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Abstract

The cannabinoid (CB) receptors, endocannabinoids
(eCB) and their synthesizing and catabolizing enzymes
and the proteins involved in their transport, constitute
what is now recognized as the eCB system. The eCBs
are a class of lipids that have been identified as retro-
grade messengers and produce their effects via presyn-
aptic CB receptors. The major function of the eCBs has
been suggested to be that of modulating the release
of several neurotransmitters implicated in a number of
biological functions that include reward and reinforce-
ment. There is now significant evidence to suggest
that the eCB system plays an important role in the
development of alcohol tolerance, dependence and re-
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lapse. Recent studies suggest that the pharmacological
manipulation of the eCB system has the potential not
only to block the direct reinforcing properties of alcohol
but also alleviate behavioral abnormalities associated
with relapse. There is also accumulating evidence that
points to the possible utility of the eCB system targeted
drugs in the treatment of alcoholism-related behavioral
disorders. The agents that block CB1 receptor function
or inhibit the synthesis of eCBs are attractive candidate
drugs that need to be explored. Further understanding
of the role of the eCB system in molecular mechanism/s
that underlies alcoholism-related behaviors should lead
to a better treatment of this devastating disorder.

© 2012 Baishideng. All rights reserved.

Key words: Endocannabinoids; CB1 receptor; Alcohol;
Tolerance; Dependence

Peer reviewer: Moses Elisaf, Professor of Internal Medicine,
Department of Internal Medicine, University of Ioannina, Medi-
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http://www.wjgnet.com/2220-3192/full/v1/i3/44.htm DOI:
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INTRODUCTION

The endocannabinoid (eCB) system consists of can-
nabinoid (CB) receptors, eCBs, anandamide (AEA) and
2-arachidonyl glycerol (2-AG) and the enzymes involved
in their synthesis, transport and degradation“"‘]. The
eCBs mimic many of the pharmacological and behavioral
effects of tetrahydrocannabinol (THC), a psychoactive
component of marijuana and are considered as a new
class of neuromodulators™, Unlike classical neurotrans-
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mitters, eCBs are not stored in the vesicles but are re-
leased upon demand from membrane phospholipids of
postsynaptic neurons'’. The eCBs have been shown to
act as retrograde messengers and regulate neurotransmit-
ter release via binding to presynaptic CB1 receptors'”.,

Alcoholism is a complex psychiatric disorder char-
acterized by impaired control over drinking, leading to
tolerance, physical dependence and relapse. The mecha-
nisms underlying this disorder are pootly understood at
the present time. Alcohol effects appeatr to be mediated
through several intracellular signal transduction pathways
involving many classical neurotransmitters and ion chan-
nels in different brain regionsm. There is a growing body
of evidence now suggesting a significant role for the eCB
system in a number of alcohol-related behaviors that in-
clude voluntary alcohol consumption, alcohol tolerance
and dependence and addiction to other drugs of abuse.
Recent studies have also shown that the drugs targeted
against the components of the eCB system may have
therapeutic potential in the treatment of a variety of ill-
nesses including drug and alcohol addiction.

The studies investigating the mechanisms undetlying
the addictive behavior mediated through eCB signal-
ing have been the subject of intensive research. Our
laboratory was the first to implicate the eCB system in
the development of tolerance to alcohol. Since our first
publication in 1998, there have been significant new de-
velopments in understanding the role of the eCB system
in many of the alcohol-related behaviors. As discussed in
the following section, several laboratories including ours
have investigated CB1 receptor-mediated mechanisms in
explaining the behavioral effects of alcohol that include
tolerance and dependence, voluntary alcohol consump-
tion, and fetal alcohol spectrum disorders.

ALCOHOL TOLERANCE AND
DEPENDENCE

We have previously demonstrated: (1) a downregulation
of CB1 receptors and CB1 receptor function in chronic
alcohol exposed (alcohol tolerant) mouse synaptic plasma
membranes' "'"; and (2) an increase in the levels of the
eCBs, AEA and 2-AG in chronic alcohol exposed neuro-
nal cells in culture i vitrd" " and in the levels of AEA in
chronic alcohol exposed mouse brain vive"™™. In addi-
tion, the CB1 receptor density and function were found to
be significantly downregulated in the cortex, hippocampus,
striatum and cerebellum of Swiss-Webster mice that were
made alcohol tolerant following 72 h chronic continuous
alcohol vapor exposure”, which returned to normal level
24 h after withdrawal from alcohol”. Consistent with
rodent studies, the levels of CB1 receptors, CB1 receptor-
mediated G-protein signaling and fatty acid amide hydro-
lase (FAAH) activity were also found to be significantly
lower in the postmortem ventral striatum of alcohol-
dependent subjects compared to the control group' .

It has also been demonstrated that co-administration
of CBI1 receptor antagonist SR141716A during chronic
alcohol exposure significantly reduces severity of alco-
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hol withdrawal-induced handling-induced convulsions
(HIC) in both alcohol-preferring (AA) C57BL/6] (B6)
and alcohol-avoiding DBA /2] (D2) mice'”. We also have
shown that the mice lacking CB1 receptor gene (CB1
KO) chronically exposed to alcohol had reduced HIC!""
consistent with the results reported by Racz e a/'”. Acute
administration of SR141716A has also been shown to
completely abolish the alcohol deprivation effect (ADE)
and alcohol’s motivational properties in AA sP rats!"” 7.
The mice lacking FAAH (FAAH-KO), an enzyme that
regulates brain AEA levels, has also been shown to dis-
play reduced severity of HIC following withdrawal from
chronic continuous 72 h alcohol vapor exposure com-
pared to WT littermates™, while no differences were
found in acute alcohol-induced HIC between FAAH KO
and WT mice™. These studies strongly suggest that the
eCB system plays a critical role in the development of
tolerance to and dependence on alcohol.

eCB SYSTEM AND ALCOHOL
CONSUMMATORY BEHAVIOR

Significant differences in both the density and function
of brain CB1 receptors between AA B6 and alcohol-
avoiding D2 mice have been reported“7’24’25]. There is also
evidence suggesting that the genetic deletion or phar-
macologic manipulation of CB1 receptors result in re-
duced alcohol consumption in rodent models" ">, For
example, the mice lacking the CB1 receptor gene con-
sume significantly less alcohol compared to their wild-
type counterparts "> similar to the effect produced
by pharmacological antagonism of CB1 receptorpz’a(’].
On the other hand, administration of the agonists
CP-55940 and WINS55212 has been shown to enhance
alcohol intake in rodents" ™™ which was reversed by
co-administration of the antagonist SR141716A"™. The
FAAH KO mice are severely impaired in their ability to
degrade the eCB, AEA, and have been shown to have
approximately 15-fold higher brain levels of AEA com-
pared to WT mice™. These mice consume significantly
more alcohol compared to WT mice™*" and these find-
ings have been replicated by another group””. In a recent
study, a comparison of the expression of the eCB-related
genes in AA and alcohol non-preferring (ANA) rats re-
vealed a decrease in the expression of FAAH activity in
prefrontal cortex (PFC) of AA rats'"”. The association of
impaired FAAH function with alcohol self-administration
was further confirmed by the following observations: (1)
SR141716A administration dose dependently suppressed
self-administration in AA rats when given systemically
or locally into PFC; and (2) intra-PFC injection of the
competitive FAAH inhibitor URB597 increased alcohol
self-administration in non-selected Wistar rats”. An
increased vulnerability to drug and alcohol abuse in hu-
mans has also been suggested to be due to polymorphism
in the FAAH gene and reduced FAAH expression and
activity™*, These studies suggest that the eCB system
at least in part may play a role in many of the alcohol-
related behaviors.
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Figure 1 Limbic reward circuit. The diagram represents a reward circuitry in the rat brain. Highlighted are the nuclei representing the limbic structures of the basal
forebrain including the amygdala, hippocampus, prefrontal cortex (PFC), nucleus accumbens (NAc), ventral pallidum (VP) and ventral tegmental area (VTA). Dopa-
minergic neurons in the VTA modulate information flow through the limbic circuit via projections to the NAc, amygdala, hippocampus, PFC and VP. Increase in the
dopaminergic transmission in the limbic nuclei, particularly the NAc, may underlie the reinforcing effect of abused drug (Source: Sigma Aldrich).
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Alcohol
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Figure 2 Possible mechanism of alcohol addiction involving the endocannabinoids system. Alcohol exposure has been shown to elevate endocannabinoids
(eCBs). Repeated alcohol admistration downregulates the CB1 receptors as a neuroadaptation to elevation in the eCBs. This could lead to tolerance to alcohol. The
desensitization of CB1 receptor-mediated G-protein coupling may reduce the inhibition of adenylate cyclase (AC) activity as CB1 receptors are negatively coupled to
AC leading to increase in the CREB mediated gene expression. Modulation of other neurotransmitter systems by eCB system during alcohol exposure might also be
associated with alcohol addiction. The mesocorticolimbic dopamine (DA) system represents a common neuronal substrate for reinforcing properties of drugs of abuse
including alcohol. Chronic alcohol exposure-induced increase in AEA content appears to activate mesolimbic dopaminergic transmission by increasing the DA release
in the shell of NAc. The functional interaction of the eCB system with DA system in reward-related brain regions might be associated with one of the underlying mech-

anisms of alcohol addiction. This figure is modified from our publication®.

INTERACTION OF MESOLIMBIC
DOPAMINERGIC AND eCB SYSTEMS;

A POSSIBLE MECHANISM/S FOR
DEVELOPMENT OF TOLERANCE TO AND
DEPENDENCE ON ALCOHOL

The development of tolerance to and dependence on
alcohol could be explained by possible interaction of
the eCB system with the mesocorticolimbic system. The

K
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mesocorticolimbic dopamine (DA) system represents a
common neuronal substrate for reinforcing properties
of drugs of abuse including alcohol™. Dopaminergic
projections originating from the ventral tegmental area
(VTA) to the PFC and limbic structures that include
nucleus accumbens (NAc) and amygdala have been sug-
gested to play a critical role in reward and reinforcement.
The CB1 receptors are present in most brain regions of
the reward circuitry, including VTA, NAc, and in several
other areas such as PFC, amygdala and hippocampus[46].
The DA neurons of the mesocorticolimbic system are

June 9, 2012 | Volume1 | Issue 3 |
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controlled by excitatory and inhibitory inputs that are
modulated by CB1 receptors[47’48]. The final effect on the
modulation of VTA dopaminergic activity by eCBs de-
pends on the functional balance between the inhibitory
GABAergic and excitatory glutamatergic inputs, both of
which are inhibited by eCBs under different physiological
conditions"™*". Alcohol consumption has been shown to
increase AEA content in limbic forebrain®, which ap-
pears to activate mesolimbic dopaminergic transmission
by increasing the DA release in the shell of NAcP As
indicated eatlier, a significant reduction in acute alcohol-
induced DA release in the NAc shell has been reported
in mice that lacked CB1 receptor gene similar to wild
type mice treated with CB1 receptor antagonistm. Itis of
interest also to note that subchronic treatment with CB1
receptor agonist WIN-55,212-2 inhibited the release of
DA in NAc of rats that were exposed chronically to alco-
hol™. An intravenous administration of both AEA and
methandamide (a stable derivative of AEA) and pharma-
cologic inhibition of FAAH with URB597 led to increase
in accumbal DA levels™ (Figure 1).

The downregulation of CB1 receptors due to chronic
alcohol exposure that results in tolerance to alcohol may
be a compensatory neuroadaptation in response to eleva-
tion in the eCBs. This in turn might modulate the DA
function in reward-related brain regions leading to alco-
hol addiction (Figure 2).

The dependence and relapse to alcohol may be due to
an imbalance between excitatory glutamatergic and inhib-
itory GABAergic systems caused by altered CB1 receptor
function. This could possibly be the result of altered eCB
tone induced by chronic alcohol exposure. It is well doc-
umented that in the progression to alcohol tolerance and
dependence, neuroadaptation occurs resulting in hypoac-
tive GABA receptors and hyperactive NMDA receptors
causing a hyperexcitable state that mediates both acute
and protracted withdrawal states™ ™. On the cessation
of alcohol use, withdrawal symptoms occur most likely
mediated by increased glutamate release. Relapse to alco-
hol use might reduce these effects and works viaz negative
reinforcement to promote the addicted state™™ These
findings strongly implicate a role for the eCB system in
reward and reinforcement properties of alcohol and the
CB1 receptor targeted drugs should be exploited for fu-
ture therapeutic drug development.

POTENTIAL THERAPEUTIC UTILITY

OF DRUGS TARGETED AGAINST THE
eCB SYSTEM IN THE TREATMENT
ALCOHOLISM; CONCLUDING REMARKS

Despite significant developments in understanding of
the neurobiological basis of alcohol tolerance and de-
pendence, thus far no effective treatments are available
to treat this devastating disorder. As evidenced in the
foregoing discussion the eCB system appears to be a
promising target with therapeutic potential. For example,
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CB1 receptor antagonist/inverse agonist SR141716A has
been shown to reduce the development of tolerance to
and dependence on alcohol in preclinical rodent mod-
els™"™™ 1t has also been shown to reduce alcohol intake
in AA rodents" . It is worth noting that two Phase
Il clinical feasibility studies for the effectiveness of
SR141716A (rimonabant), a CB1 receptor antagonist, on
the prevention of alcohol relapse have been conducted in
human alcoholics and found no significant improvement
over the placebo patientsﬁl]. In another clinical trial the
rimonabant was found to have no effect on alcohol con-
sumption in nontreatment-seeking heavy alcohol drink-
ers™. However, the rimonabant, due to incidence of
severe adverse psychiatric side effects, FDA disapproved
its commercialization. Nevertheless, further understand-
ing of the neurobiological basis of alcohol abuse-related
behaviors involving the components of the eCB system
would reveal possible newer targets and future studies
should focus on this aspect. Taken together, the available
literature strongly support a role for the eCB system in al-
cohol-related behaviors and the CB1 receptor antagonists
and drugs targeted to the eCB metabolizing enzymes are
attractive candidates for the treatment of alcoholism.
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Nicotinic acid (NA) comprises the oldest hypolipidemic 55,4 3192/f,11/v1/i3/50.htm DOI: hitp://dx.doi.org/10.5497/
drug, in use since 1955. Despite its established broad

spectrum effect on lipid profile and the associated re-
duction in cardiovascular morbidity and mortality, the
mechanisms by which NA achieves its beneficial effects
remain elusive. Regarding the NA-associated reduction
in triglyceride and low density lipoprotein cholesterol INTRODUCTION
levels, data are controversial. The prevailing view which
suggested that NA inhibits lipolysis and decreases free
fatty acid (FFA) release both via activation of adipose
tissue G-protein receptor-109A (GPR109A) and via
inhibition of hepatic triglyceride synthesis is currently
debated by the observation that the initially decreased
FFA levels rebound during long-term NA treatment .. . S .
even though the beneﬁciaIgNA e?fects on lipid metapo-  "ising high density lipoprotein (HDL) cholesterol levels
lism are preserved, while other mechanisms involving ~ (by 2070-25%) and de?}ﬁasmg the levels of lipoprotein (a)
modulation of transcription and translation pathways [Lp(@)] (by 28%-40%)™". Moreover, a number of clinical
are emerging. In addition, NA has been demonstrated trials have demonstrated that NA may decrease cardio-

wjp.v1.i3.50

Nicotinic acid (NA), also known as the water-soluble
vitamin B3 (niacin), comprises the oldest hypolipidemic
agent, being in use since 1955", Tt decreases by 5%-25%
and 20%-50% the levels of low density lipoprotein (LDL)
cholesterol and triglycerides (T'G), respectively, while NA
remains the most effective currently available agent for

to affect high density lipoprotein (HDL) particles remod- vascular events” and total mortalitym in patients with
eling in a number of ways, including reducing choles- coronary heart disease. Overall, NA comprises a hypolip-
terol ester transfer protein levels and activity, increas-  idemic agent with unique broad-spectrum lipid-modify-

ing apolipoprotein A-I levels, eliminating HDL hepatic ing properties and possible clinical benefits®”. However,
uptake, increasing cholesterol efflux via ATP-binding the mechanisms by which NA exerts its lipid-modifying
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effects remain elusive. Focus of this paper is the presen-
tation of these mechanisms. We searched PubMed up
to 10 August 2011 using combinations of the following
keywords: niacin, NA, mechanism, action, GPR109A,
free fatty acids (FFA), dyslipidemia, hypolipidemic, liver,
adipose tissue, macrophages and receptor. The references
of these articles were scrutinized for relevant articles.

TG AND LDL CHOLESTEROL LEVEL
REDUCTION

The mechanisms which contribute to the NA-associated
TG and LDL cholesterol level reduction are not fully
understood. However, the prevailing view holds that NA
achieves TG and LDL cholesterol level reduction, pri-
marily by affecting both adipose tissue’s and liver’s TG
metabolism. (Figure 1).

NA’s effect on adipose tissue

G-protein receptor-109A (GPR109A), also known as
HM74A receptor in humans is expressed in adipose
tissue, spleen and immune cells""". NA binds and acti-
vates GPR109A in adipose tissue inducing a Gi-mediated
inhibition of adenylyl cyclase activity, theteby resulting in
a decrease of cyclic adenosine monophosphate (cAMP)
intracellular levels'”. This leads to decreased lipolysis, as
cAMP is the main intracellular mediator of prolipolytic
stimuli. cAMP normally activates protein kinase A (PKA)
to phosphorylate various proteins, including perilipin
and hormone-sensitive lipase (HSL), thereby promoting
lipolysis'"?. The decrease in circulating FFA results in a
substrate shortage for hepatic very low density lipopro-
tein (VLDL) production, consequently reducing plasma
levels of LDL cholesterol and TG, Paradoxically, it
has been established that the initially decreased FFA lev-
els rebound during long-term NA treatment even though
the beneficial NA effects on lipid metabolism are pre-
served"™'*. But how that happens? Phosphoenolopyru-
vate carboxykinase (PEPCK1) is a key enzyme in adipose
tissue gluconeogenesis and its deficit leads to increased
FFA release Recently, NA was associated with decreased
expression of PEPCKI1 in adipose tissue and thus in-
creased FFA release, partly explaining the rebound phe-
nomenon'". Another contributing mechanism to FFA
rebound could also be the NA-induced up-regulation of
tumor necrosis factor-a, (TNF-qy) transcription and the
consequent increase of interleukin-6 (IL-06), as both of
them comprise cytokines with lipolytic properties, there-
by increasing FFA telease!'”. Of note, MK-0354, a partial
agonist of GPR109A which resulted in decreased plasma
FFA concentrations, paradoxically failed to affect LDL
cholesterol and TG levels™. Overall, it seems that the
contribution of GPR109A activation to the long-term
hypolipidemic effects of NA remains debatable.

NA’s effect on liver
NA has been demonstrated to inhibit diacylglycerol acyl
transferase 2 (DGAT2) which comprises a key enzyme
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Figure 1 How nicotinic acid decreases triglycerides and low density li-
poprotein cholesterol levels. NA: Nicotinic acid, TG: Triglycerides, LDL: Low
density lipoprotein; FFA: Free fatty acids; VLDL: Very low density lipoprotein;
DGAT2: Diacylglycerol acyl transferase 2; PGC-1p: Peroxisome proliferator-
activated receptor y coactivator-13; apoC3: Apolipoprotein C3; apoB: Apolipo-
protein B.

for the hepatic TG synthesisml. However, DGAT?2 inhibi-
tion has been observed at NA concentrations 100-folder
higher than those associated with maximal pharmacologi-
cal effects of NA on FFA and TG levels™.

Current evidence indicates that the post-translational
apolipoprotein B (apoB) degradative processes regulate
the hepatic assembly and secretion of VLDL and the
subsequent generation of LDL particles. The availability
of TG for the addition to apoB during intracellular pro-
cessing appears to play a central role in targeting apoB for
cither intracellular degradation or assembly and secretion
as VLDL particles. NA-induced TG synthesis inhibition
has been demonstrated to create a favorable environ-
ment for protease-mediated intracellular apoB degrada-
tion in hepatocytes, thereby resulting in decreased apoB-
containing VLDL and thus LDL particle formation™*,
In addition, stable isotope methodologies in dyslipidemic
patients demonstrated NA-enhanced plasma clearance
of TG-rich lipoproteins containing either apoB100 or
apoB48, thereby implying that NA may affect both he-
patic and intestinal TG-rich lipoproteins’ metabolism™.
Of note, NA failed to interact with hepatic LDL-recep-

Further actions on TGs have been associated with
the NA-induced inhibition of peroxisome proliferator-
activated receptor y (PPARy) coactivator-13 (PGC-1).
PGC-1p is a transcriptional co-activator that is regulated
by FFA. Specifically, PGC-1f induces hypertriglyceri-
demia in response to dietary fats through activation of
hepatic lipogenesis and lipoprotein secretion. Moreo-
ver, PGC-1f regulates plasma TG levels by stimulating
apolipoprotein C3 (apoC3) expression, thereby inhibiting
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Figure 2 How nicotinic acid can increase high density lipoprotein cho-
lesterol level. NA: Nicotinic acid; HDL: High density lipoprotein; VLDL: Very
low density lipoprotein; LDL: Low density lipoprotein; CETP: Cholesterol ester

transfer protein; ApoA1: Apolipoprotein A1; ABCA1: ATP-binding cassette pro-
tein A1.

apolipoprotein E (apoE) driven clearance of TG-rich li-
poproteins” . Of note, both acute and chronic treatment
with NA were associated with reduced hepatic expression
of PGC-1f and apoC3, while knockdown of PGC-1f3 or
APOCS3 in mice liver recapitulated NA’s hypolipidemic
effect™.

HDL CHOLESTEROL LEVEL ELEVATION

The mechanisms by which NA elevates HDL cholesterol
level have not been fully elucidated. However, a number
of mechanisms have been shown to contribute to the
observed NA-induced HDL cholesterol level elevation.

(Figure 2).

NA’s effect on cholesterol ester transfer protein

The NA-induced decrease in TG levels in apoB-con-
taining lipoproteins (LDL and VLDL) eliminates the ex-
change of TG for cholesteryl-esters from HDL particles
mediated by cholesterol ester transfer protein (CETP),
resulting in increased HDL concentration™. In fact,
NA-associated HDL cholesterol elevation depended on
the presence of CETP in mice®””. However, the partial
GPR109A agonist MK-0354 failed to raise HDL levels
despite the reduction in plasma FFA™ NA has been also
associated with reduced CETP activity per se as a result
of reduced hepatic CETP gene expression and reduced
release of CETP in plasma . Of note, the reduction in
CETP activity can also explain how NA promotes the
maturation of HDL into large particleslzzl.

NA’s effect on the holo-particle uptake pathway

NA has been associated with reduced hepatic uptake of
HDL, potentially by the holo-particle uptake pathway. In
fact, NA has been shown to inhibit the surface-expressed
ATP-synthase -chain which acts as a HDL holoparticle
receptor leading to slower HDL catabolism™”

NA’s effect on apolipoprotein A-I metabolism
Data regarding the effect of NA on apolipoprotein A-I

K
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(apoA-I) metabolism are controversial. NA has been
shown to increase production rate of apoA-I both in
liver and intestinal cells™. In fact, NA activates both
mitogen activated protein (MAP) kinase and the PPAR
transcription factors pathways, which both affect hepatic
apoA-I production” ™, On the contrary, other studies
with hepatic cells and mice reported no effect of NA on
apoA-I production rate, while NA administration was as-
sociated with decreased apoA-I hepatic removal ™™,

NA’s effect on ATP-binding cassette protein A1

NA, potentially »zz GPR109A activation, enhances tran-
scription of cholesterol efflux transporters ATP-binding
cassette protein Al and G1 (ABCA1 and ABCGI, re-
spectively). Thus, NA-induced cholesterol efflux from
macrophages could also contribute to the reported
increase in HDL cholesterol levels™”. Moreover, NA
dose-dependently stimulated PPARy and ABCA1 expres-
sion and promoted ApoA-I-induced cholesterol efflux
in adipocytes. In fact, treatment of PPARy-selective an-
tagonist GW9662 significantly abolished the NA-induced
increase in ABCAT mRNA expression and cholesterol
efflux to ApoA—I[‘%]. Of note, NA had no effect in HDL
cholesterol levels in GPR109A knock-out mice!™. On the
other hand, overexpression of GPR109A reduced hepa-
tocyte ABCAT expression and activity, thereby decreasing
cholesterol efflux to nascent apoA-I and reducing HDL
cholesterol levels in mice””. Overall, it seems that NA
effect on ABCAT1 is mediated »iz GPR109A and we can
speculate that a phenomenon of tachyphylaxis may occur
in case of GPR109A overstimulation.

NA’s effect on hepatic lipase
In mice NA has been shown to inhibit hepatic lipase

activity. This results in decreased remodeling of plasma
HDL, thereby limiting HDL clearance’™.

Lp(a) REDUCTION

No particular mechanisms regarding the NA-induced
reduction of Lp(a) have been reported. However, the
NA-associated reduction in the circulating FFA by both
GPR109A-mediated lipolysis and DGAT?2 inhibition re-
sults in reduced VLDL and subsequently LDL levels'™".
As LDL particles comprise the substrate for Lp(a) it
comes as no surprise that NA also reduces Lp(a) levels.

CONCLUSION

Overall, NA exerts broad spectrum effects on lipids
through a number of elusive and even controversial
mechanisms. Regarding the NA-associated reduction
in TG and LDL cholesterol levels, the prevailing view
which suggested that NA inhibits lipolysis z.z GPR109A
activation is currently debated by both the rebound phe-
nomenon and the failure of partial GPR109A agonist,
MK-0354 to reduce TG and LDL cholesterol levels
despite the decrease in plasma FFA. On the other hand,
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the NA-associated DGAT2 inhibition was reported at
NA levels much higher than those used in clinical setting;
However, it can be argued that plasma levels of NA may
not reflect its bioavailability at the liver. In addition, PGC-
1B mediated increased clearance of TG-rich lipoproteins
may also contribute to hypolipidemic effects of NA.

Similarly, data regarding the mechanisms by which
NA increases HDL cholesterol level are scant. However,
it seems that NA affects HDL particles remodeling in a
number of ways, including reducing CETP levels and ac-
tivity, increasing apoA-I levels, eliminating HDL hepatic
uptake, increasing cholesterol efflux »iz ABCA1, inhibit-
ing hepatic lipase, thereby overall increasing the plasma
residence time of HDL and apoA-I with retention of
cholesterol esters in HDL..

Conclusively, the mechanisms by which the oldest
hypolipidemic drug exerts its lipid-modifying effects re-
main elusive even after 55 years of clinical experience.
However, it is undebatable that NA targets a number of
different receptors expressed in a variety of cells includ-
ing hepatic, intestinal and adipose tissue cells in order to
achieve its broad spectrum effect on lipid profile. More
research effort especially with genetically modified ani-
mals which do not express or overexpress a number of
receptors or transporters including GPR109A, ABCAT,
PGC-1 is needed in order to decode how NA really
works.
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model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scientists
and the public. As we all know, the significance of the publication
of scientific articles lies not only in disseminating and communicat-
ing innovative scientific achievements and academic views, as well
as promoting the application of scientific achievements, but also in
formally recognizing the "priority" and "copyright" of innovative
achievements published, as well as evaluating research performance
and academic levels. So, to realize these desired attributes of WJP
and create a well-recognized journal, the following four types of
personal benefits should be maximized. The maximization of per-
sonal benefits refers to the pursuit of the maximum personal ben-
efits in a well-considered optimal manner without violation of the
laws, ethical rules and the benefits of others. (1) Maximization of
the benefits of editorial board members: The primary task of edito-
rial board members is to give a peer review of an unpublished sci-
entific article via online office system to evaluate its innovativeness,
scientific and practical values and determine whether it should be
published or not. During peer review, editorial board members can
also obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJP is an OA journal, readers around the world
can immediately download and read, free of charge, high-quality,
peer-reviewed articles from IWJP official website, thereby realizing
the goals and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the benefits
of readers: Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the arguments,
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and data of pertinent literature so as to validate the innovativeness,
scientific and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or viewpoints,
solid evidence and correct conclusion; and (4) Maximization of the
benefits of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in an
open, fair and transparent environment, could contribute their wis-
dom to edit and publish high-quality articles, thereby realizing the
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maximization of the personal benefits of editorial board members,
authors and readers, and yielding the greatest social and economic
benefits.

Aims and scope

WP aims to report rapidly new theories, methods and techniques
for prevention, diagnosis, treatment, rehabilitation and nursing in
the field of pharmacology. WJP covers topics concerning neuto-
psychiatric pharmacology, cerebrovascular pharmacology, geriatric
pharmacology, anti-inflammatory and immunological pharmacolo-
gy, antitumor pharmacology, anti-infective pharmacology, metabolic
pharmacology, gastrointestinal and hepatic pharmacology, respira-
tory pharmacology, blood pharmacology, urinary and reproductive
pharmacology, pharmacokinetics and pharmacodynamics, clinical
pharmacology, drug toxicology, and pharmacology-related tradi-
tional medicine, and integrated Chinese and Western medicine. The
journal also publishes original articles and reviews that report the
results of pharmacology-related applied and basic research in fields
such as immunology, physiopathology, cell biology, medical genet-
ics, and pharmacology of Chinese herbs.

Columns

The columns in the issues of WP will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the current research status
in the important fields, and propose directions for future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the
10 individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on future work; (7)
Original Articles: To report original innovative and valuable findings
in pharmacology; (8) Brief Articles: To briefly report novel and in-
novative findings in pharmacology; (9) Case Report: To report a rare
or typical case; (10) Letters to the Editor: To discuss and reply to the
contributions published in IWJP, or to introduce and comment on a
controversial issue of general interest; (11) Book Reviews: To intro-
duce and comment on quality monographs of pharmacology; and
(12) Guidelines: To introduce consensuses and guidelines reached
by international and national academic authorities worldwide on the
research in pharmacology.
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in the papet, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
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Conflict-of-interest statement
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tential bias, IWJP requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
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cate any potential conflict they might have reviewing a particular
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Statement of informed consent
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should be stated clearly in the text that all persons gave their informed
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Statement of human and animal rights
When reporting the results from experiments, authors should follow
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cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clini-
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explain the rationale for their approach and demonstrate that the
institutional review body explicitly approved the doubtful aspects of
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the relevant research ethics committee or institutional review board. If
human participants were involved, manuscripts must be accompanied
by a statement that the experiments were undertaken with the under-
standing and appropriate informed consent of each participant. Any
personal item or information will not be published without explicit
consents from the involved patients. If experimental animals were
used, the materials and methods (experimental procedures) section
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ends. Neither the editors nor the publisher are responsible for the
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Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
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the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transpatency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
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able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
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be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions
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submitted using word-processing software. All submissions must be
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Instructions to authors

Abstract

There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
wtite the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 + 3.86 25 3.61 + 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/2220-3192/g_info_20100725072755.htm.

1llustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wijgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..; B .5 Gy De s Er L Bl Gr Lt Tt s our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05,"P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third seties of P values can be expressed as ‘P < 0.05 and P <0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, ’F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ® o, m, O, A, /\, ez., in a certain se-
quence.
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