
 

 

NEUROSCIENCE RESEARCH NOTES 

 
 

Bridging the genetic gulf: a deep dive into 
neurotransmission, pharmacogenomics, and genetic 
variations for optimal pain management 
Jaeyres Jani 1, Constance Liew Sat Lin 2, D. Kamarudin D. Mudin 2 and Rajesh Kumar Muniandy 2* 
  
1 Borneo Medical and Health Research Centre, Faculty of Medicine and Health Sciences, Universiti Malaysia Sabah, 
88400 Kota Kinabalu, Sabah, Malaysia 
2 Department of Anaesthesiology and Intensive Care, Faculty of Medicine and Health Science, Universiti Malaysia 
Sabah, 88400 Kota Kinabalu, Sabah, Malaysia  
* Correspondence: rajeshkumar@ums.edu.my; Tel.: +6088320000 
 
Received: 4 December 2023; Accepted: 28 April 2024; Published: 27 June 2024 
Edited by: Norshariza Nordin (Universiti Putra Malaysia, Malaysia) 
Reviewed by: Umar Ahmad (Bauchi State University, Nigeria); Yow Hui Yin (University of Malaya, Malaysia) 
https://doi.org/10.31117/neuroscirn.v7i2.316 
 

ABSTRACT: Pain embodies a complex sensory experience influenced by a medley of biological, 
psychological, and genetic. Pain perception can be classed into four main categories: nociceptive 
pain, neuropathic pain, acute pain, and chronic pain. Genetic polymorphisms, which are basically 
genetic variations in DNA sequences, have a part to play in the neurotransmission pathways 
associated with pain perception and the ultimate effectiveness of pain management interventions. 
Learning about the effects of genetics on neurotransmission in pain management offers a fresh 
viewpoint on individual variations in pain sensitivity, response to treatment, and the development 
of personalised approaches to pain management. A closer look at the relationship between genetic 
polymorphisms and neurotransmission provides a better understanding deep down at the genetic 
level. These chemical messengers, neurotransmitters, help pass signals between nerve cells; they 
are essential for pain processing and modulation. Differences in genetic makeup in 
neurotransmitter-related genes could change how these genes express, function, and regulate, thus 
changing how humans perceive pain and respond to pain management interventions. The 
conjunction of neurotransmission and pharmacogenomics forms a unique convergence, composing 
a narrative that discloses the percipient influence of individual genetic differences on neural 
communication and responses to pharmaceuticals. These genetic variations elaborately construct 
the molecular architecture supervising neurotransmitter release, receptor interactions, and 
enzymatic processes within the nervous system. In this review, the convergence of 
neurotransmission, pharmacogenomics, and genetic variations illuminates a pivotal realm in 
healthcare. Genetic variations intricately influence neurotransmission pathways, moulding 
individual responses to pharmacological interventions.  This intersection not only underscores the 
complexity of human biology but also holds the promise of personalised healthcare solutions. 
Recognising subtle genetic variations in neurotransmission and pharmacogenomics opens the door 
to precision medicine, tailoring treatments to individual genetic codes and revolutionising our 
approach to medical care. 
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1.0  INTRODUCTION 
In 2020, a research endeavour harnessing data from the 
National Health Interview Survey 2019-2020 
Longitudinal Cohort publicised that chronic and high-
impact chronic pain were registered at a rate of 52.4 
cases per 1000 person-years (Nahin et al., 2023). 
Unfortunately, the availability of pain information in 
Malaysia remains obscure. A recent study carried out at 
a pain clinic in a Malaysian tertiary hospital, involving 
180 patients, found that 65% of them followed their 
prescribed regimens (Kerpagam et al., 2023), which 
suggests the promising prospect of improved well-being 
for individuals managing pain through habitual 
conformity to their treatment plans. 
 
At the forefront of genetic research lies the complex 
interrelation between genetic polymorphisms and 
neurotransmission, a union at the heart of advanced 
genetic discoveries (Gilbert et al., 2009; Ma et al., 2016). 
Functioning as quintessential biochemical 
communicators, neurotransmitters send signals from 
one nerve cell to another, a process fundamental for 
pain perception and modulation. Variations within 
genes responsible for neurotransmitter functions could 
significantly alter their expression, operation, and 
regulation. These alterations, in turn, profoundly impact 
shaping individual pain experiences and the efficacy of 
various pain management interventions (Teleanu et al., 
2022; Yam et al., 2018). 
 
One illustrative example is the serotonin system, known 
for its role in mood regulation and pain modulation. 
Variations in genes that encode for serotonin receptors 
and serotonin transporter are linked to differences in 
pain receptivity and the efficacy of antidepressants that 
modulate serotonin levels. Genetic polymorphisms 
within the catecholamine neurotransmitter system, 
encompassing genes involved in dopamine and 
norepinephrine pathways, are implicated in pain 
modulation (Hao et al., 2023). A further instance is 
opioid neurotransmission, which relies on receptors like 
the mu-opioid receptor and plays a critical role in pain 
relief. Genetic variations in opioid receptor genes can 
affect how an individual responds to opioid drugs, 
manipulating their pain-relieving efficacy and possible 
side effects. Polymorphisms in genes related to 
endogenous opioid peptides, which control pain 
perception and stress responses, have also been 

identified as potential determinants of individual 
differences in pain sensitivity and treatment response 
(Herman et al., 2022; Pathan et al., 2012). 
 
Undoubtedly, the study of genetic polymorphisms in 
neurotransmission pathways is necessary for advancing 
individualised pain management. By observing genetic 
variations that affect neurotransmitter systems 
fundamental to pain perception and control, this testing 
can guide the selection of the most effective 
medications, determine appropriate dosages, and 
devise custom-fit treatment strategies. It allows 
healthcare professionals to customise pain 
management to each individual's unique genetic profile 
(Kaye et al., 2019; Tanguay-Sabourin et al., 2023). 
 
To illustrate, knowledge about the genetic variations in 
opioid receptors can assist in determining the most 
appropriate opioid medication and the correct dosage 
for one’s specific needs. This can lower the likelihood of 
experiencing unwanted side effects or inconsistencies in 
pain suppression. Genetic information related to 
neurotransmission pathways is extremely useful for 
choosing the right non-opioid analgesics, adjuvant 
medications, or even behavioural interventions that 
might work better for someone based on their specific 
genetic profiles. Genetic polymorphisms associated with 
neurotransmission pathways substantially impact the 
intensity of pain experienced and the responsiveness to 
various interventions. By focusing on these genetic 
profiles, healthcare providers can devise pain 
management plans that are not just about better pain 
relief but also optimise overall treatment outcomes 
while minimising potential risks and side effects (Kaye et 
al., 2019). 
 
Pharmacogenomics, a groundbreaking field that 
explores an individual's genetic composition and their 
reactions to drugs,  has been surfaced as a glue that 
binds genetics and pharmacology (Oates et al., 2018). By 
identifying genetic polymorphisms, researchers and 
healthcare experts can learn about the different 
metabolic processes and responses to certain drugs 
among different individuals. The transformative 
capacity resonates throughout multiple health arenas, 
prominently featuring pain relief and the therapeutic 
treatment of depression (Chadwick et al., 2009). 

https://creativecommons.org/licenses/by-nc/4.0/
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Pain management represents a multifaceted and 
intricate dimension of healthcare, given the subjective 
nature of pain perception, with individual responses 
(Mackey, 2016). While classical methods of relieving 
pain typically involve the administration of analgesic 
medications, such as opioids, the performance and 
potential adverse effects of these drugs can vary from 
one patient to another (Nyorong et al., 2021). Then 
enters pharmacogenomics, the science that allows 
researchers and healthcare providers to pinpoint 
specific genetic variations that influence an individual's 
response to pain medications. With this information, 
they can now develop personalised pain management 
plans that aim to achieve the best pain relief possible 
while also avoiding unwanted reactions (Herman et al., 
2022; Pathan et al., 2012). 
 
Antidepressants play a significant role in pain 
management by targeting neurotransmitters in the 
brain involved in both mood regulation and pain 
perception. While originally developed for depression 
treatment, certain classes of antidepressants, such as 
tricyclic antidepressants (TCAs), selective serotonin 
reuptake inhibitors (SSRIs), and serotonin-
norepinephrine reuptake inhibitors (SNRIs), have been 
found to be effective in managing various types of 
chronic pain conditions. These medications work by 
modulating neurotransmitters like serotonin and 
norepinephrine levels in the brain and spinal cord, 
thereby alleviating pain signals and improving pain 
tolerance. Additionally, some antidepressants exhibit 
direct analgesic effects independent of their 
antidepressant properties (Bonilla-Jaime et al., 2022; 
Obata, 2017).  
 
Antidepressants are commonly used in treating 
conditions such as neuropathic pain, fibromyalgia, 
chronic low back pain, and migraine headaches. They 
are often preferred over opioids for chronic pain 
management due to their lower risk of addiction and 
overdose (Dowell et al., 2022). Overall, antidepressants 
serve as valuable components of a comprehensive pain 
management strategy, particularly for chronic pain 
conditions associated with alterations in mood and 
neurotransmitter function (Nekovářová et al., 2014). On 
the other hand, genetic variations play a role in an 
individual's response to antidepressants, affecting 
aspects such as drug metabolism, receptor interactions, 
and potential side effects. By analysing an individual's 
genetic profile, healthcare providers can customise an 
antidepressant treatment plan for individuals, thereby 
increasing the chances of success and lowering the risk 
of adverse effects. However, extensive research and 

validation are needed to establish dependable 
guidelines for incorporating genetic information into 
pain alleviation practices (Zięba et al., 2023).  
 
Genetic variations matter significantly when it comes to 
an individual's response to antidepressants, affecting 
aspects such as drug metabolism, receptor interactions, 
and potential side effects. Through the analysis of an 
individual's genetic profile, healthcare providers can 
customise an antidepressant treatment plan that is just 
fit for them, upping the chances of success and lowering 
the risk of harmful side effects. Still, extensive research 
and validation are needed to establish dependable 
guidelines for using genetic information in pain 
alleviation practices. On the bright side, the growing 
field of pharmacogenomics brings much hope for the 
future of pain management. This allows for highly 
accurate and personalised approaches that consider the 
diverse needs of patients dealing with pain. 
 
This review explores the intersection of genetics, 
neurotransmission, pharmacogenomics, and pain 
management. This entails a comprehensive examination 
of how genetic variations influence neurotransmission, 
subsequently affecting the efficacy of pharmacological 
interventions for pain management. The goal is to bridge 
gaps in understanding between these various fields to 
optimise pain management strategies based on 
individuals' genetic profiles. This likely involves 
identifying genetic variations that impact how 
individuals respond to pain medications, potentially 
leading to personalised approaches for pain 
management that are more effective and tailored to 
each patient's unique genetic makeup. 
 

2.0  METHODOLOGY AND LITERATURE SEARCH  

The review was conducted through a literature search 
on pain management and genetic variation studies 
across PubMed, Web of Sciences, and Google Scholar 
databases. The search terms or keywords utilised were 
genetics, bioinformatic, neurotransmission, 
pharmacogenomics, and pain management, with no 
language or publication date restriction. Our review and 
discussion included non-indexed local journals, clinical 
case reports, and reports from the Ministry of Health 
Malaysia. 
 
3.0  GENETIC INFLUENCES ON PAIN MANAGEMENT 
Pain management is a multifaceted and intricate aspect 
of healthcare, as everyone subjectively experiences and 
responds to pain differently. Even though analgesic 
medications, including opioids, are traditionally used to 
alleviate pain, their effectiveness and the possibility of 
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risky side effects can differ significantly among 
individuals (Anekar et al., 2023; Scarborough et al., 
2018). By harnessing the power of pharmacogenomics, 
researchers and clinicians can identify specific genetic 
variations that influence an individual's response to pain 
medications. This information enables the development 
of personalised pain management plans to optimise pain 
relief while minimising the risk of side effects (Bright et 
al., 2021). 
 
In recent years, the connection between pain and 
depression has caught the attention of scientific 
researchers. Chronic pain is not just a standalone issue; 
it often triggers, and can even worsen, depressive 
symptoms, making the treatment process trickier 
(Sheng et al., 2017). Interestingly, genetic variations 
could influence both pain sensitivity and the risk of 
depression, indicating that the two seemingly different 
health conditions might be interconnected at a genetic 
level (Barnes et al., 2017). Through the use of 
pharmacogenomics-driven approaches, medical 
practitioners aim to not only soothe physical pain but 
also, perhaps indirectly, lighten the burden of 
depression in those wrestling with both issues. 
 
There exist different types of pain, and genetic 
variations can have a significant impact on pain 
management across various categories, including acute 
pain, chronic pain, nociceptive pain, and neuropathic 
pain. Each type possesses a distinct definition closely 
associated with its influence on individuals’ perception, 
severity, and duration of pain experienced (Marcianò et 
al., 2023). Acute pain is typically sudden and short-lived, 
often resulting from injury, surgery, or medical 
procedures, and its management involves medications 
such as nonsteroidal anti-inflammatory drugs (NSAIDs), 
acetaminophen, and opioids for severe pain. Non-
pharmacological interventions like ice packs, elevation, 
and physical therapy may also be used (Dowell et al., 
2022).  
 
Chronic pain, persisting for an extended period, usually 
beyond the expected time for tissue healing, commonly 
associated with conditions like neuropathic pain, 
fibromyalgia, and arthritis, requires a multidisciplinary 
approach, including medications like antidepressants, 
anticonvulsants, opioids, and non-opioid analgesics. 
Physical therapy, cognitive-behavioural therapy, 
acupuncture, and other complementary therapies are 
also utilised (Marcianò et al., 2023). Nociceptive pain, 
resulting from tissue damage or inflammation, is 
typically well-localised and can be acute or chronic. 
Treatment focuses on addressing the underlying cause 

of the pain, such as injury or inflammation, with NSAIDs, 
acetaminophen, opioids, or other medications targeted 
at reducing inflammation or blocking pain signals 
(Prescott & Ratté 2017). Neuropathic pain arises from 
nervous system damage or dysfunction, often being 
chronic and challenging to treat. Medications such as 
antidepressants, anticonvulsants, and certain opioids 
may be used to manage neuropathic pain. Additionally, 
interventions like nerve blocks, spinal cord stimulation, 
and physical therapy may provide relief (El-Tallawy et 
al., 2021) 
 
Pharmacogenomics, a field at the intersection of 
pharmacology and genetics, has revolutionised how 
researchers and healthcare practitioners understand 
how an individual's genetic composition impacts their 
drug response (Oates et al., 2018). By identifying genetic 
polymorphisms, this discipline equips them with crucial 
information about how individuals might process or 
react to particular drugs. This approach is incredibly 
transformative in numerous medical domains, such as 
pain management and depression treatment (Chadwick 
et al., 2021). 
 
Genetic variations can influence an individual's response 
to pain medications, affecting their efficacy and side 
effects. Pharmacogenomics, the study of how genetic 
differences affect drug responses, has identified specific 
genetic markers associated with variations in drug 
metabolism, receptor sensitivity, and drug transporters 
(Kaye et al., 2019). For example, genetic variations in 
genes encoding drug-metabolizing enzymes like 
cytochrome P450 enzymes can affect how quickly a 
person metabolises certain pain medications, leading to 
differences in drug efficacy or toxicity. Similarly, genetic 
variations in opioid receptors or neurotransmitter 
pathways can influence an individual's susceptibility to 
opioid addiction, tolerance, and side effects. 
Understanding these genetic variations can assist 
healthcare providers in tailoring pain management 
strategies to individual patients, optimising medication 
selection, dosage, and monitoring for better pain 
control and reduced risk of adverse effects (Bugada et 
al., 2020). Additionally, ongoing research in 
pharmacogenomics may lead to the development of 
personalised pain management approaches based on a 
patient's genetic profile, improving treatment outcomes 
and patient safety.  
 
Pharmacogenomics is a rapidly advancing field that is 
actively being included in clinical practice. While 
personalised pain management and depression 
treatment show great promise, further research is 
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needed to cement clear guidelines and 
recommendations for integrating pharmacogenomics in 
these domains. Solid scientific investigations must be 
applied to ensure that these pharmacogenomics 
methods are reliable, efficient, and safe to implement in 
the management of pain and depression. 
 
4.0  PAIN MANAGEMENT AND NEUROTRANSMITTERS 
Neurotransmitters are chemical messengers in the 
nervous system that play a critical role in pain 
management (Teleanu et al., 2022). They are the 
communication lifeline between nerve cells (neurons) 
and play a part in various processes related to pain 
perception, modulation, and regulation. 
 
Table 1 is a rundown of some key neurotransmitters that 
are at the forefront of pain management. These 
neurotransmitters interact with different receptors and 
neural pathways to govern pain perception, 
transmission, and modulation (Yam et al., 2018). 
Pharmacological interventions targeting these 
neurotransmitter systems can be used in pain 
management strategies to alleviate pain or modulate 
pain responses. Nevertheless, it is important to note 
that pain is a complex phenomenon, and 
neurotransmitters are just one aspect of the broader 
mechanisms involved in pain processing in the body 
(Answine, 2018). 
 
5.0  ASSOCIATIONS BETWEEN GENE POLYMORPHISMS 
AND PAIN 
A mounting body of evidence suggests that gene 
polymorphisms, which are variations in DNA sequences, 
can leave a footprint on an individual's susceptibility to 
pain and their response to pain management (Young et 
al., 2012). Specific gene polymorphisms have been 
associated with pain perception, sensitivity, and onset 
of chronic pain conditions (Table 2). The situation is 
rather complex when it comes to associations between 
gene polymorphisms and pain. These associations are 
subject to various factors, from a specific type of pain an 
individual experiences to the various environmental 
factors, not to mention the complex interactions 
between genes (Kim et al., 2009). Moreover, the effects 
of gene polymorphisms on pain can vary among 
individuals. So, not everyone carrying a specific gene 
variant will undergo pain in the same way (James, 2013). 
 
Antidepressants are commonly prescribed medications 
for the treatment of depression and certain anxiety 
disorders. However, they are also used in pain 

management, particularly for conditions such as 
neuropathic pain and fibromyalgia. Genetic variations 
can significantly impact the response to 
antidepressants, both in terms of efficacy and side 
effects. To understand these genetic variations, 
clinicians can utilise pharmacogenetic testing to 
personalise antidepressant therapy. This involves 
selecting medications and dosages more likely to be 
effective and well-tolerated for individual patients 
based on their genetic makeup. By identifying genetic 
factors that could influence antidepressant response, 
clinicians can make informed treatment decisions, 
ultimately enhancing outcomes in depression and 
related disorders. 
 
6.0  ENZYMATIC CATALYSTS FOR NEUROTRANSMITTER 
BREAKDOWN ASSOCIATED WITH PAIN 
The process of neurotransmitter breakdown, 
particularly related to pain, involves the activity of 
several enzymes. These enzymes play a crucial role in 
maintaining the appropriate levels of neurotransmitters 
in the synaptic cleft, which in turn affects pain signalling 
and perception (Yam et al., 2018).  
 
Table 3 summarizes key enzymes that participate in the 
degradation of neurotransmitters associated with pain, 
such as monoamine oxidase (MAO), catechol-O-
methyltransferase (COMT), acetylcholinesterase (AChE), 
dipeptidyl peptidase-IV (DPP-IV), and gamma-
aminobutyric acid transaminase (GABA-T). These 
enzymes operate with a complex system that controls 
neurotransmitter levels' balance and affects pain 
signals' routes (Yam et al., 2018; Yang et al., 2019). Any 
imbalance or fluctuations in their activities can 
significantly impact pain sensations, their regulation, 
and the onset of chronic pain conditions. Studying these 
enzymes and their involvement in neurotransmitter 
disassembly can paint a picture of innovative pain relief 
interventions and, eventually, the birth of novel 
therapies (Wyns et al., 2023). 
 
7.0  BIOINFORMATICS AND PAIN MANAGEMENT 
Bioinformatics has become handy in pain management 
research and clinical practice today (Baskozos et al., 
2019). It involves the application of computational 
methods, data analysis, and statistical techniques to 
understand biological systems and processes. In the 
following passages, the authors explore multiple 
avenues through which the discipline of bioinformatics 
can contribute to pain management. 
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Table 1: Key neurotransmitters that are at the forefront of pain management 
 

Neurotransmitter Descriptions Related genes Reference(s) 

Endorphins Endorphins are natural pain-relieving 
chemicals produced by the body. They bind 
to opioid receptors in the brain and spinal 
cord to reduce pain perception and 
promote a sense of well-being. Often 
referred to as the "feel-good" 
neurotransmitters, these chemicals are 
released in response to positive stimuli, 
exercise, and stress. 

• Preproopiomelanocortin 
(POMC) gene  

• Opioid-receptor mu 1 
(OPRM1) gene 

Pathan et al. (2012); 
Sprouse-Blum et al. 
(2010) 

Serotonin Serotonin is not just important for mood 
control but also helps in controlling pain. It 
regulates pain by tempering the manner 
pain is relayed in the spinal cord. 
Medications that raise serotonin levels, for 
instance, selective serotonin reuptake 
inhibitors (SSRIs), are sometimes used for 
chronic pain conditions.  

• Solute carrier family 6 
member 4 (SLC6A4) gene  

• Serotonin-transporter-
linked promoter region (5-
HTTLPR) gene 

Parades et al. (2019) 

Gamma-
aminobutyric acid 

(GABA) 

GABA is an inhibitory neurotransmitter 
involved in moderating pain signals. It 
quells neuronal activity, reducing the 
transmission of pain messages. Drugs that 
potentiate GABAergic activity, such as 
benzodiazepines, can impart pain-relieving 
effects. 

• Glutamic acid 
decarboxylase (GAD) gene 

• GABA receptor gene  

• GABA transporter gene 

Allen et al. (2023) 

Glutamate Glutamate is the primary excitatory 
neurotransmitter in the central nervous 
system (CNS). Although it does not directly 
suppress pain, it is responsible for 
transmitting pain signals. High levels of 
glutamate can act as a trigger for an 
increased sense of pain and cause chronic 
pain conditions. 

• Glutamate receptor genes 

• Glutamate transporter 
genes 

• Glutamate-ammonia 
ligase (GLUL) gene 

Yang et al. (2019) 

Substance P Substance P is a neuropeptide linked to 
pain transmission. It enhances pain 
perception and promotes inflammation in 
the body. Its release is often triggered by a 
tissue injury or an inflammation, and its 
levels can spike in chronic pain conditions. 

• Tachykinin precursor 1 
(TAC1) gene  

• Tachykinin receptor 1 
(TACR1) gene 

Navratilova et al. 
(2019) 

Norepinephrine Norepinephrine is a neurotransmitter that 
works in two ways: it can relieve pain 
(analgesic effect)  and promote pain 
(prenociceptive effect) depending on the 
receptor subtype it activates. Additionally, 
it is involved in balancing pain signals and 
managing the emotional aspects of pain.  

• Dopamine beta-
hydroxylase (DBH) gene  

• Norepinephrine 
transporter gene (SLC6A2) 

Zieglgänsberger, 
(2019) 
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Table 2: Gene polymorphisms associated with pain 
 

Genes Descriptions Reference(s) 

opioid-receptor mu 
1 (OPRM1) gene 

Changes in the OPRM1 gene, which codes for the mu-opioid receptor, have been 
reported to be associated with differences in opioid analgesic response. For 
instance, the A118G variant, a specific polymorphism of this gene, can result in 
less effective opioid analgesics and increased sensitivity to pain. 

Taqi et al. 
(2019) 

Catechol-O-
methyltransferase 

(COMT) gene 

The COMT gene encodes an enzyme that deals with the metabolism of 
catecholamines, i.e., dopamine. Certain polymorphisms in this gene, such as the 
Val158Met variant, have been associated with the levels of pain sensitivity. This 
could mean a higher chance of developing chronic pain conditions such as 
fibromyalgia and temporomandibular disorders. 

Tunbridge et al. 
(2010) 

Sodium voltage-
gated channel 

alpha subunit 9 
(SCN9A) gene 

Variations in the SCN9A gene, which codes the Nav1.7 sodium channel, are 
connected to changes in pain perception. Rare mutations in the SCN9A gene can 
cause hypoalgesia (inability to feel pain) or hyperalgesia (greater sensitivity to 
pain). 

Majeed et al. 
(2018) 

Guanosine-5'-
triphosphate 

cyclohydrolase 1 
(GCH1) gene 

The GCH1 gene is involved in the synthesis of tetrahydrobiopterin (BH4), an 
important cofactor in the production of neurotransmitters like serotonin and 
dopamine. Certain polymorphisms in this gene have been tied to different 
mechanisms of pain processing and an increased vulnerability to chronic pain 
conditions, such as neuropathic pain.  

Latremoliere et 
al. (2011; 2015) 

Interleukin-6 (IL-6) 
gene 

The IL-6 gene encodes IL-6, a pro-inflammatory cytokine. Genetic variations in the 
IL6  gene have been identified as a factor in increased pain sensitivity and the 
development of chronic pain disorders, such as osteoarthritis pain.  

Tanaka et al. 
(2014) 

CYP2D6 gene The CYP2D6 gene report indicates a highly polymorphic gene, with more than 130 
core alleles identified and named. Extensive studies of CYP2D6 alleles have been 
conducted across diverse geographic, ancestral, and ethnic groups, revealing 
significant differences in allele frequencies. The most reported alleles are 
categorised into functional groups, such as those with normal function. 

Crews et al. 
(2021) 

Serotonin 
transporter 

(SLC6A4) gene  

The serotonin transporter protein, encoded by the SLC6A4 gene, is the target of 
SSRIs. Genetic variations, such as the serotonin transporter gene-linked 
polymorphic region (5-HTTLPR), can influence serotonin reuptake efficiency and 
response to SSRIs. Some variations in this gene have been associated with 
differences in antidepressant efficacy and susceptibility to side effects. 

Margoob et al. 
(2008; 2011) 

Brain-derived 
neurotrophic factor 

(BDNF) gene 

BDNF is a protein involved in neuronal growth and survival and plays a role in the 
mechanism of action of antidepressants. Genetic variations in the BDNF gene have 
been implicated in the pathophysiology of depression and the response to 
antidepressant treatment. Certain BDNF gene polymorphisms have been 
associated with treatment response and the severity of depressive symptoms. 

Correia et al. 
(2023); Porter 
et al. (2022) 

Dopamine receptor 
(DRD) genes 

Dopamine receptors are involved in mood regulation and are targeted by some 
antidepressants. Genetic variations in dopamine receptor genes, such as DRD2 
and DRD4, have been studied for their potential influence on antidepressant 
response and the development of side effects. 

Porcelli et al. 
(2011); Zhao et 
al. (2022) 

Transporter 
proteins 

Genetic variations in genes encoding transporter proteins, such as the serotonin 
transporter (SERT) and norepinephrine transporter (NET), can affect the reuptake 
of neurotransmitters targeted by antidepressants, impacting treatment response. 

Radosavljević et 
al.  (2023) 
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Table 3: Key enzymes that participate in the degradation of neurotransmitters associated with pain 
 

Enzymes Descriptions Reference(s) 

Monoamine oxidase 
(MAO) 

MAO is an enzyme that breaks down monoamine neurotransmitters, i.e., 
serotonin, dopamine, and norepinephrine. By degrading these 
neurotransmitters, MAO actively participates in the regulation of their levels and 
influences pain modulation. Variations in MAO activity have been associated with 
altered pain responses and susceptibility to chronic pain conditions. 

Bortolato et 
al. (2008) 

Catechol-O-
methyltransferase 

(COMT) 

COMT is an enzyme involved in metabolising catecholamines, e.g., dopamine and 
norepinephrine. Essentially, it catalyses the transfer of a methyl group to these 
neurotransmitters, causing them to break down. Certain COMT actions, similar 
to the Val158Met polymorphism, can affect an individual’s sensitivity to pain and 
occasionally lead to chronic pain conditions. 

Ahlers et al. 
(2013); 
Nagatsu 
(2007) 

Acetylcholinesterase 
(AChE) 

AChE is an enzyme that breaks down acetylcholine, an essential neurotransmitter 
in the peripheral and central nervous systems. Although acetylcholine has no 
direct connection with pain perception, its breakdown by AChE can adjust the 
way pain is transmitted, specifically in certain painful conditions, such as 
neuropathic pain. 

Trang et al. 
(2023); 
Walczak-
Nowicka et al. 
(2021) 

Dipeptidyl 
peptidase-IV (DPP-

IV) 

DPP-IV is an enzyme involved in the breakdown of neuropeptides, one example 
being substance P. Substance P is a neurotransmitter associated with pain signal 
delivery and inflammation in the body. DPP-IV can cleave substance P, thus 
influencing pain signalling and regulating inflammatory responses. 

Barchetta et 
al. (2022); 
Gupta et al. 
(2019) 

Gamma-
aminobutyric acid 

transaminase 
(GABA-T) 

GABA-T  is an enzyme involved in the breakdown of GABA, the primary inhibitory 
neurotransmitter in the CNS. GABA-T catalyses the conversion of GABA into 
succinic semialdehyde. Alterations in GABA-T activity can impact GABA levels, 
which can in turn affect pain modulation and sensitivity. 

De Leon et al. 
(2023) 

 

Cytochrome P450 
(CYP) 

Cytochrome P450 (CYP) enzymes are responsible for metabolizing many 
antidepressants. Genetic variations in genes encoding these enzymes can affect 
the rate at which antidepressants are metabolised in the body. For example, 
variations in the CYP2D6 gene can lead to differences in the metabolism of 
tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors 
(SSRIs), affecting both drug efficacy and the risk of side effects. 

Forster et al. 
(2021); 
Radosavljević 
et al.  (2023) 

 
 
In the study of genetics, the importance of 
bioinformatics in analyzing pain-related genetic data 
cannot be overstated. Researchers sift through the 
massive datasets from genome-wide association studies 
(GWAS) and whole-genome sequencing. On top of that, 
they make full use of bioinformatics tools and 
algorithms to identify genetic variations that correlate 
with pain sensitivity, responses to analgesics, and the 
development of chronic pain disorders. Bioinformatics 
has dual functionalities: an expert interpreter of genetic 
revelations and a guide to finding potential therapeutic 
targets (Adam et al., 2021; Xiang et al., 2020). 
 
Pharmacogenomics is a specialised branch of study that 
concentrates on how genetic variations affect individual 

responses to pain medications. Combining genetic data 
with drug response profiles, bioinformatics tools are 
excellent at identifying genetic markers that predict 
drug efficacy, dosage requirements, and the risk of 
adverse reactions. This information sets the course for 
personalised pain management strategies and optimises 
medication choices for each patient (Oates et al., 2018; 
Ventola, 2013).  
 
Transcriptomics and gene expression analysis are two 
applications in bioinformatics. Bioinformatics enables 
the analysis of gene expression profiles to unfold the 
molecular mechanisms beneath the pain phenomenon. 
Advanced techniques such as microarrays and RNA 
sequencing generate large-scale gene expression data. 
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These datasets can be analysed using bioinformatics 
tools to identify differentially expressed genes, 
biological pathways involved in pain processing, and 
potential domains for novel therapeutic targets (Ji et al., 
2018; Zhao et al., 2018). Bioinformatics helps combine 
various data types, including genetic, genomic, 
transcriptomic, proteomic, and clinical data, to get a full 
picture of pain. Integrative analysis helps identify 
molecular pathways, protein-protein interactions, and 
biomarkers associated with pain conditions, illuminating 
disease mechanisms and potential therapeutic 
interventions (Manzoni et al., 2018; Raja et al., 2017; 
Xiang et al., 2020). In other words, bioinformatics makes 
sharing and assimilating pain-related datasets easier 
through open-access databases and platforms.  
 
This way, researchers and clinicians can work side by 
side, pooling extensive data for meta-analyses, 
replication studies, and discovering new pain-associated 
genes, pathways, and drug targets concerning pain 
(Adewuyi et al., 2022; Mittal et al., 2023). With new 
technology, predictive modeling and machine learning 
experts utilise machine learning algorithms and 
predictive modelling to create models capable of 
predicting pain outcomes, treatment responses, and 
possible adverse events. Such models are precious in 
clinical settings, especially for assisting healthcare 
professionals in making educated decisions, performing 
accurate risk assessments, and devising personalised 
pain management approaches that cater to the needs of 
different individuals (Habehh et al., 2021; Sanchez-
Martinez et al., 2022). 
 
By and large, bioinformatics plays a major part in 
analysing, interpreting, and integrating complex pain-
related data. It calls for understanding pain mechanisms, 
identifying therapeutic targets, and developing 
personalised pain management strategies. Acting as a 
bridge between genomics, molecular biology, and 
clinical pain management, bioinformatics facilitates 
translational research and significantly uplifts patient 
care. 
 
The Clinical Pharmacogenetics Implementation 
Consortium (CPIC) guideline outlines the importance of 
genetic testing for CYP2D6, OPRM1, and COMT genes in 
selecting appropriate therapy. Specifically, it 
recommends optimizing therapy with codeine and 
tramadol based on CYP2D6 genotype test results. While 
there is limited data for other opioids, such as 
hydrocodone, oxycodone, and methadone, the 
guideline emphasises the significant impact of genetic 
variability on drug-related phenotypes, particularly in 

terms of pain relief and adverse events. Evidence 
strongly links genetic variability to variability in drug 
response, such as the association between CYP2D6 
metaboliser phenotype and morphine formation from 
codeine. Poor metabolisers typically exhibit lower 
serum morphine levels and reduced analgesia with 
codeine, while ultrarapid metabolisers may experience 
heightened analgesia but are at risk of severe side 
effects due to increased conversion of codeine to 
morphine. Similar associations are observed with 
tramadol, where poor metabolisers demonstrate 
reduced efficacy and lower active metabolite plasma 
concentrations (Crews et al., 2021). The guideline 
underscores the potential benefit of CYP2D6 genotype 
testing in identifying patients at higher risk of ineffective 
analgesia or adverse events, facilitating the 
administration of alternative analgesics. However, it 
emphasises the importance of reliable genotyping in 
qualified laboratories to mitigate the risk of errors with 
long-term adverse health implications for patients. 
 
8.0  PHARMACOGENOMICS-GUIDED ANALYSIS 
Pharmacogenomics and pharmacogenetics have forged 
as crucial players, unwinding the complex genetic 
canvas that influences how individuals respond to 
pharmaceutical interventions. These disciplines 
investigate the dynamic relationship between an 
individual's genetic makeup and drug interactions, 
aiming to customise therapeutic approaches to the 
distinctive genetic signatures that set one person apart 
(Su et al., 2015).  
 
Pharmacogenetics focuses articulately on the genetic 
variations that succour individual responses to drugs. 
This multi-dimensional exploration studies the genetic 
details that dictate drug metabolism enzymes, drug 
receptors, and other molecular targets, shedding clarity 
on the genetic components that can decisively 
contribute to the possibility of successful therapies and 
the occurrence of untoward effects in the milieu of 
pharmacogenomics and pharmacogenetics, where the 
vernacular of genes meets the pharmacological vista. As 
we make our way through the complexities of genetic 
variations and their impact on drug responses, we 
discover the potential for a foreseeable future where 
medical treatments are precisely adapted to the unique 
genetic makeup of an individual, marking a new period 
of targeted and personalised therapeutic interventions, 
particularly with regards to pain management. Figure 1 
illustrates the connection between pharmacogenomics 
and neurotransmission, which lies in their common 
genetic variations associated with pain management. 
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The findings from genetic mapping, executed using a 
suite of bioinformatics tools, were analyzed for core 
pharmacogenetic markers, including CYP2B6, CYP2C19, 
CYP2C9, CYP2D6, CYP3A5, DPYD, SLCO1B1, UGT1A1, and 
VKORC1. This mapping effort was undertaken to identify 
pharmacogenetic profiles relevant to drug usage 
(Hussein et al., 2023; McInnes et al., 2021). These genes 
are included in the list of esteemed pharmacogenetic 
directories such as the Pharmacogenomics Knowledge 
Base (PharmGKB), Clinical Pharmacogenetics 
Implementation Consortium (CPIC), and Dutch 
Pharmacogenetics Working Group (DPWG) and are also 
annotated in Pharmacogene Variation Consortium 
(PharmVar). The resultant data showed that variance. 
Different algorithm designs and genetic variance 
influenced these variations, and each bioinformatics 
was calibrated to assess them (Gaedigk et al., 2020). 
 
Theoretically, the potential of drug-drug and gene 
interactions of each patient was evaluated based on the 
final projected metaboliser phenotypes or star alleles. 
Their phenotypic profiles were merged with registered 
demographic data, a list of medications, and clinical 
symptoms (Idda et al., 2022; Taylor et al., 2020). Taking 
advantage of the extant resources as a model for 
phenoconversion can unfold possible differences 
between a person's genotype-based prediction drug 
metabolism and their actual ability to do so. Together, 
pharmacogenomics and bioinformatics unlock a potent 
pain management strategy that is personalised and 
grounded in solid evidence. By leaning on genetic 
information for treatment decisions, healthcare 
providers can choose the right medications, making 
them safer and more effective while reducing the risk of 
drug reactions (Brandl et al., 2021; Oates et al., 2018). 
This can improve the lives of patients with chronic pain. 
Pharmacogenomics and healthcare are essential fields 
that, when joined forces, promise to improve patient 
outcomes.  
 
In fact, the synergy between pharmacogenomics and 
pain management is evident. Pharmacogenomic 
research can help identify genetic variations that may 
raise the chances of unfavourable drug reactions or 
reduce drug effectiveness, especially among specific 
population subsets (Micaglio et al., 2021; Shaw et al., 
2011). Next up, epidemiological studies step into the 
picture, further investigating the commonality of these 
genetic variations across different populations while 
identifying potential risk factors that may underlie drug 
reaction susceptibilities (Chang et al., 2018; Wilke et al., 
2007). 
 

 
 

Figure 1: The correlation between pharmacogenomics and 
neurotransmission, which share the same genetic variations 
related to pain management. 

 
 
9.0  CONCLUSION AND FUTURE PERSPECTIVES 
In Malaysia, pharmacogenomics has the potential to 
revolutionise pain management through personalised 
medicine approaches tailored to individual genetic 
profiles. However, implementing pharmacogenomics in 
clinical practice faces several challenges. Several 
potential applications and challenges are moving 
forward regarding pain management in Malaysia. 
Pharmacogenomics research in Malaysia is gradually 
gaining momentum, with ongoing studies investigating 
genetic variations associated with drug responses, 
including pain medications.  
 
Some academic institutions and research centres are 
actively involved in pharmacogenomics research, 
contributing to understanding how genetic variations 
influence drug efficacy and toxicity. Pharmacogenetic 
testing services are available in certain healthcare 
facilities, albeit on a limited scale, primarily for specific 
drugs or patient populations. The identification of 
genetic variations associated with opioid metabolism 
and response aids in optimizing opioid therapy for pain 
management while minimising the risk of adverse 
effects and addiction. Personalised selection of 
antidepressants and anticonvulsants based on genetic 
factors, improving treatment outcomes for neuropathic 
pain and fibromyalgia. Tailored non-opioid analgesic 
therapy based on individual genetic profiles, optimising 
pain relief while reducing the likelihood of side effects. 
 
Despite these advancements, limited awareness, and 
education among healthcare professionals about 
pharmacogenomics and its applications in pain 
management persist. Lack of standardised guidelines for 
integrating pharmacogenomic testing into clinical 
practice, leading to variability in testing protocols and 
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interpretation of results. Cost constraints associated 
with pharmacogenetic testing and the need for 
infrastructure development to support its widespread 
adoption in healthcare settings. Ethical, legal, and 
societal considerations regarding patient privacy, 
consent, and genetic discrimination necessitate clear 
policies and regulations to address these issues. Limited 
diversity in genetic databases and research cohorts 
potentially leads to disparities in pharmacogenomic-
guided therapy for different population groups. 
Addressing these challenges will require collaborative 
efforts involving healthcare providers, researchers, 
policymakers, and industry stakeholders. Increased 
investment in education and training programs, national 

guidelines and standards development, and initiatives to 
enhance public awareness and engagement will be 
crucial for successfully integrating pharmacogenomics 
into pain management practice in Malaysia, ultimately 
leading to more personalised and effective treatment 
approaches for patients. 
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