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Abstract
Products of Non-steroidal anti-inflammatory drugs (NSAIDs) are principally and most widely utilized due to their
multipurpose actions, i.e., analgesic anti pyretic and anti-inflammatory effect. Beside their therapeutic effect their
toxic effect based on their selectivity of cyclooxygenase (COX) enzyme. While cardiovascular toxicities associated
with NSAIDs are mainly related with COX-2 selective inhibitor and primarily dependent on their dose time and
duration. Variability in therapeutic response and susceptibility to toxicity is well recognized and can be manageable
if considerable precautions implement.
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Introduction
In conditions like fever, pain, headache, arthritis, lupus disease
and other inflammatory problems, there are numerous drugs which
have frequently been recommended from the class of therapeutic
agents known as non-steroidal anti-inflammatory drugs [1]. Aspirin
(the proto type drug of this class) and other NSAIDs have become the
cornerstone therapy to avert any thrombotic and cardiological episodes
in majority of high risk sick population [2]. Although, NSAIDs are
effective and beneficial in outline pathological conditions, prolonged
use of NSAIDs are highly associated with severe side effects. However,
many of these side effects can be prevented by careful management and
by implementation of preventive strategies.

Mechanism of Action
The clinical effects of non-steroidal anti-inflammatory were first
described by Vane and Piper. They suggest that NSAIDs inhibit the
biosynthesis of prostanoids by inhibiting the enzyme cyclooxygenase
(COX). Arachidonic acid is the substrate for COX enzyme lead to the
formation of prostanoids including prostaglandins, prostacyclins, and
thromboxanes [3]. Different isoform have been discovered [4] out
of which COX-1 (PGHS-1) and COX-2 (PGHS-2) are the two allied
COX enzymes which have been delineated. In sequences of amino
acids, both of these isoforms have 60% homology that conserved for
the arachidonic acid catalysis [5-9]. Both of these isoforms serves as
a catalyst in converting arachidonic acid to COX-2 which results in
formation of prostaglandin, the biologically active form. Out of the two,
the first isoform; prostaglandin H2 Synthase-1 (PGHS-1) is the major
and exclusive loci for non-steroidal anti-inflammatory drug activity
but the second isozyme; PGH Synthase-2 (PGHS-2) is also sensitive to
actions of NSAIDs which is also recognized with-it.
Anti-inflammatory glucocorticoids inhibit the expression of COX-2
which further explains the involvement of this enzyme in inflammation.
One of the possible mechanisms for pinpointing the secure and more
viable use of non-steroidal anti-inflammatory drugs arises from such
findings that both the isoforms of COX enzyme can be segregate
halted. Drugs which are inhibitors of PGHS-2 are the inflammation
reducing agents and on the other hand they reserve the synthesis
of PG by kidneys and stomach and therefore decrease unfavorable
adverse reactions which are most frequently linked with NSAIDs
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[10]. Physiological stimuli including shear stress in vasculature and
ovulation regulate both isoforms [11,12]. The enzyme COX-1 involve
in various physiological conditions including mucosal protection and
cardiovascular protection, while, certain processes of inflammation
brings about COX-2 enzyme in turn the products of this isoform involve
in growth factors, lymphokines and other inflammatory mediators. In
Hypertension, diabetes mellitus (DM), bone fracture, heart failure and
similar pathological conditions and even in non-pathological kidneys,
there is enhanced interrelation of mRNA and proteins of COX-2
enzyme [13].
Therapeutic and harmful activities are linked with the suppression
of COX enzyme. Studies suggested that actions of non-steroidal agents
against inflammations are because of suppression of COX-2 whereas,
the dwindling of COX-1 lead to stomach lining irritation [14].

Classification of NSAIDS
Based on the characteristics including chemical (Table 1) and
pharmacological properties and (Table 2) show the classification of
NSAIDs on the bases of selectivity toward COX enzymes [15,16].

Mechanism of Cardiovascular Toxicity of NSAIDS
It is believed that at therapeutic doses, COX-2 enzyme inhibitors
halt COX-2 isozyme but it results in metabolic disturbances which leads
to the over production of by products that are deleterious and damages
arterial wall and produces arterial blood clotting [17,18]. Leukotriene
B4 and thromboxane A2 (TXA2) will be formed in significant amounts
and prostacyclin (PGI2) from arachidonic acid will be synthesized
very less when COX-2 is inhibited therefore this balancing tip allows
TXA2 to function unopposed that results in higher risk for CV adverse
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Groups

Example(s)

Salicylates

Acetyl salicylic acid,
Sulfasalazine

Propionic acid derivatives

Ibuprofen, naproxen,
ketoprofen, flurbiprofen,
fenoprofen, Oxaprozin.

Pyranocarboxylic acids

Etodolac
Tolmetin, diclofenac,
ketorolac

Heteroaryl acetic acid
Alkanones

Nabumeton

Indoleacetic, Indeneacetic acids

Indomethacin, sulindac, etodolac

Oxicams
Pyrroloppyrrole

Piroxicam, meloxicam
Ketorolac

Fenamates

Mefenamic acid, meclofenamic
acid

Diaryheterocycles

Rofecoxib, celecoxib,
veldecoxib, paracoxib,
etoricoxib, lumaricoxib

Table 1: Chemical classification of NSAIDS.
COX-1 Isoform

COX2/COX1 Ratio

Ketorolac

-

Flurbiprofin

0.078

Ketoprofen

-

Indomethacin

30

Acetyl Salicylic acid

2-167

Ibuprofen

0.15-1.7

Naproxen

0.6

Tenidap

122

COX-2 Isoform

COX2/COX1 Ratio

Celecoxib

30

Rofecoxib

4.0

Etodolac

1.9

Meloxicam

0.33

Diclofenac Na/K

0.6 - 2.2

Sulindac

-

Sodium salicylate

-

Piroxicam

33

Tenoxicam

15

Table 2: Classification of NSAIDS based on their cox-1 or cox-2 selectivity [60].

events since TXA2 is vasoconstrictive and pro-aggregatory while PGI2
in vasodilatory and anti-aggregatory (Figure 1).
Side effects associated with cardiovascular system (CVS) and
gastrointestinal (GI) mainly linked with the use of traditional nonsteroidal anti-inflammatory drugs and COX-2 enzyme inhibitors
[19]. And there is virtually higher chance of CVS pathologies in the
population of patients who administered the drug formulations of
COX-2 inhibitors as revealed through many recent clinical trials but it
is quite evident that that the hazards of GI issues are decreased by using
the inhibitors of COX-2 enzymes [20-23].
In patients involving their cardiovascular system and having
increased risk for such incidents, the main thing is the use of such
agents that can give adequate hostage of toxicity prevention and fulfill
provision of efficacy [24,25]. It was initially thought about COX2 inhibitors that they have lesser analgesic activity as compared to
NSAIDs after the first appearance of the drug in market but soon it
was become evident from the clinical data that most of inhibitors of
enzyme COX-2 possess similar or quite superior effect of pain relief
than the traditional non-steroidal anti-inflammatory agents, moreover
it was verified through the table constructed by the Oxford pain group
[26-28].
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Figure 1: Cardiovascular toxicity mechanism [18].

When inhibition of prostacyclin takes place which is also an
atheroprotective prostanoid, cardio-toxicity occurs and this is due
to the administration of traditional as well as COX-2 selective nonsteroidal anti-inflammatory agents. The traditional non-steroidal
agents along with coxibs frequently and selectively inhibits COX-2
enzyme which is also linked with the suppression of platelet COX-1
enzyme but it is not adequate to suppress the function of platelets and
particularly this property of coxibs and traditional non-steroidal antiinflammatory agents mainly elucidates their apportioned CVS toxicities
[29]. Non-steroidal anti-inflammatory agents having actions on both of
the isoforms of COX enzyme are less appealing to use as compare to
the drugs which are selective for COX-2 enzyme and this is due to
the GI side effects of non-steroidal anti-inflammatory drugs targeting
non-selectively both enzymes, hence the drugs that are particular for
COX-2 enzyme suppression have equal actions against inflammation
like the non-selective agents but unlike non-selective drugs, they have
negligible harm to GI system [30].
The safety of drugs particularly suppressing the COX-2 enzymes
and non-selective traditional agents regarding cardiovascular system
have been a considerable topic to discuss therefore the higher chances
for such cardiovascular incidents associated with the use of different
formulations of Rofecoxib was highlighted following the influential
trials like APPROV [31].
Hypertension and volume retention are also one of the multiple
mechanisms like differences in endothelial functions and oxidative
stress due to CV risks associated with NSAIDs [32]. The suppression
of prostacyclin formation which is dependent on COX-2 enzyme
inhibition without the dwindling of production of thromboxane due
to COX-1 enzyme inhibition is due to the increased risks of thrombotic
events caused by COX-2 selective inhibitors [32,33].
Ungprasert et al. in 2015 investigated the association of non-aspirin
non-steroidal anti-inflammatory drugs and risk of hemorrhagic stroke.
A range of observational studies were systematically evaluated and
meta-analysis of selected studies was performed. It was concluded
that NSAIDs as particular group was not connected with a notably
eminent threat of hemorrhagic stroke. But, an amplified risk was
reported in numerous moieties of NSAID preferentially in meloxicam
and diclofenac users. Most profound risk was estimated in rofecoxib
group of patients. Changes in hemodynamic pattern linked to NSAID
utilization are extensively assumed as main contributing mechanism of
adverse cardiovascular pathogenicity [34-36].

Efficacy and Dosage
Individual drug in NSAIDs group possess own therapeutic
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effectiveness and strength (optimal dose) for different conditions. The
most common doses of NSAIDs prescribe ranging200 mg, 400 mg, 600
mg and 800 mg (Table 3). The products of Celecoxib having shorter
half-lives and administered in doses of once daily are less intruding
with the COX-enzyme system than the drugs having half-lives longer
and administration is in dosages of once daily or the drugs possess
shorter half-lives prescribed in twice daily dosing regimen. This shows
the clinical importance of pharmacokinetics of the drug [33]. These
drugs are normally available over-the-counter for the suppression of
conditions such as headache, back and joint pain, and menstrual pain.
Numbers of studies have been found to be evaluating the GI and
cardiovascular safety of alternative dosing strategies such as alternate
day dosing, once daily verses twice daily dosing or periodic drug
holidays.

Comparison and Facts of Different NSAIDS
Prolong and high doses of NSAIDS have a wide range of adverse
effect, mainly on alteration in GI, renal functions and CVS system [34].
However, those patients who are taking therapeutic dose of NSAIDS
for shorter time tolerates them well [35]. Number of studies have been
reported that the risk associated with the NSAIDs depend upon the
intensity, dose and duration [36]. It was consider that the use of NSAIDs
are associated with CV side effects however later it was found that only
non-selective NSAIDs accompanying with CV adverse effects such as
increased risk of myocardial infarction (MI) [37,38]. Conclusively, on
the basis of the results of randomized control trials (RCTs), at higher
doses the effects of NSAIDs, except for naproxen , showing links to high
hazards for MI development and in those patient who were previously
diagnosed with coronary heart disease but for diclofenac and Refecoxib
risk associated is not dependent on doses [38].
High risk patient population including patients having congestive
heart failure (CHF), hepatic and kidney disorders, patients
administering diuretics and angiotensin converting enzyme inhibitors,
are more prone to develop hypertension by using the drugs selectively
targeting COX-2 enzyme [39]. Results of various RCTs emphasizes
on evidence of the hazards which are associated with the use of nonsteroidal anti-inflammatory agents and inhibitors of COX-2 enzymes,
explaining highest risk of MI was associated with Rofecoxib and
lumiracoxib, stroke occurrence was found to be hooked up with the use
of Ibuprofen and Diclofenac, while many of the cardiovascular events
associated with use of Etoricoxin and Diclofenac. When the Diclofenac
used in doses higher than needed for therapeutic response, risk of death
was remarked through various RCTs [29].
Chronic utilization of non-steroidal anti-inflammatory drugs
linked with various deleterious health issues. Summary of the results of
a study showed that the relative risk of Rofecoxib in doses of less than
and equals to 25 mg with 95% Confidence Interval was found to be
1.33 (1.00-1.79) while on the other hand when the dose was increased
and greater than 25 mg with similar confidence intervals, the relative
NSAIDs

Clinical doses (mg)

Ibuprofen

1,200-3000

Diclofenac

100-150

Naproxen

500-1000

Meloxicam

8-15

Celecoxib

200

Ketoprofen

200-300

Etoricoxib

60

Table 3: Clinical doses for the use of some NSAIDS.
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risk of CVS events associated with Rofecoxib was found to be 2.19
(1.64-2.91). Similarly, Celecoxib showed to have relative risk of 1.06
(0.91-1.23) with 95% confidence interval while Diclofenac showed
highest values of relative risks 1.40 (1.16-1.70) with 95% confidence
interval. Moreover Meloxicam and Piroxicam showed relative risks of
1.25 (1.00-1.55) and 1.06 (0.70-1.59) respectively. Ibuprofen showed
1.07 (0.97-1.18) and Indomethacin was found to have relative risk of
1.30 (1.07-1.60). Naproxen among all NSAIDs included in the study
showed lowest relative risks of 0.97 (0.87-1.07) with 95% confidence
interval. It showed that Rofecoxib was found to be most harmful in
either dosage regimen and Naproxen was least dangerous contrary to
which Diclofenac was on the top of the list for increasing hazards of CV
toxicity [40-42].
Likewise, with various other trials including adenoma prevention
with Celecoxib (APC) trial and the prevention of spontaneous
adenomatous polyps (PreSAP) trial for evaluating the safety and efficacy
of Celecoxib in cardiovascular events and blood pressure divulge, the
hazard ratio was found to be 2.6% (95% CI; 1.1-6.1) in the patients
taking 200 mg Celecoxib twice daily. The hazard ratio was found to be
3.4 (95% CI, 1.5-7.9) in patients with Celecoxib dose of 400 mg twice
daily in APC trail and 1.3 (95% CI, 0.6-2.6) in patients who had taken
Celecoxib 400 mg OD in PreSAP trail. Highly significant elevation
in the systolic blood pressure was also shown by both dosage groups
in APC trail while in PreSAP group no blood pressure changes were
seen. Cardiovascular events and blood pressure is possibly raised up
to two-folds by increasing doses of Celecoxib and there is meaningful
reduction in CV events by administering lower doses or other dose
intervals [43-46].

Management of CVS Toxicities by NSAIDS
In the presence of partial suppression of platelet COX-1, there
seems to be a deep-seated suppression of COX-2 dependent PGI-2 and
it put one’s finger on the fact that this is the most credible process of
cardiovascular risks and toxicities which are associated with the use
of non-steroidal anti-inflammatory agents both selective and nonselective [47,48]. The use of a biomarker strategy of COX inhibition
has permitted the understanding that the extent on how much patients
are exposed (magnitude and duration) is substantial determinant of a
much raised risk of nonfatal MI [49]. Different study outcomes make
a strong foundation to suggest the possible strategy for the treatment
and prevention of cardiovascular hazards in the patient population
with different pathologies of vascular system along with various
inflammatory conditions [50].
Since Ibuprofen proves to interrupt the Aspirin effects which are
anti-platelet therefore shunning the concomitant use of Ibuprofen is
recommended [51,52]. If Aspirin is prescribed to a high risks patient
of vascular incidents, Naproxen along with a proton pump inhibitor
must be administered before two hours of aspirin. When choosing
appropriate treatment in different patient traits, NSAIDs must be
considered cautiously. Diclofenac showed highest mortality and
morbidity in patients with increased cardiovascular risk while on the
other hand naproxen serves to have least toxicity against cardiovascular
system. Hence, there must be a rational prescribing pattern for nonsteroidal anti-inflammatory agents [53].

Current NSAIDS Utilization Pattern
Rational Therapeutic utilization and patient education plays
indispensible role when it comes to use of NSAIDs. Guidelines for the
use of NSAIDs have been published by many different organizations
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and all these recommendations reflects a proper regime that can not
only provide an effective pain control but optimal cardiovascular and
GI protection along with the evaluation of CV and GI risks factors in
patients prior to initiation of COX-2 or NSAIDs [54,55].
Following are the recommendations of FDA regarding NSAIDs
that:
▪ When COX-2 inhibitors and traditional non-steroidal antiinflammatory drugs (NSAIDs) are to be used for the management
of individual patients; they should be prescribed with the lowest
effective dose and for the shortest duration.
▪ They should not be prescribed for high risk patients, e.g., patients
with a history of ischemic heart disease, stroke or congestive heart
failure, or in patients who have recently undergone coronary
artery bypass grafting (CABG).
▪ All prescription-strength NSAIDs will now display “black box”
label warnings for the potential risk of cardiovascular and
gastrointestinal adverse effects.
▪ Treatment with tNSAIDs alone in patients aged less than 65
years who do not have gastrointestinal risk factors is considered
appropriate. Co-therapy with a proton pump inhibitors (PPI) or
treatment with a COX-2 inhibitor was considered unnecessary
in these patients.
▪ The use of a tNSAID alone was considered inappropriate in any
patient with a previous gastrointestinal event and in those who
concurrently receive aspirin, steroids or warfarin. These patients
should receive tNSAID plus a PPI or a COX-2 inhibitor.
▪ Use of a COX-2 inhibitor with PPI co-therapy is appropriate
only in patients at very high risk, such as those with a previous
gastrointestinal event who are taking aspirin, and those who are
taking aspirin plus steroids or warfarin [56].

Significant Considerations
Blood pressure, plasma half-life, dose dependency, interaction
with ASA and COX-2 selectivity are few of the many variable factors
that have affected CV hazards and risks which are coupled when nonsteroidal anti-inflammatory agents are used [57]. It has been revealed
through many observational studies, systematic reviews, meta-analysis
and clinical trials that in comparison with other non-selective and
COX-2 selective NSAIDs, Naproxen has consistently showed lower risk
of CV events. Among non-selective NSAIDs, highest CV risk has been
linked with use of Diclofenac. At twice daily regimens and at higher
doses, there is evidence showing high risk of CV events associated with
celecoxib. When Acetylsalicylic acid is used along with either diclofenac
or naproxen, it is proved that there is negligible abatement for protective
cardiovascular system however, there founds an interaction between
ibuprofen and ASA. Therefore to enhance its anti-platelet activity,
Acetylsalicylic acid must get to the patient 30minutes before or 8 hours
after ibuprofen use [58-63].

Conclusion
Due to anti-natriuretic effects as well as the harmful actions of nonsteroidal anti-inflammatory agents on vascular activity of heart, it is
found to delegitimize cardiovascular system, along with ineffectiveness
of therapeutic agents. Selectivity in COX enzyme inhibition is major
factor to be considered when prescribing individualized therapy to
patient. So it can be concluded since inhibitors of COX-2 enzyme are
associated with various cardiovascular pathologies like CHF, HTN and
J Bioequiv Availab
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cardiac arrhythmias, therefore in patients with any of these existing
conditions, they must be administered cautiously, by selecting drugs
rationally in low doses and less frequently.
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