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Review Article

Pain is an unpleasant sensation that can range from 
mild, localized discomfort to agony. The International 
Association  for  the Study of Pain's widely used 
definition states, “pain is an unpleasant sensory 
and emotional experience associated with actual or 
potential tissue damage, or described in terms of such 
damage”[1-2]. Pain mechanism is a complex phenomenon 
in which pain is induced by numerous pain modulating 
systems[2], sensitized by the neurophysiological 
systems. Pain can be influenced by the different 
factors like psychological conditions, health status and 
sociological factors[3]. 

Pain is classified into two types, acute and chronic 
pain. If the pain persists for less than a month is called 
as acute pain. Clinically, if the pain persists more than 
three months after the injury, it is called as chronic 
pain[4,5]. This type of pain may or may not be driven by 
the tissue injury. The two forms of pains are nociceptive 
and neuropathic pain[5-7]. Stimulation of the pain 
receptors is considered as the nociceptive pain whereas 
damage or dysfunctional to the central and peripheral 
nervous system is considered as the neuropathic pain.

Pain signalling and inhibition pathways:

Inflammatory mediators like bradykinin, serotonin, 
prostaglandins and cytokines[8] are released from 

damaged tissues, which stimulate nociceptors[8-10]. 
Nociceptors are the specialized sensory receptors 
responsible for the detection of noxious (unpleasant) 
stimuli, transforming the stimuli into electrical signals, 
which are then conducted to the central nervous system 
(CNS) by primary afferent Aδ, C and Aβ fibers that 
are distributed throughout the body[10]. They can be 
stimulated by mechanical, thermal or chemical stimuli, 
called as primary sensitization. Aδ and C fibres transmit 
information to nociceptive specific neurons in Rexed 
laminae I and II of the dorsal horn in spinal cord, in 
addition to projections to other laminae. Primary 
afferent terminals release a number of excitatory 
neurotransmitters including glutamate and substance 
P[10-13].

Spinothalamic and spinoreticular tract are the two 
important pathways that carry signals to the higher 
centers of the brain. Spinothalamic tract is important 
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pathway for pain localization that innervates in the 
periaqueductal grey (PAG) matter and somatosensory 
cortex[14]. The commonest areas activated in the brain 
includes the primary and secondary somatosensory 
cortex (S1 and S2), insular, anterior cingulate cortex, 
prefrontal cortex and the thalamus, demonstrating that 
these areas are all important in pain perception[15,16]. 
Pain can be inhibited at the spinal cord level via 
descending inhibition at higher centers of the 
brain[14-17]. The higher centers like PAG in the midbrain 
and the rostral ventromedial medulla (RVM) have 
higher concentrations of opioid and endogenous 
receptors, which are the two important areas of the 
brain involved in descending inhibitory modulation[17]. 
Descending pathways project to the dorsal horn 
and inhibit pain transmission. These pathways are 
monoaminergic, utilizing noradrenaline and serotonin 
as neurotransmitters[8,18].

Opioids and opioid pharmacology:

Opioids are the alkaloids, derived from Papaver 
somniferum (opium poppy). Opioid receptors are 
found peripherally and throughout the CNS. Most 
opioids are agonists; bind to the receptors present 
number of opioid in cells and triggers a response. There 
are huge receptors in the body that mediate analgesic 
action[19-21]. Most chosen opioid analgesics for chronic 
pain treatment include morphine, hydromorphone, 
fentanyl, tramadol, oxycodone and buprenorphine[19]. 

The opioids are characterized by the interactions with 
opioid receptors like µ, δ, κ receptors[20-22]. These 
receptors belong to the family of G-protein coupled 
receptors (GPCRs) and activate inhibitory cyclic 
AMP or by ion channel signaling[20]. Morphine acts 
by µ-receptors[21]. These µ-receptors are distributed 
in the pre and postsynaptic sites of the spinal cord 
dorsal horn, brain stem, thalamus and cortex[21]. They 
are also distributed in the PAG, nucleus raphe magnus 
and the rostral ventral medulla the important sites for 
descending inhibition[22]. 

Although three types of receptors are present, majority 
of the opioids acts by binding to the µ-receptors. 
So they are called as µ agonists like morphine, 
oxycodone and codeine[21,23]. Naltrexone and nalaxone 
are considered as antagonists, as these reverse the 
agonistic action so they are called as agonist-antagonist 
drugs[24]. Partial agonist[25] produces a ceiling agonistic 
activity up to certain extent and further additional dose 
does not produce any additional effect. At the cellular 
levels, opioids act by decreasing the calcium influx 

thereby decreasing the pre-synaptic neurotransmitter 
release, i.e., substance P. They also act by enhancing 
the efflux of potassium ions result in hyperpolarization 
of postsynaptic neurons and thereby decreasing the 
synaptic transmission, or by inhibiting adenylate 
cyclase (AC), the enzyme which converts adenosine 
triphosphate (ATP) to cyclic adenosine monophosphate 
(cAMP). Opioids also act by inhibiting the GABAergic 
transmission in the local circuit resulting in the 
excitement of the descending inhibitory circuit[10]. 

The drugs act specifically by binding to the opioid 
receptors which are distributed throughout the body 
mediating the pain by both CNS and peripheral 
nervous system. Endogenous peptides like endorphins 
also bind to the opioid receptors playing a role in 
pain modulation, mood and stress induction[17]. Drug 
liabilities of the opioid drugs are mainly based on the 
drug interactions to the µ receptors.

Opioids are the effective drugs used for the treatment 
of acute pains, chronic cancer pains and severe pain 
conditions[26]. In spite of their medical use they were 
considered as drug of abuse and addiction[27,28]. Different 
opioid drugs for pain management have been shown in 
Table 1[28-35], acting via different receptors. Opioids act 
by binding to the receptors by acting centrally or by 
peripheral mechanisms along with array of side effects 
like constipation, miosis, somnolence, respiratory 
depression. Hyperalgesia, tolerance, dysphoria and 
euphoria are produced by central action[35]. Sometimes, 
repeated administrations of these opioids may result 
in craving and with positive mood effects such as 
euphorigenic or pleasurable effects[30]. These outcomes 
may sometimes result in the addictive effect in the 
presence or absence of pain as well as chances of 
physical dependence and sometimes withdrawal 
also accompanies[36]. The pain signalling and opioid 
pharmacology[37] has been shown in the fig. 1. 

Chronic pain treatment with opioid analgesics:

With the increased prevalence rate of chronic pain 
conditions, opioids are routinely prescribed for the 
treatment. There has been observed a massive increase 
in the number of opioid prescriptions in past two 
decades[38]. The use of opioids remains controversial 
due to concerns about side effects, long-term efficacy, 
functional outcomes, and the potential for drug abuse 
and addiction[38-40]. Complicated regulatory and legal 
scrutinies on opioids are yet another challenge with 
prescribing of opioid drugs[41]. Even though there 
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is modest evidence on pain relief in chronic non-
malignant pains (CNMP), one of the major concerns 
about not prescribing the opioids is that, absence of 
epidemiological evidence on the pain relief.

Medical use of the opioids does not create addicts but 
the restriction of these medications certainly hurts 
the medical patients. Opioids are sometimes taken 
in combination with non-opioids. A combination of 
treatments have been proved to be the best option[42,43]. 
Opioids may be useful for patients who do not respond 

to the first line treatments or who have moderate to 
severe pain, but are only be recommended on an "as 
needed" basis. 

Opioids are also recommended to treat acute pain 
related to surgery and other medical procedures along 
with chronic non-malignant and breakthrough pain[44]. 
Persistent pain is usually treated with long-acting 
opioids that are released into the body slowly and act 
for longer duration[45]. These are supposed to be taken 
around-the-clock on a regular schedule, whether or 

Opioid drug Sch. Mechanism of action Pain conditions Adverse effects

Morphine[28] I
High affinity to µ-opioid 

receptor. Short-acting and 
long acting formulations

Second line for mild to 
moderate pain and first line 
for severe pain. Management 
of severe cancer pain, severe 

dyspnea

Nausea and vomiting,
detachment and euphoria

Hydromorphone[29] II Similar to morphine
Second line for mild to 

moderate pain and first line 
for severe pain

Dose-related respiratory 
depression, euphoria, miosis, 
urinary retention, circulatory 

depression

Fentanyl[30] II Strong agonist at the μ-opioid 
receptors

Second line for severe pain. 
Breakthrough pain, used as 
part of anesthesia to help 
prevent pain after surgery

Slowed breathing;
slow heart rate;
muscle stiffness,

high blood pressure

Tramadol[31] IV

Weak µ-opioid receptor 
agonism and enhances 

serotonergic and adrenergic 
pathways

First line for mild to moderate 
pain. Low back pain, 

postoperative, osteoarthritis, 
and neuropathic pain

Respiratory depression, 
anaphylactoid reactions,  

renal and hepatic impairment

Tapentadol HCl[69,70] II
µ-opioid receptor agonism 

and norepinephrine reuptake 
inhibition

Post-operative pain, diabetic 
neuropathy

Life threatening respiratory 
depression; elderly and 

debilitated patients. Chronic 
pulmonary disease,  
hypotensive effect  

Renal and hepatic impairment. 
Spasm of the sphincter of Oddi 

risk

Oxycodone[32] II

κ-opioid receptors, oxycodone 
is metabolized in the liver to 
oxymorphone, which binds to 

μ-opioid receptors

Second line for mild to 
moderate pain and first line 

for severe pain.
Breakthrough pain

Mental/mood changes,
stomach/abdominal pain, 
slow/shallow breathing, 

unusual drowsiness

Buprenorphine[33] III

Complex and unclear, slowly 
binds to and slowly dissociates 
from the µ- receptor. Partial 

agonist at µ- receptors. 
Antagonist at κ-receptors, an 
agonist at δ-receptors, and 
a partial agonist at ORL-1 
(nociception) receptors

Moderate to severe pain
Physical dependence, dry 
mouth, miosis, orthostatic 

hypotension

Methadone[34] II

Levomethadone is a 
full µ-opioid agonist. 

Dextromethadone binds to 
the glutamatergic NMDA as 

antagonist

Third line for severe pain. 
Maintenance therapy or to 
help with detoxification 
in people with opioid 

dependence

Sedation, constipation, 
sweating, fatigue, prolongs QT 

interval

Pethidine[35] II Agonist at the µ-opioid 
receptor

Widely used opioid in 
labor and delivery, against 

diverticulitis

Respiratory depression, 
sedation, serotonin syndrome

TABLE 1: DIFFERENT OPIOID DRUGS FOR CHRONIC PAIN MANAGEMENT

NMDA: N-methyl-D-aspartate receptor

https://en.wikipedia.org/wiki/Mu_opioid_receptor
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not pain exists at the time. If there are episodes of 
breakthrough pain, a second short-acting opioid may 
be prescribed as well[42,46]. Short-acting opioids work 
more quickly and do not stay in the body for longer 
time. Little or no support for the efficacy of opioid 
treatment was reported successfully as evidence in 
favour of opioids is not always consistent, and when 
supportive, only supports this treatment for short 
periods. Many randomized controlled trials have also 
demonstrated analgesic efficacy of short-term, but not 
long-term, treatment of chronic pain[47,48].

There has been wide range of prescribing patterns of 
opioids for CNMP by the physicians. Considerable 
numbers of physicians are unenthusiastic or reluctant 
to prescribe long-acting opioids to treat CNMP, even 
when it may be medically appropriate[30]. The other 
mainstays for avoiding these drugs are opioid-induced 
hyperalgesia. But till now, there has been no sufficient 
clinical evidence of the same[49]. Methodological 
limitations like ethical and practical challenges have 
also limited the usage of opioids. Even today these 
drugs are prescribed only with limited evidence. 
Further studies like practical clinical trials on proper 
utilizing these drugs will certainly boost up the proper 
guidelines framing. 

Different guidelines[50] are in use for the treatment 

of chronic pain like AAFP-2002[51], OQP-2003[52], 
CDC-2017[53]. These guidelines mainly focuses on the 
selection of patients, therapy for proper monitoring and 
assessment of drug related behaviour and the strategies 
for the alternative therapies for the clinicians. The 
opioid treatment should be initially started like a trial 
and then extended for the other therapies to benefit 
patients. And also clinicians should know the burdens 
of the therapies by their trials before the initiation of 
the trail. By considering the recent guidelines for the 
prescribing opioids would be beneficial for the pain 
management. 

In patients with chronic pain prescribed long-term 
opioid therapy, the effectiveness of risk mitigation 
strategies[54,55] include, 1) opioid management plans,  
2) patient education, 3) urine drug screening, 4) use of 
prescription drug monitoring program data, 5) use of 
monitoring instruments, 6) more frequent monitoring 
intervals, 7) pill counts, and 8) use of abuse-deterrent 
formulations (ADFs) on outcomes related to overdose, 
addiction, abuse, or misuse, all these should be adopted.

Long-acting morphine is the preferred as initial drug 
among opioids, although several alternatives are 
available. If morphine doesn’t work significantly, 
physicians may consider switching to different opioid 
analgesics[56]. The next analgesics preferred include 
tramadol, buprenorphine, methadone, diamorphine, 
fentanyl, hydrocodone, oxycodone, tapentadol, 
and pethidine. Hydrocodone is the most commonly 
prescribed for a variety of painful conditions, including 
dental and injury-related pain. Morphine is often 
used before and after surgical procedures to alleviate 
severe pain[57,58]. Tapentadol is indicated for the 
management of moderate to severe chronic pain and 
specially for neuropathic pain associated with diabetic 
peripheral neuropathy (DPN) in adults[57]. Tramadol, 
in combination with acetaminophen are recommended 
for chronic low back pain[59]. This medication is 
advised alone or in combination. Strong opioids may 
be indicated for chronic low back pain when other pain 
relief treatments are unsuccessful. Long term efficacy 
of opioids for lower back pain remains unclear.

The concerns about the clinical usage of opioids 
include tolerance, pain sensitivity to opioids, routes 
of administrations. The irony is we normally believe 
that all types of pain are equally responded by opioids. 
However, difference in receptor selectivity can certainly 
exploited to manage different types of pain. No clinical 
evidence on differential selectivity and efficacy could 
be established yet.

Fig. 1: Pain signaling and opioid pharmacology[52,53]

1. Possible direct action of opioids on peripheral tissue; 2. 
inhibition occurs at spinal cord; 3. possible site action
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Opioid insensitive pain[60]:

If the pain does not respond progressively to increasing 
opioid dose, it is called opioid insensitive pain. This may 
be due to nerve compression and nerve destruction. A 
working rule for better medical indication for opioids in 
case of pain in a numb area due to a damaged nervous 
system, opioids are less likely to relieve pain, except 
at doses with greater clinical effects. So, non-cancer 
and chronic cancer pains are not always relieved by 
the opioids.

Opioids in non-cancer pain:

Opioids are prescribed to the non-cancer patients only 
if there is no alternative medication to relieve pain. The 
use of opioids in the non-cancer pain should be properly 
addressed to the society because there are oppositions 
over the usage of opioids as these are considered as 
drugs for addiction[61]. 

Physical dependence and opioid withdrawal[62,63]:

Even though there are limited studies on the physical 
dependence. Most of studies have reported high 
prevalence for substance abuse among the persons 
with chronic pain inferred by high drug addiction. 
Occurrence of opioid withdrawal can occur in both 
the addicted patient and the patient who has opioid 
dependence but is not experiencing total opioid 
addiction. When an opioid is stopped or the dose is 
suddenly reduced, both types of patients experience 
withdrawal symptoms such as, sweating, chills, muscle 
and joint pain, nausea, vomiting, diarrhoea, restlessness 
and insomnia. Fear of these unpleasant and painful 
opioid withdrawal symptoms makes it difficult for the 
addict to stop using and begin the recovery process.

The time it takes to become physically dependent varies 
with each individual. Opioid withdrawal reactions 
are very uncomfortable but are not life-threatening. 
Symptoms usually start within 12 h of last heroin 
usage and within 30 h of last methadone exposure[64]. 
To avoid such withdrawal reactions, it is necessary to 
discuss with the doctor before stopping any such opiate 
medication and bring the dose down slowly. 

Opioids incomparision to other analgesics[65]:

The opioid analgesics are advantageous over other 
non-opioid analgesics in few respects. As, the opioid 
analgesics act both centrally and peripherally as well[66], 
there is no ceiling effect is associated with opioids. 
Risk of severe gastrointestinal symptoms, including 
ulceration and bleeding is associated with long term 

treatment of non-steroidal antiinflammatory drugs 
(NSAIDs). Moreover, now opioid drugs are available 
as schedule III, IV, V drugs, many of which are devoid 
of their major side effects like addiction, dependence, 
tolerance and respiratory depression. NSAIDs are 
commonly used to treat nociceptive pain and inhibit 
prostaglandin production. Whereas, opioids are used to 
treat malignant pain in the elderly and can also be used 
for treatment of neuropathic non-malignant pain. 

STRATEGIES

New generation opioid analgesics:

Opioids are the best option for treatment of moderate 
to severe pain has never been denied. However, opioids 
are underutilized, due to potential risk of adverse effects, 
abuse, tolerance, withdrawal, and liability. Suboptimal 
use of opioids can lead to unrelieved pain, leading to 
poor patient outcome and potential life-threatening 
complications. These problems can be overcome by 
using possible strategies in opioid treatment. One 
strategy aimed at improving the compliance of µ-opioid 
receptor (MOR) agonists is to combine MOR agonism 
with monoamine reuptake inhibition. Tapentadol is 
such next generation opioid analgesic. Tapentadol is 
centrally acting analgesic with MOR agonist and NRI 
actions. It was approved by the US Food and Drug 
Administration (US FDA) in November, 2008, by 
the Medicines and Healthcare products Regulatory 
Agency (MHRA) of the UK in February 2011 and 
by the Therapeutic Goods Administration (TGA) of 
Australia in December 2010. It has ten-fold affinity for 
MOR, compared with δ- and κ-opioid receptors. This 
dual mode of action helps it to attain its opioid sparing 
effect, contribute to reduce in some of the typical 
opioid related adverse effects and results in improved 
compliance[67,68]. Tapentadol is indicated in moderate 
to severe chronic pain and neuropathic pain associated 
with DPN in adults[67,71]. But it is not intended for use 
as an analgesic for acute pain and mild pain[68]. In 
comparison to morphine it was proved to reduce pain 
more effectively. Its general potency is somewhere 
between that of tramadol and morphine. It has been 
studied for effective management of pain associated 
with osteoarthritis and low back pain[69,71], it was found 
to be similar to that by oxycodone (20-50 mg, twice 
daily) with a superior gastrointestinal tolerability 
profile and fewer treatment discontinuations. A phase 
three trial in patients with painful DPN showed the 
efficacy of tapentadol in neuropathic pain. There are 
inadequate data to support its use for cancer pain[71]. 
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A clinical trial with combination of tapentadol with 
pregabalin for neuropathic pain and low back pain is 
currently underway investigation.

The most common adverse events in the trials were 
nausea, dizziness, vomiting, somnolence, constipation 
and pruritus. These events seemed to be dose-related. 
No significant respiratory depression was seen in 
case of tapentadol[70,71]. Studies suggest that it does 
not cause opioid-like withdrawal symptom on abrupt 
discontinuation of the drug after long-term therapy. 
Even if they do occur, these symptoms are mild. 
Long-term therapy was not found to be associated 
with clinically significant changes in hepatic and 
renal parameters or electrocardiogram (ECG) under 
laboratory studies[72]. 

Strategies for effective opioid risk mitigation: 

These risk mitigation strategies are needed with 
the goal of improving the safe use of long acting 
opioid analgesics while ensuring continued access 
to these medications for patients in need of them[73]. 
Authenticated guidelines for opioid treatment are 
available and supposed to be followed. Base line 
assessment, starting non-opioid therapy, then first line 
opioid drugs, second line of opioid drugs, immediate 
release opioids, controlled release opioids, initial 
titration, break through dosing and office visits are the 
part of such standard guidelines for the opioid usage[74].

In USA authorized prescription drug monitoring 
programs (PDMPs) are followed. PDMPs serve a 
multitude of functions, including assisting in patient 
care, providing early warning of drug abuse epidemics 
(especially when combined with other data), evaluating 
interventions, and investigating drug diversion and 
insurance fraud[75].

FDA has also included under risk evaluation and 
mitigation strategy (REMS), the need of training for 
health care professionals who prescribe long acting 
opioid analgesics on proper prescribing practices and 
also to distribute educational materials to prescribers 
and patients on the safe use of these powerful pain 
medications[76]. Modern pain therapy widely follows the 
World Health Organization (WHO) guidelines using a 
three-step ‘ladder’ for pain relief. Fig. 2 represents this 
escalating step scheme includes the administration in 
the order non-opioids, mild opioids and strong opioids, 
and adjuvant at any step[77].

Novel abuse resistant controlled drug delivery 
systems[78]: 

The ideal analgesic formulation would be effective 
against a broad range of pain types. It should have 

a rapid onset and controllable duration; be free of 
undesirable side effects such as respiratory depression 
and sedation lack clinically problematic metabolites; 
and be readily accessible and cost effective. Research 
work on formulations based on novel polymer matrix 
system comprising of biocompatible, biodegradable, 
pharmaceutically acceptable, readily available and 
inexpensive materials that can be used to prepare novel 
drug delivery systems[79] are currently in progress, 
like Buprenorphine SR®, MS Contin® and Avinza® for 
morphine. The topical analgesics, like fentanyl patch, 
buprenorphine patch and transdermal formulations 
also have proved to have advantages of convenient, 
as well as an extended duration of effective use 
without the risk of first-pass metabolism. In addition, 
the novel polymer matrix formed into micro needles 
for controlled transdermal drug delivery using micro 
injection moulding processing techniques is also under 
study[78]. Other systems include extended-release 
liposome encapsulated formulation like for morphine 
Depodur®, EKR Therapeutics Inc, Cedar Knolls NJ. 
The pharmaceutical industry is also showing significant 
interest in developing such ADFs and the technology is 
progressing rapidly. ADFs hold promise as their abuse-
deterrent qualities continue to improve and as they 
become more widely available.

Pain and circadian rhythm[79,80]:

Analgesics should be given ‘by the clock’ rather than ‘on 
demand’. However, the chronobiological parameters 
like circadian pain rhythm, circadian efficacy of 
analgesics, and individual circadian need for analgesics 

Fig. 2: Three-step ‘ladder’ for pain relief by WHO
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are to be considered. The results of multitude of studies 
in chronobiology are not consistent. Therefore, further 
studies with standardized protocols are needed that 
allow assigning more consistent rhythms to diseases, 
pain causes, and analgesic efficacy of opioids. As 
different types of pain show different rhythms (highest 
pain intensities arising at different times of the day) 
analgesics should be dosed flexibly. It is also very 
important that drug therapy can be adjusted individually 
to the pain rhythm of the patient as well as to the type 
and cause of pain. A flexible dosage depending on pain 
intensity and rapid dose adjustment are essentials of 
a modern pain therapy. Therefore, opioids that are 
flexible to use are better suited to treat the individual 
pain of the patient than rigid modified release oral or 
transdermal systems. 

Opioids have been prescribed for the management of 
acute to chronic pain since long time, although there 
are misbelieves and misconception over the opioid 
pharmacology, rationale and appropriate usage. Till 
date, most of the opioids were prescribed for the 
patients suffering with non-malignant pain. However, 
due to the advanced treatment strategies opioids can be 
safely extended to the non-cancer pains. Even studies 
have reported that drug abuse in very less to the cancer 
pain patients without the history of substance abuse. 

Individualization of analgesic therapy and appropriate 
management of pain by the use of opioids along 
with non-opioid analgesics would be rightly 
successful. Selection of the right analgesics, right dose 
administration on right schedule to have maximum relief 
with minimum side effects would be our suggestion for 
the opioid use in the non-cancer patients. Individual 
titrations of the dose with combinations would 
reduce the adverse effects will be the key strategy for 
management of pain with these drugs. The complexity 
of clinical decision-making around long-term 
opioid therapy could be overcome by individualized 
assessments of the balance between benefits and harms, 
decisions related to opioid selection, dose initiation 
and titration strategies, integration of risk assessment 
and mitigation strategies, as well as consideration of 
the role of alternative, non-opioid therapies.
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