sagar Sangeetha, Das UN, Koratkar R, Ramesh G, Padma M, Kumar GS.
Cytotoxic action of cis-unsaturated fatty acids on human cervical carcinoma
(HeLa) cells: relationship to free radicals, and lipid peroxidation and its
modulation by calmodulin antagonists. Cancer Lett 1992;63:189-98.

[87] Shakor AB, Atia M, Ismail IA, Alshehri A, El-Refaey H, Kwiatkowska K, et al.
Curcumin induces apoptosis of multidrug-resistant human leukemia HL60
cells by complex pathways leading to ceramide accumulation. Biochim
Biophys Acta, Mol Cell Biol Lipids 2014;1841:1672-82.

[88] Carpinteiro A, Dumitru C, Schenck M, Gulbins E. Ceramide-induced cell death
in malignant cells. Cancer Lett 2008;264:1-10.

[89] Kachler K, Bailer M, Heim L, Schumacher F, Reichel M, Holzinger CD, et al.
Enhanced acid sphingomyelinase activity drives immune evasion and tumor
growth in non-small cell lung carcinoma. Cancer Res 2017. doi: https://doi.
0rg/10.1158/0008-5472.CAN-16-3313.

[90] Clarke CJ, Cloessner EA, Roddy PL, Hannun YA. Neutral sphingomyelinase 2
(nSMase2) is the primary neutral sphingomyelinase isoform activated by
tumour necrosis factor-a in MCF-7 cells. Biochem ] 2011;435:381-90.

[91] Clarke CJ, Guthrie JM, Hannun YA. Regulation of neutral sphingomyelinase-2
(nSMase2) by tumor necrosis factor-alpha involves protein kinase C-delta in
lung epithelial cells. Mol Pharmacol 2008;74:1022-32.

[92] Subbaramaiah K, Chung W], Dannenberg AJ]. Ceramide regulates the
transcription of cyclooxygenase-2. Evidence for involvement of
extracellular signal-regulated kinase/c-Jun N-terminal kinase and p38
mitogen-activated protein kinase pathways. ] Biol Chem 1998;273:32943-9.

[93] Das UN. Possible role of prostaglandins in the pathogenesis of cirrhosis of the
liver. Med Hypotheses 1980;6:1117-22.

[94] Das UN, Sahay BK, Kumari S, Rao MH. Beneficial effect of essential fatty acids
in cirrhosis of the liver. ] Assoc Physicians India 1987;35:139-40.

[95] White KE, Ding Q, Moore BB, Peters-Golden M, Ware LB, Matthay MA, et al.
Prostaglandin E2 mediates IL-1beta-related fibroblast mitogenic effects in
acute lung injury through differential utilization of prostanoid receptors. ]
Immunol 2008;180:637-46.

[96] Steinmann BU, Abe S, Martin GR. Modulation of type I and type III collagen
production in normal and mutant human skin fibroblasts by cell density,
prostaglandin E2 and epidermal growth factor. Coll Relat Res 1982;2:185-95.

[97] Mohamed R, Jayakumar C, Ramesh G. Chronic administration of EP4-selective
agonist exacerbates albuminuria and fibrosis of the kidney in streptozotocin-
induced diabetic mice through IL-6. Lab Invest 2013;93:933-45.

[98] Yao C, Sakata D, Esaki Y, Li Y, Matsuoka T, Kuroiwa K, et al. Prostaglandin E2-
EP4 signaling promotes immune inflammation through Th1l cell
differentiation and Th17 cell expansion. Nat Med 2009;15:633-40.

[99] Corradini SG, Zerbinati C, Maldarelli F, Palmaccio G, Parlati L, Bottaccioli AG,
et al. Plasma fatty acid lipidome is associated with cirrhosis prognosis and
graft damage in liver transplantation. Am J Clin Nutr 2014;100:600-8.

[100] Sinclair SB, Greig PD, Blendis LM, Abecassis M, Roberts EA, Phillips MJ, et al.
Biochemical and clinical response of fulminant viral hepatitis to
administration of prostaglandin E. A preliminary report. ] Clin Invest
1989;84:1063-9.

[101] Sinclair SB, Levy GA. Treatment of fulminant viral hepatic failure with
prostaglandin E. A preliminary report. Dig Dis Sci 1991;36:791-800.

[102] Flowers M, Sherker A, Sinclair SB, Greig PD, Cameron R, Phillips M], et al.
Prostaglandin E in the treatment of recurrent hepatitis B infection after
orthotopic liver transplantation. Transplantation 1994;58:183-92.

[103] Boker KH, Ringe B, Kriiger M, Pichlmayr R, Manns MP. Prostaglandin E plus
famciclovir-a new concept for the treatment of severe hepatitis B after liver
transplantation. Transplantation 1994;57:1706-8.

[104] Cattell V, Smith ], Cook HT. Prostaglandin E1 suppresses macrophage
infiltration and ameliorates injury in an experimental model of
macrophage-dependent glomerulonephritis. Clin Exp Immunol
1990;79:260-5.

[105] Rossetti RG, Brathwaite K, Zurier RB. Suppression of acute inflammation with
liposome associated prostaglandin E1. Prostaglandins 1994;48:187-95.

[106] Kotani N, Hashimoto H, Kushikata T, Yoshida H, Muraoka M, Takahashi S,
et al. Intraoperative prostaglandin E1 improves antimicrobial and
inflammatory responses in alveolar immune cells. Crit Care Med
2001;29:1943-9.

[107] DeLuca P, Rossetti RG, Alavian C, Karim P, Zurier RB. Effects of
gammalinolenic acid on interleukin-1 beta and tumor necrosis factor-alpha
secretion by stimulated human peripheral blood monocytes: studies in vitro
and in vivo. ] Invest Med 1999;47:246-50.

[108] Furse RK, Rossetti RG, Zurier RB. Gammalinolenic acid, an unsaturated fatty
acid with anti-inflammatory properties, blocks amplification of IL-1 beta
production by human monocytes. J Immunol 2001;167:490-6.

[109] Zipser RD, Radvan GH, Kronborg IJ, Duke R, Little TE. Urinary thromboxane B2
and prostaglandin E2 in the hepatorenal syndrome: evidence for increased
vasoconstrictor and decreased vasodilator factors. Gastroenterology
1983;84:697-703.

[110] Rimola A, Ginés P, Arroyo V, Camps ], Pérez-Ayuso RM, Quintero E, et al.
Urinary excretion of 6-keto-prostaglandin F1 alpha, thromboxane B2 and
prostaglandin E2 in cirrhosis with ascites. Relationship to functional renal
failure (hepatorenal syndrome). ] Hepatol 1986;3:111-7.

[111] Sahar S, Dwarakanath RS, Reddy MA, Lanting L, Todorov I, Natarajan R.
Angiotensin Il enhances interleukin-18 mediated inflammatory gene
expression in vascular smooth muscle cells: a novel cross-talk in the
pathogenesis of atherosclerosis. Circ Res 2005;96:1064-71.

[112] Das UN. Angiotensin-Il behaves as an endogenous pro-inflammatory
molecule. ] Assoc Phys India 2005;53:472-6.

[113] Das UN. Is angiotensin-II an endogenous pro-inflammatory molecule? Med
Sci Monit 2005;11. RA155-RA162.

[114] Seeley EJ, Barry SS, Narala S, Matthay MA, Wolters PJ]. Noradrenergic neurons
regulate monocyte trafficking and mortality during gram-negative peritonitis
in mice. ] Immunol 2013;190:4717-24.

[115] Flierl MA, Rittirsch D, Nadeau BA, Sarma ]V, Day DE, Lentsch AB, et al.
Upregulation of phagocyte-derived catecholamines augments the acute
inflammatory response. PLoS One 2009;4:e4414.

[116] Flierl MA, Rittirsch D, Nadeau BA, Chen AJ], Sarma ]V, Zetoune FS, et al.
Phagocyte-derived catecholamines enhance acute inflammatory injury.
Nature 2007;449:721-5.

[117] Laffi G, Lagi A, Cipriani M, Barletta G, Bernardi L, Fattorini L, et al. Impaired
cardiovascular autonomic response to passive tilting in cirrhosis with ascites.
Hepatology 1996;24:1063-7.

[118] Barron HV, Alam I, Lesh MD, Strunk A, Bass NM. Autonomic nervous system
tone measured by baroreflex sensitivity is depressed in patients with end-
stage liver disease. Am ] Gastroenterol 1999;94:986-9.

[119] Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina GI, Watkins LR, et al.
Vagus nerve stimulation attenuates the systemic inflammatory response to
endotoxin. Nature 2000;405:458-62.

[120] Huston JM, Gallowitsch-Puerta M, Ochani M, Ochani K, Yuan R, Rosas-Ballina
M, et al. Transcutaneous vagus nerve stimulation reduces serum high
mobility group box 1 levels and improves survival in murine sepsis. Crit
Care Med 2007;35:2762-8.

[121] Wang H, Yu M, Ochani M, Amella CA, Tanovic M, Susarla S, et al. Nicotinic
acetylcholine receptor alpha7 subunit is an essential regulator of
inflammation. Nature 2003;421:384-8.

[122] Saijyo T, Nomura M, Nakaya Y, Saito K, Ito S. Autonomic nervous system
activity during infusion of L-arginine in patients with liver cirrhosis. Liver
1998;18:27-31.

[123] Hall DW, Jaitly KD. Inflammatory responses of the rabbit eye to
prostaglandins. Agents Actions Suppl 1977;2:123-33.

[124] Rackham A, Ford-Hutchinson AW. Inflammation and pain sensitivity: effects
of leukotrienes D4, B4 and prostaglandin E1 in the rat paw. Prostaglandins
1983;25:193-203.

[125] Smith EA, Kahaleh MB, LeRoy EC. The acute phase response in scleroderma.
Differing responses to intravenous PGE1. Clin Exp Rheumatol 1986;4:341-5.

[126] Sicinska ], Gorska E, Cicha M, Kuklo-Kowalska A, Hamze V, Stepien K, et al.
Increased serum fractalkine in systemic sclerosis. Down-regulation by
prostaglandin E1. Clin Exp Rheumatol 2008;26:527-33.

[127] Hoshi K, Fukuhara S. Effect of Lipo-PGE1 on health-related quality of life in
patients with systemic sclerosis and systemic lupus erythematosus in Japan. ]
Int Med Res 2008;36:187-97.

[128] Pignone A, Generini S, Matucci Cerinic M. Prostaglandin E1 restores the levels
of VWF and ACE in chronic critical limb ischemia in systemic sclerosis. Clin
Exp Rheumatol 2001;19:358-9.


http://refhub.elsevier.com/S2090-1232(18)30131-0/h0370
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0370
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0370
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0375
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0375
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0375
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0375
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0380
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0380
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0380
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0385
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0385
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0390
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0390
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0390
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0395
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0395
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0395
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0395
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0400
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0400
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0400
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0405
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0405
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0405
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0410
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0410
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0410
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0415
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0415
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0415
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0420
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0420
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0420
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0420
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0425
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0425
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0430
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0430
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0430
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0430
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0435
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0435
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0435
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0435
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0440
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0440
https://doi.org/10.1158/0008-5472.CAN-16-3313
https://doi.org/10.1158/0008-5472.CAN-16-3313
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0450
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0450
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0450
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0455
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0455
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0455
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0460
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0460
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0460
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0460
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0465
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0465
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0470
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0470
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0475
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0475
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0475
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0475
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0480
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0480
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0480
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0485
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0485
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0485
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0490
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0490
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0490
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0495
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0495
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0495
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0500
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0500
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0500
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0500
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0505
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0505
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0510
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0510
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0510
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0515
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0515
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0515
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0520
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0520
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0520
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0520
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0525
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0525
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0530
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0530
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0530
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0530
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0535
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0535
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0535
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0535
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0540
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0540
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0540
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0545
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0545
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0545
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0545
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0550
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0550
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0550
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0550
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0555
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0555
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0555
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0555
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0560
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0560
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0565
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0565
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0570
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0570
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0570
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0575
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0575
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0575
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0580
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0580
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0580
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0585
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0585
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0585
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0590
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0590
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0590
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0595
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0595
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0595
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0600
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0600
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0600
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0600
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0605
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0605
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0605
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0610
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0610
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0610
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0615
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0615
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0620
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0620
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0620
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0625
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0625
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0630
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0630
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0630
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0635
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0635
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0635
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0640
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0640
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0640

U.N. Das/Journal of Advanced Research 17 (2019) 17-29 29

[129] Gardinali M, Pozzi MR, Bernareggi M, Montani N, Allevi E, Catena L, et al.
Treatment of Raynaud’s phenomenon with intravenous prostaglandin
Elalpha-cyclodextrin improves endothelial cell injury in systemic sclerosis.
J Rheumatol 2001;28:786-94.

[130] Inaoki M, Sato S, Shimada Y, Takehara K. Elevated serum levels of soluble L-
selectin in patients with systemic sclerosis declined after intravenous
injection of lipo-prostaglandin E1. ] Dermatol Sci 2001;25:78-82.

[131] Bartolone S, Trifiletti A, De Nuzzo G, Scamardi R, Larosa D, Sottilotta G, et al.
Efficacy evaluation of prostaglandin E1 against placebo in patients with
progressive systemic sclerosis and significant Raynaud’s phenomenon.
Minerva Cardioangiol 1999;47:137-43.

[132] Morykwas M]J, Perry SL, Argenta LC. Effects of prostaglandins and
indomethacin on the cellular inflammatory response following surgical
trauma in fetal rabbits. Int ] Tissue React 1993;15:151-6.

[133] Cominelli F, Nast CC, Llerena R, Dinarello CA, Zipser RD. Interleukin 1
suppresses inflammation in rabbit colitis. Mediation by endogenous
prostaglandins. ] Clin Invest 1990;85:582-6.

[134] Takayama K, Garcia-Cardena G, Sukhova GK, Comander ], Gimbrone Jr MA,
Libby P. Prostaglandin E2 suppresses chemokine production in human
macrophages through the EP4 receptor. ] Biol Chem 2002;277:44147-54.

[135] Minami M, Shimizu K, Okamoto Y, Folco E, Ilasaca ML, Feinberg MW, et al.
Prostaglandin E receptor type 4-associated protein interacts directly with NF-
kappaB1 and attenuates macrophage activation. ] Biol Chem
2008;283:9692-703.

[136] FitzGerald GA. Bringing PGE2 in from the cold. Science 2015;348:1208-9.

[137] Rodger Duffin R, O’Connor RA, Crittenden S, Forster T, Yu C, Zheng X, et al.
Prostaglandin E2 constrains systemic inflammation through an innate
lymphoid cell-IL-22 axis. Science 2016;351:1333-8.

[138] Zhang Y, Desai A, Yang SY, Bae KB, Antczak MI, Fink SP, et al. Inhibition of the
prostaglandin-degrading enzyme 15-PGDH potentiates tissue regeneration.
Science 2015;348:aaa2340. doi: https://doi.org/10.1126/science.aaa2340.

[139] Das UN. Radiation resistance, invasiveness and metastasis are inflammatory
events that could be suppressed by lipoxin A4. Prostaglandins Leukot Essen
Fatty Acids 2012;86:3-11.

[140] Serhan CN, Chiang N, Van Dyke TE. Resolving inflammation: dual
antiinflammatory and pro-resolution lipid mediators. Nat Rev Immunol
2008;8:349-61.

[141] Rhodes LE, Gledhill K, Masoodi M, Haylett AK, Brownrigg M, Thody AJ, et al.
The sunburn response in human skin is characterized by sequential
eicosanoid profiles that may mediate its early and late phases. FASEB ]
2009;23:3947-56.

[142] Harizi H, Norbert G. Inhibition of IL-6, TNF-alpha, and cyclooxygenase-2
protein expression by prostaglandin E2-induced IL-10 in bone marrow-
derived dendritic cells. Cell Immunol 2004;228:99-109.

[143] Harizi H, Juzan M, Pitard V, Moreau JF, Gualde N. Cyclooxygenase-2-
issued prostaglandin e(2) enhances the production of endogenous IL-10,
which down-regulates dendritic cell functions. J Immunol 2002;168:
2255-63.

[144] Harizi H, Juzan M, Moreau JF, Gualde N. Prostaglandins inhibit 5-
lipoxygenase-activating protein expression and leukotriene B4 production
from dendritic cells via an IL-10-dependent mechanism. ] Immunol
2003;170:139-46.

[145] O'Brien AJ, Fullerton JN, Massey KA, Auld G, Sewell G, James S, et al.
Immunosuppression in acutely decompensated cirrhosis is mediated by
prostaglandin E,. Nat Med 2014;20:518-25.

[146] Arroyo V, Moreau R. Tying up PGE, with albumin to relieve
immunosuppression in cirrhosis. Nat Med 2014;20:467-79.

[147] Das UN. Albumin and lipid enriched albumin for the critically ill. ] Assoc Phys
India 2009;57:53-63.

[148] Das UN. Albumin infusion therapy in stroke, sepsis and the critically ill. Curr
Nutr Food Sci 2008;4:216-25.

[149] Das UN. Albumin to globulin ratio and/or plasma albumin in predicting long-
term mortality. Am J Surg 2014;208:157-8.

[150] Rodriguez de Turco EB, Belayev L, Liu Y, Busto R, Parkins N, Bazan NG, et al.
Systemic fatty acid responses to transient focal cerebral ischemia: influence
of neuroprotectant therapy with human albumin. ] Neurochem
2002;83:515-24.

[151] Zhang H, Voglis S, Kim CH, Slutsky AS. Effects of albumin and Ringer’s lactate
on production of lung cytokines and hydrogen peroxide after resuscitated
hemorrhage and endotoxemia in rats. Crit Care Med 2003;31:1515-22.

[152] Mayer K, Schmidt R, Muhly-Reinholz M, Bégeholz T, Gokorsch S, Grimminger
F, et al. In vitro mimicry of essential fatty acid deficiency in human
endothelial cells by TNF-o impact of ®-3 versus -6 fatty acids. J Lipid Res
2002;43:944-51.

[153] Hennig B, Honchel R, Goldblom SE, McClaiw CJ. Tumor necrosis factor-
mediated hypoalbuminemia in rabbits. ] Nutr 1988;119:1586-90.

[154] Waris G, Siddiqui A. Hepatitis C virus stimulates the expression of
cyclooxygenase-2 via oxidative stress: role of prostaglandin E2 in RNA
replication. ] Virol 2005;79:9725-34.

[155] Ristic-Medi¢ D, Taki¢ M, Vuci¢ V, Kandi¢ D, Kosti¢ N, Glibetic M.
Abnormalities in the serum phospholipids fatty acid profile in patients
with alcoholic liver cirrhosis - a pilot study. J Clin Biochem Nutr
2013;53:49-54.

[156] Guarini P, Stanzial AM, Olivieri O, Casaril M, Galvani S, Pantalena M, et al.
Erythrocyte membrane lipids and serum selenium in post-viral and alcoholic
cirrhosis. Clin Chim Acta 1998;270:139-50.

[157] Guarini P, Stanzial AM, Olivieri O, Casaril M, Galvani S, Pantalena M, et al.
Erythrocyte membrane lipids and serum selenium in post-viral and alcoholic
cirrhosis. Clin Chim Acta 1998;1998(270):139-50.

[158] Depner CM, Philbrick KA, Jump DB. Docosahexaenoic acid attenuates hepatic
inflammation, oxidative stress, and fibrosis without decreasing
hepatosteatosis in a Ldlr(-/-) mouse model of western diet-induced
nonalcoholic steatohepatitis. ] Nutr 2013;143:315-23.

[159] Das UN. Nonalcoholic fatty liver disease as a pro-resolution defective
disorder. Nutrition 2013;29:345-9.

[160] Das UN. A defect in the activities of A and A desaturases and pro-resolution
bioactive lipids in the pathobiology of non-alcoholic fatty liver disease. World
] Diabetes 2011;2:176-88.

[161] Tilg H, Cani PD, Mayer EA. Gut microbiome and liver diseases. Gut
2016;65:2035-44.

[162] Das UN. Lipoxins, resolvins, protectins, maresins and nitrolipids and their
clinical implications with specific reference to diabetes mellitus and other
diseases: Part II. Clin Lipidol 2013;8:465-80.

[163] Kaviarasan K, Mohanlal J, Mohammad Mulla MA, Shanmugam S, Sharma T,
Das UN, et al. Low blood and vitreal BDNF, LXA4 and altered Th1/Th2
cytokine balance as potential risk factors for diabetic retinopathy.
Metabolism 2015;64:958-66.

[164] Das UN. Is there a role for bioactive lipids in the pathobiology of diabetes
mellitus. Front Endocrinol (Lausanne) 2017;8:182.

Undurti N. Das is an M.D. in Internal Medicine from
Osmania Medical College, Hyderabad, India; a Fellow of
the National Academy of Medical Sciences, India, Shanti
Swaroop Bhatnagar prize awardee and D Sc (Doctor of
Science) from India. Apart from clinical work, he is
researching the role of polyunsaturated fatty acids,
cytokines, nitric oxide, free radicals, and anti-oxidants
in cancer, inflammation, metabolic syndrome X,
schizophrenia, and tropical diseases. His current inter-
ests include the epidemiological aspects of diabetes
mellitus, hypertension, cardiovascular diseases and

V metabolic syndrome X. Dr. Das was formerly scientist at
Efamol Research Institute, Kentville, Canada; Professor of Medicine at Nizam’s
Institute of Medical Sciences, Hyderabad, India and Research Professor of Surgery
and Nutrition at SUNY (State University of New York) Upstate Medical University,
Syracuse, USA. At present, he is the Chairman and Research Director of UND Life
Sciences LLC, USA, and serves as a consultant to both Indian and USA based biotech
and pharmaceutical companies. Undurti Das is the Editor-in-Chief of the interna-
tional journal: Lipids in Health and Disease; and serves on the editorial board of
another 10 international journals. Dr Das has more than 500 international publi-
cations and has been awarded 3 USA patents.


http://refhub.elsevier.com/S2090-1232(18)30131-0/h0645
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0645
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0645
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0645
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0650
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0650
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0650
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0655
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0655
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0655
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0655
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0660
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0660
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0660
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0665
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0665
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0665
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0670
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0670
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0670
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0675
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0675
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0675
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0675
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0680
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0685
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0685
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0685
https://doi.org/10.1126/science.aaa2340
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0695
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0695
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0695
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0700
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0700
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0700
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0705
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0705
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0705
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0705
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0710
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0710
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0710
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0715
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0715
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0715
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0715
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0720
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0720
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0720
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0720
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0725
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0725
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0725
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0725
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0730
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0730
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0730
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0735
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0735
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0740
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0740
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0745
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0745
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0750
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0750
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0750
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0750
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0755
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0755
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0755
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0760
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0760
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0760
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0760
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0765
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0765
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0770
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0770
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0770
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0775
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0775
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0775
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0775
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0780
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0780
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0780
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0785
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0785
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0785
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0790
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0790
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0790
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0790
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0795
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0795
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0800
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0800
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0800
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0805
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0805
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0810
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0810
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0810
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0815
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0815
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0815
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0815
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0820
http://refhub.elsevier.com/S2090-1232(18)30131-0/h0820

	Beneficial role of bioactive lipids in the pathobiology, prevention, and management of HBV, HCV and alcoholic hepatitis, NAFLD, and liver cirrhosis: A review
	Introduction
	Cirrhosis is associated with PUFA deficiency
	Pufas and their metabolites exert anti-HBV and anti-HCV effects
	Interactions among PUFAs, PGE2, LXA4 and their relationship with HBV and HCV hepatitis
	Mechanism of anti-viral action of PUFAs and their metabolites
	PGE1 and its precursors in liver cirrhosis
	PGE2 in liver cirrhosis
	PGE1 and inflammation
	PGE2 and inflammation
	Optimal inflammation is critical for the initiation of anti-inflammatory events
	Albumin, PUFA mobilization, and TNF-α in liver cirrhosis
	Conclusions and therapeutic implications
	Conflict of interest
	Compliance with Ethics Requirements
	References


