Pain relief using non-steroidal anti-inflammatory drugs

Pain relief medication is available in many forms, providing relief for a huge variety of pain.
Here we look at the most common of all drugs, the NSAIDs (non-steroidal anti-inflammatory drugs), and their mechanisms of action. To do this successfully, an outline of the relevant mechanisms of pain and the perception of it have also been described. Following this, the recall of the drug Rofecoxib (trade name Vioxx), in 2004 will be described, along with why such a drug was in demand.

What is pain?

To all extensive purposes but not limed to, pain is an unpleasant sensory or emotional experience caused by a direct response to a harmful event associated with tissue damage, or potential tissue damage. However, being a subjective experience, pain can also be experienced as a consequence of brain or nerve injury, or even long after an injury has been healed, such as the feeling of pain in a limp which has long since been amputated (phantom limb pain).

Nociceptors are the pain sensory receptors of the body, they are found both internally and externally in all areas where pain in sensed, including the skin (cutaneous Nociceptors), mucosa, muscle and gut and are located in the dorsal root ganglia. They respond to excessive noxious stimuli by sending nerve signals via class C or Ad afferent fibres up the spinothalamic anterolateral system pathway to the central lateral and ventral posterior lateral nuclei of the thalamus, where the origin and frequency of impulses is interpreted and spread to the insular, anterior cingulate and/or primary and secondary somatosensory cortices, depending on the origin of the pain.

Pain Pathways

Pain is increased by the production lipid compounds derived from arachiodonic acids known as prostaglandin H2 (PGH2). PGH2 is involved in the contraction and dilation of vascular smooth muscle, cell growth, hormone regulation and calcium movement, however, along with prostaglandin E2 (PGE2) they are also responsible for sensitizing spinal neurons, lowering their activation threshold at the afferent nociceptor neurons to cause a pain response to ordinarily harmless stimuli, as well as their effects on the thermoregulatory centre of the hypothalamus to cause fever.

Reducing of the rate of synthesis of PGH2 reduces the sensitivity of nociceptors reduces inflammatory hyperalgesia and allodynia and therefore the sensation of pain.

PGH2 synthesis is catalysed by the cyclooxygenase (COX) enzyme, so to reduce the amount of PGN2, the COX enzyme is inhibited using NSAID drugs.

There are three known COX isoforms: COX-1, COX-2 and COX-3, although it is not certain COX-3 is present in humans, it is suggested that it has a role in brain, heart and aorta pain expression. COX-1 and 2 share over 60% of their genetic sequence and catalyse the same reactions, however there are important differences between the two enzymes in their expression, such as COX-1 is expressed in most tissues and is involved in platelet aggregation, gastrointestinal protection, and vascular prostacyclin production, whereas COX-2 is

induced in inflammatory cells in many tissues by a variety of stimuli, including brain hypoxia and seizures, stress, and damaged tissue and produces prostanoid mediators of inflammation, as well as causing fever.

The shape of the COX isoforms, although similar have several differences, such as the binding sites, COX-2 has a side pocket binding site, allowing binding for bulky grouping, in this example the methylsulfonyl moiety of the prototype COX-2 inhibitor DuP697 (Fig. 1).

Because of the sites of action of COX-1 and 2, NSAIDs are particularly effective as forms of pain relief and have three main therapeutic effects (Rang & Dale, 2008):

Anti-inflammatory effect: modification of inflammatory reaction

Analgesic effect: reduction of certain types (particularly inflammatory) pain

Antipyretic effect: reduction of body temperature when raised by disease

Due to range of effects from COX-1 and 2, over 50 types of NSAID have been produced, including Aspirin, Ibuprofen, Naproxen and Tenoxicam, which vary in selectivity for either COX-1, 2 or non-selectively both. For example, Aspirin and Ibuprofen are non-selective and therefore inhibit both enzymes, allowing for a greater range of pain relief, as well as a reduction of fever.

The mechanisms of analgesic action on COX inhibitors (Fig. 2) demonstrates the inflammatory states that are a result of the production of the mediators of the central and peripheral pain sensation, NSAIDs reduce inflammation by blocking the pathways leading from the central and peripheral pathways, reducing prostaglandin production in the dorsal horn of the spinal cord.

Vioxx (Rofecoxib)

Rofecoxib (trade name Vioxx) is a NSAID, marketed by Merck & Co as a treatment of osteoarthritis, dysmenorrhoea and acute pains was released in May 1999 after receiving approval by the FDA (Food and Drug Administration). It wasn t until September 2004 that it was withdrawn from the shelves, and with over 80 million people having been prescribed it at some time and with 2003 sales of over US $2.5 billion, it currently holds the record for the largest drug withdrawal.

Most NSAIDs are non-selective for COX-1 or 2 (Fenoprofen), or selective in increasing intensity for COX-1, from weakly selective aspirin to highly selective Ketorolac, however there are few drugs highly selective for COX-2 (COX-2 is the enzyme responsible for synthesising the prostaglandins responsible for inflammation and pain, PGE2 and PGH2).

Selecting COX-2 inhibition should then greatly reduce any untoward pain or inflammation without the side effects of inhibiting COX-1, which is known to cause peptic ulcers. COX-2 inhibiting drugs are given the suffix cobix .

In trials, COX-2 inhibitors have been shown to greatly slow and prevent cancer growth, this, however requires prolonged treatment.

Several studies were carried out to ensure patient safety while using Rofecoxib, with VIGOR (Vioxx GI Outcomes Research) being among the most significant. The VIGOR study compared the effects of Rofecoxib with Naproxen, a NSAID that inhibits both COX-1 and 2. The findings showed that, although there was little difference side effects in patients with no overlying cardiovascular problems, among those with higher risk of acute myocardial infarction the risk of a heart attack increased by 2-4 fold, however, some scientists attributed this to Naproxen reducing the risk of infarction. Because of these results, in April 2002 a warning was printed on the Rofecoxib packaging concerning the increased risk of cardiovascular events.

It wasn t until Merck in 2001 began its own trial of the drug APPROVe (Adenomatous Polyp Prevention On Vioxx), testing the efficacy for prophylaxis or colorectal polyps and the cardiovascular safety of the drug that the product was voluntarily withdrawn by Merck.

The trial was terminated early when, after 18 months patients began showing an increased risk of thrombotic cardiovascular events. The APPROVe study terminated and eventually concluded that long-term use of Rofecoxib increased the risk of thrombotic cardiovascular events such as heart attacks or strokes by nearly double (1.92x).

Conclusion

Why did we need it?

Why it got recalled.

