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INTRODUCTION

Nitric oxide  (NO)  is  formed  by different
ce l l   types   in   r esponse  to  a  var ie ty  o f
physiological and pathophysiological stimuli.
Its biological role was first realised in 1987

when Palmer and co-workers discovered that
the physiological effects of an ‘endothelium-
derived relaxating factor’ (EDRF) were due
to NO (1). NO is enzymically generated from
I-arg in ine  by  a  un ique  fami ly  of  ca lc ium/
calmodulin-binding NO synthases (NOS) now
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ident i f ied  as  neuronal  (nNOS) ,  endothe l ia l
(eNOS), and inducible (iNOS) isoforms (2).
nNOS and eNOS are constitutively expressed
in  t i s sues  whereas  iNOS i s  p resen t  in  a l l
nucleated mammalian cells  and is  inducible
by  endotox ins  o r  cy tok ines .  NO has  an
important signalling role in mammalian cells
bu t  a l so  media tes  t i s sue  in jury  in
pa thophys io log ica l  s ta tes  as  d iverse  as
sep t ic  shock ,  hyper tens ion ,  s t roke ,  and
neurodegenera t ive  d i seases  (3 ,  4 ,  5 ) .  The
tox ic i ty / t i s sue  damage  caused  by  NO i n
v ivo  i s  a t t r ibu ted  to  the  p roduc t ion  of
peroxyni t r i t e  (ONOO –)  and  o ther  reac t ive
ni t rogen species  (RNS) produced when NO
reacts with superoxide ions during conditions
of oxidative stress (6).

Lifestyle and social pressure often result
in  the  concur ren t  in take  of  a lcohol  and
nico t ine .  To  da te ,  a  l abora tory  s tudy  of
ethanol and nicotine on renal function,  and
a review of the effect of tobacco smoking on
renal  funct ion have been publ ished (7 ,  8) .
Searches on PubMed and Medline for articles
publ i shed  over  the  l as t  two  decades  wi th
impact factors greater then 0.5 were selected
for  inc lus ion  in  the  a r t i c le .  In  th i s  min i -
review we discuss the influence of nicotine
and e thanol  on  NO-media ted  pa thogenes is .
We also provide further  evidence compiled
f rom the  l i t e ra ture  impl ica t ing  NO as  the
“messenger of death” in tobacco- and alcohol-
re la ted  d iseases .

Impairment  o f  genes  cod ing  for  NOS

The  endothe l ia l  NO synthase  (eNOS)
gene may play a part in the development of
blood pressure and left ventricular mass from
childhood to early adulthood (9). It has been
demonstrated that variants in the eNOS gene
are  assoc ia ted  wi th  an  increased  r i sk  o f

p lague  on  caro t id  a r te r ies  (10) .  Nico t ine
a l te r s  the  express ion  of  endothe l ia l  genes
including eNOS; this  has an adverse effect
on  vascu la r  tone  regu la t ion  and
thrombogenic i ty  (11) .  Gene t ic -media ted
mechanisms  of  abnormal  nerve  impulse
genera t ion  a r i se  f rom NO a l te ra t ions  in
neurona l  func t ion  wi th in  the  b ra in .  NO
dis rup ts  the  gene  for  iNOS thus  reduces
progress ion  of  ce rebra l  aneurysms  (12) .
At tenuated  NO product ion  and an  increase
in  the  p roduc t ion  of  endothe l ium-der ived
contracting factor (EDCF) are the principal
causes of impairment in large arteries, while
a  decrease  in  endothe l ium-dependent
hyperpo la r i sa t ion  and  increased  re lease  o f
EDCF are  the  main causes  of  smal l  ar tery
impai rment  (13) .  Endothe l in  pep t ides  a re
s t rong  vasocons t r ic to rs  invo lved  in  the
pa thogenes i s  o f  ca rd iovascu la r  d i sease .
Endothelin2-expression causes normotension
as a consequence of NO formation (14). We
sugges t  there fore  tha t  NO-media ted
dis rup t ions  in  cen t ra l  nervous  sys tem
vascu la ture  induc ib le  by  n ico t ine  and /or
a lcohol  in take  may  have  se r ious  chron ic
consequences on health. Clearly nicotine has
an  adverse  in f luence  on  b lood  vesse l
funct ional i ty ,  repai r  and maintenance .

Inf luence  o f  n icot ine

Nicot ine  s t imula tes  re lease  o f  nor -
adrena l ine  in  the  paraven t r icu la r  nuc leus
and  amygdale  v ia  d i rec t  in f luence  on  the
nuc leus  t rac tus  so l i t a r ius  g lu tamate
afferents and N-methyl-D-aspartate receptors
tha t  par t ly  s t imula te  NO produc t ion  wi th
consequent ia l  ac t iva t ion  of  nor -adrenerg ic
neurones  (15) .  Glu tamate  re lease  i s
significantly elevated following acute nicotine
injection (16).
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aga in  shown to  dose-dependent ly  induce
intracellular ROS levels leading to activation
of  s t ress -dependent  NF-kB pa thway (25) .
Another recent study has also reported that
acu te  in fus ion  of  n ico t ine  impai red  the
nNOS-dependent  d i la ta t ion  of  ce rebra l
a r te r io les  th rough  induc t ion  of  ox ida t ive
s t ress  (26) .  Together  these  resu l t s  sugges t
tha t  exposure  to  n ico t ine  has  de le te r ious
impl ica t ions  for  the  deve lopment  o f  CNS
diseases.  Table   I   summarises the results
of some  studies  showing the involvement
of nicotine in oxidative stress.

Nicot ine  and  cancer

Nicot ine  s t imula tes  ang iogenes i s  and
promotes tumour growth and atherosclerosis
in  mouse  models  and  bo th  processes  a re
thought  to  be  media ted  v ia  endothe l ia l
production of NO, prostacyclin, and vascular
endothel ia l  growth fac tor  (VEGF) (27) .  At
phys io log ica l ly  re levan t  concen t ra t ions ,
nicot ine  was  shown to  cause  DNA damage
and  preven ted  s taurospor ine- induced
apoptos i s  in  human g ing iva l  f ib rob las t s
th rough  induc t ion  of  iNOS express ion  i n
vitro (28). Nicotine may also have a role in
the  deve lopment  o f  o ra l  cancer  th rough
inh ib i t ion  of  NO-induced  apoptos i s  in
ep i the l ia l  ce l l s  (29) .  Ni t r i c  ox ide  rad ica l s
re leased  f rom tobacco- re la ted  compounds
were shown to cause ni t rosat ive s t ress  and
DNA strand breaks in immortalized hamster
cheek  pouch  ce l l s  (30) .  Taken  toge ther ,
results from these studies implicate nicotine
and NO in the development of oral and lung
c a n c e r s .

Inf luence  o f  a lcohol

Modera te  consumpt ion  of  red  wine

Chronic  n ico t ine  exposure  augments
atherosclerosis by enhancing the production
of  p ro- in f lammatory  cy tok ines  by
macrophages  which  then  ac t iva te
atherogenic  nuclear  fac tor  kapp-B (NF-kB)
target genes in aortic lesions (17). Nicotine
may also potentiate lipopolysaccharide (LPS)/
/ interferon-gamma-induced cytotoxic effects
by enhancing NO production and enhancing
iNOS gene  express ion ,  indica t ing  a  s t rong
assoc ia t ion  be tween  in f lammat ion  and
smoking (18).

Pass ive  smoking  produces  se lec t ive
impairment of  neurogenic and endothelium-
dependent  re laxat ion of  corpus cavernosum
smooth muscle via at tenuated NO synthesis
or  ava i lab i l i ty  (19) .  Pass ive  smoking  a l so
impairs endothelium-dependent relaxation of
a r te r ies  media ted  par t ly  th rough  the
degradat ion of  re leased NO via  superoxide
anions  der ived  f rom c igare t te  smoke  (20) .
Nico t ine  may  po ten t ia te  noradrena l ine-
induced vasoconstr ict ion (21) thus reducing
blood  f low to  organs .  NO antagonises  the
u lcerogenic  ac t ion  of  n ico t ine  v ia  a
cy topro tec t ive  way  (22) .  Nico t ine  reduced
angiogenes i s  in  the  gas t r i c  mucosa  v ia
inhibit ion of  NO synthesis  and halt ing cel l
renewal processes (23). Smoking also impairs
the spontaneous and drug-induced healing of
ulcers (23).

Nicot ine  and  ox idat ive  s tress

Nicot ine  absorp t ion  in  a  group  of  b id i
workers chronically exposed to tobacco dust
was shown to be associated with increased
serum levels of NO and markers of oxidative
stress  (24)  suggest ing a  mediat ing role  for
NO in  lung- re la ted  d i seases .  In  ra t
mesencephalic cells in culture, nicotine was
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improves ischemia-induced neovascularisation
in high cholesterol conditions by increasing
the  number  and  func t iona l  ac t iv i t i es  o f
endothe l ia l  p rogeni to r  ce l l s  and  by
restoring the eNOS-NO pathway (31). Chronic
e thanol  inges t ion ,  however ,  induces  aor t ic
endothe l ia l  ox ida t ive  s t ress  and  down
regula t ion  of  NO genera t ion  lead ing  to
vasorelaxation and hypertension (32).  Binge
drinking in patients with cirrhosis show no
increase  in  NO leve l s  in  se rum (33)
sugges t ing  the  l ive r  has  a  c ruc ia l  ro le  in
synthesis of NO during alcohol consumption,
and  acu te  food  in take  (34) .  Alcohol
consumpt ion  wi th  food  s l igh t ly  a t t enua tes
serum NO levels (34).

Immune function may be reduced via the
s t imula t ion  of  apoptos i s  o f  neu t rophi l s
accelerated by ethanol and mediated via the
generation of NO (35). This may potentially
predispose the chronic alcoholic to recurrent
bacterial  and viral  infect ions.

Ethanol  may augment  oxidat ive  damage
in the adenohypophysis  via over-production
of NO and carbon monoxide (36).  Ethanol-
induced pathology is further expressed in the
modula t ion  of  the  cy tok ine- induced  iNOS
express ion  in  human as t rog l ia  (37)  and
inhibition of the activator of transcription-1
(38) .  E thanol  aggrava tes  the  pa tho-
morpholog ica l  consequences  of  NO
generation associated with circulatory failure
as a consequence of haemorrhage or sepsis,
and  adverse ly  a f fec t s  b lood-bra in  bar r ie r
permeabili ty (39).

Alcohol  and  ox idat ive /n i trosat ive  s tress

The metabolism of alcohol is  inherently
assoc ia ted  wi th  the  p roduc t ion  of  bo th
react ive oxygen and ni t rogen species  (ROS
and RNS)  resu l t ing  in  ox ida t ive  and
nitrosative stress (40).  Nitric oxide plays a
media t ing  ro le  in  a lcohol - re la ted  d i seases
and tissue damage including cancer (41, 42)

TABLE I : Summary  o f  s tud ies  showing  an  assoc ia t ion  be tween  n ico t ine  and  ox ida t ive  s t r e s s .

Experimental model of subject Nicotine concentration Main finding Reference

Rat oesophageal mucosa 50–800 ng/mg protein/ml Increased lipid peroxidation Wetscher et al. (57)
and ROS in homogenates.

Rat pancreatic tissue 200–800 ng/mg protein/ml Increased lipid peroxidation Wetscher et al.  (58)
and free radicals in
homogenates .

R a t 3.5 mg/kg body weight Increased lipid peroxidation Ashakumary &
and decreased activities of Vijayammal (59)
superoxide dismutase,
catalase, and glutathione
reductase .

Rat mesencephalic cells 0.1–10 µM Dose-dependent increase in Barr et al. (25)
ROS levels, activation of
NF-kB.

Human (bidi workers) unknown, chronic (10–24 y) Increased lipid peroxidation Swami et al. (24)
and NO in serum, plus
decrease vitamin C, RBC-
SOD and total antioxidant
capacity in blood.
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and oxidative liver injury (43). The work of
Pol ikandr io t i s  and  co l leagues  h igh l igh ts
mechanisms through which chronic  a lcohol
consumption might be involved in incidences
of  acute  respi ra tory  d is t ress  syndrome and
lung injury.  They first  showed that  chronic
ethanol  s t imulated NO product ion via  PI-3
k inase  and  hsp90-dependent  induc t ion  of
eNOS in  porc ine  pu lmonary  a r te ry
endothelial cells (44). Using rat models they
fur ther  showed tha t  a lcohol  increased
hydrogen  perox ide  produc t ion ,  eNOS
expression and activity,  as well  as markers
of oxidative stress and damage in lungs of
male Sprague-Dawley rats (45, 46). In Caco-
2 intestinal cells in vitro, ethanol was shown
to  induce  iNOS express ion  as  wel l  as  NO
synthes i s  resu l t ing  in  ox ida t ive /n i t rosa t ive
s t ress  and  d i s rup t ion  of  micro tubules
format ion  and  in tes t ina l  bar r ie r  func t ion
(47) .  The  re la t ionsh ip  be tween  chron ic
ethanol ,  oxidat ive  s t ress ,  and t i ssue  in jury
has thus been established. Some results have
however  shown negat ive  effects  of  e thanol
on  eNOS express ion ;  chron ic  a lcohol
downregula ted  eNOS pro te in  l eve l s  and
combined synergistically with LPS to lower
eNOS activity (48) and transcription (49) in
male  Sprague-Dawley  ra t s  sugges t ing  tha t
alcohol consumption might sensitize the liver
to endotoxemic shock.

Alcohol  and  cancer

The  assoc ia t ion  be tween  a lcohol  and
various cancers has been known for close to
a century (41) and a detailed discussion of
this topic is beyond the focus of this mini-
review. We however focus on providing some
evidence  for  the  involvement  o f  NO in
a lcohol - re la ted  cancers .  I t  has  been
demons t ra ted  in  ra t  models  tha t  chron ic

e thanol  consumpt ion  increases  NO
produc t ion  in  o rgans  such  as  the  l ive r
through induction of iNOS (50); the resulting
nitrosative stress and increased basal levels
of  NO are  l ike ly  to  con t r ibu te  to  the
promot ion of  tumour  growth.  NO plays  an
important role in angiogenesis and vascular
funct ion (51,  52)  which are  two important
processes  dur ing  tumour  deve lopment  and
progression. NO and NO-derived RNS induce
oxida t ive  and  n i t rosa t ive  s t ress  in  ce l l s
causing DNA strand breaks while inhibiting
DNA repair enzymes (51). A recent study in
humans  has  shown tha t  NO leve ls  a re
e leva ted  in  se rum of  head  and  neck
squamous cel l  carcinoma patients  compared
to  con t ro l s  (53) .  We sugges t  tha t  the
stimulation of NO production by ethanol is
there fore  l ike ly  to  p lay  an  impor tan t  ro le
in  the  e t io logy  of  some cancers  tha t
preferential ly rely on NO signall ing.

Concurrent  in take  o f  a lcoho l  and  n icot ine

Concurrent intake of nicotine and ethanol
produce a complex central association as the
nicot ine- induced  changes  in  g lu tamate  and
arginine secretion in the nucleus accumbens
exer t  a  poss ib le  modula tory  e f fec t  on  the
former’s release during the initial  stages of
chronic ethanol withdrawal (16). Indeed, the
in te rac t ion  be tween  e thanol  and  n ico t ine ,
may progress via modulation of cerebella NO
and cGMP (54). There is a possible functional
correlation between the former and ethanol-
induced motor impairment suggesting NO as
a factor in cross-tolerance between nicotine
and ethanol (55).

Concurrent  consumption of  nicotine and
ethanol significantly exacerbates the risk of
deve lop ing  gas t r i c  u lce rs  v ia  reduc t ion  in
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mucus  secre t ion ,  inc reased  leukot r iene  B4
levels, increased activities of iNOS, xanthine
oxidase  and  myeloperox idase ,  and  the
expression of adhesion molecules in the gastric
mucosa  (56) .  The  in take  of  n ico t ine  and
alcohol (alone and in combination) is also likely
to  p rec ip i ta te  o r  exacerba te  pa tho log ica l
conditions in which ROS and RNS have been
implicated to play a damaging role.

C o n c l u s i o n

This review gave an insight into how two
commonly-consumed and  soc ia l ly -accep ted
substances ,  tobacco and alcohol ,  are  l ikely
to impact  on quali ty of  l i fe .  The intake of
a lcohol  and  n ico t ine  (e i ther  a lone  or  in

combination) clearly has patho-physiological
e f fec t s  on  organ  func t ion ,  and  the
progress ion  of  a lcohol - / tobacco- re la ted
diseases  seem to  be direct ly  inf luenced by
NO-media ted  mechanisms .  We advoca te
sugges t ions  o f  changes  in  l i fe - s ty le  hab i t
espec ia l ly  when  a lcohol  and  tobacco  a re
taken concurrent ly  with medicat ion,  and in
d i seases  assoc ia ted  wi th  asc i tes /c i r rhos i s ,
cardiovascular  aberra t ions ,  and progress ive
renal failure. The influence of nicotine and/
or  e thanol  on  neurona l /endocr ine-media ted
pathways cannot  be ignored.
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