Non-Steroidal Anti-Inflammatory Agents (abbreviated NSAIA's or NSAID's)

I.  History

http://inventors.about.com/library/inventors/blaspirin.htm


A.  Anti-febrile activity of willow bark known since the time of Hippocrates (approx. 400 BC)


B.
Active ingredient is salicin, which is a glycoside derived from salicyl alcohol.


C.
First isolated in pure form in 1829


D.
Hydrolysis of salicin produces salicyl alcohol and glucose  (in vivo, salicyl alcohol is 



metabolically oxidized to salicylic acid, the active component).


E.
Sodium salt of salicylic acid first introduced for the treatment of rheumatic fever and gout in 


1875.  This drug was very  hard on the stomach.


F.
The drug was improved by Charles Gerhardt in 1853, who found it could be made more tolerable 

by treatment with acetyl chloride.  However, he did not pursue this discovery.


G.
In 1899, a German chemist, by the name of Felix Hoffmann, who worked for the German 


company Bayer, rediscovered and developed Gerhardt's formula.

II.
Inflammation


A.
Definition: "A fundamental pathologic process consisting of a dynamic complex of cytologic and chemical reactions that occur in the affected blood vessels and adjacent tissues in response to an injury or abnormal stimulation caused by a physical, chemical, or biologic agent, including: 1) the local reactions and resulting morphologic changes, 2) the destruction or removal of the injurious material, 3) the responses that lead to repair and healing.   The so-called "cardinal signs" of i. are: rubor (redness); calor (heat or warmth); tumor (swelling); and dolor (pain)." [Stedman's Medical Dictionary]


B.
Good or Bad?  "The ability to mount an inflammatory response is essential for survival in the face of environmental pathogens and injury, although in some situations and diseases the inflammatory response may be exaggerated and sustained for no apparent beneficial reason."  [Goodman and Gilman's the Pharmaceutical Basis of Therapeutics]

III.
Applications of NSAID's


A.
Usually classified as "mild" analgesics



1.
Don't have either the side effects, or the strength of the opioid analgesics


B.
However, in some cases the NSAID's may be superior to opioid analgesics



-
particularly true in cases where inflammation has caused sensitization of pain receptors.

IV.
Mechanism of Action


A.
The prostaglandins



1.
History




a.
In 1931, Kurzrok and Lieb reported that human seminal fluid possessed potent 





contractile and relaxant effects on uterine smooth muscle




b.
vol Euler identified the active constituent as a lipophilic carboxylic acid that he called a 



"prostaglandin".




c.
First structural elucidation in 1962 showed that these compounds possessed 20 carbons 



(often referred to as "eicosanoids" (20 in Greek is "eicosa")) and also a five-





membered ring.




d.
General structure shown below:
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e.
A number of derivatives of this basic structure are known and assume the initials A, B, 



C, D, E, F, G, H, and I, depending on the nature and stereochemistry of oxygen 





substituents ad the 9 and 11 positions.




f.
When administered intravaginally, PGE2 will cause uterine contractions.  This molecule 



is therapeutically used as an abortifacient at 12-20 weeks gestation.




g.
Biosynthetically, these compounds are derived from arachidonic acid as shown below:
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h.
Notice that the enzymes responsible for the formation of the five  membered ring are known 


as "cyclooxygenases" and are abbreviated COX .  



i.
There are two such enzymes, known as COX-1 and COX-2, two proteins which are nearly 


identical in structure.  Both proteins contain over 600 amino acids, (mw = approx. 70,000)




i.
COX-1 is expressed "consitutatively" and is present in all cells.  It functions to produce 



the prostaglandins that are involved in normal cellular activity.




ii.
COX-2 is inducible and is believed to produce the PG's linked to inflammation and 




pain.
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B.
Damage caused to the GI tract by aspirin



1.
Although some prostaglandins are associated with inflammation and pain, they also exert a 



protective effect in the GI tract.  They can increase the secretion of bicarbonate and 




mucous 
and maintain mucosal blood flow.  



2.
NSAID's cause damage by a "Dual Insult Mechanism" 




a.
Primary insult: Direct damage by contact of carboxylic acid with the mucous membrane




b.
Secondary insult: Inhibition of the production of protective prostaglandins

C.
Side effects of aspirin 




a.
Nausea




b.
Gastric bleeding




c.
Reye's Syndrome:  (vomiting and violent headaches), sometimes occurs in children 




given aspirin following viral illness




d.
< 1% of the U.S. population has aspirin hypersensitivity.  Mostly middle aged.  More 




females than males.

D.
What kinds of NSAID's are currently available?


1.
Nonselective COX Inhibitors (i.e. inhibit both COX-1 and COX-2)



Salicylic acid derivatives



-
aspirin, sodium salicylate, choline magnesium trisalicylate, difluisal, etc



Para-aminophenol derivavatives



-
acetaminophen



Indole and indene acetic acids



-
Indomethacin, sulindac



Heteroaryl acetic acids



-
Tolmetin, diclofenac, ketorolac



Arylpropionic acids



-
ibuprofen, naproxen, ketoprofen, flurbiprofen



Anthranilic acids



-
Mefenamic acid, meclofenamic acid



Enolic acids



-
oxicams (piroxicam, meloxicam)



Alkanones



-
Nabumetone


2.
Selective COX-2 Inhibitors



Diaryl-substituted furanones



-
Rofecoxib (Vioxx)



Diaryl-substituted pyrazoles



-
Celecoxib



Indole acetic acids



-
Etodolac



Sulfonanilides



-
Nimesulide

E.
How does Aspirin work?


1.
Aspirin is an irreversible inhibitor of both COX-1 and COX-2


2.
The carboxylic acid functionality of aspirin is recognized at the same active site location as is the 

carboxylic acid functionality of arachidonic acid.


3.
Aspirin serves to irreversibly acylate (i.e. it transfers its acetyl group to) a serine residue in the 

active site of both COX-1 and COX-2  (Show on chalkboard)



-
Note that aspirin is a good acylating agent, due to the fact that the leaving group oxygen is 


phenolic, thus  making it a better leaving group than the usual alcoholic oxygen.  Thus 



aspirin has a very limited half-life in vivo, being rapidly cleaved by esterases.



-
note that the COX enzymes are NOT serine proteases, but do possess serine residues in their 


respective active sites



-
Acylation of these serine residues makes the active site too small to accommodate the      



arachidonic acid substrate.

I. Analgesics and Antipyretics (i.e. anti-fever).  These compounds have no anti-inflammatory action.


A.
Acetanilide 



-
Discovered in 1886, but found to be too toxic


B.
Phenacetin 



-
Used from 1887 until recently, when it was taken off the market due to discovered 




nephrotoxicity


C.
Acetaminophen



-
Tylenol



-
1893 to present



-
Lacks anti-inflammatory activity

II.
Anti-inflammatory Agents


A.
Mechanism of Action



1.
Non-Steroidal Anti-Inflammatory Drugs (NSAID's) act by inhibiting the synthesis of 




prostaglandins



2.
In particular, they inhibit one or more of two enzymes, known as cyclooxygenases (COX-1 


and COX-2), which are responsible for converting arachidonic acid to PGG2 (show Figure 



32.3, page 755, Foye)


B.
Damage caused to the GI tract



1.
Although some prostaglandins are associated with inflammation and pain, they also exert a 



protective effect in the GI tract.  They can increase the secretion of bicarbonate and 




mucous 
and maintain mucosal blood flow.  



2.
NSAID's cause damage by a "Dual Insult Mechanism" (Show Figure 32.13, page 770, Foye)


C.
COX-1 versus COX-2



1.
It is thought that COX-1 is beneficial in maintaining normal processes in the GI tract by 



stimulating bicarbonate secretions and mucous, while COX-2 is more involved in 





inflammatory processes



2.
Thus, there has been a "push" to try to design more selective inhibitors of the COX-2 



enzyme, which do not inhibit COX-1.  These inhibitors do not result in as much mucosal 



damage and 
do not cause as much bleeding, but are very effective anti-inflammatory agents


D.
Salicylic Acid and O-Acetylsalicylic Acid (aspirin)



1.
Structures



2.
Side effects of aspirin




a.
Nausea




b.
Gastric bleeding




c.
Reye's Syndrome:  (vomiting and violent headaches), sometimes occurs in children 




given aspirin following viral illness




d.
< 1% of the U.S. population has aspirin hypersensitivity.  Mostly middle aged.  More 




females than males.



3.
Mechanism of action




a.
Note that carboxylic acid of the aspirin structure is recognized in place of carboxylic 




acid of arachidonic acid of natural substrate




b.
Aspirin is atypical inhibitor in that aspirin actually transfers its acetyl group to a serine 



in the active site of the enzyme.  Thus aspirin is an irreversible inhibitor of this enzyme.

The aminophenols (i.e. acetaminophen and related molecules)


A.
These molecules have anti-pyretic and analgesic activity (i.e. they lower body temperature in the 

case of fever)


B.
But, these same molecules do not have anti-inflammatory activity (i.e. they do not reduce 


swelling)



1.
Acetanilide 




-
Discovered in 1886, but found to be too toxic



2. 
Phenacetin 



-
Used from 1887 until recently, when it was taken off the market due to discovered 




nephrotoxicity



3.
Acetaminophen




-
Tylenol




-
1893 to present




-
Lacks anti-inflammatory activity


C.
Acetaminophen is usually recommended for juveniles with fever, since these individuals may be 

at risk for Reye's syndrome, which is believed to be caused by aspirin.


D.
Mechanism of action



1.
Still under investigation



2.
Believed to interfere with synthesis of PG's



3.
Action of acetaminophen, in contrast to that of aspirin, occurs in the CNS and not in the 



peripheral tissues (in particular, acetaminophen acts at the hypothalamus)



4.
Several theories for this difference.  One theory  hypothesizes that acetaminophen is readily 


oxidized in the peripheral tissues, but in a less peroxide rich environment, such as  the 



hypothalamus, it is more able to accomplish the task of inhibiting COX.

Arylalkanoic Acids  (Indole and indene acetic acids)

Structures:
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Indomethacin is a methylated indole derivative.

 
-
It has prominent anti-inflammatory and analgesic-antipyretic properties similar to those 

of 
the salicylates.


-
Introduced in 1963 for the treatment of rheumatoid arthritis


-
Side effects limit its use, including blood dyscrasias, peptic ulcer, and CNS effects.

Sulindac


Note that sulindac is a pro-drug.  It is not active as the sulfoxide.  This, in fact, protects the 


GI 
tract, since it is reduced to the active form, the sulfide in the bloodstream, and doesn't 


interfere with the prostaglandin synthesis in the GI tract.


F.
Propionic Acid Derivatives
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Figure 27-3. Structural formulas of antiinflammatory propionic acid derivatives.





-
Note that substituting the alpha carbon gives the name "profen", a shortened version of 



"phenylpropionic acid"


-
These drugs are better tolerated than high dose aspirin, particularly by sensitive patients


-
The approved indications are similar to those of aspirin, including treatment of rheumatoid 


arthritis, and also use as analgesics


-
Synthesis of ibuprofen was reported in 1964, but the drug was not marketed in the US until 1974, 

despite the fact that it had been available for several years in Europe.


-
Marketed as a racemic mixture, although all the activity resides in the "S" enantiomer


-
Naproxen has a longer half-life than the others,  making twice-daily administration feasible.


G.
Selective Inhibition of COX-2
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There has been a universal effort to develop inhibitors that are more selective for COX-2  (since COX-1 is believed to be beneficial)

Two examples of this drive are shown above.

COX-1 has a larger isoleucine group compared with a homologous valine substitution in COX-2.  Thus the relatively rigid sulfamoyl side chains of these drugs are excluded from the active site of COX-1, but not that of COX-2.

However, recent studies have shown that patients taking Vioxx (Rofecoxib) have a higher incidence of heart attack and stroke.  Merck has recently removed Vioxx from the market due to this problem 
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