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Non-steroidal anti-inflammatory drugs are a well-known class of generic drugs, 

most of the times physicians suggest the Non-steroidal anti-inflammatory drugs 

acts as anti-inflammatory or antipyretic drugs. This study was performed to 

know all facts regarding these drugs and to provide a combined data for this 

class of drugs regarding its medicinal use, adverse drugs reactions, 

contraindications, mode of action and structural activity relationship. This class 

of drug is safe up to certain limit if the dose of the drug increase then the risk of 

side effects may also increase so this article is beneficial to know these all facts 

regarding this class of drugs for everyone. 
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1. INTRODUCTION 

A non-steroidal anti-inflammatory drug is a class of 
drugs that provide analgesic (pain-killing) 
and antipyretic (fever reducing) effects and in higher 
doses have anti-inflammatory effects. The name non-
steroidal itself indicates that these classes of drug is 
different than the steroids and have a broad range of 
other effects like eicosanoid-depressing, anti-
inflammatory action. The well-known examples of the 
drugs from this class are ibuprofen, naproxen, all are 
mostly available on counter in every country. As 
paracetamol has only little anti-inflammatory effect, it 
treats pain mainly by blocking COX-2 mostly in CNS but 
not mostly in the rest of the body [1]. 
Most of the NSAIDS are shows synthesis of 
prostaglandins and thromboxane by blocking COX-1 and 
COX-2.  
Inhibition of COX-2 may produce the anti-inflammatory, 
analgesic and antipyretic effects and inhibition of COX-1 
may results in gastrointestinal bleeding and ulcers [2]. 
The NSAID are very helpful for the athletes for 
competing continuously in the competitions and anti-
doping agencies also have no any objection on the use of 

these drugs as these drugs have no any effect on 
performance of the athletes it only work to relieve the 
pain during continuous competitions.  
The regular use of NSAIDs may provide some benefit to 
athletes; however, athletes should be aware of the 
potential risks of Non-steroidal anti-inflammatory drugs 
as mentioned in the adverse effects [3]. 
 
MEDICAL USES [1- 4]: 
NSAIDs are usually used for the treatment of acute or 
chronic operative conditions where pain and 
inflammation are present. 
NSAIDs are generally used for the symptomatic relief of 
the conditions like; Osteoarthritis, Rheumatoid arthritis, 
Mild-to-moderate pain due to inflammation and tissue 
injury, Lower back pain, Inflammatory arthropathies 
(e.g. spondylitis, psoriatic arthritis,  reactive arthritis), 
Tennis elbow, Headache, Migraine, Acute gout, 
Dysmenorrhea (menstrual pain) ,bone pain, 
Postoperative pain, Muscle stiffness and pain due 
to Parkinson's disease, pyrexia (fever), Ileus and renal 
colic etc. 
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 Persons who have had past GI problems from 
NSAID  

 people with the conditions Peptic ulcer or stomach 
bleeding 

 Uncontrolled hypertension 
 Kidney disease 
 People that suffer with inflammatory bowel 

disease (Crohn's disease or ulcerative colitis) 
 Past transient ischemic 

attack (excluding ibuprofen) 
Past stroke (excluding ibuprofen)  

 Past myocardial infarction (excluding ibuprofen) 
 Coronary artery disease (excluding ibuprofen)  
 Undergoing coronary artery bypass surgery 
 Taking ibuprofen for heart 
 Congestive heart failure (excluding low-dose 

ibuprofen)  
 In third trimester of pregnancy 
 Persons who have undergone gastric bypass 

surgery 
 Persons who have a history of allergic or allergic-

type NSAID hypersensitivity reactions, e.g. aspirin-
induced asthma. 
 

ADVERSE EFFECTS OF NSAID [4-6]: 
 Increase risk of GI-problems like bleeding  in 

intestine  
 When used for pain management after surgery it 

may cause kidney damage  
 Dyspepsia 
 Shows synergistic effect with many drugs which 

may be fatal ex. NSAID with quinolone may results 
into seizure 

 NSAID show their action by inhibiting COX enzyme 
but this is nonselective and as COX and 
Prostaglandins are responsible for synthesis of 
extracellular matrix that is collagen that gives 
strength to the muco-skeletal system, so indirectly 
are responsible for increased injury risk resulting 
due to reduces tissue adaptation or healing.  

 Also shows cardiac disorder and post-operative 
cardiovascular disorder. 

 Gastrointestinal toxicity: Dyspepsia Gastro 
duodenal ulcers GI bleeding and perforation 

 Cardiovascular adverse effects: Edema, 
Hypertension, Congestive heart failure, Myocardial 
infarction, Stroke and other Thrombotic events  

 Nephrotoxicity: Electrolyte imbalance, Sodium 
retention,  Edema, Reduce glomerular filtration 
rate, Nephritic syndrome , Acute interstitial 
nephritis, Renal papillary necrosis, Chronic kidney 
disease  

PHARMACOKINETICS [6, 7]: 
Major action of NSAID is shown due to blocking of 
cyclooxygenase enzymes (COX-1 and COX-2) ultimately 
inhibiting the prostaglandins synthesis. Their 
pharmacokinetic activity ADME is given below- 
 
 
 

Most of the NSAIDs are well absorbed in the GIT and 
have high bioavailability. Are having high lipophilicity so 
mostly are given by oral route. Some drugs may show 
hepatic first-pass metabolism like diclofenac which give 
rise to decrease the bioavailability. Some NSAIDs are 
prodrugs such as sulindac and parecoxib which require 
hepatic metabolism to convert into its active metabolites 
(Sulindac sulphide and valdecoxib). 
 NSAIDs are highly plasma protein bound drugs 
particularly bound with albumin. When given with other 
drugs the plasma protein displacement may observe 
such as with oral antidiabetic, anticancer drugs and 
some anticoagulants. In this case the protein 
displacement may leads to the toxicity of the drug. The 
acidic functionality and the lipophilic residue of the 
NSAID tend it to bind with the plasma protein albumin. 
Metabolism of NSAIDs takes place in liver and excreted 
out in urine. The half-life of various NSAID derivatives 
are varies such as aspirin (0.25-0.3 hours) and 
piroxicam (45-50 hours). All these pharmacokinetics 
parameters can be altered with aging. 
 
USE OF NSAID IN POST-OPERATIVE PAIN [4, 5]: 
Recent studies have showed that the NSAID are used to 
relieve pain in post-operative conditions. In past studies 
it was observed that the arachidonic acid cascade 
metabolites have role to mediate pain and inflammation 
at the site of operation and surgery. NSAID are used to 
treat the minor pain in the minor surgeries like dental 
surgeries and it was also used as adjuvant with analgesic 
after major surgeries. Also described the role of 
prostaglandins in the pain and inflammation and discuss 
the effects of NSAID on post-operative pain and major 
surgical procedures and also their potential side effects.  
Usually the general mechanism of pain as how exactly 
the pain sensation or inflammation occurs was shown in 
this review. 
 Tissue injury may directly have mechanical and thermal 
damage to the nerve endings, to inflammation by the 
release of chemicals and hyper-algesia generated by 
algogenic, to inflammation and sprouting of damaged 
nerves into the injured tissues. After noxious stimuli to 
the peripheral nerves, androgenic impulses in axons 
promote the release of substance p from the nerve 
endings, resulting in vasodilation and increase in 
vascular permeability and sensitization of nociceptors.  
 
Due to this the local oedema and release of 
prostaglandins, leukotriene, bradykinin, serotonin and 
histamine like androgenic substances leas o 
inflammation and hyperalgesia. Arachidonic acid can be 
metabolized to the prostaglandin endoperoxides (PgE) 
by the enzyme COX or to hydroperoxy derivatives 
(HPETE) and leukotriene by thelipo-oxygenase pathway. 
In this way NSAID inhibit the synthesis of Prostaglandins 
and inactivate the Cox enzyme to show its action. All 
these events are shown in the figure below. 
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Fig. 1: General Mechanism of Pain 
 
Some other characteristics of NSAIDS are increasing in 

dose it only increases the side effects but not the 

analgesic effect.  

Do not bring respiratory depression and any type of 

physical or physiological dependence as opioids.  

NSAIDs have both antipyretic and anti-inflammatory 

effects.  

CLASSIFICATION OF NSAID [5]: 

NSAIDs are classified on their mode of action whether it 

is inhibiting only cox-1 or 2 or both etc. the classification 

is given as follows; 

 Non-selective COX inhibitor: Aspirin, Ibuprofen, 

Diclofenac, Indomethacin, Naproxen, Piroxicam. 

 Selective COX-2 inhibitor: Celecoxib, Etodolac, 

Nimesulide, Rofecoxib. 

 Low inhibition of COX1-2: Sodium Salicylate, 

Sulfasalazine. 

MECHANISM OF ACTION [7]: 

NSAIDs are commonly used for its anti-inflammatory 

activity in different post-operative and any other 

infection conditions the main mechanism behind this 

activity is it inhibit the COX (cyclooxygenase) enzyme. 

On same side it is also used as anti-pyretic, analgesic and 

uricosuric agents.  

One of the powerful signalling agents from the body that 

is prostaglandins are biosynthesized from the 

arachidonic acid which is the fatty acid obtained from 

the dietary sources. Some prostaglandins are directly 

synthesized from the enzyme cyclooxygenase-2 isoform 

are involved in the inflammation process by stimulating 

kinins, serotonin and histamine and increasing the 

cellular permeability. Hence reduction of these 

prostaglandins may help to reduce pain, heat and 

swelling. All prostaglandins are not harmful those 

prostaglandins which are synthesize from COX-1 enzyme 

are perform very important functions in the body, are 

protect linings of stomach, blood clotting, electrolyte 

balance in body, maintain blood flow to kidneys etc. So 

such prostaglandins are essential to maintain the 

homeostasis into the body. All these events are shown 

into the figure below- 
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Fig. 2: Mechanism of inflammation 
 

 
ANTIPYRETIC ACTIVITY [8]: 
Increase in body temperature is only due to increased 
level of prostaglandins in the body. It alters the regular 
functioning of hypothalamus by altering the firing of 
neurones from the hypothalamus. Antipyretic action of 
NSAID is shown by inhibiting the prostaglandins 
synthesis and inhibition of COX enzymes. It causes 
inhibition of prostanoid biosynthesis in the 
hypothalamus. Prostanoid synthesis sends signals to 
hypothalamus to set a body’ s thermal set point. 

Ibuprofen has more antipyretic action than the 
paracetamol. 
 
STRUCTURAL ACTIVITY RELATIONSHIP OF NSAID [2, 
9]: 
There are various facts regarding the SAR of NSAIDs are 
there, in every class of NSAIDs various functional group 
or substituted groups shows different effects which are 
mentioned in brief as below- 
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Fig. 3: Structures of salicylate derivatives 

 
SAR OF SALICYLATES: 
1. Substitution on either the carboxyl or phenolic 

hydroxyl group may affect the potency 
2. Reducing the acidity of the COOH, eg. The 

corresponding amidec (salicyl amide) maintains the 
analgesic action of salicylic acid but no anti-
inflammatory activity. 

3. Placing the phenolic hydroxyl group meta or para to the 
hydroxyl group stops the activity 

4. Replacement of halogen to aromatic ring increases 
potency and toxicity 

5. Anti-inflammatory activity enhances when aromatic ring 
substituted 5th position of salicylic acid. 
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SAR OF P-AMINO PHENOL DERIVATIVES 

 
 

Fig. 4: Structures of P- Amino phenol derivatives 
 

1. Etherification of the phenolic function with methyl 
or propyl group loose activity  

2. Substitution on nitrogen reduces basicity and 
activity 

3. Amide derived from aromatic acids e.g. N-phenyl 
benzamine are less active or inactive. 
 

 
SAR OF PYRAZOLIDINE DIONE DERIVATIVES: 
 

 
 

Fig. 5: Structures of Pyrazolidine dione derivatives 
 

1. In 3, 5 pyrazolidine dione derivatives, dicarbonyl 
functions at the 3- and 5- position enhance the 
acidity of the H-atom at 4-th position; so increases 
the activity. 

2. Removing 4-th proton abolishes anti-inflammatory 
activity  

3. If acidity is increase too much ,anti-inflammatory 
and sodium retaining activity is decreases 

4. Single alkyl group at 4-th position increases the anti-
inflammatory activity 

5. Introduction of polar function in these alkyl groups give 
mixed action , 

6. Substitution at 2-phenylthioethyl group at 4-th position 
produces anti gout activity. 

7. Presence of phenyl group is essential for both anti-
inflammatory and analgesic activity. 

 
SAR OF ANTHRANILIC ACID DERIVATIVES: 

 

 
Fig. 6: Structures of Anthranilic acid derivatives 

 
1. Substitution on anthranilic group reduces activity 
2. Substitution on N-gives conflicting effect 
3. In di-substituted derivatives, where the nature of 

two substituent’ s is same, 2, 3,-
disubstitutionappears to be the most effective. 

4. NH group is essential for activity ;as replacing of NH 
group can loses activity 

5. Position of acidic function is critical for activity. 
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SAR OF ARYL ALKANOIC ACID DERIVATIVES: 
 

 
Fig. 7: Structures of Alkanoic acid derivatives 

 
1. All agents’ poses centre of acidity, which can be 

represented by a carboxylic acid, an enol, 
hydroximic acid. 

2. The centre of acidity is generally located generally 
one carbon atom adjacent to a flat surface 
represented by aromatic ring  

3. The distance between these centres is critical because 
increase in distance up to 2-3 carbon diminishes the 
activity 

4. Substitution of a methyl group on the carbon atom 
separating the aromatic ring tends to increase anti-
inflammatory activity. 

 
SAR OF OXICAMS: 
 

 
 

Fig. 8: Structures of Oxicam derivatives 
 
1. Methyl substitution on N in ring is essential for 

optimal activity. 
2. The carboxamide substitution is generally an aryl or 

hetero aryl substituent because alkyl substituents 
are less active. 

3. N-heterocyclic carboxamide (Piroxicam) are 
generally more acidic than the corresponding N-aryl 
carboxamide. 

4. Interchanging of benzene ring with thiophen 
(Tenoxicam) gives biologically active compounds. 

 
SUMMARY AND CONCLUSION: 
By studying all the facts in this article regarding the 
NSAIDs one can reach to the conclusion that it is a very 
important class of generic drugs and very commonly 
available on every desk and easily available, these drugs 
are having many uses like anti-inflammatory, anti-
pyretic  etc. anti-inflammatory action is shown by 
inhibition of prostaglandins. Acidic functional group and 
the lipophilic tail are the major chemical components in 
the structure of NSAIDs. These drugs are given by oral 
route and are mostly available into bound form with the 
plasma proteins like albumin, metabolized into the liver 
and excreted from urine. These drugs have certain 
contraindications so which may help to avoid the side 
effects of the drugs. By studying this article the person is 

well aware about the uses, mechanism of action, 
contraindications, SAR and adverse drugs reactions of 
NSAIDs. 
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