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may contribute to increased inflammation in pancreatitis. 
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 Introduction 

 Previous studies have demonstrated that chronic alco-
hol consumption leads to alterations in immune respons-
es including decreased antimicrobial and antiviral im-
munity. Excessive alcohol consumption is associated with 
increased incidence of pneumonias, tuberculosis, hepati-
tis C virus (HCV) infection, increased susceptibility to 
HIV infection, and acceleration of HCV-induced liver 
disease  [1–3] . Specific immune functions identified in 
these defects of immune responses include reduced anti-
gen-specific T cell activation, antigen-presenting cell de-
fects and reduced elimination of bacterial and viral 
pathogens  [1, 4–6] . Innate immune responses that are 
pivotal in recognition of danger signals from pathogens 
or damaged host tissue are critical in initiation of appro-
priate immune responses and T cell activation for mount-
ing adaptive immune responses  [7] . Cells of the innate 
immune system such as blood monocytes, tissue macro-
phages and dendritic cells express pattern recognition re-
ceptors including Toll-like receptors (TLRs) that specifi-
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 Abstract 

  Background/Aims:  Alcohol use alters inflammatory cell re-
sponses. While alcohol has direct effects on pancreatic aci-
nar cells, activation of inflammatory cells is a major compo-
nent of the pathology of alcoholic pancreatitis.  Methods:  
The effects of acute or chronic alcohol exposure were evalu-
ated in human monocytes on the production of TNF �  or IL-
10 production, pro-inflammatory gene and nuclear factor-
 � B (NF- � B) activation.  Results:  Moderate, acute alcohol 
consumption or equivalent doses of alcohol in vitro had anti-
inflammatory effects on monocyte activation via inhibition 
of pro-inflammatory genes and NF- � B activation, inhibition 
of TNF �  production and augmentation of the anti-inflam-
matory cytokine, IL-10. In contrast, acute alcohol treatment 
augmented NF- � B activation and TNF �  production and in-
hibited IL-10 levels in the presence of complex stimulation 
with combined TLR2 and TLR4 ligands. Prolonged alcohol 
exposure also resulted in an increase in NF- � B and TNF �  pro-
duction in response to TLR4 stimulation with LPS.  Conclu-

sion:  These results suggest that alcohol can either attenuate 
or promote inflammatory responses that are critical in pan-
creatitis. Our results support the hypothesis that both acute 
alcohol intake in the presence of complex stimuli (such as 
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cally recognize microbial or host-derived danger signals 
 [7, 8] . In response to such signals monocytes can differ-
entiate into macrophages which are a cell type that can 
produce massive amounts of pro-inflammatory cyto-
kines such as TNF � , IL-1 as well as reactive oxygen spe-
cies that mediate tissue damage. Pro-inflammatory cyto-
kines are also produced by dendritic cells, however at 
much lower amounts compared to macrophages. Den-
dritic cells have a unique capacity to induce the most po-
tent T cell activation in an antigen-specific manner  [9] . 
For example, innate immune cells have a key role not only 
in pathogen-specific immune responses but also in ‘ster-
ile’ inflammation triggered by host-derived factors from 
damaged cells and tissues  [10] . In addition, Toll-like re-
ceptor 2 and 4 have been indicated in recognition of hsp70 
while TLR4 recognizes Hsp60  [11, 12] . 

  Of all pancreatitis cases 66% are alcohol-induced and 
chronic pancreatitis develops in 10% of alcohol addicts 
after 6–12 years of 80 g daily alcohol intake  [13]  Unfor-
tunately, there are no controlled studies investigating the 
rate of nonpancreatic infections or infected pancreatic 
necrosis in alcohol-induced acute or chronic pancreatitis. 
However, tissue damage is a major component of alco-
holic pancreatitis  [14, 15] . Multiple theories have been 
suggested in explanation of the pathomechanisms of al-
cohol-induced pancreatitis  [3, 14–17] . While typically ex-
cessive and prolonged alcohol use is associated with alco-
holic pancreatitis, an acute alcohol consumption event or 
binge drinking can also trigger acute pancreatitis  [18] . 
Ethanol-derived toxic metabolites induce reactive oxy-
gen species (ROS) and oxidative stress induces autodiges-
tion of the acinar cells  [17, 19] . This leads to pancreatic 
necrosis that triggers recruitment and activation of in-
flammatory cells  [16–20] . Local recruitment and activa-
tion of inflammatory cells results in production of pro-
inflammatory cytokines TNF � , IL-6 and chemokines. It 
has been proposed that the inflammatory cytokines in 
turn can activate stellate cells and trigger fibrin deposi-
tion and scarring  [21] . 

  In addition to the direct effects of alcohol and its me-
tabolites on acinar cells, alcohol-induced regulation of 
inflammatory cells and inflammatory cytokine produc-
tion is also likely to contribute to pancreatic pathology. It 
has been demonstrated that both chronic alcohol con-
sumption and moderate, acute drinking can modulate 
the function of the innate immune cells, monocytes, 
macrophages and dendritic cells  [1, 4–6, 22–29] . For ex-
ample, in alcoholic hepatitis increased circulating levels 
of pro-inflammatory cytokines, particularly TNF � , cor-
relates with clinical outcome and survival. In chronic 

pancreatitis alcohol ingestion leads to increased circulat-
ing levels of TNF �   [30] . Kupffer cell activation and in-
creased levels of the nuclear regulatory factor- � B (NF-
 � B), a transcription factor of pro-inflammatory cytokine 
genes are present at increased levels in alcoholic liver dis-
ease  [26–28] . In contrast, acute alcohol administration 
has anti-inflammatory effects both in mice and man and 
may attenuate inflammatory ctyokine production  [22–
25, 31] .

  In this study, we evaluated whether acute, moderate 
and chronic alcohol consumption have different effects 
on inflammatory cell functions. Furthermore, we inves-
tigated the effect of acute alcohol ingestion on inflamma-
tory cell activation in combination with a single or mul-
tiple pathogen-derived stimuli. 

 Methods 

 Human Subjects and Monocytes 
 Healthy volunteers without history of alcohol consumption 

(less than 12 drinks/week for males and less than 9 drinks/week 
for females) were recruited according to the protocol approved by 
the IRB at University of Massachusetts Medical School. Volun-
teers consumed 2 ml vodka/kg body weight and blood samples 
were collected for monocyte isolation before and 24 h after the 
alcohol intake as previously described  [24, 31] . 

  Monocyte Separation and Stimulation 
 Monocytes from human peripheral blood were isolated by se-

lective adherence from Ficoll-Hypaque purified mononuclear cell 
preparations as previously described  [22] . Cells were stimulated 
with Escherichia coli-derived LPS (0.1  � g/ml), 25 m M  ethanol 
and the combination of LPS and ethanol together for acute alcohol 
experiments or for chronic alcohol experiments, exposed to 25 
m M  ethanol for 5 days followed by LPS. The 25 m M  in vitro etha-
nol concentration approximates a 0.1-g/dl blood alcohol level, 
which is achieved in vivo after a dose of moderate drink  [31] . Cell 
viability was not affected by ethanol or LPS treatment. Cell super-
natants were harvested after 18hour treatment for TNF �  or 
40hours for IL-10 determinations or for 1 h for NF � B-binding 
activity. TNF �  and IL-10 was evaluated in cell supernatants using 
ELISA from Endogen Inc. (Cambridge, Mass., USA). 

  Preparation of Nuclear and Cytoplasmic Extracts 
 Nuclear and cytoplasmic extracts from cells with or without 

stimulation at 37   °   C were performed by the method previously 
described  [31] . Protein content was determined in nuclear ex-
tracts by the Bio-Rad Dye Reagent Assay. 

  Electrophoretic Gel Mobility Shift Assay 
 A consensus double-stranded nuclear factor- � B (NF- � B) oli-

gonucleotide (5 � AGTTGAGGGGACTTTCGC3 � ) was used for 
EMSA  [29] . End-labeling was accomplished by treatment with T4 
polynucleotide kinase in the presence of  �  32 P-ATP (Dupont-NEN, 
Boston, Mass., USA). Labeled oligonucleotides were purified on a 
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polyacrylamide copolymer column (Bio-Rad). Five micrograms 
of nuclear protein was added to a binding reaction mixture con-
taining 50 m M  Tris-HCl (pH 7.5), 5 m M  MgCl2, 2.5 m M  EDTA, 
2.5 m M  DTT, 250 m M  NaCl, 20% glycerol, 20  � g/ml of bovine se-
rum albumin, 2  � g of poly (dI-dC) and 30,000 cpm of  �  32 P-labeled 
NF- � B oligonucleotide. Samples were incubated at room temper-
ature for 30 min. All reactions were run on a 5% polyacrylamide 
gel and the dried gel was exposed to an X-ray film at –80   °   C over-
night. For the cold competition reaction a 20-fold excess of spe-
cific unlabeled double-stranded probe was added to the reaction 
mixture before adding the labeled oligonucleotide. 

  Superarray Method 
 Total cellular RNA was isolated after stimulation of mono-

cytes for 1 h with acid-guanidinium-thiocyanate-phenol chloro-
form method using the Tri-Reagent (Molecular Research, Inc., 
Cincinnati, Ohio, USA). The NF- � B pathway GEArray kit was 
obtained from SuperArray Inc., (Bethesda, Md., USA). This kit 
determines differential expression levels of multiple genes in-
volved in a biological pathway. Briefly, the total RNA from the 
respective samples was used as a template to generate ( � - 32 P) 
cDNA probes using the GEAprimer mix as a reverse transcriptase 
primer. The cDNA probes, which represent abundance of mRNA 
population, were then denatured and hybridization was conduct-
ed in GEHybridization solution to two nylon membranes spotted 
with gene-specific cDNA fragments. Membranes were then 
washed in 2 !  SSC, 1% SDS twice for 20 min each followed by 
0.1 !  SSC, 0.5% SDS twice for 20 min each. The membranes were 
then exposed to Kodak X-Omat film at –70   °   C with intensifying 
screens (Dupont Cronex Lightening Plus, Wilmington, Del., 
USA). The relative expression level of each gene was then deter-
mined through densitometric scanning. Data are presented as 
densitometric units corrected for equal RNA loading based on the 
corresponding  � -actin mRNA levels. 

  Statistical Analysis 
 All data are expressed as means  8  SE. Results between treat-

ment groups were compared by Wilcoxon signed-rank, nonpara-
metric data analysis. 

  Results 

 Events of clinically significant acute pancreatitis have 
been reported even after one occasion of alcohol con-
sumption  [18] . Thus, we investigated the effects of acute 
alcohol intake on the induction of the pro-inflammatory 
cytokines, TNF �  and IL-1 � . As reported earlier, produc-
tion of both TNF �  and IL-1 �  are significantly decreased 
in response to stimulation with lipopolysaccharide (LPS) 
in monocytes obtained after alcohol consumption com-
pared to monocytes collected from the same individual 
before the alcohol intake  [31] . These results suggested 
that acute alcohol intake has anti-inflammatory effects. 
Production of TNF �  and IL-1 �  is regulated transcrip-
tionally by the NF- � B. We found that consistent with 
inhibition of TNF �  production, acute alcohol intake at-
tenuated LPS-induced NF- � B actvation in monocytes 
compared to monocytes of the same individual before 
alcohol intake ( fig. 1 ). The NF- � B response element is 
common in the promoter region of most genes involved 
in inflammation. We found that treatment of monocytes 
in vitro with a physiologically relevant dose of acute al-
cohol (25 m M ) resulted in reduced activation of pro-in-
flammatory cytokines  [22, 24, 31] . Here, RNA samples 
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  Fig. 1.  Moderate alcohol consumption in-
hibits LPS-induced NFkB activation in 
human monocytes. Monocytes isolated 
before (day 1), 4 h or 24 h after (day 2) al-
cohol intake were stimulated with LPS for 
1 h and nuclear extracts were tested in 
EMSA for binding to a consensus NF- � B 
sequence. One representative gel density 
units  8  SE of a total of 5 individuals are 
shown. 
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from alcohol-treated and alcohol-naive monocytes were 
evaluated in a superarray to assess expression of pro-in-
flammatory genes. We found that NF- � B responsive 
pro-inflammatory genes were induced to a lesser extent 
in the presence of alcohol treatment by LPS compared to 
non-alcohol-treated cells ( fig. 2 ). The downregulated 
genes included MCP-1, a chemokine that recruits T cells, 

TNF �  and the NF- � B regulating members of the NF- � B 
signaling pathway including I � B �  and NIK. There was 
no difference in the expression of  � -actin, a housekeep-
ing gene. These results demonstrated that acute alcohol 
intake can have anti-inflammatory effects in normal 
monocytes by attenuating pro-inflammatory cell activa-
tion by LPS. 

  It has been proposed that gut-derived endotoxin plays 
a central role in Kupffer cell activation and in the induc-
tion of the pro-inflammatory cytokine cascade in alco-
holic liver disease  [32] . At this time it is unclear whether 
other gut-derived factors may also contribute to alcohol-
ic liver disease. It is conceivable that in pancreatitis, the 
ongoing acinar cell activation and damage may result in 
host-derived factors that could activate inflammatory 
cells  [10, 16, 17] . Here, we investigated the effect of acute 
alcohol treatment on monocyte activation by single stim-
ulation with two prototype bacterial stimuli, LPS and 
PGN. LPS is a component of Gram-negative bacteria and 
it activates cells through TLR4  [7] . Peptidoglycan is found 
in Gram-positive microorganisms and it is a ligand for 
TLR2  [7] . We found that while acute alcohol treatment 
inhibited TLR4-induced TNF �  production in mono-
cytes, it had no significant effect on TLR2-induced TNF �  
production. Interestingly, when acute alcohol was com-
bined with TLR4 plus TLR2 stimulation, it had an aug-
menting effect on TNF �  production ( fig. 3 ). At the level 
of NF- � B, a nuclear regulator of TNF �  gene induction, 
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  Fig. 2.  Acute alcohol attenuates LPS-in-
duced gene expression of the pro-inflam-
matory pathway. Peripheral blood mono-
cytes stimulated with 1  � g/ml LPS in the 
presence or absence of 25 m M  alcohol for 
2 h were subjected to RNA extraction us-
ing the Tri-Reagent. Radiolabeled cDNA 
was prepared and hybridized to the NF � B 
pathway gene arrays according to the man-
ufacturer’s instructions as described in 
‘Materials and Methods’. The microarray 
data is representative of three individual 
experiments and shows the density units 
(lower panel) for the expression of I � B � , 
NIK, MCP-1 and TNF �  gene spotted in 
duplicate and the positive control  � -actin 
used to normalize the loading of the sam-
ples. 
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  Fig. 3.  Opposite effects of acute alcohol on TLR4 and/or TLR2 
stimulation on TNF �  production in human monocytes. Adher-
ence isolated normal human monocytes were stimulated with pu-
rified LPS (1  � g/ml), PGN (1  � g/ml) or their combination in the 
presence or absence of 25 m M  alcohol for 16 h and TNF �  was mea-
sured in the supernatants by ELISA. The data are represented as 
mean  8  SE (n = 9).  
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we found the same pattern  [33] . Acute alcohol inhibited 
LPS but not PGN-induced NF- � B but augmented NF- � B 
DNA binding in the presence of dual TLR2 plus TLR4 
stimulation. 

  The production of pro-inflammatory cytokines is reg-
ulated by anti-inflammatory cytokines such as IL-10  [23] . 
Our results demonstrated that acute alcohol augmented 
LPS-induced IL-10 production in monocytes which is 
consistent with the anti-inflammatory effects of acute al-
cohol on TLR4-induced monocyte stimulation ( fig. 4 ). In 
contrast, there was a moderate attenuation of TLR2- or 
TLR2 plus TLR4-induced IL-10 production by acute al-
cohol ( fig. 4 ). These results suggested that acute alcohol 
treatment can inhibit or augment inflammation depend-
ing on the co-stimulatory signals.

  Finally, we were interested to delineate the effects of 
chronic alcohol treatment on inflammatory cell func-
tions. Human monocytes were cultured in the presence 
of 25 m M  alcohol for 5 days and then stimulated with 
LPS. Data in  figure 5 a demonstrate that monocytes ex-
posed to prolonged alcohol treatment produced greater 
amounts of TNF �  in response to LPS compared to alco-
hol-naive monocytes from the same individual. This in-
creased  TNF �  production by monocytes exposed to 
chronic alcohol was in contrast to the attenuation of 
LPS-induced TNF �  production by acute alcohol treat-
ment. Furthermore, chronic alcohol treatment increased 
LPS-induced NF- � B binding activity ( fig. 5 b) suggesting 
increased inflammatory responses after chronic alcohol 
exposure. 

  Discussion 

 Alcohol-induced etiology represents the most com-
mon cause of acute pancreatitis in most countries  [14, 15] . 
While the pathomechanisms of alcohol-induced pancre-
atitis are yet to be fully understood, there is substantial 
evidence for both direct acinar cell damage mediated by 
alcohol and its metabolites as well as inflammatory cell 
recruitment and activation as pivotal components of al-
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  Fig. 5.  Opposite effects of acute and chron-
ic alcohol on monocyte TNF �  production 
and NF- � B binding .  Normal human 
monocytes were stimulated with exposed 
to 25 m M  alcohol for 1 or 5 days followed 
by LPS (100 ng/ml) in the presence or ab-
sence of 25 m M  alcohol ( a ) for 18 h and 
TNF �  was measured in the supernatants 
by ELISA (data are represented as mean  8  
SE, n = 10) and ( b ) 1 h for NF- � B and nu-
clear extracts were tested in EMSA for 
binding to a consensus NF- � B sequence. 
One representative gel density unit  8  SE 
of a total of 6 experiments is shown. 
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coholic pancreatitis  [14–17] . In addition, regulation of in-
flammatory cell responses by alcohol may play a role in 
the development and progression of pancreatitis. In this 
study, we investigated the effect of acute alcohol treat-
ment on inflammatory cell function and activation in re-
sponse to a single or multiple inflammatory stimuli. We 
found that acute alcohol can differently regulate mono-
cyte TNF �  production depending on the complexity of 
the co-stimulatory signals ( fig. 6 ). In vivo alcohol intake 
or acute alcohol treatment in vitro had anti-inflamma-
tory effects on TLR4-induced cell activation  [22–25, 31] . 
In contrast, even acute alcohol could augment inflamma-
tion when monocytes were stimulated with both TLR2 
and TLR4 ligands, suggesting that alcohol regulates 
monocytes differently in the presence of more complex 
pro-inflammatory or danger signals  [33] . It is tempting 
to speculate that some of these mechanisms may play a 
role in acute pancreatitis related to acute alcohol intake 
or binge drinking where local tissue damage could pro-
duce multiple different ligands for inflammatory cell ac-
tivation. For example, acinar cell death could be triggered 
as a result of direct effects of alcohol and these apoptotic 
and necrotic cells induce pro-inflammatory activation of 
monocytes  [14–17] . It has been demonstrated that chron-
ic alcohol exposure increases the susceptibility of the 
pancreas to LPS-induced necrosis  [34] . While LPS induc-

es acinar cell apoptosis, alcohol-exposed acinar cells have 
increased susceptibility to LPS-induced necrosis. It is 
conceivable that LPS-induced TLR4 stimulation occurs if 
excessive amounts of acute or binge drinking cause an 
increase in gut permeability and result in elevations in 
serum LPS  [35] . Elevated levels of serum endotoxin have 
been reported after chronic alcohol intake both in hu-
mans and in animal models  [35, 36] . Furthermore, pro-
teins derived from dying cells such as acinar cells are rec-
ognized as ‘danger’ signals by inflammatory cells  [10] . 
For example, toll-like receptor 2 (TLR2) is activated by 
heat shock protein 70 and cellular components of dying 
cells activate damage-associated pattern recognition re-
ceptors  [10–12] . Thus, under conditions where multiple 
cellular stimuli occur even acute alcohol could augment 
pro-inflammatory cell activation. Our results demon-
strated that increased TNF �  production in the presence 
of acute alcohol and dual stimulation with TLR2 and 
TLR4 ligands was mediated by an increase in NF- � B ac-
tivation and DNA binding  [33] . We found that TLR-in-
duced IRAK-1 phosphorylation was attenuated by acute 
alcohol after TLR4 but it was upregulated after TLR2 plus 
TLR4 stimulation  [33] . In addition, we have recently re-
ported that differential activation of MAP kinases by 
acute alcohol in the presence of a single or multiple TLR 
ligands correlates with these effects  [33] . Specifically, 
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acute alcohol selectively inhibits Erk phosphorylation in 
LPS stimulated cells while JNK phosphorylation is in-
creased by acute alcohol in the presence of dual TLR2 
plus TLR4 stimulation. Taken together, we conclude that 
acute alcohol may attenuate or augment TNF �  produc-
tion and pro-inflammatory signaling pathways depend-
ing on the presence of co-stimulatory signals from the 
environment ( fig. 6 ). 

  Studies in acute non-alcoholic experimental pancre-
atitis attempting to delineate the effect of TLR-4 signal-
ing resulted in conflicting results. While in the report by 
Pastor et al. the absence of TLR-4 expression had no im-
pact on local or systemic injury in caerulein-induced 
pancreatitis  [36] , Saluja et al. [pers. commun.] found 
ameliorated pancreatitis in TLR4-deficient mice. In an-
other study, administration of anti-TLR-4 blocking anti-
body led to increased local pancreatic and systemic in-
jury  [37] . Interestingly, MD-2, an essential co-receptor of 
TLR-4, is proteolytically inactivated by trypsin abun-
dantly released in acute pancreatitis, favoring the notion 
of attenuated pancreatitis in the TLR4-deficient mice. 

  Inflammation is regulated at multiple levels and under 
normal conditions monocytes also produce anti-inflam-
matory cytokines that can keep the initial pro-inflamma-
tory activation under control  [39] . Interleukin-10 (IL-10) 
produced by monocytes and T cells is an anti-inflamma-
tory cytokine that also has immunosuppressive effects. 
We found that the anti-inflammatory and immunosup-
pressive potential of acute alcohol is partially linked to 
increased IL-10 induction in LPS-stimulated monocytes 
 [5, 23, 31] . Conversely, IL-10 production was attenuated 
by acute alcohol in combination with TLR2 or TLR2 plus 
TLR4 stimulation  [33] . While the mechanisms for this 
difference in the effects of alcohol on TLR2 and TLR4-
induced IL-10 production are yet to be delineated, it is 
striking that the overall inflammatory cell regulation by 
alcohol appear to show a coordinated fashion. When 
acute alcohol inhibited LPS-induced NF- � B and TNF �  
production, IL-10 was concomitantly induced. In con-
trast, augmentation of TLR2 plus TLR4-induced TNF �  
and NF- � B activation by acute alcohol occurred in the 
presence of reduced monocyte IL-10 production. The role 
of IL-10 is yet to be explored in alcoholic pancreatitis; 
however, monocytes recruited to the local tissue damage 
site are likely to respond in a fashion similar to our in vi-
tro observations.

  In alcoholic liver disease, where alcoholic hepatitis is 
induced by chronic and usually excessive alcohol intake, 
increased serum levels of pro-inflammatory cytokines 
correlate with disease outcome  [26–29] . While IL-8, IL-1, 

IL-6 and TNF �  levels are all elevated in alcoholic hepati-
tis, increased serum TNF �  is a predictor of poor survival 
 [28] . Elevations in pro-inflammatory cytokines have also 
been found in chronic pancreatitis, Circulating levels of 
IL-6 and MCP-1 were increased by acute alcohol intake 
in chronic pancreatitis  [40] . In in vitro experiments we 
demonstrated that prolonged alcohol exposure resulted 
in sensitization of monocytes to LPS-induced TNF �  pro-
duction. We also showed that monocytes exposed to pro-
longed alcohol treatment showed an increase in NF- � B 
activation suggesting that this is a likely mechanism in-
volved in increased TNF �  induction. Importantly, in-
creased NF- � B activation was associated with pancreati-
tis induced by hormones (CCK and caerulein) or tauro-
cholate  [41, 42]  and ethanol potentiated the cholecys-
tokinine-induced NF- � B activation in pancreatic acinar 
cells  [43] . Thus, it appears that NF- � B activation is a ma-
jor indicator and mediator of cellular activation both in 
acinar cells and in monocytes and it is likely to play a 
regulatory role in alcoholic pancreatitis. 

  The clinical course of chronic alcoholic pancreatitis 
often evolves into pancreatic fibrosis due to pancreatic 
stellate cell activation which is similar to the outcome of 
chronic alcoholic hepatitis leading to liver fibrosis and 
cirrhosis. The mechanisms of stellate cell activation both 
in the pancreas and in the liver likely involve direct acti-
vation by alcohol and its metabolites and pro-inflamma-
tory mediators. In addition to the pro-inflammatory me-
diators, transforming factor- �  (TGF � ) is a major regula-
tor of collagen production in stellate cells  [21, 44] . We 
have previously reported that alcohol treatment of mono-
cytes results in both induction and augmentation of 
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