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Abstract: This review examines the therapeutic potentiald mechanism of action of nitric
oxide releasing non-steroidal anti-inflammatorygrtuNO-releasing NSAIDS markedly improve
the anti-inflammatory and antinociceptive actiorfficently and diminish gastrointestinal
toxicity. The nitric oxide releasing NSAIDS may bseful to treat wide variety of diseases like
colitis, cancer, thrombosis, restenosis and braasthma.
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Introduction

Nitric oxide (NO) — releasing non steroidal anflammatory drug (NSAIDS) is a novel class of
compounds. These compounds have limited significaag effects. In vitro and vivo studies
indicate that they are much more effective tharepaNSAIDS in modulation of colonocyte
kinetics”. NSAIDS induced upper gastrointestinal disease nesnaimajor problem that affects a
broad segment of the population, by frequent pieisocn and over the counter dispensing. NO—
releasing aspirin and COX-inhibiting NO-donors potential alternatives to traditional NSAIDS
with upper gastrointestinal toxicity.

Estimated 3-4 million Americans take NSAIDS dailjhis new class of NO-NSAIDS is
prepared by adding a radical, nitro butyl or nittb$ol by using a short chain ester linkage. This
exhibits reduced gastrointestinal toxicity whilehancing vasodilatation, reducing blood platelet
adhesion and acting as a buffer against memor{’la$ey are synthesized by ester linkage of
an NO- releasing moiety to conventional NSAIDS,hsas aspirin (NO-Aspirin), flurbiprofen

(NO-flurbiprofen), naproxen (NO-naproxen), dicloden(Nitrofenac), Ibuprofen(NO-lbuprofen)
and indomethacin (NO-indomethacin).
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The NO-NSAIDS overcome the gastric injury caused\IBAID. The capacity of NO-NSAID,
to release NO appears to reduce the gastrointestirigity!”. The various mechanisms that
underline the protective effect of NO in the stomaccludes vasodilatation of the mucosal
blood vessels, inhibition of caspase enzymes #gt@rid inhibition of leukocyte adhesion

NO NSAIDS and the gastrointestinal tract

Gastrointestinal damage is an important side eftdcNSAID which has been attributed to
inhibition of gastric COX-| activity leading to lesof prostaglandin (PGIPGE,) formation.An
experimental study with NO-NSAID showed their dpilio spare the gastrointestinal tract after
either acute or chronic use in animals, NO-napragemmpletely devoid of ulcerogenic activity
B Similar results have been reported with NO-Aspafter single dose administration in rats
67 nitrofenac® NO-indomethacin®, and NO-flurbiprofen failed to damage the rat $mal
intestine, while hemorrhagic lesions were obseieghimals treated with flurbiproféft®. The
administration of NO-NSAID in acute conditions abelases is associated with markedly less
toxicity than the parent NSAID both the intestared stomach.

NO-Flurbiprofen significantly restored gastric btbdlow which was reduced by bacterial
lipopolysaccharrides (LPS) administration. In L8ticed of gastric damage in anima4No-
aspirin reduced the fall in gastric blood flow thghout the shock peridd!NO-aspirin had no
proulcerogenic activity*? NO-aspirin accelerated the healing process. N@iasphowed a
dose dependent decrease in the severity of HCHfetiaduced stomach lesions in r&t@No-
NSAID may be valuable in the treatment of existimgers and are likely to be of greater
therapeutic benefit than classical NSAID for theatment of inflammatory disease in patients
with pre existing gastric damage.

NO-Aspirin and NO-Naproxen and their native aspaimd Naproxen failed to affect expression
of cyclooxygenase-1 mRNA, but unregulated the aycjgenase-2 mRNA?  NO-
indomethacin partially suppressed membrane pertitgalnd the inhibitor for Guanylate
cyclase suppressed the cyto protective effect ofizéd@omethacin against celecoit. COX
inhibiting NO-donating drug (CINOD) inhibits COX-dnd COX-2 activities, has less adverse
effect on gastrointestinal tract and reduce systdmood pressure. NO-ASA (Acetyl Salicylic
Acid )maintains gastric mucosal blood flow and reski leukocyte — endothelial cell
adherendé®’.

NO-ASA counteracts the impairment of ulcer healimgliabetic rats induced by ASA, mainly
due to the release of NO that compensates proatéigladeficiency resulting in enhancement in
the Gastric blood flow at ulcer margin and suppsdbe cytokine release in the ulcer Bfea
NO-aspirin does not undergo biotransformation ie thpper gastrointestinal tract and the
stomach acts as a reservoir for the d@td\ceylation of cycloxygenase (COX-2) by aspirin can
trigger the formation of aspirin triggered lipoxATL). ATL exerts protective effects in the
stomach. NO-aspirin may be an alternative to aspar indication such as cardio production
and COX-2 inhibitor§%.,
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NO-ASA exhibits mucosal protective and healing &feagainst WR$duced gastric lesions
due to the release of NO which induces gastric reyp&, attenuation of lipoid peroxidation and
counteracts the inhibition of HSP 70 expressiomsided by native ASAK?. NO-indomethocin
probably by releasing NO, exerts protective infleesnsuch as increase of gastric mucosal blood
flow that counteract, the potential damaging effeaf cyclooxygenase inhibition by
indomethacin®®The gastric sparing effect of NO-AsZpirin is due dn increase of gastric
mucosal blood flow meditated by releasing from thisg®? NO-ASA failed to affect healing of
gastric ulcers and failed to produce the rise mplasmall-1b levels and increased lipid per
oxidation as compared to those recorded in ASAgrbanimal¥™!.

NO-releasing derivatives failed to affect expressmf COX-1 mRNA but unregulated the
cyclooxygenase 2 mRNA (concurrent inhibition of CQ2 by selective inhibitors which by it
delayed ulcer healing and attenuated the gastidbilow at ulcer margin). NO—-NSAID unlike
classic non-steroidal anti inflammatory drugs donesaffect gastric mucosa and fails to delay
the healing of pre existing ulcéfd.

NO Aspirin spares the gastric mucosa and inhibaspase activity through cGMP-dependent
and independent pathways and caused caspase at@cti\by s-nitrosylation (inhibition of
tumor necrosis factor (TNF) alpha release or agtiby TAPL-2 or anti TNF- alpha reception
monoclonal antibodies protected against mucosaladanand caspase activation). NO—-Aspirin
protected gastric chief cells from toxicity indudeyl TNF-alpha by activating cGMP dependent
Fathwaygs. Increasing the endogenous biosynthesis of NO sedgtat gastric mucosa level
26l NO-Aspirin caused a marked increased in mucosaicbFlow with no effect on potential
difference and PH, NO-Aspirin neither had a topigétating action on the stomach nor exerted
a worsening effect on gastric ulcerogenic to stfésSO-NSAIDs (Nitrofinac) are capable of
accelerating tissue rep#if’.

Vasodilatation of the gastric vasculature

The prostaglandins normally protect the mucosahdinagainst injurious stimuli by various
mechanisms one of which is dilation of mucosal Hlo@ssels. In the presence of NSAID,
vasodilator PGl and PGE production are diminished leading to constrictadnmucosal blood
vessels with a potential for ischemia, leukocyteament and sub-sequently leading to stomach
ulceration and hemorrhage. In rats, flurbiprofemstdcted post capillary venues by 16.6%
while No-flurbiprofen dilated these vessels by 6.7%n diclofenac administered rats, the was a
9radua| reduction in gastric blood flow to abou®#&Qvhile nitrofenac did not affect blood flow
29I vasodilatory effect of NO-released from, NO-NSA#@ministration most probably plays a
significant part in minimizing the ulcerogenic potials of these compounds.

Inhibition of leukocyte adhesion

The NSAID induced gastric damage, was found to bpracess®®! where flurbiprofen
significantly increased leukocyte adherence to miesie post capillary venules in rdfs The
NO-NSAIDs have been shown to reduce transductientke NF-KB pathway which is an
important route to expression of leukocyte adhesioteculed®®and thus the leukocyte sticking
to endothelium cannot be discounted.The NO relefrsad NO NSAID, like PG/, also inhibits
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Neutrophil adhesion to the blood vessel wall. Th® Mplaces the lost P&hot only as a
mucosal vasodilator but also as an endogenousiiohdf Neutrophil activatior£?.

Caspase | nactivation

Caspases are a family of cysteine proteases thatntde interleukin-B (1L-1 B) converting
enzyme (ICE). The caspase primarily is involvedcyokine release, clearing prolL{l to
produce IL-B B% and to lesser extent, IL-8 interferpr{IFN-y) #¥. The activation of caspase-3
like enzyme is the major pathway involved in cytekiinduced apoptosf&®. In aspirin
pretreated rats, increased gastric mucosal actifiboth caspasé” and NO aspirin caused post
translational inactivation of caspase in directnnex by S-nitrosulating cysteine residues in the
enzyme cord *® The exposure of gastric mucosal cells to flurbinoresulted in concentration
dependent apoptosis while No flurbiprofen inhibitggbptosis and caspase activity in those cells
371 NO aspirin has been shown to protect the gaséils from TNF and induced toxicity by
activating CGMP dependent pathways that leadsactivation of caspase-3. The inactivation of
caspase appears to be an important factor in steogatestinal tolerability of NO NSAID.

NO-flurbiprofen delayed disease onset and sigmfigadecreased disease severity and it was
associated to i. decreased MRNA levels of proinfltory cytokines caspase-1, and iNOS in
blood cells. ii. decreased ability of encephalitugel-cells to proliferate. iii. Reduced number of
central nervous system infiltrating T cells. iv.cdeased axonal loss and demyelination. and
V.increased CD4+ CD69-CD25+ regulatory T cell ire tapleeANO-NSAIDs are potent
inhibitors of T helper (Th1) type cytokines and #féect owing to post translational nitrosation
and inactivation of cysteine proteases, interleukih) -13convertingenzyme(ICE/Caspase-
1)involved inprocytokine processifiymolecular mechanism underlying this action of
nitroacetaminophen is not clear. Evidence for irttwb of cytokine directed formation of pro-
inflammatory molecule production. (eg.COX-2, iINOBy an effect on the NF-kappg
transduction system or nitrosylation of caspasegmezactivity has been report&¥

NO NSAIDS and inflammation
Antioedema and antiarthritis

NO-paracetamol and paracetamol exhibit similarpgméitic activity in rats challenged with LPS
41 'NO-paracetamol was significantly more potent thaaracetamol as an inhibitor of
carrageenan induced rat hind paw oedéfflaNitrofenac showed similar effect to that of
diclofenac in carrageenan induced rat hind paw med&' NO-naproxen and naproxéhand
NO-indomethacin and Indomethacitalso showed similar anti oedema effects in this- ant
inflammatory models chronic treatment with NO-nago or naproxed*’land nitrofenac or
diclofenac!®® elicited similar anti-inflammatory activity in frea'’s adjuvant models of arthritis
in the rats. NO-prednisolone exhibited potent arftammatory activity in variety of models of
inflammation including zymosan induced peritonaisd granulamatous inflammatié¥. NO-
prednisolone proved to be more potent than prettmscon a molar basis. ASA and Nimesulide
do not influence NO concentration; But Diclofenaauses an increase in NO blood
concentration in raf€). The balanced inhibition of the two main COX isofisr with release of
NO confers to NO-NSAIDs reduced gastrointestinall &ardio renal toxicity. NO which
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released as the compounds are broken down, mayeraact the consequences of the NSAIDS
induced decrease in gastric mucosal prostagl&fiditup regulation of COX-2 expressions has
been implicated in the pathophysiology of Neurooall death. NO-induced up regulation of

COX-2 via activation of activator protein-1 (AP-&ignaling leads to apoptotic cell death. NO
induced upregulation of COX-2 via activation ofieator protein-1 (AP-1) signaling leads to

apoptotic cell death. These results suggestedetessive NO production during inflammation
induces apoptosis in pheochromocytoma cell throdBhl mediated upregulation of COX-2

expression'?.

Brain inflammation is an underlying factor in thatipogenesis of Alzheimer’s disease. NO-
donors potentiate the anti-inflammatory activityflofribrofen in models of brain inflammation
(501 NO-Aspirin delivered to PMBC derived T lymphocytasd monocytes causes a transitory
inhibition of cell respiration and reduction of lcghr ATP, which translates in time reversible
inhibition of cell proliferation and 1L-2, 1L-4, 1% and IFN-gamma secretion. NO-Aspirin
enhances glucose uptake, glycolytic rate and kag@neration in CD3/CD28 co stimulated
lymphocytes, reduced citric acid cycle intermediatéo Aspirin causes a metabolic hypoxia that
inhibits lymphocyte reactivity to costimulatory maclules, providing a potential counter
mechanism to control activated immune syéyt@m

NO-NSAIDs have been reported to have additionatiafltammatory and immuno modulatory
property compared to parent compounds. Treatmeth Wirbiprofen was associated with
decrease in mMRNA levels of pro-inflammatory cyt@dncaspase-1, and iNOS in blood cells,
decreased ability of encephalitogenic T cells tolifarate, reduced number of central nervous
system (CNS) infiltrating T-cells, decreased axdoak and demyelination, increased CD4(+)
CD69(-) CD25(+) regulatory T cells in the splé&h

NO-releasing flurbiprofen has been shown to becéffe in reducing beta- amyloid deposition
in transgenic mouse models of Alzheimer’'s disedi@-flurbiprofen demonstrated that a single
dose administration can produce prolonged supmesdibrain prostaglandin synthesis without
causing gastric injul?.

NO-releasing mesalamine suppresses inflammatokicyg production and reduces leukocyte
infiltration®”.NO-ASA prevents monocyte tissue factor expressiis is accompanied by
inhibition of TX and cytokine biosyntheSi¥.Nitroparacetamol exhibit hepatoprotection. NO-
NSAIDs of disease states including pain and inflatom, thrombosis and restenosis
neurodegenerative disease of the central nervasigemycolitis, cancer, urinary incontinence,
liver disease, impotence, bronchial asthma andopstesis®® NO-ASA treated mice was
associated with a marked reduction in CD45-posiiivkammatory cells and an increased
number of tunel-positive cells. Released NO, catuce vascular inflammation and promote
apoptosis during vascular remodeling associateld mébintimal thickening”.

NO-NSAIDs is more efficacious than ibuprofen orewmgxib in clearing a beta deposits from
than brains of Tg Mice, implying potential benéfitthe treatment of Alzheimer's demefitta

NO-NSAIDS may play an important role among the lotegm treatment of chronic
inflammatory oseoarticular and rheumatic diséa3#¢0-aspirin causes intracellular NO
formation and suppresses 1L-lbeta and 1L-18 prowedsy inhibiting caspase-11-activity
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caspase-1 inhibition is a new Cyclooxygenase-indege anti-inflammatory mechanism of NO-
aspirin®®. NO-naproxen inhibited T-cell proliferation and reed both 1L-1beta and TNF alpha
plasma levels. Introduction of the NO moiety in tiegroxen structure increases the effect at the
levels of the immune systéit

As NO-Naproxen significantly enhances collagen démm at a wound site, it can be used as
anti-inflammatory and analgesic agents in posgeyr patient§”. NO—releasing derivative of
mesalamine has significantly enhanced anti-inflatonyaactivity, improved efficacy in a rat
model of colitis. This efficacy is most likely cagsby it enhanced ability to suppress leukocyte
infiltration and possibly to scavenge peroxynitfite

Irritable bowel disease and colitis

Mesalamine is one of the most commonly used drogstreatment of inflammatory bowel
disorder. NO-mesalamine was significantly more @ife® than mesalamine No-mesalamine and
mesalamine inhibited N-formyl methionyl-leucyl- piyalanine (FMLP) induced leukocyte
adherences to mesenteric vascular endothelium. E€alamine significantly reduced vascular
colonic tissue levels of Myeloperoxidase (MPQO) .Thasodilatation by NO may have
contributed the reduction of colonic dam

The ability of NO NSAID to inhibit caspase (ICE)ti&dy reduces the formation of pro
inflammatory IL-18!"" NO-prednisolone also reduces ILB1formation by LPS treated human
peripheral blood mononuclear celf§. No aspirin dose dependently inhibits IL-6 and ¢um
necrosis factor (TNR-) formation by LPS challenged human monoc{#&&he nitrofenac and
diclofenac were equipotent as inhibitors of Coxil &ox-2°®!. NO aspirin and NO paracetamol
inhibit induction of COX-2 and induce nitric oxidgnthase (iNOS) in LPS pretreated cultured
J774 macrophag8”’NO NSAID reduced iNOS in inflammatory cells in LRBallenged brain
microglial culture NO flurbiprofen actually incressexpression of these enzyfiie

NO NSAID and Pain

The main therapy application of NSAID is analge3iae PGE and PG/, synthesized at the site
of inflammation recognized to sensitize the firmfgperipheral nociceptors. The NSAID induced
inhibition of prostaglandin production accounts floe analgesia activity of these compounds in
inflammatory pain and hyperalgesia. NO-donors dragsing in the spinal card, might perhaps,
are expected to promote pain perception. NO-doramting at peripheral site have been
demonstrated to reduce pain perception. In chrtr@atment with NO-naproxen resulted in
greater anti nociecption in freund’s adjuvant inefilicat model of arthriti€*. NO-aspirin®and
NO-paracetamof? are more effective in the mouse acetic acid indwdstbminal constriction
test than the parent compound and also produceategteanti-nociception in rats in which
hyperalgesia induced by carrageed&®. The enhanced anti nociceptive activity of NO-
NSAID is not clear.
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Cardio Vascular Disease

NO-Naproxen by donating NO displays a noticeablé-iachaemic effect. In reperfused
ischemic rabbit hearts, its ability controls expegntal hypertension, suggest that may have
theraré%lljtically potential in cardiovascular dissased prevention the myocardial ischemic
events .

NO-aspirin prodrug constitutes a potentially beciafiproperty for the prophylactic prevention
of thrombus formation and adverse cardiovasculanesy such as stroke and myocardial
infarctiont’).NO-releasing ASA derivative stimulates reparatamgiogenesis, also prevents
apoptosis and oxidative stress, there by alle\gatire consequences of supervening arterial
occlusioh’?. NO—aspirin treated rats .The cGMP increased sigmifly .Increased cGMP in
vascular tissues, reduces sympathetic mediateccoaswiction in resistance vessels and lowers
blood pressure in spontaneously hypertensiv€¥ats

NO-Aspirin reduced significantly plasma LDL oxidati Chronic treatment with NO-containing
aspirin  has antiatherosclerotic and antioxidantsfeces in the arterial wall of
hypercholesterolemic mit4.NO—-aspirin improved protection for the h&aHNO-releasing
devices as well as innovative improvements to cotiwral NO donors. Several examples are
given in some important therapeutic indicationshsas cardiovascular diseases (NO-Aspirin).
Pain and inflammation (NO-paracetamol), osteopsroand urinary incontinence (NO-
flurbiprofen with aliphatic space respiratory digers (NO-steroid§¥'.

NO-donors releasing nitric oxide increase myocamdiaduction of prostanoidé!. NO-aspirin
appears to exert a relevant cardio protection yikeediated by nitro oxide donation. These
results suggest that this nitrodervative of Aspimay leads to innovative therapy in myocardial
ischemia and infarctidff. ASA reduced PGEsynthesis and had slight inhibitory action also on
NO production 1L-1 induced. The synthesis of R@kd NO in articular cartila§f&.NO-Aspirin

did not alter systemic arterial blood pressure wagministered intravenously to the!$dt

NO-aspirin, NO-prednisolone, NO-flurbiprofen and f@racetamol, released the noradrenalin.
In precontracted rat aorta and NO-flurbiprofen dgliionally, vasodilator in the perfused rat
renal vascular bed .NO-NSAID are considerably lestent vasorelaxants than classical nitro
vasodilatord®. The lack of vasorelaxant effect of NO NSAiBVitro is reflected in the inability
of these compounds, to reduce systemic blood peesswnormotensive animals vivo. Thus
NO-NSAID produced no significant change in bloodgsure or heart over the following several
hour!®l. NO-naproxen significantly reduced blood pressun@odels of hypertension induced by
occl{gg}ling one renal artef§?. NO-flurbiprofen has no effect on blood pressuf@mesthetized
rats'.

NO-aspirin did not affect blood pressure in thestinetized pig. The long-term administration of
NO-naproxen increased blood pressure in consciss ¥.The mechanism underlying the lack
of vasopressor activity of NO-NSAID in normotensaeimals is not clear. The ability of NO-
NSAID to lower blood pressure in hypertensive arémaannot be explained. Further
experiments to examine this possibility would bealtie.

Available online at www.jocpr.com 140



M Karthikeyan et al Journal of Chemical and Pharmaceutical Research, 2009,1(1):134-147

Platelets and Thrombosis

The aspirin is used for the prevention and treatroénardio vascular disease. Aspirin exerts its
antithrombotic effect by irreversible inhibition d€OX-1, thereby reducing formation of
proaggregatory TXA2 by platelets and antiaggreage®Gh by vascular endothelial celf§’.
NO-aspirin can be expected to exhibit a greateredegf inhibition of platelet function. The
increased antithrombotic potency of NO-aspirin treéato aspirin has been observed both
vitro andin vivo. Thus NO-aspirin inhibited platelet aggregationra and human platelén
vitro with greater potency than aspifi®®!

NO-aspirin was found more effective than aspirimaducing the collagen or adrenaline induced
fall in circulating platelets. NO-aspirin was eff@e against mechanically induced thrombus
formation and supports the possibility that vasadiion by NO-aspirin may contribute to its
protective effect in this modéfd.Collagen induced thromboenbolism in mouse, can hks
reduced by pro treatment with flurbiprofen, flunmfen is also effective but significantly less
potent than NO- flurbiprofefi®!.

NO-releasing moiety in aspirin inhibits platelegaggation by a combination of NO generation
and COX inhibitioff®. NO-aspirin has shown improved antiaggregatory #gtiand also has
been shown to exert protective effects in the gadtstinal tract exposed to other injurious
agents. NO-aspirin significantly inhibit leukocytdherence, to the vascular endothelium which
contribute the anti-thrombotic activﬁ?@’.NO-aspirin inhibited AA —induced platelet aggregat
as well as serum TXB (2) generation induced by AMASA reduced PGEsynthesis and had
slight inhibitory action. The synthesis of PGE2 a#@ in articular cardiladé”.NO-aspirin did
not alter systemic arterial blood pressure when iadtered intravenously to the rat
Nitrobutylester derivative of aspirin did not infiiplatelet TX synthesis or gastric prostaglandin
synthesis.Nitrobutylester derivative of Aspirin released aitoxide when incubated in the
presence of platelets and increased platelet l@fel&MB®°!

Atherosclerosis & Restenosis

NO-aspirin has been found to reduce restenosésdreater degree than aspirin in a model pf
restenosis in hyper cholestrolaemic nffée The beneficial effect of NO flurbiprofen in a it
vascular injury and restenosis has also been obdeNo flurbiprofen significantly reduced
neointimal proliferation following percutaneous @oary angioplasty (PTCAJ. NO-aspirin
inhibit growth of cultured rat aortic smooth muscleells, by S-nitrosylation of ornithin
decorboxylas€?.

NO-aspirin reduced ischaemia induced damage toigblated perfused rabbit heart, while
aspirin exacerbated the resulting myocardial wystiod®. NO-aspirin reduced myocardial
injury following ischaemic and reperfusion in thig [§°.

Cancer chemotherapy

In the formation of premalignant colon lesions, NSAIDS may play a highly promising role
in chemoprevention of colon cand&.NO-ASA inhibits the growth of colon cancer celNQ-
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NSAIDS inhibits the growth of cultured cancer celléth greater potency than traditional
NSAIDS. NO-ASA inhibits the growth of variety of man cancer lines, like pancreatic, colon,
prostate, lung, tongue, breast and hematologicabis®®.

NO-NSAID may be useful in the management of bladaled prostate cancét’. All-NO-
NSAIDS (ASA, salicyclic acid, Indomethacin, Sulimgabuprofen, flurbiprofen, piroxicam)
have greater potency in inhibiting HT-29 and HCT-d8on cancer cell growth compared to
their parent NSAIDS. The inhibitory effect is duwea profound cell kinetic effect consisting of
reduced cell proliferation and enhanced cell dedtB-NSAID has greater potency in inhibiting
colon cancer cell growtf?.

The novel NSAIDS may display greater safety andtgreefficiency compared to their parent
NSAID and promise as chemo preventive agents agaimsan colon cancef.

The degree of inhibition was pronounced with NOelimé:thacin, NO-aspirin at both dose levels
than with NO-indomethacin at 80ppm and NO-aspitirB@00 ppm significantly inhibited the
colon tumors, total cyclooxygenase (COX) includingOX-2 activity, Formation of
prostaglandin E2 (PGE2), PGF2 alpha, 6-keto PGphaaland TxB2 from arachidonic acid.
Nitric oxide synthase 2 (NOS-2) activities and bedtenin expression were suppressed in NO-
NSAIDs given animals. This study provides strongdemce that NO-NSAIDs possess strong
inhibitory effect against colon carcinogenesis. Hifiect is associated with the suppression of
COX and NOS-2 Activities and beta — catenin lewelsolon tumors!®?.

NO-donating aspirin derivative on three human pagwic adenocarcinoma cell lines: The
cytotoxic action of this drug may due to hyperesgren of Bax, its translocation of the

Mitochondria, the release of cytochrome C, actoratof caspases-9 and -3, overall in a P53
independent manner. The experimental models shawad cox-2 hyper expression could

partially explain the resistance mechanism to NO\Agrivativel**?,

NO-ASA reduced the incidence and multiplicity ofnpeeatic cancer (in Hamster models) NO-
ASA arrested the transition from pan IN2 to panl&l® carcinoma, NO-ASA suppressed it
significantly during all stages except Pan IN1al P&AF1/CIPI), undetectable in normal cells,
was progressively induced in neoplastic cells ampeessed by NO-ASA up to panIN3, Nuclear
factor-kappal3 activation, absent in normal tissueseased progressively (17 Fold in Cancer)
suppressed by NO-SA in panIN3 and Carcinoma. Th@&-ASA profoundly prevented
pancreatic cancer and modulated multiple molecudagets in this model system and
conventional ASA had no such effédf!,

NO-ASA formed a conjugate with glutathione, depigtglutathione stores. NO-ASA inhibited

Wnt signaling by a dual mechanism, at low conceiatnait blocked the formation of beta-

catenin / Tcf complex (dominant mechanism) at higt@ncentrations it also cleaved beta —
catenin. These findings provides a mechanism dbradty a potent chemopreventive, agent,
underscore the significance of these pathwaysdnlaging cell death in the context of cancer
chemopreventioH®'.
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NO-ASA on drug metabolizing enzymes in HT-29 huneon adenocarcinoma and Hepa
kk7mouse liver adenocarcinoma cells and in Min niieated with NO-ASA, NO-ASA induced
the activity and expression of (NAD(P)H):quinineirexluctases (NQO) and glutathione S-
transferase (GST). NO ASA increased in the liver dotivity of NO and also in intestine, the
expression of NQO2, GST and P1-1 was also incred$@dASA induces phase Il enzymes,
through the action of NO that if release and by ohaiibn the keepl-NrF2 pathway this effect
may be the part of. Mechanism of action againstctiien and other cancef€®. To investigate
the cell death inducing mechanism of NO-NSAIDS ythealyzed gp-170, caspase expression
and mitochondrial membrane potential depolarizatordelta Psi depolarization. NO-NSAID
showed striking cytocidal activity in both bladdssll lines (HT1376 and MCR). Apoptosis was
triggered and is associated with active caspasgfession and delta Psi depolarization. In both
cell lines, NO-NSAID causes apoptosis via mitochr@aid- dependent mechanism could prove
to be a useful agent in bladder cancer treatdi&tt The NO-ASA induced changes in PPAR
delta expression correlated significantly with dopes in apoptosis, NO-ASA suppresses
intestinal tumorigenesis possibly in part throutshimhibitory effect on PPAR delta expression
[108] ' NO-ASA inhibits both the expression and enzymatitivity of NOS 2 and these effects
may represent an important mechanism for the cotorcer chemo preventive effect NO-ASA
also decreased the corresponding steady state m&ss! 2% NO-ASA inhibits the growth of
colon, pancreatic, prostate, lungs, skin, leukemna breast cancer and up to 6000 folds more
potent than traditional ASA (inhibition of NF-Kapg activation. MAPK (Mitogen-activated
protein kinase) signalifg®.

NO-NSAID has greater potency in inhibiting colomea cells. The growth inhibitory effect is
due to a ﬁ)rofound cell kinetic effect consistingrefluced cell proliferation and enhanced cell
death ™. NO-NSAID, additional therapeutic applications in rdiavascular disease,
Alzheimer’s diseases and cancer. The increase dogamous NO via a selective increase in
inducible NO synthase in the gastric tolerabilitynda the gastro protective effects
(112 preincubation with nitroparacetamol or nitroflyrtiifen cause of dose related inhibition of
the formation of interleukin 1 beta and tumour st factor alph&2. The metabolism of NO-
ASA by these cells is characterized rapid deacetylastep and the formation of a conjugate
with glutathion&**,

NO-Aspirin has demonstrable innovative properties treatment of vascular disorder and
cancer. NO-flurbiprofen has shown encouraging tesal models of Alzheimer's diseadés’,
NO-NSAIDs may play a highly promising role in thieeenoprevention of colon cancét®*"
NO-NSAIDs blocked the h(0)-h(1) to S cell cyclensdion. This makes them promising
candidates for chemopreventive agents against cancef®.

Bone, Calcium and Osteoporosis

Prostaglandin has a regulatory effect on bone péisor The principle effect of PGHs to
stimulate both bone resorption and formulatitil.Flurbiprofen depresses bone resorption in
young rats without lowering bone formation and dese in begift?**?*! NO-flurbiprofen

treated mice showed little change in Bone massxitB&ID), in vitro NO-flurbiprofen strongly
inhibited both bases & IL-1-stimulated osteoclastrfation and resorption while flurbiprofen
had little effect on osteoclast and reversed tfecedf IL-112,
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Conclusion

NO-NSAID are novel compounds with a different phacwmiogical activity to that of respective
parent molecules NO-NSAIDs exhibit distinct adem@s over these respective parent
compounds. These compounds are likely to be udefll with which to prove further the
biological roles of NO within the body. Furthermarimal and human studies are required to
unravel the complexities of the mechanism of actind uses.
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