B.3 Analgesics

OBJECTIVES:

1. Describe and explain the different ways that analgesics prevent pain.
2. Describe the use of derivatives of salicylic acid as mild analgesics and compare the advantages and disadvantages of using aspirin and paracetamol (acetaminophen).
3. Compare the structures of morphine, codeine and the semi-synthetic opiate, heroin.
4. Discuss the advantages and disadvantages of using morphine and its derivatives as strong analgesics.
Analgesics fall into three categories: opioid (narcotic) analgesics, nonopioid analgesics, and adjuvant analgesics.  Adjuvant analgesics are drugs that are not usually used for pain relief but may relieve pain in certain circumstances and that, when used to relieve pain, are usually used with other analgesics or nondrug pain treatments.

Opioid (STRONG) Analgesics

Opioid analgesics (narcotics), the most powerful analgesics, are the mainstay for treatment of severe acute pain and chronic pain due to cancer and other serious disorders.  Opioids are preferred because they are so effective in controlling pain.  The use of opioids to treat chronic pain not due to cancer is becoming more acceptable but is still relatively uncommon. 

Strong analgesics, using morphine as an example, work by interacting temporarily with receptor sites in the brain, with the result that pain signals within the brain and spinal cord are blocked.  

Opioids are all chemically related to morphine, a natural substance extracted from poppies, although some opioids are extracted from other plants and other opioids are produced in a laboratory.

Opioids have many side effects.  People who take opioids for acute pain often become drowsy.  Most people who take opioids become tolerant of this effect and do not continue to feel drowsy.  Opioids may also cause confusion, especially in older people.  Taking too much of an opioid can have serious side effects, including a dangerous slowing of breathing and even coma. 

Doctors carefully weigh the benefits and side effects when they consider these drugs for the treatment of chronic pain.  With repeated use of opioids over time, some people need higher doses because the body adapts to and thus responds less well to the drug; this phenomenon is called tolerance.  For other people, the same dose remains effective for a long time.

People who take opioids for a long time usually become dependent on them; that is, they experience withdrawal symptoms if the drug is stopped.  When opioids are stopped after long-term use, the dose must be gradually tapered to minimize the development of such symptoms.  Dependence is not the same as addiction, which is the disruptive behavior or activity associated with obtaining and using the drug.  Although addiction is possible, it appears to be rare among people who take opioids to control pain. 

A wide range of agents is available in this class of drugs, including: morphine, heroin (diacetyl morphine), hydromorphone (dihydromorphinone), codeine (methylmorphine), levodromeran methadone, meperidine, and alphaprodine.  Although all of these agents produce similar side effects, availability of many of these agents provides flexibility in prescribing these drugs.  For example, codeine is prescribed when the pain is not too severe, morphine when pain is severe, and levodromeran when a potent oral analgesic is needed.  When the potency of the drug increases, so does the likelihood of dependence.  

The structures of organic molecules vary widely.  Within this variety there are similarities in structure, which result in similarities in chemical and/or physical properties.  If one can predict the properties of one compound based in its molecular structure, a compound with similar molecular structure is expected to have similar properties.  For example, we know that the opiate alkaloid morphine is an analgesic, so we would expect compounds with similar chemical structure to also have analgesic properties. 


This is true for codeine and heroin; note the structural similarities to morphine.  The differences in the structures of these compounds lead to their differing levels of biological activity.  This power to predict properties of a substance based on its similarity to other substances of known structure is a very powerful tool for organic chemists, and especially so for discovering new pharmaceuticals. 

Nonopioid (MILD) Analgesics

A variety of nonopioid analgesics are available.  Several, such as aspirin, ibuprofen, and acetaminophen are available in prescription and nonprescription (over-the-counter, or OTC) strengths. 

Mild analgesics, using Aspirin as an example, prevent a particular enzyme, prostaglandin synthase, from being formed at the site of injury or pain.  This enzyme is involved in the synthesis of prostaglandins, which produce fever and swelling, and the transmission of pain from the site of an injury to the brain.

Nonsteroidal Anti-Inflammatory Drugs

Most nonopioid analgesics are classified as nonsteroidal anti-inflammatory drugs (NSAIDs).  NSAIDs are used to treat mild to moderate pain and may be combined with opioids to treat moderate to severe pain.  NSAIDs not only relieve pain, but they also reduce the inflammation that often accompanies and worsens pain.

NSAIDs tend to irritate the stomach's lining and cause digestive upset (such as heartburn, indigestion, nausea, bloating, diarrhea, and stomach pain), peptic ulcers, and bleeding in the digestive tract.

NSAIDs interfere with the clotting tendency of platelets (cell-like particles in the blood that help stop bleeding when blood vessels are injured).  Consequently, NSAIDs increase the risk of bleeding, especially in the digestive tract if they also irritate the stomach's lining.

Nonsteroidal anti-inflammatory drugs (NSAIDs) work in two ways: They reduce the sensation of pain, and they reduce the inflammation that often accompanies and worsens pain.  NSAIDs produce these effects because they reduce the production of hormone-like substances called prostaglandins.  Different prostaglandins have different functions, such as sensitizing pain receptors to mechanical and chemical stimulation and causing blood vessels to dilate.

Prostaglandins that are formed through the action of the COX-2 enzymes are released in response to an injury—burn, break, sprain, strain, or invasion by a microorganism.  The result is inflammation, which is a protective response: The blood supply to the injured area increases, bringing in fluids and white blood cells to wall off the damaged tissue and remove any invading microorganisms. 

Salicylates 

Aspirin (acetyl salicylic acid) is the most commonly used analgesic for the treatment of low to moderately intense pain.  Chronic use of aspirin does not lead to addiction or tolerance and toxicity is lower than more potent analgesics.  It is believed that aspirin inhibits the synthesis of prostaglandins; prostaglandins are known to sensitize pain receptors to noxious stimuli.

Aspirin or acetylsalicylic acid is a drug in the family of salicylates, often used as an analgesic (against minor pains and aches), antipyretic (against fever), and anti-inflammatory. It has also an anticoagulant (blood thinning) effect and is used in long-term low-doses to prevent heart attacks.

Hippocrates, a Greek physician for whom the Hippocratic Oath is named, wrote in the 5th century BC about a bitter powder extracted from willow bark that could ease aches and pains and reduce fevers.  This remedy is also mentioned in texts from ancient Sumeria, Egypt and Assyria.  Native American Indians used it for headaches, fever, sore muscles, rheumatism, and chills.  The Reverend Edmund Stone, a vicar from Chipping Norton in Oxfordshire England, noted in 1763 that the bark of the willow was effective in reducing a fever.

The active extract of the bark, called salicin, after the Latin name for the White willow (Salix alba), was isolated to its crystaline form in 1828 by Henri Leroux, a French pharmacist, and Raffaele Piria, an Italian chemist, who then succeeded in separating out the acid in its pure state.  Salicin is highly acidic when in a saturated solution with water (pH = 2.4), and is called salicylic acid for that reason.

This chemical was also isolated from meadowsweet flowers by German researchers in 1839.  While their extract was somewhat effective, it also caused digestive problems such as irritated stomach and diarrhea, and even death when consumed in high doses.  In 1897 one of the researches in the Friedrich Bayer & Co. in Germany, derivatized one of the hydroxyl functional groups in salicylic acid with an acetyl group (forming the acetyl ester) which greatly reduced the negative effects.  This was the first synthetic drug, not a copy of something that existed in nature, and the start of the pharmaceuticals industry.

The name "aspirin" is composed of a- (from the acetyl group) -spir- (from the spiraea flower) and -in (a common ending for drugs at the time). Bayer registered it as a trademark on March 6, 1899.

However, the German company lost the right to use the trademark in many countries as the Allies seized and resold its foreign assets after World War I.  The right to use "Aspirin" in the United States (along with all other Bayer trademarks) was purchased from the U.S. government by Sterling Drug, Inc in 1918.  Even before the patent for the drug expired in 1917, Bayer had been unable to stop competitors from copying the formula and using the name elsewhere, and so with a flooded market, the public was unable to recognize "Aspirin" as coming from only one manufacturer.  Sterling was subsequently unable to prevent "Aspirin" from being ruled a generic mark (and therefore unprotected) in a U.S. federal court in 1921.  

How it works

In a piece of research for which he was awarded both a Nobel prize and a knighthood, John Vane, who was then employed by the Royal College of Surgeons in London, showed in 1971 that aspirin suppresses the production of prostaglandins and thromboxanes.  This happens because cyclooxygenase, an enzyme that participates in the production of prostaglandins and thromboxanes, is irreversibly inhibited when aspirin acetylates it.

Prostaglandins are local hormones (paracrine) produced in the body and have diverse effects in the body, including but not limited to transmission of pain information to the brain, modulation of the hypothalamic thermostat and inflammation.  Thromboxanes are responsible for the aggregation of platelets that form blood clots.  Heart attacks are primarily caused by blood clots, and their reduction with the introduction of small amounts of aspirin has been seen to be an effective medical intervention.  The side effect of this is that the ability of the blood in general to clot is reduced, and excessive bleeding may result from the use of aspirin.

Low-dose long-term aspirin irreversibly blocks formation of thromboxane A2 in platelets, producing an inhibitory affect on platelet aggregation, and this blood thinning property makes it useful for reducing the incidence of heart attacks.  Aspirin produced for this purpose often comes in 75 or 81 mg dispersible tablets.  High doses of aspirin are also given immediately after an acute heart attack.

Several hundred fatal overdoses of aspirin occur annually, but the vast majority of its use is beneficial.  Its primary undesirable side effects, especially in stronger doses, are gastrointestinal distress (including ulcers and stomach bleeding) and tinnitus.  

Because there appears to be a connection between aspirin and Reye's syndrome (an acute encephalopathy characterized by fever, vomiting, fatty infiltration of the liver, disorientation, and coma, occurring mainly in children and usually following a viral infection, such as chicken pox or influenza), aspirin is no longer used to control flu-like symptoms in children.

Para-amino Phenol Derivative
Phenacetin and its active metabolite acetaminophen are effective alternatives to aspirin as analgesics.  Acetaminophen (Tylenol) lacks many of the side effects of aspirin and is well tolerated.  It, therefore, is used in patients for whom aspirin is contraindicated.
Acetaminophen is about as effective as aspirin, but has almost no anti-inflammatory activity.  This means it deadens the feeling of pain, but does not do anything to get rid of the condition which is causing the pain.  Compare this to aspirin, which acts to reduce inflammation.   From the point of view of modification, acetaminophen is a safe choice as it does not thin the blood and therefore does not encourage bruising or worsen bleeding.  Acetaminophen does not cause allergic reactions nor does it cause bleeding in the stomach lining, like Aspirin does.  

