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INTRODUCTION 





PAIN (pan), n 1. physical suffering typically from injury or illness. 2. an instance of such suffering; a distressing sensation in a part of the body: a back pain. 

-Random House College Dictionary 



As presented, the Random House College Dictionary definition of "pain" is one that is far oversimplified and in no way explains the true complexity and intricacy of pain. Similarly, the International Association for the Study of Pain describes pain as, "an unpleasant sensory and emotional experience associated with actual or potential tissue damage…" The problem with such attempts to define pain is that pain is what a patient reports and cannot be measured by instruments to any comprehensible degree. What a child may consider immense pain, an adult may shrug off as merely an annoyance. Although neither definition of pain as presented above is incorrect, the best explanation of pain is, perhaps, a physiological one. As a result, pain research has been at the forefront of science and researchers have slowly come to understand the basic mechanisms. Based on the idea that sensations such as sight and smell were linked to unique sense organs, researchers hypothesized the same about pain. The net result was the discovery that the human body has certain receptors outside the brain and spinal chord, known as nociceptors, which send signals to the brain as a result of strong stimulation (WWW 1). Although that is a very simplified explanation, pain research has come a long way in terms of both our understanding of it and the ability to apply this knowledge to treat pain by various methods. 



THE STRUCTURE OF PAIN 

In order to understand how pain works, it is essential to understand the central nervous system (CNS) and peripheral nervous system (PNS) pathways that are involved. The CNS includes both the spinal cord and the brain while the PNS includes all nerve fibers outside the CNS. Sensory information is conveyed by three types of nerve fibers known as primary afferent, or first order fibers (also called nociceptors) (Basbaum 96). The largest of these fibers are known as A-b fibers. They are generally 5 to 12 micrometers in diameter and conduct nerve impulses to the spinal cord at high velocities (~60 meters per second). A-b fibers however, respond only to nonnoxious (nonpainful, such as joint movement or light touch) stimuli. Medium in size, are the A-d fibers (lightly myelinated) which are approximately 1 to 5 micrometers in diameter. They conduct impulses at around 5 to 25 m/s. Finally, the third type of primary afferent fibers are the C fibers (unmyelinated) which are smallest in size at around 1 micrometer and have the slowest speeds at around 1 m/s (Dray 96). 

Unlike the A-b fibers, both the A-d and C fibers are primarily considered nociceptors (noci from the word noxious) that respond to noxious chemical, thermal or mechanical stimulation. They differ, however, in that A-d fibers mediate the first, fast, sharp pains that result in an injury such as the jamming of finger. C fibers mediate the second, slow pain such as the throbbing or even burning (Dray 96). These fibers are involved in the series of electrochemical events that occur between a site of active tissue damage and the perception of pain, a process known as nociception. Nociception, itself, is comprised of four basic processes (figure 1) (Ashburn 98). The first process is known as transduction and involves the translation of noxious stimuli into electrical activity at sensory endings of nerves. This is achieved by the A-d and C fibers in the cutaneous tissue. The second and third processes are known as transmission and modulation and can be considered simultaneously. Transmission involves activation of peripheral receptors with subsequent depolarization of their axons. It is these axons that relay information to their cell bodies in the dorsal root ganglion (figure 2). Modulation involves the modification of nociceptive transmission at the level of the spinal cord. Nociceptive fibers enter the spinal cord through Lissauer's tract, a dense system of prupriospinal fibers extending longitudinally from the periphery of the dorsal horn (figure 2). The dorsal horn, itself, is a processing center for information and is made up of many distinct layers of neurons with varying morphology and function. The dorsal horn basically serves as a "complex neuronal switching station" that filters, attenuates, and amplifies sensory input before relaying this information to other spinal segments (Ashburn 98). The final step, perception, involves the process of developing transduction, transmission and modulation into a subjective emotional experience. In order for this final step to occur, both A-d and C fibers synapse with second order nerve fibers and release neurotransmitters in order to conduct the signal to the brain stem, thalamus and eventually to the cerebral cortex (Ashburn 98). The final mechanism of pain sensation in the cerebral cortex is still not completely understood. 

NEUROTRANSMITTERS AND ACUTE VS CHRONIC PAIN 

As important as the nerve fibers themselves, are the neurotransmitters that are involved in nociception. The two primary neurotransmitters are glutamate and substance P. When C fibers are activated during injury they release glutamate, the major excitatory neurotransmitter in the CNS, from their synaptic terminals in the dorsal horn (Basbaum 96). Glutamate has the potential to act on a variety of receptors that can evoke either long term (hours to days) or short term (milliseconds) changes in neurons. Of particular interest, is glutamate's interaction with alpha-amino-3-hydroxy-5-mehtyl-4-isoxazole propionate (AMPA) receptors. The result of this is a pain known as acute pain, which is short-lived and generally has no persistent psychological reactions (Brose et al. 98). An example would be the extraction of a tooth. On a molecular level, the binding of glutamate to AMPA receptors allows Na+ ions to enter the cell and K+ ions to exit. This depolarization leads to an action potential that is transmitted to higher centers and eventually to the cerebral cortex. This response to pain is known as primary hyperalgesia and evokes the release of prostaglandins in the skin and joints that lower the firing threshold of the C fibers (Dray 97). Along with this action potential is another very important change at the molecular level. Generally, in the resting state, the N-methyl-D-aspartate (NMDA) receptors are blocked by Mg++ ions lodged in the channel and cannot interact with glutamate (figure 3). However, upon AMPA receptor-mediated depolarization (glutamate binding), the Mg++ ion falls off and result in the entry of Ca++ into the postsynaptic neuron. This influx of Ca++ establishes a hyperexcitable state of the dorsal horn neurons known as secondary hyperalgesia. In this state, pain may be induced by non-noxious stimuli such as light touch (Basbaum 96). In some cases, the cells may become spontaneously active and fire in the absence of stimuli. 

The neurotransmitter substance P, on the other hand, has a role in chronic pain which is defined as, "an emotional experience in which the pain lasts greater than six months." (Brose et al 98). Substance P is an 11 amino acid peptide which is synthesized by C fiber bodies and stored in the central terminals of the spinal cord. Upon noxious stimulation, substance P is released into the spinal fluid and binds to the substance P receptor which is actually a G protein-coupled receptor known as Neurokinin 1 (NK-1) (Basbaum 96). Substance P works to enhance the effects of glutamate, but is unlike it in many ways. Substance P is known to diffuse long distances in spinal cord tissue, facilitating many NK-1 receptors. This is due in part to the fact that substance P's action can only be terminated by enzymatic degradation as it is not involved in reuptake mechanisms. Furthermore, as injury persists, more substance P is released resulting in difficulty localizing pain and an achy sensation over large regions of the body (Basbaum 96). In addition, recent studies at the W.M. Keck Foundation Center for Integrative Neurosciences at the University of California at San Francisco have shown that substance P generates long-term structural changes in neurons. In general, neurons are known to have smooth dendrites but upon exposure to substance P, they begin to exhibit "pearl-like" structures (figure 4). These pearls correspond to swellings along the dendrite that have taken in the substance P receptor upon stimulation (Mantyh 95). These changes are reversible and believed to aid in development of central sensitization due to strengthening of the connections between glutamate and substance P containing fibers (Asburn 98). 

MEMORY OF PAIN AND ASSOCIATED REGIONS OF THE BRAIN 

Although a firm understanding of the mechanisms of pain sensation exists, it is not quite clear how this information is translated in the human brain, as the brain remains one of the most profound and complicated mysteries. However, recent experimentation using positron emission tomography (PET) scanning and magnetic resonance imaging (MRI) have allowed researchers to detect regions of activity in the cerebral cortex during experimentally induced pain conditions which may eventually lead to a better understanding. PET scans are used primarily to detect increases in blood flow due to increased neuronal activity while MRI provides the resolution to localize neuronal activity (Basbaum 96). Researcher Jeanne Talbot and her group at the University of Montreal and the McConnell Brain Imaging Center of the Montreal Neurological Institute used these techniques to produce pictures of brain activity. Their human volunteers were subjected to painful (but tolerable) heat stimulation on their right forearms for a period of five seconds after which observations revealed an increase in two regions of the brain, the somatosensory cortex and the cingulate gyrus. Although the first of the two was expected, it was the cingulate gyrus that was unexpected as it is associated with emotional regulation, when in actuality the patients showed no emotional response (Basbaum 96). 

The memory of pain deals with the idea of persistent pain, even when the original injury has been resolved, and may also be involved with the cingulate gyrus (Basbaum 96). A study by Fred Lenz at Johns Hopkins University presented two very interesting cases. In one study, a 69 year old woman who had a history of angina (recurring discomfort in the heart), after receiving electrical stimulation in the brain reported feeling as though she were having a heart attack. In reality, the stimulation, had excited a cluster of thalamic neurons that had been altered by previous angina episodes. In the second study, similar stimulus in a woman who had delivered four children previously, caused her to believe that she was having a baby. Once again, prior pain had left its mark. Such pain memory has not been explained, but it is hypothesized (based on experiments on mice), if protein phosphorylation is inhibited, development of nerve injury-induced changes is prevented. Apparently, protein phosphorylation by kinases plays an important role in allowing neuronal changes that can be stimulated to simulate a pain experienced in the past (Basbaum 96). This memory has been hypothesized to be associated with among other areas, the anterior cingulate gyrus (as mentioned above deals with emotional regulation) of the brain. 

Similar to this, is the concept of phantom limb pain in which individuals who have had limbs amputated report having pains and sensation in parts of their limbs that no longer exist. One hypothesis proposed by Ronald Melzack deals with what he calls the Neuromatrix (WWW 2). The theory states that brain has been pre-wired to think that its body is going to have, for example, a right arm. Even when the right arm is amputated, the brain is still pre-wired to believe that the arm is there. As a result, if the brain believes that limb is there, it might tell the limb to move by attempting to access certain neural pathways in this Neuromatrix. However, as the limb is not there, and the brain receives no sensory feedback, it will increase the strength of it's signals. This is possibly the cause of the phantom pain (WWW 2). Unfortunately, no hypotheses have been accepted to explain these phenomenon, but they remain under constant investigation. 

TREATMENT OF PAIN 

For the most part, our understanding of pain is quite good and as a result we have been able to develop a variety of treatments, striving to eliminate side effects and improve performance with each effort. Pain treatment dates back to 5th Century B.C. and Hippocrates use of a bitter powder from tree bark (WWW 3). The component turned out to be salicylic acid, from which acetylsalicylic acid was composed to create what we today call aspirin. Aspirin has been shown to inhibit the release of the hormone-like substances called prostaglandins that are responsible for regulation of blood vessel elasticity, and platelet aggregation. As a result, aspirin has the ability to reduce fever, swelling and relieve minor aches and pains. In addition, with its ability to lower stroke and heart attack rates, it has been touted as a wonder drug, but it is not without its own side effects (WWW 3). The main side effects include gastrointestinal distress (nausea, heartburn stomach pain, gastrointestinal bleeding). 

Another type of drug known as nonsteroidal anti-inflammatory drugs (NSAIDs) are also being used in pain treatment. NSAIDs are more commonly used to treat complications such as arthritis because of their analgesic, anti-inflammatory, and antipyretic (fever-reducing) properties. The mechanism of action of NSAIDs is the inhibition of the enzyme cyclooxygenase (COX), which catalyzes arachidonic acid to prostaglandins and leukotrienes (WWW 4). Arachidonic acid is released from membrane phospholipids as a response to inflammatory stimuli. However, individual response between patients varies in areas such as the processes by which the drug is absorbed, distributed, metabolized, and eliminated. Commonly used NSAIDs include: Voltaren, Dolobid, Nalfon, and Motrin (WWW 4). Once again, this treatment is not without side effects. Data presented by Digestive Disease Week (DDW) indicate, "that 59 percent of the estimated 33 million American adults who regularly use prescription or over-the-counter non-steroidal anti-inflammatory drugs (NSAIDs) to relieve pain may be at moderate to high risk for developing gastrointestinal (GI) complications such as bleeding ulcers. However, the data also revealed that nearly 75 percent may be unaware or unconcerned that these common pain relievers may cause serious stomach problems." (WWW 5). 

As a result, scientists have been left to find alternatives that work as well but avoid problems common to both aspirin and NSAIDs. Current research has been focused on two enzymes of great interest: Cycooxygenase-1 (COX-1) and COX-2. As mentioned above, COX is an enzyme that catalyzes the conversion of arachidonic acid to prostaglandin. COX-1 and COX-2, however, are somewhat different from each other in that COX-1 is constitutively expressed while COX-2 is highly inducible in response to inflammatory stimuli (Yamamoto et al. 98). The problem with aspirin is that it inactivates COX-1 as well as COX-2 even though COX-1 is necessary for normal tissue function in producing prostaglandins. This inhibition of COX-1 is what leads to stomach ulcers, kidney disturbances among other side effects. As a result, researchers have been attempting to develop selective COX-2 inhibitors in order to circumvent these problems (Wu 98). Lawrence J Marnett and his colleagues from Vanderbilt University of Medicine have created a compound called acetoxyphenyl alkylsulfide (APHS) which selectively targets COX-2 (up to 15x) more readily than COX-1. In addition, APHS has been shown to irreversibly change COX-2 which its creators claim is actually beneficial (Wu 98). 

Experiments have also confirmed that COX-2 inhibitors such as indomethacin block the development of hyperalgesia of either the NMDA or AMPA (part of the pain pathway) (Yamamoto et al. 98). It was the discovery of the differences between these two COX enzymes (isozymes) that allowed researchers to take advantage and design a so-called "safer aspirin". In the case of COX-1, isoleucine is the amino acid at position 523 while in COX-2 it is valine, which contributes to the gap in the wall of the channel and hence the structural difference (figure 5) (Hawkey 99). Another important difference between the two isozymes is that COX-1 is the predominant source of gastric mucosal prostaglandins (protective) while that of COX-2 is much more limited. As such is the case, inhibition of COX-2 enzymes would not have as deleterious effects on the stomach because prostaglandins would still remain for protection (Hawkey 99). COX-2 inhibitors certainly show great promise, but there is still a great deal of research that needs to be done. 

Another treatment of note that has shown great promise is the use of a chemical alkaloid from chili peppers known as capsaicin. Capsaicin has been incorporated into a greaseless gel that can be applied topically and can penetrate beyond the surface of the skin. At this stage, it has the ability to block or deplete the substance P neurotransmitter, in effect reducing pain sensation. It does have mild side effects in that it can irritate sensitive skin and may be cause a burning sensation if it gets into contact with the eyes (WWW 5). 

CONCLUSION 

The sensation of pain, and the manner in which we deal with it, is certainly a quality that makes us human. At the same time, however, it is not something that most of us enjoy experiencing on a physiological level. As a result we have sought ways to alleviate this sensation and in the process researchers have come to understand a great deal of information with respect to pain. The basic mechanisms of pain and pain transmission are understood, but it does get somewhat complicated at the level of the brain. Of course, this is due in part to our lack of understanding of the brain and its immense complexity. In fact, the human brain has been considered our most advanced and complex tool so it is only right that we use it to solve some of the most profound mysteries of our own bodies. With this growth in the understanding of pain mechanisms, have come further advances in pain treatment. We have gone from an era of biting down on something to dull the pain, to an era of the so called "wonder-drug" aspirin with its own limitations and side effects, to an era in which we hope to reduce pain and side effects via drugs such as COX-2 inhibitors. The goal of course, is to treat pain without inducing any. With progress always on the horizon, and time at our side, the future of pain treatment looks bright for those who suffer from it. 



