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 ABSTRAKT 

Zjednodušeně řečeno je bolest normální reakce organismu na škodlivý podnět – zánět, 

úraz, apod. Každý z nás ji určitě v životě zažil. Bolest je také varovným a svým 

způsobem i prospěšným signálem důležitým k obraně organismu proti všem nepříznivým 

vlivům. Za určitých okolností se však bolest stává příčinou utrpení nemocného – platí to 

zejména pro bolest nádorovou, ale také jakoukoli bolest chronickou, tj. dlouhodobou. 

Dnes již však víme, že bolest není jenom signál o tom, že se děje něco špatného, ale že 

bolest je sama o sobě nemoc. 

 

 

ABSTRACT 

Basically pain is a normal reaction of the body to harmful stimulus - inflammation, 

trauma, etc. We all have certainly experienced it in our lives. Pain in its own way serves 

as a warning and a beneficially important signal to defend the body against any harmful 

effects. Under certain circumstances, however, the pain becomes a cause of suffering to 

the patient - this applies especially to tumor pain, but also any chronic pain, i.e., long-

term. Today it is known that pain is not just a signal that something is wrong, but that 

pain is itself a disease. 

 

 

 

 

http://www.ordinace.cz/clanek/otitida-zanet-stredniho-ucha/
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AIM 

The goal of this thesis is to define pain and give a current overview of the various 

approaches to the management of different kinds of pain, both chronic and acute, with 

emphasis on chronic pain. 

 

 

1. Introduction 

Noxious stimulation of a part of the body gives rise to electrical activity in the nervous 

system, extending from the periphery to the brain. Receptors and pathways dedicated to 

the nerve impulses giving rise to pain are described as components of somatic sensation 

and of visceral sensation. That activity is modulated within the central nervous system, 

both within the dorsal horns of the grey matter of the spinal cord and at higher levels. In 

this manner the input to the brain generated by noxious stimulation peripherally may be 

enhanced, diminished, or even, under certain circumstances, abolished — for example, in 

the heat of battle or a game of football. Thus, although noxious stimulation occurs, pain 

may not be felt at the time; such a mechanism clearly has value for survival of the 

individual in certain cases[1]. 

 

In some situations pain may be felt when part of the body is missing, for example after 

the amputation of a limb or breast. Such ‗phantom pains‘ are located in the absent part at 

a site where pain may have been felt before the part was lost. How then can pain, which 

http://www.oxfordreference.com/views/?subview=Main&entry=t128.e879&category=
http://www.oxfordreference.com/views/?subview=Main&entry=t128.e1002&category=
http://www.oxfordreference.com/views/?subview=Main&entry=t128.e184&category=
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is at times chronic and excruciating, be experienced in a limb that does not exist as a 

physical reality? The answer lies in the way the brain functions. Activity in areas of the 

brain concerned with sensory activity in the missing limb continues despite the absence 

of the limb, and gives rise to a phantom. If in addition central pain processes are active, 

phantom pain is experienced in the phantom limb. Such pain may be eliminated by 

stimulation of the sensory cerebral cortex but not by the division of nerves or the spinal 

cord. This supports the view that, although most people believe that pain actually exists at 

a site in the body that hurts, it is in fact a part of consciousness and the result of brain 

activity. 

 

Until recently it was thought that the sensory and emotional elements of pain experience 

were linked solely to specific areas of the brain, namely the sensory and the emotional 

cortex, respectively. However, recent work using non-invasive brain imaging techniques 

— for example positron emission scanning — has revealed this model to be too simple. It 

is true that within the brain there is a degree of functional specialization for pain, but this 

is only part of the story. For example, damage to one half of the cerebral cortex does not 

necessarily abolish pain sensations from the opposite side of the body, and damage to 

areas of the brain associated with emotion does not necessarily remove the emotional 

component of pain. The reason for these apparent anomalies seems to lie in the fact that 

pain is generated within a widely distributed system or neuronal network. In this way, the 

brain detects tissue injury even when there is considerable damage to the nervous system. 

The brain functions as an active system, which filters, selects, and integrates sensory 

input against the background of lifelong experiences, both physical and emotional, which 

are preserved in the systems devoted to memory. One brain output from this process is 

pain. 

Pain therefore occurs only in the conscious individual, and it is essential for survival. A 

small but unfortunate number of people are born without the capacity to feel pain. As a 

result they suffer horrific injuries in childhood and die young as a result of accidents or 

undiagnosed disorders, which in normal people give rise to pain. 

 

http://www.oxfordreference.com/views/?subview=Main&entry=t128.e736&category=
http://www.oxfordreference.com/views/?subview=Main&entry=t128.e321&category=
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In everyday life pain is recognized in two forms, namely acute pain and chronic pain. The 

former has a protective function. It alerts us to damage to the body, it increases our level 

of arousal, it directs our attention to the cause of the pain, and generates behaviour that 

leads to an escape from it. The chief emotion associated with acute pain is anxiety, and 

this subsides when pain is relieved and the cause is understood. In contrast, chronic pain 

does not appear to the sufferer to have any purpose and indeed has negative qualities. It 

gives rise to feelings of anxiety and at times of depression. The behaviours generated 

include withdrawal from social activities and a search for relief. The latter may well lead 

the sufferer to move from one doctor to another and to non-medical practitioners in the 

hope of pain relief. At times that process itself may generate more physical suffering 

through unnecessary investigation and the end result is pain, despair, and depression. 

Both acute and chronic forms of pain are familiar, but in addition pain occurs in two 

other, quite different situations. It may occur as a symptom in a depressive illness. In 

other words it is not, as is commonly thought in such situations, that depression has 

developed because pain is being experienced but, in fact, the pain is part of a primary 

depressive illness. Up to half of those who develop depressive illnesses experience 

physical symptoms unrelated to any obvious underlying pathology, and of those 

symptoms pain is the most common. The failure of doctors to appreciate this fact does 

occasionally lead to a prolonged search for a physical cause for pain because its presence 

overshadows other features of a depressive illness. 

Pain occurs in individual's experiencing anxiety, or emotional tension. For example, 

tension headaches are very common. The presence of anxiety in a pain sufferer tends 

both to increase the severity of pain experienced and to reduce the individual's tolerance 

or ability to cope with it. 

Pain may occur in the absence of an obvious physical cause and where the features of a 

mental illness are not detectable. Individuals with this type of pain may have had a trivial 

injury but the level of pain and disability with which they present is out of all proportion 

to the severity of that injury. In addition, the behaviour shown by the sufferer reveals 

considerable dependence upon others, loss of willingness to take responsibility for 

themselves, their home, and their work, and a preoccupation with a search for a ‗cure‘ for 

http://www.oxfordreference.com/views/?subview=Main&entry=t128.e50&category=


12 

 

the pain, which they regard firmly as physical in origin. 

Consideration of pain problems in which an underlying physical cause is either minimal 

or absent highlights the fact that when trying to understand pain it is necessary not only to 

consider its sensory aspects, but also its emotional ones. Indeed it has been said that to 

ignore the emotional aspects of pain is to look at only one part of the problem, and 

probably not the most important part at that. The definition of pain given earlier 

reinforses this point. 

As a consequence of the need to encompass the physical, psychological, and social 

aspects of pain experience, clinicians and pain researchers have developed what is known 

as the biopsychosocial model of pain. It is based upon what we know about the 

generation and control of pain within the nervous system, and also its psychological 

aspects and the social factors that influence the thinking of individuals about pain and 

their behaviour. This approach to pain has lead to the development of powerful 

psychological tools for pain management, which come under the broad heading of 

cognitive–behavioural theory and practice. 

Consideration of socio-cultural and learning factors reveals that learning about pain takes 

place within a definite social context, and the way each of us behaves when in pain 

reflects that fact. At a national level it is customary in general for those who are from 

Northern European countries to regard complaints about pain, especially amongst men, as 

a weakness of character. In contrast, in Southern European countries to complain about 

pain is regarded as beneficial to the sufferer. These are very broad generalizations but do 

have some basis in fact. An important psychological mechanism by which we learn the 

behaviours we exhibit when in pain is defined as operant learning. It is a process by 

which overt behavioural responses to a stimulus are significantly influenced by their 

consequences, including the responses of others to them. 

Operant learning is well illustrated by the effects of a simple injection upon a child. The 

sight of the needle and the pain experienced is an ‗unconditioned stimulus‘ and as a 

response to it the child cries. On the next occasion the child cries at the sight of the 

syringe and needle, which have become ‗the conditioned stimulus‘. If crying leads to the 

abandonment of the injection the child has developed a ‗conditioned escape response‘. 

Seeing another child crying before an injection which is then not given leads to another 
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type of learning — ‗an observational learning model‘. 

In some individuals such mechanisms lead to the development of pain behaviours that 

have a negative effect upon their lives — for example, the excessive use of rest to relieve 

pain, or the abuse of powerful narcotic-related drugs may actually lead to increasing 

chronicity of pain and disability. To counter such developments psychologists have 

developed techniques based upon operant conditioning, which are designed to reverse 

maladaptive pain behaviours and to replace them by adaptive behaviours. In other words, 

their techniques involve the use of learning of behaviour designed to lead to coping with 

pain and everyday life rather than withdrawing from them. Put in simple terms, ‗good 

behaviour is rewarded and bad behaviour is punished‘. 

Operant conditioning has been criticized on the grounds that it does not take sufficient 

account of mental activity. In other words, individuals have thoughts about pain and 

attitudes towards it. They draw on memories of past experience when in pain, and this 

leads to thinking and behaviour, which is the result of those experiences. Such thoughts 

and attitudes, or cognitions, as they are called, cannot be ignored when a clinician is 

evaluating a person in pain and planning their treatment. For this reason, a purely 

behavioural approach has been replaced by a cognitive–behavioural approach to pain 

analysis and management. The main cognitive elements that have been identified include 

beliefs about pain and its causes, beliefs about the extent to which the individual feels he 

or she has control over pain, and the extent to which individuals believe that they are able 

to function despite pain. Therefore, self-efficiency is a significant factor in determining 

ability to cope.  

People in pain often develop what are described by psychologists as ‘cognitive errors’. 

For example, they may indulge in what is known as ‘catastrophizing’. In other words 

they develop an unnecessarily negative view of their condition and its likely outcome. In 

such a state they tend to focus to a extent upon the negative features of their disorder. It 

has been demonstrated that negative qualities of thought, and catastrophizing in 

particular, are consistently linked to the development of depression in chronic pain 

disorders. The manipulation of coping mechanisms is of great significance when 

considering the management of pain and especially of chronic pain. We are all familiar 

with coping strategies, some of which are regarded as active — for example, indulging in 
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active and distracting behaviour, whereas others are passive — for example, taking rest 

or medicines. If the strategy used maximizes function in the presence of pain and reduces 

anxiety, then it is said to be adaptive. On the other hand, if the strategies used involve too 

much rest, too great a dependence on medication or on others, or conversely too much 

activity which provokes excessive pain, they are maladaptive. Cognitive therapies 

involve changing thoughts and attitudes about pain with a view to changing self-

management in the direction of adaptive behaviour: a change which often leads to a 

lessening of pain[1]. 

2. Theory-definitions of pain 

An unpleasant sensation that can range from mild localized discomfort to agony. Pain has 

both physical and emotional components. The physical part of pain results from nerve 

stimulation. Pain may be contained to a discrete area, as in an injury, or it can be more 

diffuse like fibromyalgia[13,14]. 

A complex experience consisting of a physiological (bodily) response to a noxious 

stimulus followed by an affective (emotional) response to that event. Pain is a warning 

mechanism that helps to protect an organism by influencing it to withdraw from harmful 

stimuli. It is primarily associated with injury or the threat of injury, to bodily tissues 

(encyclopedia Britannica). Pain is always subjective, each individual learns the 

application of the word through experiences relating to injury in early life. 

Pain has been described by the International Association for the Study of Pain as an 

―unpleasant sensory and emotional experience associated with actual or potential tissue 

damage, or described in terms of such damage.‖ Although pain is a reaction of the body 

to harmful stimuli and is therefore a protective early warning system, the sensation of 

pain in postoperative patients, cancer patients, and other chronic pain patients has little 

positive effect. The stress response to pain can alter the healing process by evoking 

massive sympathetic discharge that in turn alters blood flow, tissue perfusion, and 

immune function. In addition, in certain painful conditions the patient has reduced 

respiratory function. Hence, the term pain, derived from the Latin poena for punishment, 

reflects the deleterious effects that can be inflicted upon the body[4,14]. 
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Since millions of people suffer from some form of pain each year, resulting in the 

expenditure of billions of dollars for various treatment modalities, pain and its underlying 

causes are a major public health problem.  

The nature of pain is highly subjective. Pain has both sensory (somatic) and 

psychological (affective) components. One person may feel pain in response to noxious 

stimuli, while another person may disregard the stimuli. The affective (psychological) 

aspects of pain play a critical role in pain perception. A patient under external stress or 

other significant psychological problems often cannot handle the additional stress of pain. 

Anxiety exacerbates the perception of pain. Pain in turn exacerbates anxiety, decreases 

the comfort of the patient, and results in disturbances in sleeping, eating, and locomotion, 

creating a cycle of related medical problems[4]. 

2.1 Types Of Pain 

In general, pain can be described as either acute or chronic. Acute pain, which does not 

outlast the initiating painful stimulus, is pain of sudden onset, lasting for hours to days 

and disappears once the underlying cause is treated. 

2.1.1Acute Pain 

 Acute pain has a clear cause. It could result from any illness, trauma, surgery or any 

painful medical procedures. Hence it is beneficial to the patient because but for the pain, 

the individual will ignore his illness resulting in complications and even death. Acute 

pain signals that there is something wrong and motivates the person to get help. For 

example- just because the nociception is caused by appendicitis, the person consults a 

doctor and undergoes surgery to get relieved. If pain is not there he will not seek medical 

advice and his appendix may burst and form a mass which is more difficult to treat. Thus 

acute pain can be beneficial. Acute pain has three generally encountered origins. 

(1)The most common type of acute pain is of superficial origin from wounds, chemical 

irritants, and thermal stimuli, such as burns.  

(2)Acute pain of deep somatic origin usually arises from injection of chemical irritants or 

from ischemia, such as with myocardial infarction.  
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(3)Acute pain of visceral origin is most often associated with inflammation[2, 4]. 

2.1.2 Chronic Pain 

Chronic pain, by contrast, outlasts the initiating stimulus, which in many cases is of 

unknown origin. Chronic pain is the pain that starts as an acute pain and continues 

beyond the normal time expected for resolution of the problem or persists or recurs for 

various other reasons. It is not therapeutically beneficial to the patient. In acute pain, 

attention is focused to treat the cause of pain whereas in chronic pain, the emphasis is 

laid upon reducing the pain to give relief, limit disability and improve function. 

About 9% of the US population and 18% of the European population suffer from 

chronic pain. It is rarely accompanied by signs of sympathetic nervous system arousal. 

The severity and extent of chronic pain may be out of proportion to the original injury 

and may continue long past the period in which the damage tissue has healed. Chronic 

pain is pain that has outlived its usefulness and is no longer beneficial Chronic pain is 

often associated with diseases such as cancer and arthritis. Treatment of chronic pain 

presents a challenge to the physician in that the underlying cause is often not readily 

apparent. Neuropathic pain, a type of chronic pain, responds poorly to opioids. Some 

causes of neuropathic pain include diabetic neuropathies, shingles (herpes zoster), 

ischemia following stroke, and phantom limb pain. Neuropathic pain responds well in 

many cases to therapies other than the use of opioids and nonsteroidal antiinflammatory 

drugs (NSAIDs). 

However, what is becoming apparent is that novel analgesics may be designed in the 

future to target the modulation of intracellular targets in pain processing and neuronal 

plasticity. 

The loss of quality of life for a patient with either acute or chronic pain has led to 

extensive development of various drugs to treat pain. Such drugs eliminate pain by either 

decreasing the underlying cause of the pain (as do the nonopioid analgesics described 

later) or decreasing the transmission of nociceptive impulses and pain perception (as do 

the opioids). Both nonopioid and opioid drugs will be described in detail[2,4]. 
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Primary division of chronic pain according is to etiology  

On the basis of pathophysiological mechanisms,chronic pain is divided into the following 

types: 

- Nociceptive pain 

-Neuropathic pain 

-Pain dysautonomic 

-Psychogenic pain 

 -Pain mixed 

Understanding the type of pain plays an important role in the selection of drugs! 

Nociceptive Pain 

It orginates from the irritation nociceptors, comprising nocisensors (free nerve endings in 

the tissue are activated only by painful stimulation), mechanosensors (Vater - Paciniho 

bodies) and polymodal receptors (responding to heat and cold). By location of receptors 

pain is distinguished as somatic and visceral. The most common clinical entities 

belonging to this group are musculoskeletal pain (osteoarthritis, arthritis, degenerative 

changes in spine, fibromyalgia) and pain of internal organs (visceral pain). Different 

kinds of available imaging methods (X-ray, ultrasound, CT, MRI), rheumatology 

screening and testing of rehabilitation doctor are used in its diagnosis. Pharmacotherapy 

is based on WHO ranking of degree of pain, the possible incorporation of physiotherapy, 

and eventually a psychologist and psychiatrist is also recommended. 

Neuropathic pain (NPP) 

This pain is generated by the nervous system. There is a distinction between peripheral 

neuropathic pain with asymmetric localized neuropathies (cranial neuralgia, postherpetic 

neuralgia, entrapment syndromes, plexopathy) and systemic neuropathy (diabetic, toxic: 

alcohol, chemotherapy) and the second group consists of the central neurogenic pain 

(states after stroke, syringomyelia, spinal cord injury). From the history of the character 

of pain, there are these typical indicators: piercing, stabbing, burning, which deteriorates 

at night. It is accompanied by allodynia when non- painful stimulation causes painful 

percetion. Drugs of choice are coanalgesics = adjuvant drugs (chapter 5). Conventional 

analgesics do not yield regular effects. Part of the diagnostic process is neurological 
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examination. 

Dysautonomic pain

A typical example of this type of pain is the complex regional pain syndrome (CRPS), 

formerly known as algodystrophy or Sudeck syndrome. CRPS Indicates various pain 

states, which originate predominantly as a consequence of injury or surgery and is 

characterized by clinical changes maximally distal to the initial noxae. In 

pathophysiology the autonomic nervous system plays a role in its participation, especially 

the sympathetic nervous system. The clinical manifestation includes pain and at the same 

time, vasomotor, sudomotor, motor and trophic disorders. In treating CRPS a diverse 

range of effective treatments have been proposed, following the suppression of pain and 

the correction of disrupted movement. Treatments used used include: drug therapy 

(antiinflammatory drugs, calcitonin, koanalgetika, bisphosphonates), consistent

physiotherapy and sympatolytic blockade. 

In the correct determination of diagnosis scintigraphy, densitometry and MRI are also 

used. The foundation to success is an early initiation of treatment, delays leads to 

irreversible changes, and treatment is very difficult.

Psychogenic pain 

For this kind of pain there is a prevalence or domination of the psychological 

component. Primarily in depressive disorders and neuroses, pain is the somatic projection 

of primary difficulty. Most often the patient complains of abdominal pain and back 

pain. The foundation of therapy is comprised of psychopharmacological after 

detailed examination by a psychiatrist.

Miscellaneous Pain 

Includes states, involving more than the previous types of pain. In practice, the most 

commonly encountered with is FBSS (failed back surgery syndrome) caused by surgery 

of the lumbar vertebra, and more recently FNSS (neck) of the cervical vertebra. Among 

the most affected areas include epidural fibrosis and adhesive arachnoiditis. Therapy 

depends on the prevailing participation of individual components. Therapy is often 

complex and invasive methods here are applicable - neuromodulation. In cancer patients, 

it is necessary to consider when it comes to miscellaneous type of pain, where in the 

nerve structures the invasion of tumor is growing[5]. 
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2.2 Pathophysiology Of Pain 

Neurophysiology 

Four distinct processes are involved between the stimulus of tissue injury and the 

subjective experience of pain: transduction, transmission, modulation and perception. 

Pain transduction is the process by which noxious stimuli lead to electrical activity in the 

pain receptors. Pain transmission involves the process of transmitting pain impulses from 

the site of transduction over the peripheral sensory nerves to their terminals in the spinal 

cord and the network of relay neurons that ascend from the spinal cord to the brain. Pain 

modulation involves neural activity via descending neural pathways from the brain that 

can influence pain transmission at the level of the spinal cord. Modulation also involves 

the chemical factors that produce or enhance activity in the primary afferent pain 

receptors. Finally, pain perception is the subjective experience of pain that is somehow 

produced by the neural activity of pain transmission. 

2.2.1 Pain Receptors and Their Stimulation 

The capacity of tissues to elicit pain when a noxious stimulus is applied to them depends 

on the presence of nociceptors. Nociceptors are primary afferent nerves for receiving and 

transmitting painful stimuli. The free nerve endings of nociceptors serve as receptors that 

are sensitive to painful mechanical, thermal, electrical or chemical stimuli. The 

distribution of nociceptors varies throughout the body, with the largest number in the 

skin. Nociceptors are located in subcutaneous tissue, skeletal muscles, and joints. Pain 

receptors in the viscera are not located in the parenchyma of the internal organs 

themselves, but rather are found in the peritoneal surfaces, pleural membranes, dura 

mater, and the walls of the blood vessels[11]. 

A peripheral nerve consists of the axons of three different types of neurons: primary 

sensory or afferent neurons, motor neurons, and sympathetic postganglionic 

neurons. Both motor and sympathetic postganglionic fibers are efferents (carrying 

impulses from the spinal cord to the effector tissues and organs). The cell bodies of the 

primary afferent neurons are located in the dorsal (posterior) root of the spinal nerve. 

Once emerged from its cell body in the dorsal root ganglion, the primary afferent nerve's 

axon divides into two processes: one enters the dorsal horn of the spinal cord, and the 
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other innervates the tissues. Primary afferent fibers are classified according to their size, 

degree of myelination, and conduction velocity. A-alpha (A-α) and A-beta (A-β) afferent 

fibers are the largest in size and myelinated and have the fastest conduction velocity. 

These fibers respond to touch, pressure and kinesthetic sense. However, the fibers do not 

respond to noxious stimuli and thus cannot be classified and nociceptors. In contrast 

small-diameter, lightly myelinated (A-delta [A-δ] primary afferent fibers and 

unmyelinated C primary afferent fibers respond maximally on when noxious painful 

stimuli are applied to their receptive fields and thus are classified as nociceptors. Pain 

impulses are transmitted relatively slowly compared with sensory transmission in the 

large A-α and A-β fibers because of their small diameters and lack of myelin (C-fibers). 

A-δ and C afferents can be distinguished by the two types of pain they elicit, called fast 

pain and slow pain. Fast pain signals are transmitted to the spinal cord by the A-δ fibers 

and are felt within 0.1 second. Fast pain is generally well localised and has a prickling, 

sharp or electrical quality. Fast pain is elicited in response to mechanical (e.g., cut, 

pinprick) or thermal stimuli on the skin surface but is not felt in deeper tissues of the 

body. Slow pain is transmitted by the C afferent fibers and is felt 1second after a noxious 

stimulus. Slow pain is less well localised and has a burning, throbbing, or aching quality. 

Slow pain can be elicited by mechanical, thermal or chemical stimuli in the skin or most 

deep tissues or organs and is usually associated with tissue damage. Because of this 

double system of innervation, tissue injury often gives rise to two distinct pain sensations: 

and early sharp pain (transmitted by A- δ pain fibers) followed by a dull, burning, 

somewhat prolonged pain (transmitted by C pain fibers)[11]. 

   Transduction is the process by which a noxious stimulus depolarises a nociceptor and 

initiates a pain stimulus. One possible mechanism of transduction is the activation of 

nociceptors by pain-producing chemicals released in an area of tissue injury. In contrast 

to most other sensory receptors in the body, pain receptors adapt very little or not at all. 

In fact, with prolonged noxious stimulation, tissue damage, or inflammation, pain 

receptors become increasingly sensitised called hyperalgesia, with a lowering of the pain 

threshhold. Numerous chemical substances are found in the area of injury and have 

varying degrees of ability to sensitize nociceptors. Many of these a released from 
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damaged cell tissues (potassium ions, histamine), by activated mast cells (such as the 

potent pain stimulant, bradykinin), or by sensitized T cells and activated 

macrophages(multiple substances called cytokines, including the toxin, tumor necrosis 

factor [TNF]). Many other chemical agents are synthesized and released during the 

inflammatory process. Among these synthesized chemicals are the arachidonic acid 

metabolites, postaglandins and leukotrienes. Both are produced in chemical cascade 

initiated by enzyme breakdown of phospholipids that are freed from the lipid bilayer 

membrane of damaged cells. 

In addition to substances released from damaged cells or synthesized in the area of injury, 

the nociceptors themselves release chemicals that enhance nociception, including 

substance P. Substance P is a neuropeptide that causes vasodilation, increased blood 

flow, edema with further release of bradykinin, release of serotonin from platelets, and 

the release histamine from mast cell. 

 Nociceptor activity produces several effects by this complex chain of events, including 

prolongation of the pain long after the stimulus has ceased and the gradual spread of 

hyperalgesia and tenderness. Drugs that block these chemicals, such as corticosteroids or 

nonsteroidal antiinflammatory drugs (NSAIDS e.g. Aspirin), which reduce inflammation 

and block the synthesis of prostagladins, may reduce pain[11]. 

2.2.2 Pain Pathways in Central Nervous System 

(a) Ascending Pathways 

The afferent A-δ and C nerve fibers transmitting pain impulses enter the spinal cord at the 

dorsal nerve root. The fibers separate as they enter the cord and then reform in the dorsal 

(posterior) horn of the spinal cord. This area receives, transmits, and processes sensory 

impulses. The dorsal horn of the spinal cord is divided into cell layers called laminae. 

Two of these layers (laminae II and III), called the substantia gelatinosa, are particularly 

important in pain transmission and modulation. The substantia gelatinosa is hypothesized 

to be the site of the gating mechanism described in the gate control theory. 

From the dorsal horn, the pain impulses are conveyed to neurons that transmit 

information to the opposite side of the spinal cord in the anterior comissure and then 
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converge on the anterolateral spinothalamic tract (formerly called lateral tract), which 

ascends to the thalamus and other brain structures. Thus pain impulse transmission in the 

spinal cord is colateral to the side of the body from which the impulses were generated. 

Just as two types of pain are transmitted by nociceptors (fast pain and slow pain), two 

parallel spinothalamic pathways transmit these impulses to the brain: neospinothalamic 

and the paleospinothalamic. 

The neospinothalamic tract is a direct system that carries sensory discriminative 

information about acute or fast pain from A-δ nociceptors to the thalamic areas. This 

system primarily terminates in an orderly fashion within the ventral postlateral nucleus of 

the thalamus. Pain is called a thalamic sense because it is probably brought to 

consciousness in the thalamus. A neuron in the thalamus then projects its axon though the 

posterior limb of the internal capsule to carry the pain impulses to the primary 

somatosensory cortex or the postcentral gyrus. It is postulated that this organized pattern 

is important for the sensory-discriminative aspects of the acute pain experience, that is, 

its location, nature, and intensity. 

The paleospinothalamic tract, which transmits impulses initiated in the slow-chronic type 

C nociceptors, is a multisynaptic, diffuse pathway that carries impulses to the brainstem 

reticular formation before terminating in the parafascicular and other intralaminar nuclei, 

and forebrain cortex. Because paleospinothalamic impulses are transmitted more slowly 

than are those in neospinothalamic tract, the pain is associated with burning, aching, and 

poorly localized sensations. This system influences the expression of pain in terms of 

tolerance, behaviour, and sympathetic autonomic responses. It is likely that visceral 

sensations are conveyed by this system. It is most important in chronic pain, mediating 

the associated autonomic responses, emotional behaviour, and lowered thresholds that 

often occur. Thus the paleospinothalamic pathway is referred to as an affectional and 

motivational nociceptor system. 

It is important to note that neither of these tracts carries pain impulses exclusively; for 

example, the neospinothalamic tract also conveys crude touch and pressure senstions[11]. 
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(b) Descending Pathways 

Specific areas in the brain itself control or influence pain perception: the hypothalamus 

and limbic structures serve as the emotional center of perception, and the frontal cortex 

provides the rational interpretation and the responses to pain. However, great variations 

exist in the way individuals perceive pain stimuli. One reason for this variation is because 

the central nervous system (CNS) has a variety of mechanisms for modulating or 

suppressing nociceptive stimuli.  

Descending pathways of the efferent fibers that extend from the cerebral cortex down the 

spinal cord can inhibit or modify incoming pain stimuli via a feedback mechanism 

involving the substantia gelatinosa and other layers of the dorsal horn. Consequently, 

descending pathways can influence pain impulses at the spinal level. One descending 

pathway can be identified as important in the pain-modulating, or analgesic, system 

involves the following three components. 

1. The first is the periaqueductal gray (PAG) matter and periventricular gray (PVG) matter 

of the mesencephalon and the upper pons surrounding the aqueduct of Sylvius. 

2. Neurons from area 1 send impulses to the nucleus raphe magnus (NRM) located in the 

lower pons and the upper medulla and the nucleus reticularis paragigantocellularis 

(PGL) in the lateral medulla. 

3. Impulses are transmitted from the nuclei in 2 down the dorsolateral columns of the spinal 

cord to a pain inhibitory complex located in the dorsal horns of the spinal cord. 

In animal studies, electrical stimulation of the PAG area or raphe nucleus areas can 

almost completely suppress strong pain signals entering via the dorsal spinal roots. A 

similar system may exist in humans, because stimulation of the nearby PVG area of the 

hypothalamus is reported to relieve clinical pain. In addition to the brainstem-to-spinal 

cord network, neural connections also exist from the hypothalamus and neocortex to the 

PAG, allowing for pain modulation by an individual's thoughts and feelings from the 

higher brain centers. 
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Chemical substances, termed neuroregulators, may also influence sensory input to the 

spinal cord. These neuroregulators are known as either neurotransmitters or 

neuromodulators. Neurotransmitters are neurochemicals that inhibit or stimulate activity 

at postsynaptic membranes. Substance P, a neuropeptide, is a pain-specific 

neurotransmitter present in the dorsal horn of the spinal cord (at the gate in the gate 

control theory), among other sites. Other CNS neurotransmitters involved in pain 

transmission include acetylcholine, norepinephrine, epinephrine, dopamine, and 

serotonin. 

Two neurotransmitters, serotonin (5-hydroxytryptamine [5-HT]) and norepinephrine, are 

also known to be involved in the downward inhibition of incoming pain signals. The 

rostroventral medulla (RVM) contains a high percentage of serotonergic neurons that 

project to the spinal dorsal horn. In addition, a significant number of neurons in the 

dorsolateral pons contain norepinephrine and have spinal projections terminating in the 

dorsal horn. Pain-inhibiting (antinociceptive) signals thus originate in the cortex or the 

brainstem in areas where norepinephrine or serotonin are the primary transmitters. These 

signals are believed to work in two ways: (1) the neurons carrying them may synapse on 

neurons that release the antinociceptive neurotransmitters γ-aminobutyric acid (GABA), 

serotonin, and acetylcholine, or (2) the descending signals may block pain by acting in 

the dorsal horn to inhibit the release of pronociceptive neurotransmitters from the 

incoming (afferent) sensory neurons[11]. 

Tricyclic antidepressant medications such as amytriptilyn and the noncyclic venlafaxine 

produce analgesia by enhancing the inhibitory action of serotonin and norepinephrine on 

the spinal transmission neurons. Both of these medications block presynaptic reuptake of 

serotonin and noepinephrine, thus enhancing their post synaptic actions in the descending 

pain inhibition pathways; they are often very effective in relieving neuropathic pain. 

Conversely, antagonists of the two hormones can block this analgesic effect. 

norepinephrine seems to be the more important, or at least the more potent, of the two 

hormonal modulators, because serotonin-specific reuptake inhibitors (SSRIs) such a 

fluoxetine or paroxetine have not been shown to provide pain relief. In contrast, 
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antagonist drugs to the alpha-adrenergic receptors that release norepinephrine can 

partially block the antinociceptive action of descending pathways. 

There is good research evidence that descending pain inhibition pathways are immature 

at birth and, in animal models, have been shown not to be functionally effective until at 

least 10 days postnatally. According to neurologists, this delay may be the result of a 

deficiency of 5HT (serotonin) and norepinephrine but must also be caused by delayed 

maturation of interneurons in the spinal cord. Lacking full development of their 

descending endogenous analgesic systems, neonates may experience exaggerated short- 

and long-term effects from persistent noxious sensory stimulation[11]. 

In addition to these serotonin and norepinephrine descending pain-modulating pathways, 

endogenous opioid peptides in all the regions thus far implicated in pain modulation. 

Moreover, connections from serotonin neurons to opioid-containing cells exist in the 

substantia gelatinosa. Opioid peptides, known as neuromodulators (reducing pain), are 

naturally occurring compound that have morphinelike qualities. These compounds will be 

dicussed later. 

2.3 Pain Theories 

A number of theories have been proposed to explain the neurolgic mechanisms that 

underlie the sensation of pain, including (1) the specificity theory, (2) the pattern theory, 

and more recently, (3) the gate control theory and (4) the endorphin-enkephalin theory. 

2.3.1Specificity Theory 

The specificity theory of pain, which dates back about 200 years to Descartes, proposes 

that pain travels from specific pain receptors over a specific neuroanatomic pathway to a 

pain center in the brain and that the relationship between the pain stimulus and the 

response is direct and invariable. Although this theory is clearly an oversimplification in 

the light of present knowledge, two of its principles are still valid: (a) somatosensory 

receptors are specialised to respond optimally to one or more specific types of stimuli, 

and (b) the central destination of primary afferent neurons and ascending pathways is a 

critical factor in distinguishing the nature of peripheral stimulus. 
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2.3.2 Pattern, or Summation, Theory 

The pattern, or summation, theory of pain was first introduced by Goldscheider in 1898. 

Goldscheider proposed that the summation of the skin sensory input at the dorsal horn 

cells produce the particular patterns of nerve impulses that evoke pain. Pain is produced 

by intense stimulation from nonspecific receptors, and it is the summation of the impulses 

that are perceived as pain. Goldscheider also identified a rapidly conducting pain fiber 

and a slower one. In 1943 Livingstone introduced the concept of central summation. One 

of the key concepts of the central summation theory is that the nerve fiber circuits can 

become established in groups of spinal interneurons (a reverberating circuit) after an 

injury, causing ongoing pain without stimulation. This mechanism might explain 

phenomena such as phantom limb pain. However, procedures such as a cordotomy, 

which would sever reverberating circuit, usually do not relieve pain permanently[11]. 

2.3.3 Gate Control Theory 

Recent pain-related research has demonstrated that no single theory fully explains how 

pain is transmitted or perceived and that none reflects the complexity of the 

neuroanatomic pathways of pain transmission and modulation. To compensate for the 

deficiencies of the specificity and pattern theories of pain, neurologists Melzack and Wall 

first developed the gate control theory in 1965. Although some of its original assumptions 

have been disproved, this theory provides the most comprehensive and practical model 

for conceptualizing pain. The discovery of endogenous opiods in the 1970s added another 

dimension to the understanding of pain modulation, but no single gated integrated theory 

yet exists. The gate control theory of pain attempts to the variation in pain perception of 

identical stimulation. Melzack and wall combined the available facts from the clinical 

literature and from neurophysiology to support their theory and used a schematic model 

to illustrate their ideas. This theory has been the focus of intense research over the past 30 

years, and the model has been modified and updated. 

 

 

 



27 

 

The basic tenets of the gate control theory are as follows: 

1. Both the large, myelinated sensory fibers (L) carrying information about touch and 

proprioception from the periphery (A-α and A-β fibers) and the small fibers (S) carrying 

information about pain (A-δ and C fibers) converge on the dorsal horn of the spinal cord. 

2. The transmission of nerve impulses from afferent fibers to spinal cord transmission (T) 

cells in the dorsal horn is modulated by a gating mechanism in the substantia gelatinosa 

cells. If the gate is closed, the pain impulses cannot proceed. If the gate is open or 

partially open, pain impulses stimulate the T cells in the dorsal horn and then ascend the 

spinal cord to the brain, where they are perceived as pain. 

3. The spinal gating mechanism is influenced by the relative amount of activity in the large-

diameter (L) and small diameter (S) primary afferent fibers. Activity in large afferents 

tends to inhibit pain transmission (closes the gate), whereas small-fiber activity tends to 

facilitate pain transmission (opens the gate). The large-diameter afferents excite the 

inhibitory substantia gelatinosa neurons, thereby reducing input to the T cells and 

consequently inhibiting pain. In contrast, activity in the small-diameter fibers inhibits the 

inhibitory substantia gelatinosa cell, resulting in enhancement of transmission from 

primary afferents to the T cells and consequently increasing pain intensity. The 

inhibitions and facilitations are thought to occur by both presynaptic and postsynaptic 

mechanisms[11]. 

4. The spinal gating mechanism is influenced by nerve impulses that descend from the 

brain. This aspect of the mechanism is based on the enormous variety of psychologic 

factors known to influence pain and on the spinal cord dorsal horn being influenced by 

several pathways descending from the brain. These descending pain-modulating systems 

involving brainstem nuclei and serotonergic and noradrenergic neurons projecting to the 

substantia gelatinosa in the dorsal horn have already been discussed. 

5. When the output of the spinal cord T cells exceeds a critical level, the "action system" for 

pain experience and response are activated. When this activity occurs, sensory input is 

being filtered, and continuing sensory and affective activity occurs at a series of CNS 
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levels; for example, interaction occurs between the gate control system and the action 

system, or the brain may influence resetting of the gate as it analyzes and acts on the 

sensory input it receives[11]. 

 

Fig. 1 The gate control theory of pain. (Pathophysiology and clinical processed) 

In summary, the setting of the gate and therefore the ease with which information leading 

to pain generation passes through the gate depend on the balance  of activity in large and 

small afferent fibers and in fibers descending from the higher centers. 

The gate control theory of pain explains why rubbing or massaging a sore spot after an 

injury may relieve pain, because activity in large fibers is stimulated by this activity, by 

closing the gate to small-diameter (pain) fiber activity. The use of transcutaneous 

electrical nerve stimulation (TENS or TNS) or effleurage to relieve pain is an example of 

clinical application of the theory. TENS therapy is reported to be effective in reducing 

self-reported pain  and to reduce analgesic use in diabetic neuropathic pain. 
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2.3.4 Endorphin-Enkephalin Theory 

The most important advance in the understanding of pain mechanisms has been the 

discovery of opiate receptor sites on synaptic membranes. Opiate receptor sites are 

especially concentrated in the PAG area, medial raphe nuclei, and dorsal horn of the 

spinal cord. Exogenous narcotic agents (e.g., morphine) and narcotic antagonists (e.g., 

naloxone) bind to these neuronal receptor sites. Opiates and opioids block pain. Naloxone 

blocks inhibition and therefore increases pain. The presence of opiate receptor sites led to 

the search for endogenous opioids, substances with morphinelike properties that bind 

with opiate receptors. In 1975 Hughes and his colleagues discovered enkephalin, the 

distribution of which appears to parallel opiate-binding sites [11]. 

There are three major families of endogenous opioid peptides, each derived from a 

different precursor and having a somewhat different anatomic distribution: the 

enkephalins, beta-endorphin, and dynorphin. Met-enkephalin and leu-enkephalin are 

peptide fragments derived from proenkephalin and have the most extensive distribution 

in the CNS. Enkephalins are found in the hypothalamus, limbic system, PAG, RVM 

(which contains a high proportion of serotonergic neurons), and dorsal horn of the spinal 

cord. Outside the CNS, enkephalins are also found in the gastrointestinal tract (GIT) and 

adrenal glands. Electrical stimulation of the PAG and other parts of the brain can lead to 

analgesia. The analgesic effect can be reversed by naloxone, a morphine antagonist, 

demonstrating that endogenous opioids are involved. It is believed that enkephalin in 

some way may inhibit the release of substance P in the dorsal horn of the spinal cord. 

Enkephalins have a weaker analgesic effect than the other endorphins but are more potent 

and longer lasting than morphine. 
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Fig. 2 Binding of opiate receptor sites with endogenous opiods (endorphins,  

enkephalins) or narcotics and block transmission of pain impulses. 

(Pathophysiology and clinical concepts of disease processes) 

 

Beta-endorphin is a peptide fragment derived from proopiomelanocortin (POMC), in the 

pituitary gland. Melanocyte-stimulating hormone (MSH) and adrenocorticotropic 

hormone (ACTH) are also derived from POMC. A significant amount of beta-endorphin 

exists in the hypothalamus and PAG and much less in the medulla and spinal cord. Beta-

endorphin is a much more potent analgesic than enkephalin. 

Dynorphin, the most recently discovered endorphin, is derived from pro-dynorphin, 

which is produced by the posterior pituitary gland. The distribution of dynorphin roughly 
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parallels that of enkephalins. Dynorphin has the most potent analgesic effect-about 50 

times more potent than beta-endorphin[11]. 

All the endogenous opiates act by combining with opiate receptor sites, with analgesic 

effects similar to those produced by exogenous opiate drugs. Thus opiate receptors and 

endogenous opiates comprise and intrinsic "pain suppression system." experimental 

evidence suggests that pain-reducing measures such as placebo, acupuncture, and TENS 

may work because they stimulate release of endogenous opioids. Epidural and intrathecal 

administration of opiates for the management of acute pain is a recent clinical application 

of knowledge about opiate receptors in the CNS. The epidural space is outside the dura 

mater of the spinal cord or brain, whereas the intrathecal space is inside the dura mater 

and contains the cerebrospinal fluid (CSF). Relatively small doses of opiate drugs (e.g., 

morphine) provide excellent and long-lasting analgesia and few systemic effects. 

Clinically administered opioids are agonists at the opiate receptors and therefore mimic 

the actions of the body's endorphins. Specific actions of opioids depend on the location 

and type of receptor to which they bind: mu, kappa, and delta receptors have been 

identified. After attaching ot opioid receptors in the limbic system, midbrain, spinal cord, 

and gut, opioids reduce pain by preventing the release of pain-producing 

neurotransmitters. 

Most opioids used in acute care have the highest affinity for mu receptors, found in the 

brain and spinal cord. Opiates can be injected intermittently or continuously though a 

small catheter placed in the intrathecal or epidural space by a procedure similar to lumbar 

puncture. 

2.4 Pain Threshold And Tolerance 

The point at which pain is perceived as painful is called the pain threshold. This level 

varies minimally from individual to individual. One factor affecting pain threshold is 

perceptual dominance, which explains the clinical situation in which the pain felt in one 

area of the body diminishes or oblitrates the pain felt in another area of the body. Not 

until the most severe pain is diminished does the patient perceive or acknowledge the 

other pain. 
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Pain tolerance refers to the length of time or intensity of pain that the patient endures 

before outwardly acknowledging it and seeking relief. In contrast to pain threshold, pain 

tolerance is more likely to vary from one individual to the other. The patient's behavioral 

response to pain is influenced by a variety of factors, including personality type, 

psychologic state at the onset of pain, past experiences, sociocultural background, and 

meaning of the pain. Factors that decrease pain tolerance include repeated exposure to 

pain, fatigue, sleep deprivation, anxiety and apprehension. Warmth, cold, distraction, 

alcohol consumption, hypnosis, and strong religious beliefs or faith act to increase pain 

tolerance. Researchers have also found that family caregivers' beliefs about pain and 

patients' cultural background have a major impact on the quality and effectiveness of pain 

management[11]. 

3. Pain Management Approaches. 

The overall goal in the treatment of pain is to provide the greatest relief from pain with 

the least possible side effects. There are two general methods for the treatment of pain: 

pharmacologic and nonpharmacologic. To achieve the goal of pain relief in the patient, 

the clinician needs to (1) use the knowledge of neuropathophysiologic aspects of pain as 

a basis for various interventions; (2) assess pain routinely using appropriate instruments 

both before after treatment; (3) use a variety of pharmacologic and nonpharmacologic 

pain-relieving methods; and (4) document the effectiveness of pain-relieving 

interventions. 

3.1 Pharmacologic Approaches 

Medications are the most common form of pain control. There are three groups of pain 

medications: (1) nonopioid analgesics, (2) opioid analgesics, and (3) mixed opioid 

agonist-antagonists of partial agonists. A fourth group of medications is called adjuvants 

or coanalgesics. Pharmacologic management with analgesic drugs should be 

implemented using a stepwise approach[11]. 
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3.1.1 Nonopioid Analgesia: Analgesics-Antipyretics 

3.1.2 Salicylates 

Chemistry 

Aspirin is a weak organic acid and is one of the oldest known drugs for the relief of fever 

and pain. Aspirin remains the standard to which most NSAIDs are compared for efficacy. 

3.1.3 Pharmacokinetics 

Aspirin itself is an acid with a pKa of 3.5 and is relatively insoluble in water, while its 

sodium or calciumsalts have enhanced solubility. Aspirin and related salicylates are 

rapidly absorbed upon oral administration, with most absorption occurring in the small 

intestine. The pH of the stomach, a secondary site of drug absorption, along with the 

gastric emptying time of the stomach, determines the rate of absorption of the drug. Thus, 

food, which alters gastric emptying time and possibly the pH of the stomach, will alter 

absorption of the drug. Buffering of the drug decreases irritation in the stomach, increases 

drug solubility, and therefore may increase the rapidity of absorption. Enteric-coated 

aspirin tablets have a variable rate of dissolution depending on the preparation but are 

somewhat useful for prevention of stomach ulceration and gastric distress. Absorption of 

aspirin from rectal suppositories is slower and more variable than from oral 

administration. The peak plasma concentration of aspirin occurs 1 to 2 hours following 

oral administration. Aspirin is immediately hydrolyzed by various esterases in the 

stomach and in the liver to acetate and salicylic acid. Salicylic acid is glucuronidated, 

conjugated to glycine to form salicyluric acid (the major metabolic pathway), oxidized to 

gentisic acid (a minor metabolic pathway), or remains free as salicylic acid, which is 

secreted in the proximal tubule of the kidney. Diflunisal (Dolobid) differs from other 

salicylates in that it is not metabolized to salicylic acid but is rapidly glucuronidated. The 

conjugated metabolites of salicylates are inactive[4]. 

 Salicylic acid is highly plasma protein bound, an effect that alters the pharmacokinetics 

of other drugs taken in combination with aspirin. Salicylates passively diffuse to all 

tissues, including breast milk, fetal tissues, and the CNS. They tend to accumulate, since 

increases in dose decrease renal clearance and prolong the half-life of the drug. Clearance 

at high doses (>2–4 g/day) is via zero order kinetics, and the half-life can approach 15 
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hours.At lower doses (600–1000 mg/day), clearance depends on the concentration of 

glucuronide or glycine available for conjugation and is a first-order process (half-life of 

approximately 3–6 hours). However, renal clearance is highly dependent on the pH of the 

urine; the higher the pH of the urine, the greater the clearance of the drug. Alkalinization 

of the urine is used to increase clearance of the salicylates in the case of toxicity or 

overdose.  

3.1.4 Mechanism of Action and Pharmacological Effects 

Aspirin and related salicylates produce their pharmacological effects predominantly by 

inhibiting the synthesis of prostaglandins and to a lesser extent synthesis of the 

thromboxanes (implicated in platelet aggregation). The prostanoids are mediators of 

inflammatory responses in many cell types. Aspirin is unique among NSAIDs in that it 

irreversibly acetylates COX-1 and COX-2, which are required for the synthesis of 

prostanoids from arachidonic acid. COX-2 is induced during inflammation and is 

therefore considered to mediate most inflammatory responses. Aspirin acetylation of 

COX-1 permanently inactivates the enzyme, while acetylated COX-2 is capable of 

producing 15-HETE. New enzyme must be synthesized to overcome the effects of aspirin, 

which in the case of platelets can take as long as 11 days. The metabolite of aspirin, 

salicylic acid, is a reversible inhibitor of COX. Other NSAIDs have reversible effects at 

different sites on COX-1 and on COX-2. In addition, aspirin interferes with kinin-induced 

modulation of the inflammatory response[4]. 

3.1.5 Clinical Uses 

Aspirin and related salicylates are the primary treatment for mild to moderate pain, such 

as that associated with headache, joint and muscle pain, and dysmenorrhea. At higher 

doses aspirin is an effective analgesic in rheumatoid arthritis. The analgesic effects of 

salicylates are thought to be due to the inhibition of prostaglandin synthesis in the 

periphery and to a less well documented mechanism at cortical areas. 

The salicylates are also potent antipyretic agents, with the exception of diflunisal, which 

is only weakly active. Aspirin acts at two distinct but related sites. It decreases 

prostaglandin-induced fever in response to pyrogens and induces a decrease in 

interleukin-1 modulation of the hypothalamic control of body temperature. Thus, the 
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hypothalamic control of body temperature returns, vasodilation occurs, heat dissipates, 

and fever decreases. Other uses of aspirin include inhibition of platelet aggregation via 

inhibition of thromboxanes, which has been shown to decrease the incidence of blood 

clots, myocardial infarction, and transient ischemic attacks[4]. 

3.1.6 Overdose and Other Adverse Effects 

The major consequence of aspirin overdose, which often occurs in children, results from 

actions on respiratory centers in the medulla. Salicylate-induced stimulation of 

respiration leads to hyperventilation. In addition, salicylates uncouple oxidative processes 

leading to increased carbon dioxide production and metabolic acidosis. The onset of 

acidosis, if not treated less than 1 hour after ingestion of aspirin, will lead to loss of 

rhythmicity of respiration and eventually loss of breathing. Treatments include 

alkalinization of the urine, fluid replacement, gastric lavage with activated charcoal, 

dialysis, and artificial ventilation. 

Some patients exhibit hypersensitivity to aspirin in the form of salicylism, which is 

accompanied by ringing in the ears (tinnitus), vertigo, and bronchospasm (especially in 

asthmatics). The use of salicylate-containing preparations is not the only source of this 

drug. Those sensitive to salicylates should be aware of salicylates in a number of foods, 

such as curry powder, licorice, prunes, raisins, and paprika[4]. 

The use of aspirin in children and teenagers with either chickenpox or influenza is 

contraindicated, since there is evidence linking the use of the salicylates in such diseases 

to Reye‘s syndrome, a potentially fatal disease accompanied by liver damage and 

encephalopathy. The mechanism by which the use of salicylates increases the chances for 

development of Reye‘s syndrome is not known. 

 Other potential adverse effects of the drugs include the use of aspirin by patients who 

anticipate surgery or dental procedures. Such patients should be closely monitored and 

the salicylate stopped at least 1 week prior to surgery because of the possibility of 

increased clotting time and excessive bleeding. Similarly, the use of salicylates in 

pregnant women may increase bleeding upon delivery and prolong delivery. In addition, 

adverse fetal effects have been documented, such as low birth weight, fetal intracranial 

bleeding, and possible teratogenic effects. Due to the ulcerogenic effects of the drugs, 
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patients with a history of ulcers or other GI disturbances should be carefully monitored 

for increased blood in the feces while taking salicylates[4]. 

3.1.7 Drug Interactions 

The salicylates displace a number of drugs from plasma protein binding sites, thereby 

leading to potential adverse effects by these agents. Since aspirin is an over-thecounter 

medication, patients may fail to inform the doctor of their aspirin consumption. 

Anticoagulants are potentiated by aspirin by (1) displacement of the anticoagulants from 

plasma proteins and (2) the intrinsic anticoagulant effect of aspirin. Thus, the dosage of 

drugs such as coumarin and heparin should be reduced in patients taking aspirin. A 

similar effect is observed in patients taking oral sulfonylureas (Orinase, DiaBeta) for 

non–insulin-dependent diabetes or phenytoin (Dilantin) for seizures. Displacement of the 

sulfonylureas or phenytoin from plasma binding necessitates a decrease in dosage to 

prevent an acute hypoglycemic event or sedation, respectively.Aspirin enhances the 

effects of insulin (leading to hypoglycemia), penicillins and sulfonamides (increasing 

acute toxicity), and corticosteroids. Aspirin increases the hypotensive effects of the 

cardiac drug nitroglycerin but decreases the effectiveness of the loop diuretics. In patients 

taking methotrexate for cancer chemotherapy, aspirin may increase retention of the drug, 

and severe toxicity may result. 

Conversely, certain drugs modify the effectiveness or side effects of aspirin. 

Phenobarbital, occasionally used for seizures, induces liver enzymes that increase the 

metabolism and excretion of aspirin, β-adrenoceptor– blocking drugs, such as 

propranolol, and decrease the antiinflammatory effects of aspirin, whereas reserpine 

decreases its analgesic effects. Antacids decrease the absorption of aspirin. Alcohol 

consumption in combination with aspirin increases the latter‘s ulcerogenic effects[4]. 

3.2 p-Aminophenol Derivatives 

Acetaminophen (paracetamol) is the active metabolite of both phenacetin and acetanilide 

but has fewer toxic effects than either precursor. Phenacetin and acetanilide are no longer 

used therapeutically because they have been linked to methemoglobinemia. 
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Pharmacokinetics 

Acetaminophen, with a pKa of 9.5, is rapidly absorbed from the GI tract following oral 

administration. Peak plasma concentrations are observed within 30 minutes to 2 hours. 

Absorption is nearly complete following oral administration but varies with suppository 

forms of the drug. Acetaminophen is less plasma protein bound than the salicylates, 

although the amount bound varies from 20 to 50%. Following the use of normal 

therapeutic doses of acetaminophen, metabolism and conjugation to sulfate or 

glucuronides occurs, and clearance of these metabolites occurs in the kidney. A minor 

toxic metabolite is generated by the metabolism of acetaminophen via the P450 mixed-

function oxidase system. This toxic metabolite is normally conjugated to glutathione in 

the liver and excreted via the kidney as conjugated cysteine and mercapturic acid. 

However, with the depletion of glutathione in certain disease states, such as liver 

cirrhosis and necrosis, and following chronic use of high doses of acetaminophen, this 

toxic reactive metabolite can accumulate and induce liver damage[4]. 

3.2.1 Mechanism of Action 

Acetaminophen is a weak inhibitor of peripheral COX. Its analgesic effects may arise 

from inhibition of prostanoid synthesis in the CNS or other centrally mediated effects yet 

to be elucidated. The antipyretic effects of acetaminophen are similar to those of aspirin 

in that it acts at the level of the hypothalamus to reduce pyrogen-initiated alterations in 

body temperature by inhibiting prostaglandin synthesis. 

3.2.2 Pharmacological Effects and Clinical Uses 

Acetaminophen is similar to salicylates in that it is a useful analgesic for mild to 

moderate pain, with equal efficacy to aspirin, and like aspirin, it is antipyretic. However, 

acetaminophen exerts little if any effects on platelet aggregation and is not 

antiinflammatory. Thus, it is not useful for patients with arthritis or other inflammatory 

diseases. It is also not useful as an antithrombotic agent in the prevention of myocardial 

infarction or transient ischemic attacks. Acetaminophen does not produce the gastric 

ulceration that can occur with aspirin and is useful in patients who are salicylate sensitive 

or who have a history of ulcers or other gastric ulcerations[4]. 
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3.2.3 Adverse Effects, Contraindications, and Drug Interactions 

Toxicity from overdose with acetaminophen differs in time course and mechanism from 

that observed with the salicylates. The onset of toxicity may not occur for several days, 

and the predominant damage is to the liver. The initial signs of toxicity occur within 12 to 

24 hours and include nausea and vomiting. Signs of hepatotoxicity occur within 72 hours. 

In addition to hepatotoxic effects, renal necrosis and myocardial damage may occur. Oral 

Nacetylcysteine is used to treat acetaminophen toxicity, although many patients are 

hypersensitive to such treatment. In addition, gastric lavage with activated charcoal can 

be used immediately after ingestion of the drug to decrease acetaminophen absorption 

from the stomach.  

Acetaminophen is contraindicated in late-stage alcoholism, since chronic alcohol 

consumption can induce the P450 system, leading to increased production of the toxic 

metabolite of acetaminophen, hence to liver necrosis. In addition, barbiturates and 

phenytoin induce the liver P450 system and may decrease the effectiveness of 

acetaminophen. Acetaminophen crosses the placenta but is nonetheless used in pregnant 

women with few side effects for the mother or the fetus. Although the drug has been 

shown to be present in breast milk, no conclusive evidence links the drug to 

abnormalities associated with consumption of breast milk by the newborn. 

Acetaminophen increases levels of acetylsalicylic acid and chloramphenicol in plasma. 

Microsomal enzyme inducers (particularly rifampicin and phenobarbital) may increase 

the toxicity of acetaminophen, by increasing the proportion of biotransformation of toxic 

epoxides. Absorption of paracetamol may be accelerated by the administration of 

metoclopramide. Probenecid influences the secretion and plasma concentration of 

paracetamol. 

The anticoagulant effect of warfarin or other coumarin preparations may be increased 

along with increased bleeding risk in long term regular use of paracetamol, occasional 

use has no significant effect[4]. 
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3.3 Indoles (indomethacin) and Related Compounds 

3.3.1 Chemistry and Mechanism of Action 

Indomethacin (Indocin) is an acetic acid derivative related functionally to sulindac 

(Clinoril), a prodrug with a long half-life, and etodolac (Lodine).They are metabolized in 

the liver and excreted as metabolites in bile and via the kidney. They are potent inhibitors 

of COX and thus extremely effective antiinflammatory agents. 

3.3.2 Clinical Uses, Adverse Effects, and Contraindications 

All of these drugs produce analgesic effects, antipyresis, and antiinflammatory effects. 

Due to the high incidence of gastric irritation, headache, nausea, and other side effects, 

including hematological effects and coronary vasoconstriction, they are not useful as an 

initial treatment for pain. GI irritation and ulceration occur to a lesser extent with 

etodolac. Indomethacin is useful in the treatment of acute gout, osteoarthritis, ankylosing 

spondylitis, and acceleration of the closure of the ductus arteriosus in premature infants. 

The tocolytic effects of indomethacin to prevent preterm labor are the result of its effects 

on prostaglandin synthesis. However, the toxicity of the drug limits such application, 

since it increases fetal morbidity. Indomethacin is contraindicated in pregnancy, in 

asthmatics, and in those with gastric ulcers or other ulceration of the GI tract. 

Indomethacin may increase the symptoms associated with depression or other psychiatric 

disturbances and those associated with epilepsy and Parkinson‘s disease. The drug should 

be used with caution in such patients[4]. 

3.4 NonOpioid Analgesics: Nosteroidal Antiinflammatory Drugs 

(NSAIDS) 

The first step, often effective for mild to moderate pain management, uses nonopioid 

analgesics, specifically acetaminophen (paracetamol) and NSAIDS. These drugs (with 

the exception of acetaminophen) are useful for treatment of pain, fever, and inflammation 

and for reduction of platelet aggregation. Although the NSAIDs are less effective than the 

opioids in providing pain relief, they do not produce tolerance and physical dependence, 

as do the opioids. All share a ceiling effect; that is, increasing the dose above a certain 

level does not increase the analgesic effect. The mechanism of action of traditional 

NSAIDs involves blockade of the production of prostaglandins by inhibition of the 
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enzyme cyclooxygenase (COX) at the site of injury in the periphery. Prostaglandins 

(mainly PGE1, PGE2, and PGI2) sensitize nociceptors and work synergistically with other 

inflammatory products at the the site of injury, such as bradykinin and histamine, to 

produce hyperalgesia. Thus NSAIDs act by decreasing the formation of mediators of pain 

in the peripheral nervous system-interfering with the mechanism of transduction in 

primary afferent nociceptors by blocking prostaglandin synthesis.  COX was originally 

thought to be a single enzyme that was responsible for the conversion of arachidonic acid 

to a variety of prostanoids. The prostanoids produced by COX activity include those that 

are involved in inflammatory responses in tissue leading to detrimental effects and those 

that are critical to the maintenance of the gastric mucosal lining and certain renal 

functions. Thus, inhibition of COX by the NSAIDs may be accompanied by ulceration of 

the stomach lining and renal damage. In 1991 it was discovered that the COX system 

consisted of two enzymes, COX-1 and COX-2. COX-1 appears to remain constitutively 

active and is the site of action of the NSAIDs used prior to the early 1990s. However, 

COX-2 is not constitutively active and is induced by traumatic tissue injury, although 

some evidence of low levels of COX-2 constitutive activity exists for certain regions, 

such as the brain. The discovery of COX-2 led to the hypothesis that the major 

therapeutic benefit of the COX inhibitors was due to the block of inducible COX-2, while 

the major problematic side effects of the NSAIDs were due to COX-1 inhibition. 

Although this hypothesis has undergone several iterations, it does appear that the COX-2 

inhibitors can at the very least be described as gut sparing. The original NSAIDs appear 

to be nonselective for COX-1 and COX-2. Development of novel COX-2 inhibitors has 

led to the discovery of a class of NSAIDs largely devoid of the gastrointestinal (GI) and 

renal problems associated with the older NSAIDs. Although the COX-2 drugs are no 

more efficacious than the older nonselective COX inhibitors, the decrease in side effect 

profile has provided a new mechanism of long-term antiinflammatory treatment. Aspirin 

is one of the most important NSAIDs because it decreases pain at predominantly 

peripheral sites with little cortical interaction and thus has few CNS effects. The 

prototypical COX-2 inhibitors are celecoxib (Celebrex) and its chemical cousin, 

rofecoxib (Vioxx). In addition to a role in inflammatory processes, COX-2 seems to play 
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a role in colon cancer and Alzheimer‘s disease, providing potential additional uses for 

COX-2-selective drugs[4]. 

3.4.1Mechanism of Action 

The anti-inflammatory actions of the NSAIDs are most likely explained by their inhibition 

of prostaglandin synthesis by COX-2. The COX-2 isoform is the predominant COX 

involved in the production of prostaglandins during inflammatory processes. 

Prostaglandins of the E and F series evoke some of the local and systemic manifestations 

of inflammation, such as vasodilation, hyperemia, increased vascular permeability, 

swelling, pain, and increased leukocyte migration. In addition, they intensify the effects 

of inflammatory mediators, such as histamine, bradykinin, and 5-hydroxytryptamine 

(serotonin). All NSAIDs except the COX-2-selective agents inhibit both COX isoforms; 

the degree of inhibition of COX-1 varies from drug to drug. No one NSAID is empirically 

superior for the treatment of inflammatory diseases; instead, each individual’s response 

to and tolerance of a drug determines its therapeutic utility. 

3.4.2 Adverse Effects 

A number of the toxicities commonly caused by the NSAIDs result from the inhibition of 

prostaglandin synthesis (Table 1). The ability of NSAIDs to increase gastric acid 

secretion and inhibit blood clotting can lead to GI toxicity. Mild reactions, such as 

heartburn and indigestion, may be decreased by adjusting the dosage, using antacids, or 

administering the drugs after meals. 

Occult loss of blood from the GI tract and iron deficiency anemia are also possible. More 

serious toxicity can result from prolonged NSAID therapy, including peptic ulceration 

and rarely, GI hemorrhage. NSAIDs can impair renal function, cause fluid retention, and 

provoke hypersensitivity reactions, including bronchospasm, aggravation of asthma, 

urticaria, nasal polyps, and rarely, anaphylactoid reactions. These reactions may occur 

even in those who have previously used NSAIDs without any ill effects. NSAIDs inhibit 

uterine contraction and can cause premature closure of the fetal ductus arteriosus. The 

spectrum of toxicity produced by each NSAID is related to its inhibition of specific COX 

isoforms. The earliest NSAIDs inhibit both isoforms of COX. Certain of these drugs are 

more specific for COX-1, whereas others inhibit COX-1 and COX-2 with roughly equal 



42 

 

potency. More recently developed drugs selectively inhibit COX-2 and therefore do not 

elicit the GI and antiplatelet side effects common to drugs that inhibit COX-1. Adverse 

effects that are not unequivocally related to inhibition of prostaglandin synthesis include 

hepatic effects (hepatitis, hepatic necrosis, cholestatic jaundice, increased serum 

aminotransferases), dermal effects (photosensitivities, Stevens-Johnson syndrome, toxic 

epidermal necrolysis, onycholysis), central nervous system (CNS) effects (headaches, 

dizziness, tinnitus, deafness, drowsiness, confusion, nervousness, increased sweating, 

aseptic meningitis), ocular effects (toxic amblyopia, retinal disturbances), and certain 

renal effects (acute interstitial nephritis, acute papillary necrosis.) 

 

 

Table 1. Adverse Effects of NSAIDs- Relationship to Prostaglandin Synthesis 

Inhibition and Cyclooxgenase Isoforms. (Lippincott) 

3.4.3 Contraindications and Drug Interactions 

Co-morbid factors that increase the risk of NSAID induced GI bleeding include history of 

ulcer disease, advanced age, poor health status, treatment with certain drugs (discussed 

later), long duration of NSAID therapy, smoking, and heavy alcohol use. Because of their 

renal effects, NSAIDs must be used with caution patients with renal impairment, heart 

failure, hypertension, and edema. The use of NSAIDs is contraindicated in persons who 
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have had a hypersensitivity reaction to salicylates or any other NSAID. Asthmatics are at 

particular risk for these reactions. NSAIDs should be used during pregnancy only if the 

potential benefit justifies the risk to the fetus[4].  

      A significant number of drug interactions are common to most of the NSAIDs. The 

likelihood of NSAID induced GI toxicity is increased by concomitant treatment with 

corticosteroids (long term), other NSAIDs, bisphosphonates, or anticoagulants. Certain 

NSAIDs can also compete for protein binding sites with warfarin, compounding the risk 

of GI bleeding if these drugs are coprescribed. Agents that cause thrombocytopenia (e.g., 

myelosuppressive antineoplastic drugs) can also increase the likelihood that NSAIDs will 

cause bleeding. NSAIDs can decrease the clearance of methotrexate, resulting in severe 

hematological and GI toxicity.This does not appear to be a significant problem with low-

dose methotrexate used in the treatment of rheumatoid arthritis; however, higher 

methotrexate doses used in the treatment of psoriasis or cancer may produce this toxicity. 

NSAIDs, when used in conjunction with immunosuppressive agents, can mask fever and 

other signs of infection. Because NSAIDs decrease prostaglandin synthesis in the kidney, 

these drugs can increase the nephrotoxicity of agents such as aminoglycosides, 

amphotericin B, cidofovir, cisplatin, cyclosporine, foscarnet, ganciclovir, pentamidine, 

and vancomycin. NSAIDs can decrease the renal excretion of drugs such as lithium. 

NSAIDs can decrease the effectiveness of antihypertensive drugs such as β-blockers and 

diuretics. The elderly and those with decreased renal function are at particular risk for 

this interaction. Elevated hepatic enzymes and hepatic toxicity can occur with some 

drugs[4]. 

3.5 Aryl and Heteroarylakanoic Acid–Type Drugs 

The prototypes of this large class of NSAIDs are indomethacin and ibuprofen. These 

drugs are indicated for the relief of acute and chronic rheumatoid arthritis and 

osteoarthritis. In addition, a number of drugs of this class are also useful in ankylosing 

spondylitis, acute gouty arthritis, bursitis, and tendinitis. Adverse reactions are common 

with the use of these drugs but usually do not result in serious morbidity. GI and CNS 

effects and prolonged bleeding may occur. 
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Fluid retention, skin rashes, and ocular toxicity also occur, but with much lower 

frequency than with the salicylates. The selectivity for COX-1 and COX-2 varies from 

drug to drug and accounts for some of the differences in toxicity. None of the agents 

seems to be clearly more efficacious than the others; however, they generally cause less 

GI blood loss and fewer other adverse reactions than does aspirin, and the overall 

incidence of adverse reactions may be lower with these drugs. 

3.5.1 Indomethacin 

Indomethacin (Indocin) is used in the treatment of acute gouty arthritis, rheumatoid 

arthritis, ankylosing spondylitis, and osteoarthritis. It is not recommended for use as a 

simple analgesic or antipyretic because of its potential for toxicity. While indomethacin 

inhibits both COX-1 and COX-2, it is moderately selective for COX- 1. It produces more 

CNS side effects than most of the other NSAIDs. Severe headache occurs in 25 to 50% of 

patients; vertigo, confusion, and psychological disturbances occur with some regularity. 

GI symptoms also are more frequent and severe than with most other NSAIDs. 

Hematopoietic side effects (e.g., leukopenia, hemolytic anemia, aplastic anemia, purpura, 

thrombocytopenia, and agranulocytosis) also may occur. Ocular effects (blurred vision, 

corneal deposits) have been observed in patients receiving indomethacin, and regular 

ophthalmological examinations are necessary when the drug is used for long periods. 

Hepatitis, jaundice, pancreatitis, and hypersensitivity reactions also have been noted. 

3.5.2 Sulindac 

Sulindac (Clinoril) is chemically related to indomethacin and is generally used for the 

same indications. It is a prodrug that is metabolized to an active sulfide metabolite and an 

inactive metabolite. The most frequently reported side effects are GI pain, nausea, 

diarrhea, and constipation. The incidence of these effects is lower than for indomethacin, 

presumably because sulindac is a prodrug and thus the active metabolite is not highly 

concentrated at the gastric mucosa. As with indomethacin, a rather high incidence of 

CNS side effects (dizziness, headache) also occurs[4]. 
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3.5.3 Tolmetin 

Tolmetin (Tolectin) is indicated for the relief of osteoarthritis, rheumatoid arthritis, 

ankylosing spondylitis, and moderate pain. It is ineffective in gouty arthritis for unknown 

reasons.Tolmetin can inhibit both COX-1 and COX-2 but has a moderate selectivity for 

COX-1. The most frequently reported side effects are GI disturbance and CNS reactions 

(e.g., headache, asthenia, and dizziness). These effects are less frequently observed than 

after aspirin or indomethacin use. Blood pressure elevation, edema, and weight gain or 

loss have been associated with tolmetin administration. Tolmetin metabolites in urine 

have been found to produce pseudoproteinuria in some laboratory tests. 

3.5.4 Ketorolac 

Ketorolac (Toradol), an NSAID chemically related to indomethacin and tolmetin, is 

mainly used as an analgesic, not for the treatment of inflammatory disease. It is available 

in oral, parenteral, and topical formulations. 

3.5.5 Etodolac 

Etodolac (Lodine) is indicated for the treatment of osteoarthritis, rheumatoid arthritis, and 

acute pain. It inhibits COX-2 with slightly more selectivity than COX-1 and therefore 

produces less GI toxicity than many other NSAIDs. Common adverse effects include skin 

rashes and CNS effects. 

3.5.6 Diclofenac 

Diclofenac (Voltaren, Cataflam) is approved for use in rheumatoid arthritis, 

osteoarthritis, ankylosing spondylitis, dysmenorrhea, and topically for the treatment of 

ocular inflammation and actinic keratosis. Diclofenac exhibits approximately equal 

selectivity for COX-1 and COX-2. The most common adverse reactions are GI 

disturbances and headache. A reversible elevation of serum transaminases occurs in 15% 

of patients. 

Diclofenac increases the plasma concentration of lithium, digoxin, and methotrexate. 

Concomitant use of aspirin leads to a reduction in plasma concentrations of diclofenac 

and therefore not appropriate. Does not increase therapeutic efficacy and increases 

incidence of adverse reactions. Concomitant use of glucocorticoids and NSAIDs 
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increases the risk of side effects. Concomitant administration of potassium-sparing 

diuretics increases the level of this drug. Diclofenac reduces the effectiveness of diuretics 

and may in rare cases lead to the amplification effect of oral antidiabetic agents[4,6]. 

3.6 Arylpropionic Acid Derivatives 

3.6.1 Chemistry and Mechanism of Action 

Ibuprofen (Advil), flurbiprofen (Ansaid), fenoprofen (Nalfon), ketoprofen (Orudis), and 

naproxen (Naprosyn) are all 2-substituted propionic acid derivatives. They block the 

production of prostaglandins via inhibition of COX and therefore are similar to the 

salicylates in that they produce analgesia, antipyresis, and antiinflammatory effects. 

However, they are more potent than aspirin, with a decreased incidence of side effects 

such as gastric irritation. Ketoprofen inhibits lipoxygenase and COX, thus decreasing the 

production of both leukotrienes and prostaglandins. It also decreases lysosomal release of 

enzymes in inflammatory diseases. The principal differences among these drugs lie in the 

time to onset and duration of action. Naproxen has a long half-life, whereas fenoprofen 

and ketoprofen have short half-lives. All of the drugs are extensively metabolized in the 

liver and require adequate kidney function for clearance of the metabolites. The drugs 

vary in plasma protein binding, but clearly all are bound to a relatively high degree and 

can interfere with the binding of other drugs that compete for plasma protein binding (as 

described for aspirin). The one exception is ketoprofen, which although highly bound to 

plasma proteins, does not appear to alter the binding of other drugs[4]. 

3.6.2 Clinical Uses, Adverse Effects, and Contraindications 

The arylpropionic acid derivatives are useful for the treatment of rheumatoid arthritis and 

osteoarthritis, for reduction of mild to moderate pain and fever, and for pain associated 

with dysmenorrhea. Side effects of the drugs are similar to but less severe than those 

described for the salicylates. Those who are sensitive to salicylates also may be sensitive 

to and have adverse reactions when taking ibuprofen and related drugs. Acute 

hypersensitivity to ibuprofen has been reported in patients with lupus.The 

hypersensitivity reaction to sulindac can be fatal. The use of sulindac has also been linked 

to cases of acute pancreatitis. The use of dimethylsulfoxide (DMSO) topically in 

combination with sulindac has been reported to induce severe neuropathies. The 
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concurrent use of ibuprofen with aspirin reduces the antiinflammatory effects of both 

drugs. Ibuprofen is contraindicated in patients with aspirin sensitivity leading to 

bronchiolar constriction and in patients with angioedema. As with all NSAIDs, renal and 

liver function should be normal for adequate clearance of the drugs. 

3.6.3 Ibuprofen 

Ibuprofen (Advil, Motrin) is used as an analgesic and antipyretic as well as a treatment for 

rheumatoid arthritis and degenerative joint disease. The most frequently observed side 

effects are nausea, heartburn, epigastric pain, rash, and dizziness. Incidence of GI side 

effects is lower than with indomethacin.Visual changes and cross-sensitivity to aspirin 

have been reported. 

Ibuprofen inhibits COX-1 and COX-2 about equally. It decreases platelet aggregation, 

but the duration is shorter and the effect quantitatively lower than with aspirin. Ibuprofen 

prolongs bleeding times toward high normal value and should be used with caution in 

patients who have coagulation deficits or are receiving anticoagulant therapy[4]. 

3.6.4 Fenoprofen 

Fenoprofen (Nalfon) is chemically and pharmacologically similar to ibuprofen and is 

used in the treatment of rheumatoid arthritis, osteoarthritis, and mild to moderate pain. GI 

effects such as dyspepsia and pain are most common, although dizziness, pruritus, and 

palpitations may occur. GI bleeding, sometimes severe, has been reported, and interstitial 

nephritis has been rarely associated with this drug. Concomitant administration of aspirin 

decreases the biological half-life of fenoprofen by increasing the metabolic clearance of 

hydroxylated fenoprofen. Chronic administration of phenobarbital also decreases the 

drug‘s half-life[4]. 

3.6.5 Naproxen 

Naproxen (Naprosyn) also has pharmacological properties and clinical uses similar to 

those of ibuprofen. It exhibits approximately equal selectivity for COX-1 and COX-2 and 

is better tolerated than certain NSAIDs, such as indomethacin. Adverse reactions related 

to the GI tract occur in about 14% of all patients, and severe GI bleeding has been 
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reported. CNS complaints (headache, dizziness, drowsiness), dermatological effects 

(pruritus, skin eruptions, echinoses), tinnitus, edema, and dyspnea also occur[4]. 

3.6.6 Ketoprofen 

Ketoprofen (Orudis) is indicated for use in rheumatoid and osteoarthritis, for mild to 

moderate pain, and in dysmenorrhea. The most frequently reported side effects are GI 

(dyspepsia, nausea, abdominal pain, diarrhea, constipation, and flatulence) and CNS 

related (headache, excitation). Edema and increased blood urea nitrogen have also been 

noted in more than 3% of patients. Ketoprofen can cause fluid retention and increases in 

plasma creatinine, particularly in the elderly and in patients taking diuretics. 

3.6.7 Flurbiprofen 

Flurbiprofen (Ansaid) is indicated for the treatment of rheumatoid arthritis and 

osteoarthritis. Its half-life, longer than that of many of the NSAIDs, allows for twice daily 

dosing.The most common adverse effects of flurbiprofen are similar to those of the other 

acidic NSAIDs. Flurbiprofen inhibits both COX isoforms about equally[4]. 

3.6.8 Oxaprozin 

Oxaprozin (Daypro) is approved for the treatment of osteoarthritis and rheumatoid 

arthritis. Its long halflife allows for once daily dosing.The most frequently reported 

adverse effects of this drug are nausea, vomiting, and dyspepsia. 

3.6.9 Nabumetone 

Nabumetone (Relafen) is approved for rheumatoid arthritis, osteoarthritis, and pain 

management. Its long half-life allows for once-daily dosing. Although this drug is a weak 

inhibitor of COX, it is metabolized in the liver to 6-methoxy-2-naphthylacetic acid (6-

MNA), a strong COX inhibitor that is chemically similar to naproxen. As with most 

NSAIDs, GI side effects are most commonly reported. The incidence of gastric ulceration 

is lower with nabumetone than with many other NSAIDs.This is due to its nature as a 

prodrug, not to COX-2 selectivity. Lower-bowel complaints, rashes, and CNS 

disturbances are common adverse effects[4]. 
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3.7 Pyrazolone Derivatives 

Phenylbutazone (Butazolidin) is metabolized to oxyphenbutazone (Phlogistol), and both 

compounds have all of the activities associated with the NSAIDs. Their use is 

accompanied by serious adverse reactions, such as anemia, nephritis, renal failure or 

necrosis, and liver damage. Because of their toxicity, they are prescribed only for the 

treatment of pain associated with gout or phlebitis or as a last resort for other painful 

inflammatory diseases resistant to newer and less toxic treatments. Interactions with a 

large number of other drugs (similar to those described for aspirin) occur, since 

phenylbutazone displaces several drugs from plasma protein binding sites.The drug is 

contraindicated in children and in the elderly with diminished renal function. The 

consequences of overdose occur slowly and can include liver damage, renal failure, and 

shock.There is no antidote for overdose. Supportive measures include ventilation, 

dialysis, and gastric lavage with activated charcoal, as well as the use of benzodiazepines 

to control convulsions[4]. 

3.8 Oxicam-Type Drugs 

 The oxicams are as effective as indomethacin, and their long half-life allows for once-

daily dosing. Piroxicam (Feldene) is indicated for the treatment of rheumatoid arthritis 

and osteoa rthritis. Piroxicam is a nonspecific COX inhibitor that has a much higher 

affinity for COX-1 than COX-2. This may account for the large proportion (over 30%) of 

patients receiving long-term therapy who have reported side effects. Adverse GI reactions 

have been the most frequently reported side effect, but edema, dizziness, headache, rash, 

and changes in hematological parameters have also occurred in 1 to 6% of patients. 

Piroxicam can cause serious GI bleeding, ulceration, and perforation, particularly in the 

elderly, if the recommended dosage is exceeded or if aspirin is being taken concurrently. 

Meloxicam (Mobic), recently introduced for the treatment of osteoarthritis, is also used 

for rheumatoid arthritis and certain acute conditions. Although meloxicam is sometimes 

reported to be a selective COX-2 inhibitor, it is considerably less selective than celecoxib 

or rofecoxib. Its adverse effects are similar to those of piroxicam and other NSAIDs; 

however, the frequency of GI side effects is lower for meloxicam than for piroxicam and 

several other NSAIDs[4]. 
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3.9 Fenamate-Type Drugs 

Two compounds of the fenamate class of antiinflammatory drugs are marketed in the 

United States. Mefenamic acid (Ponstel) is indicated only for analgesia and primary 

dysmenorrhea when therapy will not exceed 1 week. Meclofenamate sodium (Meclomen) 

is prescribed for rheumatoid arthritis and osteoarthritis. The fenamates show no clear 

superiority in antiinflammatory activity and may produce more adverse effects than other 

NSAIDs. Diarrhea may be severe enough to necessitate discontinuation of drug use. 

Other adverse GI reactions include nausea, vomiting, abdominal pain, bleeding, and 

peptic ulceration. Decreases in the hematocrit or hemoglobin values occur in 

approximately one-sixth of patients taking meclofenamic acid, but these do not usually 

require discontinuation of therapy. Because of the rare possibility of drug-induced 

hemolytic anemia, hematological analyses should be performed on patients receiving 

long-term therapy if anemia is suspected[4]. 

3.10 SuphonylPhenyl Derivatives-COX-2 Inhibitors 

3.10.1Chemistry 

Celecoxib (Celebrex) and rofecoxib (Vioxx) are the two available COX-2 inhibitors. Both 

lack a carboxylic group present in most NSAIDs and therefore are able to orient into the 

COX-2 enzyme in a selective manner that differs from that of other NSAIDs. They have 

low aqueous solubility that prevents parenteral administration. 

3.10.2 Mechanism of Action 

As previously discussed, the COX-2 inhibitors have selectivity for inhibition of the COX-

2 enzyme, which has low constitutive activity but is highly inducible at sites of tissue 

injury. In addition to the peripheral role of COX-2 in inflammation, COX-2 may play an 

important role in the CNS. COX-2 is expressed constitutively in some excitatory neurons 

in the brain and spinal cord and is induced in traumatic brain injury such as that induced 

by ischemia and seizures. It has been hypothesized that COX-2 may also be involved in 

neurodegenerative diseases, since COX-2 inhibitors have shown some positive effects in 

Alzheimer‘s disease. Thus, the mechanism of action of COX-2 inhibitors may involve 

brain and spinal cord sites as well as local sites of injury. 
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3.10.3 Pharmacological Effects and Clinical Uses 

Celecoxib has been approved for the treatment of osteoarthritis and rheumatoid arthritis, 

and rofecoxib has been approved for the treatment of osteoarthritis, acute pain and 

primary dysmenorrhea. Celecoxib and rofecoxib do not appear to differ in efficacy for the 

treatment of osteoarthritis. However, neither drug has efficacy greater than that of the 

non-selective NSAIDs. Since the COX-2 enzyme appears to play an important role in 

colon cancer the COX-2 inhibitors may find future uses in the treatment or prevention of 

colorectal cancer[4]. 

3.10.4 Adverse Effects, Contraindications and Interactions 

The major advantage of the COX-2 inhibitors is their decreased GI effects and formation 

of gastric ulcerations compared with the COX nonselective agents. However, once an 

ulcer is present, COX-2 is induced in response, and the COX-2 enzyme is essential for 

wound healing. Therefore, celecoxib and rofecoxib can delay in wound healing and 

increase the time for ulcer repair and tissue regeneration. Patients with gastric ulcers 

should be switched if possible to another antiinflammatory to allow ulcers to heal. Lower 

extremity edema and hypertension occur relatively frequently (about 3.5%). 

Celecoxib is contraindicated during pregnancy, since COX-2 levels must be maintained 

for ovulation and onset of labor. Its use is also contraindicated in individuals with 

hypersensitivity to sulfonamides or other NSAIDs. It should be used with caution in 

persons with hepatic disease. Interactions occur with other drugs that induce CYP2C9 

(e.g. rifampin) or compete for metabolism by this enzyme (e.g. fluconazole, 

leflunomide). The most common adverse reactions to celecoxib are mild to moderate GI 

effects such as dyspepsia, diarrhea, and abdominal pain. COX-2 seems to be involved 

into the regulation of the renin–angiotensin system, and both celecoxib and rofecoxib use 

are associated with transient sodium retention. It is not metabolized by CYP2C9, so 

rofecoxib should not be subject to some of the interactions seen with celecoxib. However, 

its metabolism is increased by the coadministration of rifampin, which acts as a 

nonspecific inducer of hepatic metabolism[4]. 
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3.10.5 Withdrawal of Rofecoxib (Vioxx) 

The pharmaceutical company, Merck Sharp & Dohme (MSD), has announced that its 

product marketed under the name ―Vioxx― is being voluntarily withdrawn worldwide 

with immediate effect. This decision was taken independently by MSD without input 

from regulatory authorities. MSD‘s decision to withdraw Vioxx from the market was 

prompted by a recent clinical trial finding that there was an increased risk of 

cardiovascular events (such as heart attacks and strokes) in patients who had been taking 

Vioxx continuously for more than 18 months[3].

From the above it is obvious that even though the selective COX-2 inhibitor had little to 

almost no side effects to the GIT, and had prospects of being the best option when it 

came to the pharmacotherapy of pain, it had detrimental effects on the cardiovascular 

system, and so was withdrawn from the market. 

4. OPIOID ANALGESICS 

4.1 Chemistry 

The basic structure of morphine (table 2) can be altered in rather minor ways that 

drastically change the effects of the drug. Acetylation of the hydroxyl groups leads to the 

synthesis of heroin (diacetylmorphine), which has a much greater ability to pass the 

blood-brain barrier. In the brain, however, heroin is converted to morphine and 

monoacetyl morphine. Some researchers attribute heroin‘s potent analgesic effects and 

rapid onset of action solely to its conversion to morphine. Others contend that heroin 

produces analgesic effects distinct from the conversion to morphine and thus should be 

considered as a therapeutically useful analgesic. 

Heroin is not approved for medical use in the United States, although it is used 

therapeutically in other nations. Morphine is glucuronidated in the liver at the phenolic 

hydroxyl group (C3). Protection of that group with a methyl group, as occurs in codeine 

and other codeine derivatives such as oxycodone, renders the molecule less susceptible to 

glucuronidation and decreases the first-pass effect in the liver. It is for this reason that 

codeine and its derivatives retain activity following oral administration to a greater 

degree than does morphine. However, the glucuronidation of morphine at the hydroxyl 
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moiety on C6 leads to an active metabolite, morphine-6-glucuronide, which contributes 

to the activity of morphine and extends its duration of action[4]. 
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Table 2.     Opioid agonists, mixed agonist–antagonists, and antagonists. 

 

4.2 Endogenous Opioids 

The endogenous opioids are naturally occurring peptides that are the products of four 

known gene families. The gene responsible for the production of the endomorphins, a 

new class of endogenous opioids, has yet to be identified. The enkephalins, the first 

opioid peptides identified, were first discovered in the brain and were therefore given the 

name enkephalin, which means from the head. The dynorphins were so named because 

they were thought to be dynamic endorphins, having a wide range of activities in the 

body, a hypothesis that has proved to be accurate. 
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The endogenous opioids have been implicated in the modulation of most of the critical 

functions of the body, including hormonal fluctuations, thermoregulation, mediation 

of stress and anxiety, production of analgesia, and development of opioid tolerance and 

dependence. The endogenous opioids maintain homeostasis, amplify signals from the 

periphery to the brain, and serve as neuromodulators of the body‘s response to external 

stimuli. 

As such, the endogenous opioids are critical to the maintenance of health and a sense of 

well-being[4]. 

4.3 Opioid Receptors 

Given the diversity of opioid effects, William R. Martin hypothesized that multiple 

opioid receptors existed. Recently, a number of previously hypothesized opioid receptors 

have been cloned (µ, δ, and κ).The σ-receptor, once thought to be an opioid receptor, is a 

nonopioid receptor that mediates some of the dysphoric effects of the opioids. The cloned 

opioid receptors are members of the large superfamily of G protein–coupled receptors. 

Subtypes of the receptors have been proposed. It has been shown that µ1-receptors 

mediate the analgesic and euphoric effects of the opioids and physical dependence on 

them, whereas µ2-receptors mediate the bradycardiac and respiratory depressant effects. 

δ-receptors, of which at least two subtypes have been identified pharmacologically, 

mediate spinal analgesic effects and have been implicated in the modulation of tolerance 

to µ-opioids. Three κ-opioid receptors have been identified and are thought to mediate 

spinal analgesia, miosis, sedation, and diuresis. The existence of the ϵ-receptor is 

hypothetical pending cloning of the receptor. Opioid receptors and their precursor 

mRNAs are distributed throughout the brain and spinal cord. High levels of opioid 

binding have been found in the ascending pathways for nociceptive transmission, 

including the dorsal horn of the spinal cord and in particular the substantia gelatinosa 

lamina II. Other ascending tracts with high levels of binding include the spinothalamic 

tracts to the subcortical regions and limbic areas of the brain responsible for the 

discriminative and sensory aspects of pain and the euphoric effects of the drugs. Limbic 

areas, including cortical sites and the amygdala, are involved in the anxiolytic effects of 

the drugs. Binding in the thalamus and hypothalamus is also very high. Binding in the 
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hypothalamus is linked to the modulation of hormone release and to thermoregulation by 

the opioids and opioid peptides. Some descending pathways possess high levels of opioid 

receptors believed to be linked to the analgesic effects of the drugs. In addition, the 

receptor binding in medullary pathways has been linked to inhibitory neurotransmitter 

release in the dorsal horn. Opioid binding at medullary sites is consistent with the 

respiratory depressant effects of the drugs. Binding in the nucleus accumbens and the 

resultant release of dopamine by the µ- and δ-opioids is linked to the development of 

physical dependence. However, the κ-opioids, which also bind extensively in the nucleus 

accumbens, are linked to a decrease in dopamine release, possibly explaining their lower 

abuse liability.The localization of different receptor subtypes within different-size fiber 

pathways has been established. The µ- and δ-receptors appear associated with the large-

diameter fibers, while the κ-receptors appear to be located in the small to medium-size 

fiber bundles of the dorsal root ganglia. Such differences may explain the modulation of 

specific types of nociceptive stimuli by the different opioid agonists and opioid 

peptides[4]. 

4.4 Pharmacokinetics 

Most of the opioids are well absorbed from the GI tract in addition to being absorbed 

following transcutaneous administration. As described previously, the first-pass effect on 

drugs like morphine, which have a free hydroxyl group in position 3, is glucuronidation 

by the liver. In the case of morphine, the conjugation to glucuronide decreases the oral 

bioavailability of the drug. Following absorption, the drugs distribute rapidly to all 

tissues, although the distribution is limited by their lipophilicity. Fentanyl (highly 

lipophilic) distributes to the brain rapidly but also remains in fat, which serves as a slow-

releasing pool of the drug. Certain of the drugs, notably methadone and fentanyl, have 

long half-lives inconsistent with their duration of action. This discrepancy is due to 

accumulation in various tissue and plasma reservoirs and redistribution from the brain to 

these reservoirs. Heroin passes readily into the brain. Codeine passes into the brain more 

readily than morphine, which is slow in crossing the blood-brain barrier. The drugs cross 

readily into fetal tissues across the placenta and therefore should be used with care during 
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pregnancy and delivery. Moreover, glucuronidation by the fetus is slow, increasing 

buildup of the drugs and increasing their half-life in the fetus. 

The majority of their metabolites are inactive with a few notable exceptions, such as 

morphine-6-glucuronide, which produces an analgesic effect; normeperidine and 

norpropoxyphene, which produce excitatory but not analgesic effects; and 6-β-naltexol, 

which is less active than naltrexone as an antagonist but prolongs the action of 

naltrexone. Excretion of the metabolites requires adequate renal function, since excretion 

by routes other than the urine are of minor importance[4]. 

4.5 Cellular Mechanisms of Action 

Opioid receptors are members of the G protein superfamily of receptors. Drug-induced 

interaction with these receptors is associated with a decrease in activation of the enzyme 

adenylyl cyclase and a subsequent decrease in cyclic adenosine monophosphate (cAMP) 

levels in the cell. Binding of opioids to their receptors produces a decrease in calcium 

entry to cells by decreasing the phosphorylation of the voltage operating calcium 

channels and allows for increased time for the channels to remain closed. In addition, 

activation of opioid receptors leads to potassium efflux, and the resultant 

hyperpolarization limits the entry of calcium to the cell by increasing the negative charge 

of the membrane to levels at which these calcium channels fail to activate. The net result 

of the cellular decrease in calcium is a decrease in the release of dopamine, serotonin, 

and nociceptive peptides, such as substance P, resulting in blockage of nociceptive 

transmission. 

4.6 Pharmacological Effects 

4.6.1 Central nervous system effects 

Analgesia 

Opioid agonists interact with receptors in the brain and in the spinal cord. The initial 

binding of opioids in the brain causes the release of the inhibitory neurotransmitter 

serotonin, which in turn induces inhibition of the dorsal horn neurons. Both the brain and 

the spinal cord are required for the production of a maximal analgesic effect following 

systemic administration of opioids, although analgesia can be elicited by spinal 

administration only. In the spinal cord, morphine inhibits the release of most nociceptive 
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peptides. Morphine also affects descending noradrenergic pathways. Norepinephrine 

release in response to opioid administration results in an analgesic effect at the spinal 

level. 

Opioids have profound effects upon the cerebrocortical regions that control the 

somatosensory and discriminative aspects of pain. Thus, the opioids suppress the 

perception of pain by eliminating or altering the emotional aspects of pain and inducing 

euphoria and sleep with higher doses. Patients become inattentive to the painful stimuli, 

less anxious, and more relaxed. Disruption of normal REM sleep occurs with opioid 

administration. 

In addition, opioids depress polysynaptic responses but can increase monosynaptic 

responses and lead to convulsant effects in high doses. In patients with chronic pain, the 

euphoric effect of opioids, mediated by the µ-receptor, is usually blunted. Some patients 

feel a dysphoric effect upon the administration of opioids, which is most likely mediated 

by the σ-receptor[4]. 

Euphoria  

After a dose of morphine, a typical patient in pain or an addict experiences a pleasant 

floating sensation and freedom from anxiety and distress. However, other patients and 

some normal subjects (not in pain) experience dysphoric rather than pleasant effects after 

a dose of opioid analgesic. Dysphoria is a disquieted state characterised by restlessness 

and feeling of malaise. In general, if a real indication exists for administration of an 

opioid analgesic, the most common affective response is euphoria[9]. 

Sedation 

Drowsiness and clouding of mentation are frequent concomitants of opioid action. There 

is little or no amnesia. Sleep is induced by opiates more frequently in the elderly than in 

young, healthy individuals. Ordinarily, the patient can be easily aroused from sleep. 

However, the combination of morphine with other central depressant drugs such as the 

sedative-hypnotics may result in a very deep sleep. Marked sedation occurs more 

frequently with compounds closely related to phenanthrene derivatives and less 

frequently with the synthetic agents such as pethidine and fentanyl. In standard analgesic 

doses, morphine (a phenanthrene) disrupts normal REM and NREM sleep patterns. This 

disrupting effect is probably characteristic of all opioids. In contrast to humans, a number 
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of species (cats, horses, cows, pigs) may manifest excitation rather than sedation when 

given opioids. These paradoxical effects are at least partially dose-dependent[9]. 

Medullary Effects 

Opioids depress respiration via the µ2-receptor at the level of the medulla and thereby 

increase PCO2. Opioids reduce respiration, an effect that is fatal in the case of overdose, 

by a dual action. The opioids decrease both the sensitivity of the medulla to carbon 

dioxide concentrations and the respiratory rate. Cardiovascular function and the 

response to hypoxia are not compromised. By contrast, tolerance to the respiratory 

depressant effects of the opioids does not appear to occur, while tolerance to the emetic 

effects of the opioids occurs upon repeated administration. The area postrema 

chemoreceptor trigger zone of the medulla mediates opioid-induced vomiting. 

Miosis 

Miosis, or the pinpoint pupillary response to the opioids, is diagnostic of the use and 

abuse of the opioids. No tolerance to such an effect is observed. Miosis is due to 

disinhibition of the Edinger Westphal nucleus in the cortex resulting in increased 

pupillary constrictor tone. 

Hypothalamic Effects 

The opioids have pronounced effects on the release of hormones from both the pituitary 

and the hypothalamus. Stimulation of some of the opioid receptors in hypothalamic 

nuclei decreases the release of dopamine, thus increasing release of prolactin. Opioids 

bind in the supraoptic nuclei of the hypothalamus and increase the release of antidiuretic 

hormone (vasopressin)[4]. 

GI Effects 

Morphine and most other opioids produce some degree of constipation by increasing 

sphincter tone and decreasing gastric motility. Such an effect is uncomfortable for 

patients required to take opioids chronically. Tolerance to the constipative effects of the 

opioids does not generally occur. In addition, the decrease in gastric motility increases 

gastric emptying time and reduces absorption of other drugs. The constriction of 

sphincters, especially the bile duct, may result in increased pain in certain patients with 

biliary colic or other GI distress. Constriction of the urinary sphincter can lead to painful 

urine retention in some patients. The effects of opioids on the GI tract are largely 
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mediated by the parasympathetic release of acetylcholine. All of the opioid receptors 

have been shown to mediate such GI effects[4]. 

Immune Function and Histamine 

Opioids induce the release of histamine, which leads to the itching sensation associated 

with use and abuse of opioids. Bronchiolar constriction is possible. Opioids are also 

immunosuppressive, having effects on the T-helper and T-suppressor cells. 

Antitussive Effects 

The opioids block cough by a mechanism that is not yet understood. No stereoselectivity 

of the opioids for blockade of the cough reflex has been shown. Thus, the isomers of 

opioids, such as dextrorphan, are as efficacious as the L-isomers as antitussives. This lack 

of stereoselectivity prompted the development of the D-isomers of opioids as antitussives 

since they are devoid of the dependence liability of L-isomers. Certain of the opioids, 

such as propoxyphene and meperidine, are relatively devoid of antitussive effects[4]. 

Tolerance and Physical Dependence 

All of the opioid agonists produce some degree of tolerance and physical dependence. 

The biochemical mechanisms underlying tolerance and physical dependence are unclear. 

It is known, however, that intracellular mechanisms of tolerance to opioids include 

increases in calcium levels in the cells, increased production of cAMP, decreased 

potassium efflux, alterations in the phosphorylation of intracellular and intranuclear 

proteins, and the resultant return to normal levels of release of most neurotransmitters and 

neuromodulators. Tolerance to the analgesic effects of opioids occurs rapidly, especially 

when large doses of the drugs are used at short intervals. However, tolerance to the 

respiratory depressant and emetic effects of the opioids occurs more slowly. The miotic 

and constipative effects of the opioids rarely show tolerance. 

Tolerance to one opioid usually renders a patient cross-tolerant to other opioids but not 

to drugs of other classes. Within the opioid class of drugs, certain drugs with high 

intrinsic activity (e.g., fentanyl) appear to lack cross-tolerance to opioids of lower 

intrinsic activity (e.g., morphine), an effect thought to be related to the change in receptor 

number induced by the chronic opioid administration. Theoretically, a drug with high 

intrinsic activity would need to occupy fewer receptors to exert an effect and would be 
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less affected by changes in receptor number, which occurs upon chronic administration of 

drugs with lower intrinsic activity. 

The cessation of opioid drug administration leads to an observable abstinence syndrome. 

In the case of the opioids, signs of withdrawal include chills, fever, sweating, yawning, 

vomiting, diarrhea, nausea, dizziness, and hypertension. The onset of symptoms occurs 6 

to 12 hours after the last drug dose (depending on the kinetics of the drug) and continues 

for several days, with most of the signs of withdrawal ending by 72 hours after the last 

dose of the drug. However, signs of withdrawal, including restlessness, anxiety, and drug 

craving, may be detectable for 6 months to 1 year after cessation of drug use. 

In general, the effects observed upon withdrawal from a drug are opposite to those 

observed when the person is taking the drug, and such is the case with the opioids.The 

degree of dependence is generally reflected by the severity of withdrawal signs. In 

addition, drugs with long half-lives, such as methadone, produce a gradual and prolonged 

withdrawal. The use of methadone replacement for heroin is based upon the 

pharmacokinetics of methadone. The longer onset and duration of action and the oral 

bioavailability render the drug useful for the treatment of opioid addiction by decreasing 

the rapid highs and lows associated with fast-onset, short-duration drugs such as heroin. 

Drugs with a short duration of action produce a more rapid onset of withdrawal signs. 

A derivative of methadone, L-α-acetyl-methadol (LAAM) has been approved for the 

treatment of opioid addiction. In some addicts whose degree of tolerance is not known, 

the patient is first given methadone to stabilize the withdrawal signs and is then switched 

to LAAM. LAAM has an advantage over methadone in that it has a longer duration of 

action. Dosing is required only three times per week in most addicts to prevent 

withdrawal. 

Babies born to opioid-addicted women also exhibit withdrawal signs, but because of the 

slower metabolism of opioids in the newborn, the withdrawal signs are more protracted. 

The babies are often treated with the opium preparation paregoric to reduce withdrawal 

signs[4]. 
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4.7 Morphine 

Clinical Uses 

Morphine remains the standard by which other analgesic drugs are compared. The 

predominant effects of morphine are at the µ-opioid receptor, although it interacts with 

other opioid receptors as well. Morphine is indicated for the treatment of moderate to 

severe and chronic pain. It is useful preoperatively for sedation anxiolytic effects, and to 

reduce the dose of anesthetics. 

Morphine is the drug of choice for the treatment of myocardial infarction because of its 

bradycardiac and vasodilatory effects. In addition, morphine is the most commonly used 

drug for the treatment of dyspnea associated pulmonary edema. It is thought that 

morphine reduces the anxiety associated with shortness of breath in these patients along 

with the cardiac preload and afterload. 

The use of morphine via the oral route has drawbacks because of its first-pass effect; 

however, oral morphine has been recommended for use in cancer patients for its ease of 

administration. In particular, the longacting preparations of morphine, such as MS-Contin 

and Ora-Morph, are described as the cornerstone of pain treatment in cancer patients, 

either alone or in combination with nonopioids. 

Morphine is the most commonly used analgesic drug administered via the epidural route 

because it is potent, efficacious, and hydrophilic. The more hydrophilic the drug, the 

slower the onset and the longer the duration of action following epidural administration. 

Single-dose or continuous infusion of morphine is used to provide pain relief in thoracic 

and abdominal surgical patients and in cancer patients at high risk for developing side 

effects associated with systemic opioids. Since morphine does not produce anesthesia via 

the epidural route, the patient is able to move about normally; motor function is 

preserved. The drawback to epidural use of morphine is that certain types of pain are 

relatively unresponsive, such as that associated with visceral stimuli, as in pancreatitis, 

and neuropathic pain from nerve deafferentation. In addition, patients can develop 

respiratory depression and nausea from the rostral flow of the drug to medullary centers, 

although the effects are much less severe than those observed following the systemic 

administration of the drug, and can be alleviated by elevation of the head of the patient at 

a 30-degree angle. Patients may also itch because of histamine release. 
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Patient-controlled analgesia (PCA) is an alternative method of administration of 

morphine. The use of an indwelling catheter allows the patient to administer the drug at 

frequent intervals for pain relief. PCA systems allow patients the freedom to assess the 

need for their own analgesia and to titrate a dose tailored to their needs. Dependence is 

rarely observed in patients using PCA for acute pain management[4]. 

Adverse Effects and Contraindications  

The opioids generally have a high level of safety when used in therapeutic dosages. 

However, there are several notable exceptions. Morphine and other opioids are 

contraindicated in patients with hypersensitivity reactions to the opioids. In addition, 

morphine should not be used in patients with acute bronchial asthma and should not be 

given as the drug of first choice in patients with pulmonary disease, because it has 

antitussive effects that prevent the patient from clearing any buildup of mucus in the 

lungs. Opioids with less antitussive effects, such as meperidine, are better for such 

situations. When used via the epidural route, the site for injection must be free of 

infection. In addition, the use of corticosteroids by the patient should be halted for at least 

2 weeks prior to the insertion of the catheter to prevent infection, since morphine 

increases the immunosuppressive effects of the steroids. 

 Opioids are contraindicated in head trauma because of the risk of a rise in intracranial 

pressure from vasodilation and increased cerebrospinal fluid volume. In addition, in such 

patients the onset of miosis following opioid administration can mask the pupillary 

responses used diagnostically for determination of concussion. 

The clearance of morphine and its active metabolite, morphine-6-glucuronide depends on 

adequate renal function. The elderly are particularly susceptible to accumulation of the 

drugs, hence respiratory depression and sedation. Morphine, like all opioids, passes 

through the placenta rapidly and has been associated with prolongation of labor in 

pregnant women and respiratory depression in the newborn. 

Morphine and other opioids exhibit intense sedative effects and increased respiratory 

depression when combined with other sedatives, such as alcohol or barbiturates. 

Increased sedation and toxicity are observed when morphine is administered in 

combination with the psychotropic drugs, such as chlorpromazine and monoamine 

oxidase inhibitors, or the anxiolytics, such as diazepam. 
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Respiratory depression, miosis, hypotension, and coma are signs of morphine overdose. 

While the IV administration of naloxone reverses the toxic effects of morphine, naloxone 

has a short duration of action and must be administered repeatedly at 30- to 45minute 

intervals until morphine is cleared from the body[4]. 

4.8 Codeine and Other Phenanthrene Derivatives 

Like morphine, codeine is a naturally occurring opioid found in the poppy plant. Codeine 

is indicated for the treatment of mild to moderate pain and for its antitussive effects. It is 

widely used as an opioid antitussive because at antitussive doses it has few side effects 

and has excellent oral bioavailability. Codeine is metabolized in part to morphine, which 

is believed to account for its analgesic effect. It is one of the most commonly used 

opioids in combination with nonopioids for the relief of pain. The administration of 30 

mg of codeine in combination with aspirin is equivalent in analgesic effect to the 

administration of 65 mg of codeine. The combination of the drugs has the advantage of 

reducing the amount of opioid required for pain relief and abolition of the pain via two 

distinct mechanisms, inhibition of prostanoid synthesis and opioid inhibition of 

nociceptive transmission. When given alone, orally administered codeine has about one-

tenth to one-fifth the potency of morphine for the relief of pain. In addition, i.v. codeine 

has a greater tendency to release histamine and produce vasodilation and hypotension 

than does morphine. Thus, the use of i.v. codeine is rare. Codeine is rarely addictive and 

produces little euphoria. 

Adverse effects and drug interactions with codeine are similar to those reported for 

morphine, although they are less intense. Overdose in children results in the same effects 

as overdose of morphine, such as respiratory depression, miosis, and coma; these 

symptoms are treated with naloxone administration. 

Hydrocodone (Hycodan), oxycodone (Roxicodone), dihydrocodeine, hydromorphone 

(Dilaudid), and oxymorphone (Numorphan) are derivatives of codeine and morphine. All 

are indicated for the relief of mild to severe pain or for their antipyretic effects; they are 

often used in combination with nonopioid analgesics. The drugs vary in potency, but their 

pharmacological effects do not differ significantly from those of codeine or morphine. 
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Hydromorphone is eight times as potent as morphine but has less bioavailability 

following oral administration. Its side effects do not differ from those of morphine but are 

more intense. Hydromorphone is indicated for use in severe pain and in high doses for 

relief of pain in opioid-addicted patients. 

Oxycodone is nearly 10 times as strong as codeine, with absorption equal to that of orally 

administered morphine. Neither hydromorphone nor oxycodone is approved for use in 

children, and hydromorphone is contraindicated in obstetrical analgesia and in 

asthmatics. Oxymorphone is 10 times as potent as morphine, with actions similar to those 

of hydromorphone. 

Oxymorphone, however, has little antitussive activity, and as such is a useful analgesic in 

patients with pulmonary disease who need to retain the ability to cough[4]. 

4.9 Meperidine/Pethindine and Related PhenylpiperidineDerivatives 

4.9.1 Clinical Uses and Adverse Effects 

Meperidine (Demerol) is a phenylpiperidine derivative of morphine that was developed 

in the late 1930s as a potential anticholinergic agent. It has some anticholinergic side 

effects that lead to tachycardia, blurred vision, and dry mouth. Meperidine is 

approximately onefifth as potent as morphine and is absorbed only half as well when 

administered orally as parenterally. It has a rapid onset and short duration of action (2 

hours), that is, approximately one-fourth that of morphine. 

Like morphine, meperidine has an active metabolite, normeperidine, formed by N-

demethylation of meperidine. Normeperidine is not analgesic but is a proconvulsant and a 

hallucinogenic agent. For this reason, meperidine use in patients with renal or liver 

insufficiency is contraindicated because of the decreased clearance of the drug and its 

metabolite. Convulsant activity has been documented in elderly patients given 

meperidine and in patients using PCA who have decreased renal function. 

Meperidine differs from morphine in that it has far less antitussive effect and little 

constipative effect. The drug is particularly useful in cancer patients and in pulmonary 

patients, in whom the cough reflex must remain intact. However, it does have more 

seizure-inducing activity than morphine. Although meperidine produces spasms of the 
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biliary tract and colon, such spasms are of shorter duration than those produced by 

morphine. 

Meperidine readily passes the placenta into the fetus. However, respiratory depression in 

the newborn has not been observed, and meperidine clearance in the newborn is rapid in 

that it does not rely upon conjugation to glucuronides. Meperidine, unlike morphine, has 

not been associated with prolongation of labor; conversely, it increases uterine 

contractions. 

Symptoms of overdose with meperidine are qualitatively different from those of 

morphine in that seizures rather than sedation are common. Respiratory depression and 

miosis are present. While naloxone reverses overdose-associated toxicity, its use in 

patients who have received large, frequent doses of meperidine may precipitate seizures. 

Diphenoxylate (Lomotil) is a meperidine derivative used as an antidiarrheal. It exhibits no 

morphinelike effects at low doses, but it produces mild opioid effects, such as sedation, 

euphoria, and dependence, at higher doses. Its salts are highly insoluble in water, which 

reduces recreational use. Preparations often include atropine. 

Difenoxin is a metabolite of diphenoxylate with antidiarrheal effects similar to the parent 

drug. Loperamide (Imodium) is a piperidine derivative of diphenoxylate, which acts both 

at the level of the gut and also in the CNS to reduce GI motility. Its use as an 

antidiarrheal and its potency are similar to those of diphenoxylate[4]. 

4.9.2 Contraindications 

Contraindications are similar to those of morphine. In addition, because normeperidine 

accumulates in renal dysfunction and meperidine accumulates in hepatic dysfunction, 

meperidine is contraindicated in such patients because of convulsant effects. Similarly, 

the use of meperidine is contraindicated in patients who have a history of seizures or who 

are taking medication to prevent seizures. Phenytoin administered for seizures may 

reduce the effectiveness of meperidine by increasing the metabolism of the drug in the 

liver. Meperidine is not generally used in patients with cardiac dysfunction, since its 

anticholinergic effects can increase both heart rate and ectopic beats. 
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4.10 Fentanyl, Sufentanil, and Alfentanil 

4.10.1 Clinical Uses and Pharmacological Effects 

Fentanyl (Sublimaze) and its related phenylpiperidine derivatives are extremely potent 

drugs.They are used as adjuncts to anesthesia, and fentanyl may be given transdermally 

as an analgesic and as an oral lozenge for the induction of anesthesia, especially in 

children who may become anxious if given i.v. anesthesia. 

Fentanyl is 80 to 100 times as potent as morphine. Sufentanil (Sufenta) is 500- to 1,000-

fold more potent than morphine, while alfentanil (Alfenta) is approximately 20 times 

more potent than morphine. Their onset of action is usually less than 20 minutes after 

administration. 

Dosage is determined by the lean body mass of the patient, since the drugs are lipophilic 

and tend to get trapped in body fat, which acts as a reservoir, prolonging their half-life. In 

addition, redistribution of the drugs from the brain to fat stores leads to a rapid offset 

of action. Droperidol, a neuroleptic agent, is generally administered in combination with 

fentanyl for i.v. anesthesia. 

Fentanyl transdermal patches are available for analgesia in chronic pain and for 

postsurgical patients. The use of the patch is contraindicated, however, for patients 

immediately after surgery because of the profound respiratory depression associated with 

its use. The patches must be removed and replaced every 3 days. The onset of action of 

transdermal fentanyl is slower than that of oral morphine. Thus, patients may require the 

use of oral analgesics until therapeutic levels of fentanyl are achieved. Fentanyl lozenges 

have been used to induce anesthesia in children and to reduce pain associated with 

diagnostic tests or cancer in adult patients. However, all of the adverse side effects 

associated with morphine are produced with far greater intensity, but shorter duration, by 

fentanyl in the patch, the lozenge, or i.v. administration. Given the abuse liability of 

fentanyl, controversy exists as to the ethics of marketing a lollipop lozenge form. 

Sufentanil is much more potent than fentanyl and is indicated specifically for long 

neurosurgical procedures. In such patients, sufentanil maintains anesthesia over a long 

period when myocardial and cerebral oxygen balance are critical[4]. 

Fentanyl is commonly used to relieve pain from intubation of premature infants, although 

the safety of the drug in infants has not been established. Sufentanil has been studied to a 
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limited extent in newborns, and reports indicate that it can be used safely. Tolerance and 

physical dependence have been demonstrated after prolonged use of fentanyl in the 

newborn. 

4.10.2 Adverse Effects and Contraindications 

In addition to all of the adverse effects and contraindications previously described for 

morphine, the following contraindications apply specifically to these drugs. They are 

contraindicated in pregnant women because of their potential teratogenic effects. They 

also can cause respiratory depression in the mother, which reduces oxygenation of fetal 

blood, and in the newborn; the incidence of sudden infant death syndrome (SIDS) in the 

newborn is also increased. 

Cardiac patients need to be monitored closely when receiving these drugs because of 

their bradycardiac effects (which can lead to ectopic arrhythmias), and hypotensive 

effects resulting from prolonged vasodilation. In addition, the drugs stiffen the chest wall 

musculature, an effect reversed by naloxone[4]. 

4.11 Levorphanol 

Levorphanol (Levo-Dromoran) is an L-isomer morphinan derivative of morphine that is 

five to seven times more potent than morphine. It produces all of the side effects 

associated with morphine but less nausea. It is indicated for moderate to severe pain as a 

preoperative anxiolytic. It is often used in combination with thiopental to reduce the latter 

drug‘s anesthetic dose and to decrease postoperative recovery time. The D-isomer of 

levorphanol, dextrorphan, does not possess opioid analgesic activity but is a useful 

antitussive. 

4.12 Methadone 

Methadone (Dolophine) has an analgesic profile and potency similar to that of morphine 

but a longer duration of action and better oral bioavailability.The kinetic properties of 

methadone and its derivative, LAAM, have been shown to be useful in the treatment of 

opioid addiction, as discussed earlier. 

Methadone is a useful analgesic drug for the treatment of moderate to severe pain. Unlike 

morphine, it is generally not used epidurally because of its long duration of action. It is 
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also rarely or never used in PCA systems or in pregnant women during labor. The side 

effects and signs of overdose following methadone administration are similar to those 

observed with morphine. 

Overdose is treated with naloxone. Clearance of methadone is via the urine and bile as 

the cyclic N-demethylated drug. The ability to N-demethylate the drug decreases in 

elderly patients, prolonging the action of methadone. In such patients, dosing intervals 

should be longer than in younger patients. In addition, the pH of the urine has a major 

effect on clearance of the drug. 

Alkalinization of the urine or renal insufficiency decreases excretion of the drug. 

Drug interactions and precautions for the use of methadone are similar to those of 

morphine. In addition, rifampicin and hydantoins markedly increase the metabolism of 

methadone and can precipitate withdrawal from methadone. Conversely, the tricyclic 

antidepressants and certain benzodiazepines can inhibit metabolism of methadone, 

thereby increasing accumulation of the drug, prolonging its half-life, and intensifying its 

side effects. Continuous dosing with methadone may lead to drug accumulation and to an 

increased incidence of side effects; methadone is generally not used for PCA. In pregnant 

heroin-addicted women, substitution of methadone for heroin has been shown to be 

associated with fewer low-birth-weight newborns and fewer learning and cognition 

problems later in the life of the child[4]. 

4.13 Propoxyphene 

Propoxyphene (dextropropoxyphene; Darvon) is structurally related to methadone but is 

much less potent as an analgesic. Compared with codeine, propoxyphene is 

approximately half as potent and is indicated for the treatment of mild pain. It is not 

antipyretic or antiinflammatory like aspirin and is less useful than aspirin in most cases 

of mild pain. Toxicity from propoxyphene, especially in combination with other 

sedatives, such as alcohol, has led to a decrease in its use. Death following ingestion of 

alcohol in combination with propoxyphene can occur rapidly (within 20 minutes to 1 

hour). The drug is not indicated for those with histories of suicide or depressive illnesses. 

Like meperidine, propoxyphene has an active metabolite, norpropoxyphene, that is not 

analgesic but has excitatory and local anesthetic effects on the heart similar to those of 
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quinidine. Use of the drug during pregnancy is not safe.Teratogenic effects have been 

observed in newborns, as have withdrawal signs at birth. As with morphine, 

propoxyphene requires adequate hepatic and renal clearance to prevent toxicity and drug 

accumulation. It is thus contraindicated in the elderly patient and those with renal or liver 

disease. 

Propoxyphene interacts with several drugs. The use of sedatives in combination with 

propoxyphene can be fatal. In addition, the metabolism of the drug is increased in 

smokers due to induction of liver enzymes. Thus, smokers may require a higher dose of 

the drug for pain relief. Propoxyphene enhances the effects of both warfarin and 

carbamazepine and may increase the toxicity associated with both drugs, such as bleeding 

and sedation, respectively. 

The abuse liability of propoxyphene is low because of the extreme irritation it causes at 

the site of injection. Oral use is the preferred route of administration for this reason. 

Opium-Containing Preparations 

The use of opium dates to 4,000 B.C. At that time it was used for medicinal and 

recreational purposes mainly via inhalation. Today few opium-containing preparations 

are used, since the activity of opium is largely attributed to its morphine content. The 

preparations in use today are those that have constipative effects useful for the treatment 

of diarrhea[4]. 

4.14 Mixed Opioid Agonist–Antagonists or Partial Agonists 

The mixed opioid agonist–antagonists are potent analgesics in opioid-naive patients but 

precipitate withdrawal in patients who are physically dependent on opioids. They are 

useful for the treatment of mild to moderate pain. They were developed to reduce the 

addiction potential of the opioids while retaining the analgesic potency of the drugs. 

Their analgesic effect is generally attributed to an interaction at the κ- and to a lesser 

extent the µ-opioid receptor. Interaction at the κ-receptor increases the sedative effects of 

the drugs. The euphoric effects are due to interaction with the µ-receptor. The dysphoric 

and psychotomimetic side effects of the drugs are attributed to interaction at the σ-

receptor. The mixed agonist–antagonists and partial agonists differ from morphine in that 

they (i) produce excitatory and hallucinogenic effects, (ii) produce a low degree of 
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physical dependence, (iii) induce withdrawal signs that differ from those of morphine, 

and (iv) produce excitatory effects related to the sympathetic discharge of norepinephrine 

and therefore are positive inotropic agents in the heart. 

4.14.1 Pentazocine 

4.14.2 Pharmacological Effects 

Pentazocine (Talwin) is a potent analgesic with antagonistic activity in µ-recepetors and 

agonistic activity on κ and δ receptors. This mechanism ensures minimal risk of 

dependence.  It incompletely blocks the effects of morphine in opioid-addicted patients 

but will precipitate withdrawal. To eliminate abuse of the drug via i.v administration, 

pentazocine is combined with naloxone (Talwin-NX). i.v. administration of Talwin-NX 

will produce no analgesic or euphoric effects because naloxone blocks the pentazocine 

moiety. However, the drug will retain its analgesic potency when administered orally, 

since naloxone is not active orally. Pentazocine when given by itself orally, has relativly 

weak analgesic effects, its analgesic effect is increased when given parenterally. 

Pentazocine produces as much respiratory depression as morphine but does not produce 

the same degree of constipation or the biliary constriction observed with morphine. 

Pentazocine may increase GI motility if used in high doses. Unlike morphine, 

pentazocine increases heart rate and blood pressure by releasing norepinephrine. 

Pentazocine also may increase uterine contractions in pregnancy[4,10]. 

4.14.3 Pharmacokinetics 

Absorption of pentazocine following oral administration is rapid. The onset of action 

occurs within approximately 15 minutes, and the half-life is 2 to 3 hours. Pentazocine is 

extensively metabolized in the liver and thus has a high first-pass effect following oral 

administration; its half-life differs considerably from patient to patient. Oxidation of the 

methyl groups followed by conjugation to glucuronides in the liver terminates the effects 

of pentazocine. Excretion occurs through the kidney. 
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4.14.4 Clinical Uses 

Pentazocine is indicated for relief of moderate pain in patients not receiving large doses 

of opioids. It is also used as premedication for anesthesia and as a supplement to surgical 

anesthesia. 

4.14.5 Adverse Effects 

The most common side effect of pentazocine is sedation resulting from an interaction 

with the κ-receptor. Also observed is activation of nonopioid σ-receptors which are 

responsible sweating, dizziness, psychotomimetic effects, anxiety, nightmares, and 

headache. Nausea and vomiting are less frequent than with morphine. Respiratory 

depression and increased heart rate, body temperature, and blood pressure accompany 

overdose. 

Naloxone is effective in reducing the respiratory depression but requires the use of higher 

doses than for morphine overdose. 

4.14.6 Contraindications 

Most of the contraindications specific to pentazocine stem from its excitatory effects. 

Other contraindications are similar to those for morphine. Pentazocine is contraindicated 

in patients with myocardial infarction because it increases heart rate and cardiac load. 

Similarly, it is contraindicated in epileptic patients because it decreases seizure threshold. 

In addition, in head trauma patients, it can increase intracranial pressure and brain injury. 

Pentazocine use in patients with psychoses is contraindicated because of its 

psychotomimetic side effects[4]. 

4.14.7 Drug Interactions 

The combination of pentazocine with the antihistamine tripelennamine results in a 

combination known to drug abusers as T‘s and blues. This combination produces 

heroinlike subjective effects, and heroin addicts use it in the absence of heroin. In 

addition, the use of pentazocine in combination with alcohol or barbiturates greatly 

enhances its sedative and respiratory depressant effects. 
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4.14.8 Tolerance and Dependence 

Tolerance to the analgesic effects of pentazocine develops. Withdrawal signs are milder 

than those seen with morphine, and they produce more excitatory effects. 

Butorphanol 

Butorphanol (Stadol) is chemically related to levorphanol but pharmacologically similar 

in action to pentazocine. As an opioid antagonist it is nearly 30 times as potent as 

pentazocine and has one-fortieth the potency of naloxone. It is a potent opioid analgesic 

indicated for the relief of moderate to severe pain. Its potency is 7 times that of morphine 

and 20 times that of pentazocine as an analgesic. Its onset of action is similar to that of 

morphine.The side effects and signs of toxicity are similar to those produced by 

pentazocine. It produces excitatory effects and sedation and precipitates withdrawal in 

opioid-dependent patients. Although generally administered parenterally because of its 

low bioavailability following oral administration, it is also unique in that a nasal spray 

formulation is available.The nasal spray is indicated for the relief of postoperative pain 

and migraine headache. The low molecular weight of butorphanol, its high lipophilicity, 

and its lack of vasoconstrictor effects make it particularly suitable for nasal 

administration.  

Nasal administration of butorphanol decreases the onset of action to 15 minutes and 

decreases the firstpass effect of the drug, which increases bioavailability. Generally the 

patient sprays a set dose of 1 mg per hour for 2 hours. The duration of action is 4 to 5 

hours. The convenience of such administration is a major advantage to patients requiring 

repeat dosing. The abuse potential following such administration has not been extensively 

studied, although it is thought to be small. Butorphanol is not a federally controlled 

(―scheduled‖) drug, so physicians are not required to obtain the licenses and security 

safeguards required for other opioid analgesics[4]. 

Adverse effects, contraindications, and drug interactions are similar to those for 

pentazocine and morphine. 

Nalbuphine 

Nalbuphine (Nubain) is a mixed agonist–antagonist that is similar in structure to both the 

antagonist naloxone and the agonist oxymorphone. It is administered parenterally and is 

equipotent to morphine and 5 times as potent as pentazocine.Although the 
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pharmacological effects (analgesia, respiratory depression, sedation, and so on) are 

similar to those produced by pentazocine, nalbuphine produces fewer psychotomimetic 

effects. It differs from pentazocine in that it has far greater antagonist than agonist 

effect.Thus, its use is likely to precipitate severe withdrawal in opioid-dependent patients. 

It is used much as pentazocine is, that is, for moderate to severe pain, postsurgical 

anesthesia, and obstetrical analgesia. Nalbuphine‘s abuse potential is less than that of 

codeine and propoxyphene, although tolerance and dependence have been shown 

following chronic administration. High doses are perceived by addicts as being like those 

of the barbiturates[4]. 

Drug interactions and contraindications are similar to those for pentazocine and 

morphine. 

Buprenorphine 

Buprenorphine (Temgesic) is a mixed agonist–antagonist and a derivative of the naturally 

occurring opioid thebaine. Buprenorphine is highly lipophilic and is 25 to 50 times more 

potent than morphine as an analgesic. The sedation and respiratory depression it causes 

are more intense and longer lasting than those produced by morphine. Its respiratory 

depressant effects are not readily reversed by naloxone. It binds to the µ-receptor with 

high affinity and only slowly dissociates from the receptor, which may explain the lack of 

naloxone reversal of respiratory depression. 

Buprenorphine has more agonist than antagonist effects and is often considered a partial 

agonist rather than a mixed agonist–antagonist, although it precipitates withdrawal in 

opioid-dependent patients. Its pharmacological effects are similar to those produced by 

both morphine and pentazocine. Indications for its use are similar to those of pentazocine, 

that is, for moderate to severe pain. Sublingual preparations are available, but have a slow 

onset and erratic absorption[4]. 

The abuse potential of buprenorphine is low. While high doses of the drug are perceived 

by addicts as being morphinelike, it does reduce the craving for morphine and for the 

stimulant cocaine. Thus, buprenorphine is a potential new therapy for the treatment of 

addiction to both classes of drugs. 

Drug interactions and contraindications are similar to those described for pentazocine and 

morphine. 
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Dezocine  

Dezocine (Dalgan) is a synthetic aminotetralin derivative with potent agonist–antagonist 

effects. The onset of activity and potency as an analgesic are comparable to those of 

morphine. Although the drug requires glucuronidation during metabolism, patients with 

hepatic insufficiency clear it normally.The main route for clearance is the kidney. Thus, 

patients with renal dysfunction are prone to buildup of dezocine over time. As an 

antagonist, dezocine is more potent than pentazocine. As an agonist, dezocine produces 

analgesia and respiratory depression (which is readily reversed by naloxone), but unlike 

pentazocine, it has little if any effect on the cardiovascular system. 

Dezocine is indicated as an analgesic for moderate to severe pain. In addition, it shows 

promise in chronic pain states, such as with victims of severe burns. Contraindications 

and adverse effects of the drug are similar to those described for morphine. No tendency 

toward abuse has been demonstrated thus far[4]. 

4.15 Opioid Antagonists 

Naloxone and naltrexone are pure opioid antagonists synthesized by relatively minor 

changes in the morphine structure. Alteration of the substituent on the piperidine nitrogen 

from a methyl group to a longer side chain changes the drug from an agonist to an 

antagonist. 

Opioid antagonists bind to the opioid receptor with high affinity and have low efficacy. 

The pure antagonists block the effects of opioids at all opioid receptors. However, as 

previously discussed, the dose required for naloxone blockade of the µ-receptor versus 

the κ- opioid receptor is several times as much. All opioid antagonists will precipitate 

withdrawal in opioid-dependent patients. 

Naloxone 

Because of its fast onset (minutes), naloxone (Narcan) administered i.v. is used most 

frequently for the reversal of opioid overdose. However, it fails to block some side effects 

of the opioids that are mediated by the σ- receptor, such as hallucinations. The rapid 

offset of naloxone makes it necessary to administer the drug repeatedly until the opioid 

agonist has cleared the system to prevent relapse into overdose. The half-life of naloxone 
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in plasma is 1 hour. It is rapidly metabolized via glucuronidation in the liver and cleared 

by the kidney. Naloxone given orally has a large first-pass effect, which reduces its 

potency significantly. Often an overshoot will follow the administration of naloxone for 

overdose. The heart rate and blood pressure of the patient may rise significantly. The 

overshoot is thought to be due to precipitation of acute withdrawal signs by naloxone. 

Given alone to nonaddicts, naloxone produces no pharmacological effects. 

Naloxone is approved for use in neonates to reverse respiratory depression induced by 

maternal opioid use. In addition, naloxone has been used to improve circulation in 

patients in shock, an effect related to blockade of endogenous opioids. Other 

experimental and less well documented uses for naloxone include reversal of coma in 

alcohol overdose, appetite suppression, and alleviation of dementia from schizophrenia. 

Side effects of naloxone are minor[4]. 

Naltrexone 

Naltrexone (Trexan) is three to five times as potent as naloxone and has a duration of 

action of 24 to 72 hours, depending on the dose. It is used orally in the treatment of 

opioid abstinence. Naltrexone exhibits a large firstpass effect in the liver. However, the 

major metabolite, 6-β-naltrexol, is also a pure opioid antagonist and contributes to the 

potency and duration of action of naltrexone. Administration of naltrexone orally blocks 

the subjective effects of abused opioids and is used to decrease the craving for opioids in 

highly motivated recovering addicts. However, high doses of the opioids can overcome 

the naltrexone blockade and lead to seizures or respiratory depression and death. In 

addition, it has been reported recently that naltrexone can reduce the craving for alcohol 

in alcoholic patients. Naltrexone also has been used with success in treating apneic 

episodes in children, an effect hypothesized to be due to blockade of β-endorphin–

induced respiratory depression. 

Naltrexone can induce hepatotoxicity at doses only five times the therapeutic dose and 

should be used with care in patients with poor hepatic function or liver damage. Side 

effects of the use of naltrexone are more frequently observed than following naloxone 

administration. Such side effects include headache, difficulty sleeping, lethargy, 

increased blood pressure, nausea, sneezing, delayed ejaculation, blurred vision, and 

increased appetite. 
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Nalmefene 

Nalmefene (Revex) is a long-acting injectable pure opioid antagonist recently introduced 

in the United States. It binds all opioid receptors and reverses the effects of opioid 

agonists at those receptors.The onset of action is 2 minutes after IV administration. 

Hepatic metabolism is slow and occurs via glucuronide conjugation to inactive 

metabolites. Its half-life of 11 hours is about 5 times that of naloxone. Indications include 

use in postoperative settings to reverse respiratory depression and in opioid overdose. 

Due to the long duration of action of nalmefene, however, naloxone may be preferred for 

treatment of overdose because it produces a shorter duration of withdrawal effects[4]. 

4.16 Atypical opioids 

Tramadol is a representative of the so-called atypical opioid analgesic with low affinity 

for μ-opioid receptors. At its analgesic mode of action, primarily blocks the reuptake of 

norepinephrine and serotonin in nerve endings, resulting in the activation of descending 

inhibitory pathways. Its analgesic effect is about 6 times lower than Morphine. Duration 

of effect is 4-6 hours. Incidence of adverse events after therapeutic doses are very small, 

it practically does not cause constipation and does not depress breathing. The risk of 

developing drug dependence is very low. The advantage is the possibility of oral 

administration. Tramadol is currently among the most widely used centrally acting 

analgesics[10]. 

4.17 Drugs Used Predominantly as Antitussives 

Certain opioids are used mainly for their antitussive effects. Such drugs generally are 

those with substituents on the phenolic hydroxyl group of the morphine structure. The 

larger is the substituent, the greater the antitussive versus analgesic selectively of the 

drugs. 

Dextromethorphan 

Dextromethorphan hydrobromide is the D-isomer of levorphanol. It lacks CNS activity 

but acts at the cough center in the medulla to produce an antitussive effect. It is half as 

potent as codeine as an antitussive. Anecdotal reports of abuse exist, but studies of abuse 

potential are lacking. It has few side effects but does potentiate the activity of monoamine 

oxidase inhibitors, leading to hypotension and infrequently coma. Dextromethorphan is 
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often combined in lozenges with the local anesthetic benzocaine, which blocks pain from 

throat irritation due to coughing. 

Levopropoxyphene 

Levopropoxyphene is the L-isomer of the analgesic agonist dextropropoxyphene. 

Levopropoxyphene is only mildly antitussive and is rarely used. It has no CNS effects. 

Side effects include dizziness and nausea. It is available as the napsylate derivative 

(Novrad) and is taken orally in the form of a liquid or less frequently as a capsule. 

Noscapine 

Noscapine is a naturally occurring product of the opium poppy. It is a benzylisoquinoline 

with no analgesic or other CNS effects. Its antitussive effects are weak, but it is used in 

combination with other agents in mixtures for cough relief. 

Benzonatate 

Benzonatate (TessaIon) is related to the local anesthetic tetracaine. It anesthetizes the 

stretch receptors in the lungs, thereby reducing coughing.Adverse reactions include 

hypersensitivity, sedation, dizziness, and nausea[4]. 

5. Adjuvants or Coanalgetics 

Adjuvant or coanalgetic medications are usually agents orginally developed for purposes 

other than pain relief but have been found to have analgesic properties or a 

complementary role in the management of patients with pain. Some of these drugs are 

particularly effective in the control of neuropathic pain that may not respond to opioids. 

Anticonvulsants, such as carbamazepine or phenytoin, have been found to be effective for 

the treatment of lancinating pains associated with nerve damage. Lancinating pains (brief 

flashing, stabbing, or shooting) are characteristic of trigeminal neuralgia and often occur 

after laminectomy (the surgical removal of part of the posterior arch of a vertebra to 

provide access to the spinal canal, as for the excision of a ruptured disk) and limb 

amputation. Anticonvulsants are effective for neuropathic pain because they stabilize 

nerve cell membranes and suppress wind-up responses to nerves. Gabapentin was also 

found to be particularly effective in lancinating pain. In recent years a new antiepiletic 

drug-pregabalin has been proven to have favourable effects on neuropathic pain-diabetic 

neuropathy[12]. 
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Tricyclic antidepressants such as amitriptyline or imipramine are very effective 

analgesics for neuropathic pain, as well as a broad range of other painful conditions. 

Some specific applications include postherpetic neuralgia, invasion of neural structures 

by carcinoma, postsurgical pain, and rheumatoid arthritis. It is believed that tricyclic 

antidepressants relieve pain by blocking reuptake of biogenic amines in the CNS. 

Other adjuvant medications useful in the treatment of pain include hydroxyzine, which 

has analgesic effects over a range of painful conditions and additive effect when given 

with morphine; muscle relaxants such as diazepam, which are used to treat muscle spasm 

associated with pain; and steroids such as dexamethasone, which have been used to 

control the sypmtoms associated with spinal cord compression or bone metastasis in 

cancer patients. 

Other adjuvants for analgesia are alpha-adrenergic receptor agonists (e.g. the α-2 agonist 

clonidine), often given intraspinally along with opioids or local anesthetics; it also has an 

analgesic effect when administered systematically because it reverses the excessive 

sympathetic adrenergic response at central and peripheral receptors[5]. 

Muscle relaxants are indicated for pain accompanied by muscular spasms. Most 

frequently Baclofen, tetrazepam (myolastan) mefenoxalon (Dorsiflex) tolperizon 

(Mydocalm) are used. It must be emphasized that, for patients with vertebral chronic pain 

conditions, hypotonic individuals and individuals with the weak muscle corset, muscle 

relaxants are absolutely inappropriate. Main therapeutic measure is physiotherapy[11].

Corticosteroids possess anti-inflammatory and antiedematose propeties. Most frequent 

indication is: Pulse treatment of acute vertebral algic syndrome, the drug of choice is 

prednisone[11]. 

Local anesthetics especially have their place in the treatment of neuropathic pain, for 

local application. In practice, most commonly used are mesocain gel lidocaine and spray 

also suitable for the scalp during cranial nerve neuralgia[11]. 
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6. Preventive Therapy 

• Clinically, the most significant side effects during long-term treatment with opioids and 

NSAIDs are constipation, nausea, vomiting and general depression and GI disorders. 

• The patient should be adequately prepared and informed on common adverse effects 

and simultaneously educated on a plan to establish their treatment. 

• The incidence of adverse effects is not a reason to discontinue the use of painkillers, but 

to treat and address these effects. 

These are medications that are very often applicable in the management of pain. Their 

need usually rises based on the period of chronic multimodal therapy and with the 

incidence of accompanying side effects[7]. 

Gastroprotective Medications- Before commencing NSAIDs therapy it is necessary to 

carefully take into consideration the patient history focusing on risk factors of 

GIT. Choose the least toxic NSAID drugs (preference of selective COX 2 inhibitors) in 

the minimum effective dose. Prophylactically administered omeprazole 20 mg per day, or 

a newer proton pump inhibitor drug pantoprazole  40 mg per day. H2 blockers are a little 

inappropriate and uneffective in preventing NSAID ulcers and bleeding! 

Antiemetics- In susceptible patients, especially at the beginning of opioid therapy, 

nausea and vomiting may be experienced. For the suppression of these side effects, 

thietylperazin 6.5 mg to be taken every 12 hrs,  metoclopramid, and possibly 5-HT3 

receptor antagonists (granisetron, ondansetron) are available. 

Laxatives-Constipation from opioids is an uncomfortable accompanying phenomenon of 

oral opioid therapy. It can be adequately suppressed by the composition of food (enough 

fibre), osmotic laxatives, e.g., lactulose or contact laxatives, such as senna. 

General/Total attenuation (sedation) 

• It occurs usually at the beginning of treatment (1-2 weeks). For most patients the 

sedative effect of opioid tolerance develops.

• If the patient is informed of the possibility of sedation at the beginning of treatment this 

adverse effect is usually better tolerated. 

• In the treatment with high doses of strong opioids (equivalent to several hundred 

milligrams grams of morphine a day) sedation is very frequent. The physician must, 
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together with the patient to determine how prominent the side effect is. 

• In significant persistent sedation it is appropriate to consider changing the type of 

opioid. 

• If there is no improvement after a change in the type of opioid, it is necessary to 

consider the use of invasive methods of analgesia (intraspinal application of analgesics, 

neurodestructive intervention). In this situation it is necessary to consider sending the 

patient to specialized clinician in this field[7]. 

7. Nonpharmacological Approaches 

Despite the convenience of analgesic drugs, many patients and clinicians are dissatisfied 

with their long-term use for nonmalignant-related pain. This situation has led to the 

development of a number of nonpharmacologic methods of pain management. 

Nonpharmacologic methods of pain control can be divided into two groups: physical 

therapies and modalities and cognitive-behavioral strategies. Some of these modalities 

can be useful alone or used as adjuncts in the management of pain. 

7.1 Physical Therapies and Modalities 

Physical therapies for pain relief include various forms of cutaneous stimulation 

(message, transcutaneous electrical nerve stimulation, acupuncture, heat or cold 

applications, exercise). The rationale for cutaneous stimulation is derived from the gate 

control theory of pain transmission. Cutaneous stimulation stimulates the large-diameter 

non-nocipiceptive fibers to "close the gate" to pain-conducting small-diameter fibers and 

thus relieves pain. It has been hypothesized that cutaneous stimulation may also cause the 

body to secrete endorphins and other pain-inhibiting neurotransmitters[11]. 

One of the oldest and most common strategies of cutaneous stimulation is rubbing or 

massage. Massage can be accomplished using varying amounts of pressure and 

stimulation of various myofascial trigger points throughout the body. An oil or lotion is 

used to reduce friction. Massage relaxes muscle tension and increases local circulation. 

Back massage is particularly relaxing and, if performed by a caring person, provides an 

additional dimension of emotional support. 
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Transcutaneous electrical nerve stimulation (TENS or TNS) consists of a battery-

operated device that sends weak electrical impulses via electrodes placed on the body. 

The electrodes are generally placed on or near the painful site. TENS units are used for 

the management of both acute and chronic pain: postoperative pain, low back pain, 

phantom limb pain, peripheral neuralgias, and rheumatoid arthritis. TENS is based on the 

gate control theory[11]. 

Acupuncture is an ancient Chinese technique involving the insertion of thin needles into 

various "acupuncture (trigger) points" throughout the body to relieve pain. An alternate, 

noninvasive method of stimulating the trigger points is to apply pressure with the thumbs, 

a technique called acupressure. Acupuncture is widely used in China and has even been 

used to perform major surgery without the use of an additional anesthetic. The use of 

acupuncture or acupressure techniques requires special training and has gained some 

popularity in the West. The gate control theory and the theory that acupuncture stimulates 

the release of endogenous opioids are possible explanations for its efficacy. 

Range-of-motion (ROM) exercises (passive, assisted, or active) may be used to relax 

muscles, improve circulation, and prevent pain related to stiffness and immobility. 

Heat application is a simple measure that has long been recognized as an effective 

method of reducing muscle spasm or pain. Heat can be delivered by conduction (hot-

water bottles, electrical heating pads, lamps, hot wet compresses), convection (whirlpool, 

sitz bath, hot soaks), or conversion (ultrasound, diathermy). Pain from bruises, muscle 

spasms, and arthritis responds well to heat. Because heat dilates blood vessels and 

increases local blood flow, it should not be used after traumatic injuries when edema and 

inflammation are present. Because heat increases blood flow, it may relieve pain by 

removing the products of inflammation, such as bradykinin, histamine, and 

prostaglandins, that produce pain locally. Heat may also stimulate nerve fibers that close 

the gate, thus preventing the transmission of pain impulses up the spinal cord to the brain. 

In contrast to heat therapy, which is effective for chronic pain, cold application is more 

effective for acute pain (e.g. trauma from burns, cuts, sprains). Cold may be applied in 

the form of cold soaks or compresses, ice bags, Aquamatic K pads, and ice massage. 
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Cold applications reduce blood flow to an area and reduce bleeding and edema. It is 

believed that cold therapy produces an analgesic effect by slowing the conduction 

velocity of nerves so that fewer pain impulses reach the brain. Another possible 

mechanism is that the perception of cold predominates and reduces the perception of 

pain[11]. 

7.1.1 Cognitive-Behavioral Strategies 

Cognitive-behavioral strategies are useful in changing the patient's perception of pain, 

altering pain behavior, and giving the patient a greater sense of control over the pain. 

These strategies include relaxation, imagery, hypnosis, and biofeedback. Although most 

cognitive-behavioral methods emphasize either relaxation or distraction, in practice, the 

two are almost inseparable. 

With methods that emphasize muscle relaxation, the facilitator instructs the patient to 

focus on different muscle groups and voluntarily contact and relax them in sequence. 

Other means to induce relaxation include deep-breathing exercises, meditation, and 

listening to soothing music. Relaxation techniques reduce anxiety, muscle tension, and 

emotional stress and thus interrupt the pain-stress-pain cycle, in which pain and stress 

reinforce each other. 

Distraction techniques reduce pain by focusing the patient's attention on another stimulus 

and away from the pain. Watching television, reading a book, listening to music, and 

engaging in a conversation are common examples of distraction. Guided imagery is a 

form of distraction in which the facilitator encourages the patient to visualize or think 

about a pleasant scene or desirable sensation to divert attention away from the pain. This 

technique is often combined with relaxation. Hypnosis is a cognitive method that depends 

on focusing the patient's attention away from the pain; it also depends on the therapist's 

ability to guide the patient's attention to those images that are most constructive. 

Distraction interventions are most effective against acute pain but can also be effective 

against chronic pain. The ability of distraction interventions to relieve pain is based on 

theory that when two separate stimuli are presented, focusing on one will negate the 
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other. However, the more intense the pain is, the more complex the distraction stimuli 

must be. 

Biofeedback is a technique that depends on providing measurements of certain 

physiologic parameters to patients so that they may learn to control them, including skin 

temperature, muscle tension, heart rate, blood pressure, and brain waves. The 

biofeedback device transforms the physiologic parameters into visual signals viewed by 

the patient. The patient is first alerted to stress-related responses such as increased muscle 

tension, heart rate, and or blood pressure and then taught how to regulate the responses 

through visual images, deep-breathing, or relaxation exercises. Several sessions are 

usually required before patients learn to control their responses. Although biofeedback 

has been used to manage a variety of chronic pain problems, its most common use has 

been to treat headaches. It is not clear how biofeedback reduces pain. Possible factors that 

produce the beneficial effects include muscle relaxation, reduced anxiety, distraction, and 

a feeling of increase control over the symptoms[11]. 

7.1.2 Ablative Procedures on Nociceptive Pathways 

Neuroablation is the interruption of pain pathways by chemical or thermal techniques or 

by surgery. Thus ablation permanently blocs nerve pathways to the brain by destroying 

the nerves that are the source of the chronic pain. The only noncancer pain for which 

ablation is currently used is trigeminal neuralgia (TN), which may be cured by surgical 

ablation of the fifth cranial nerve. The ASA (1996) lists the available types of procedures 

for persons with chronic cancer pain and recommends that these measures should be 

limited to four indications: 1) when systemic therapies fail to  provide adequate pain 

control or side effects are intolerable; 2) after failure of neuraxial drug administration; 3) 

when there is a focal somatic lesion, visceral or neuropathic pain with high likelihood  of 

responsiveness to neuroablation with limited risk; or 4) when patient preference indicates 

appropriate neuroablation. The procedure may involve interruption at one of three levels: 

the peripheral nerve root (neurectomy, rhizotomy, sympathectomy), the spinal cord 

(cordotomy), or the brain (thalamotomy). The ASA 6) further recommends that, except 

for the four specific indications, chemical, radiofrequency (thermal), and surgical 



85 

 

neuroablation should be deferred until anticipated life expectancy is short, thereby 

minimizing the potential for deafferentation pain following the procedure[11]. 

8. Guidelines For Pain Management 

Assess the patient for pain  

to treat pain rationally, a detailed characterization of painful status must be made: 

• duration of pain 

• event which accompanies its emergence 

• localization and its dissemination. What makes it better/worse? Description.  

• what type of pain is it? Is it common pain (such as bone or mouth pain) or special 

pains (such as shooting nerve pain, zoster, colic or muscle spasms)? What is being 

taken now for the pain? 

• Nature of pain (Hot, shooting, aching, colicky, tense pressure …) 

• factors affecting pain (deterioration, reduction)  

• pain intensity and its amendments in a time period 

• The effect of pain on daily activities and mood 

•  Regular assessment of pain intensity and nature is a prerequisite of successful 

treatment. 

• To ensure adequate control of pain in its variable intensity ("breakthrough pain") it is 

sometimes necessary to combine opioids with long effect of pharmaceutical 

formulations with immediate-release (eg, transdermal fentanyl and morfine syrup) 

• dose of painkillers are individual according to analgesic effect and side effects.  

• the least invasive route of administration is preferred.for long-term treatment oral and 

transdermal administration are beneficial. In case of impossibility of such methods of 

administration some analgesics can be administered rectally.  

• analgesic efficacy and adverse effects should be checked regularly 

• The successful pharmacological treatment of pain can be spoken of only if the benefit 

of analgesia clearly exceeds the burden of adverse effects. 

•  For the evaluation of pain, the visual analogue scale (VAS) is most commonly used 

(See picture). Patient shows on the scale the intensity of pain from no pain 

to the worst pain, that could imagined. Subsequently, the subjective evaluation is 
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converted to a numeric scale from 0-5, where 0 = no pain and 5 = worst pain, which 

the patient could imagine[7,8]. 

 

Fig.3:   visual analog scales to assess intensity of pain-Wrong-Baker FACES pain 

rating scale. (WHO/CDS/IMAY2004.4) 

Treat pain, according to whether it is a common or a special pain problem or both: 

• With analgesics, according to the analgesic ladder. 

• With medications to control special pain problems, as appropriate. Explain reason for 

treatment and side effects; always take into account patient preference. 

• With non-medical treatments- alternative methods. 

Reassess need for pain medication and other interventions frequently. Repeat grading of 

the pain. Investigate any new problems[8]. 

 

Treat Chronic Pain 

By mouth 

• If possible, give by mouth (rectal is an alternative—avoid intramuscular). 

 By the clock 

• Give pain killers at fixed time intervals (by clock or radio or sun). 

• Start with small dose, then titrate dose against patient‘s pain, until the patient is 

comfortable. 
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• Next dose should happen before effect of previous dose wears off. 

• For breakthrough pain, give an extra ―rescue‖ dose (same dosing of the 4-hourly dose) 

in addition to the regular schedule. 

 By the individual 

• Link first and last dose with waking and sleeping times. 

• Write out drug regimen in full or present in a drawing. 

• Teach its use. 

• Check to be sure patient and family or assistant at home understand it. 

• Ensure that pain does not return and patient is as alert as possible. 

 By the analgesic ladder: 

According to the WHO three-step pain ladder, it states that if pain occurs, there should be 

prompt oral administration of drugs in the following order: nonopioids (aspirin and 

paracetamol); then, as necessary, mild opioids (codeine); then strong opioids such as 

morphine, until the patient is free of pain. To calm fears and anxiety, additional drugs - 

"adjuvants"- should be used. To maintain freedom from pain, drugs should be given "by 

the clock", that is every 3-6 hours, rather than "on demand". This three-step approach of 

administering the right drug in the right dose at the right time is inexpensive and 80-90% 

effective. Surgical intervention on appropriate nerves may provide further pain relief if 

drugs are not wholly effective[14]. 
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Figure 4  : WHO's pain ladder (WHO/CDS/IMAY2004.4) 
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Use of opioids and non-opioid analgesics 

 

 

 

 

Figure 5: recommended doses of opioid and nonopioid drugs according to WHO 

recommendations. (WHO/CDS/IMAY2004.4) 
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Respond to side effects of morphine or other opioids 

 

 
Figure 6: Response to side effects of opioid treatment. (WHO/CDS/IMAY2004.4)  

 

Advise family on additional methods for pain control 

Combine these with pain medications if patient agrees and it helps 

(for local adaptation): 

 Emotional support. 

 Physical methods: 

• Touch (stroking, massage, rocking, vibration). 
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• Ice or heat. 

• Deep breathing  

 Cognitive methods: 

• Distraction such as radio. 

• Music. 

• Imagine a pleasant scene. 

Prayer (respect patient’s practice). 

Traditional practices which are helpful and not harmful—get to know what can 

help in the local setting[8]. 

9. Novelties in Chronic Pain Therapy 

In the near future the Czech Republic will be able to live to experience a new preparation 

in algeziology. Instanyl (intranasal fentanyl) is a new strong opioid intended for the 

treatment of strong breakthrough pain. This new preparation will be highly beneficial 

especially in oncology, since out of the group of rapid acting strong analgesics only 

Sevredol and manually laboratory prepared morfin drops are at our disposal. Constipation 

implies very uncomfortable and undesirable effects accompanying long-term opioid 

therapy. Targin a new drug (a combination of oxycodone - Naloxone) significantly 

reduces the incidence of constipation. In the field of neuropathic pain, lidocaine a patch 

form Versatis will be introduced on the market, which is 

indicated for the treatment postherpetic neuralgia. 

 Developments on how to optimize the WHO analgesic ladder are also in progress. In 

strong cancer and noncancer pain elevator system (Lift) with the omission of second 

degree will be preferred. Pacients with rapid growing aggravating pain have significant 

pain relief and greater tolerance of pharmaceuticals[5]. 
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10. Conclusion 

Medicine in present day is fast developing giving the pharmacotherapy of pain a diverse 

number of options. Even though this is so, the management of pain, though largely 

dependent on pharmacotherapy should be looked at in a holistic manner, keeping in mind 

that pain can have numerous etiologies. The patient in pain is the only one who can best 

describe the kind of pain he/she is experiencing, and so a more personal and empathetic 

approach should be adopted when assessing the patient. This is one reliable way to get 

authentic information about the pain being experienced. It should also be kept in mind 

that nonpharmacological methods or a combination of the two is equally important. 



93 

 

11. LIST OF ABBREVIATIONS 

15-HETE   15-Hydroxyeicosatetraenoic acid 

5-HT   5- Hydroxytryptamine/Serotonin 

6-MNA  6-methoxy-2-naphthylacetic acid 

ACTH   Adrenocortiocotropic hormone 

ASA    American society of anesthesiologists 

cAMP  cyclic adenosine monophospate 

CNS    Central Nervous System 

COX-1  Cyclooxygenase-2 

COX-2  Cyclooxygenase-1 

CRPS  Complex regional pain syndrome 

CSF    Cerebrospinal fluid 

CT   Computed tomography 

CYP2C9   Cytochrom P450 isoform 2C9 

DMSO  Dimethylsulfoxide 

FBSS   Failed back surgery syndrome 

FNSS   Failed neck surgery syndrome 

GABA γ-aminobutyric acid 

GI    Gatrointestinal 

GIT    Gastrointestinal tract 

i.v.      intravenous  

LAAM  L-α-acetyl-methadol 

MRI   Magnetic resonance imaging 

MSD   Merck Sharp and Dohme 

http://www.ncbi.nlm.nih.gov/pubmed/1331094
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MSH    Melanocyte-stimulation hormone 

NPP   Neuropathic pain 

NREM  Non rapid eye movement 

NRM   Nucleus raphe Magnus 

NSAIDs    NonSteroidal Antiinflammatory Drugs 

P450    Cytochrom P450 

PAG    Periaqueductal Gray 

PCA   Patient controlled analgesia 

PCO2   Partial pressure of carbon dioxide 

PGE  Prostaglandin 

PGI2    Prostacyclin  

PGL    Nucleus recticularis paragigantocellularis 

POMC  Proopiomelanocortin 

PVG    Periventricular Gray 

REM   Rapid eye movement 

ROM   Range of motion 

RVM   Rostroventral medulla 

SIDS   Sudden infant death syndrome 

SSRIs  Selective Serotonin Receptor Inhibitors 

TENS/TNS   Transcutaneous electrical nerve stimulation 

TN   Trigeminal neuralgia 

TNF    Tumor Necrosis Factor 

VAS  Visual analogue scale 

WHO  World health organisation 
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