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Abstract. Millions of people worldwide suffer with pain, a complex issue that significantly
reduces quality of life. This essay explains the distinction between acute and chronic pain,
examines pain as a physical and emotional experience, and emphasizes how each relates to
medical disorders. This study examines the origin, mode of action, and delivery systems of
morphine and acetaminophen, two of the most widely used analgesic medications in pain
patients. The opium poppy plant is the source of the narcotic morphine. Although it
effectively reduces pain by activating mu-opioid receptors, there is a danger of addiction,
tolerance, and overdose. In contrast, acetaminophen is a non-opioid analgesic that acts
centrally in the brain and has a very minimal risk of dependence. The literature highlights
that morphine is still an irreplaceable drug for acute and cancer pain, whereas
acetaminophen represents a global first-line option for the management of mild to moderate
pain and fever. The paper concludes that a combined understanding of both drugs is needed
to manage pain effectively and safely. It also emphasizes the ongoing need for a balance
between access and regulation in different global contexts.
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1. Introduction

Pain is described as an unpleasant sensory and emotional experience linked to actual or potential
tissue damage. This suggests that pain is not purely a physical sensation but also encompasses
emotional distress. It can happen when there is real tissue damage (like a cut or burn) or when the
body senses that damage might occur, even if nothing is visibly wrong. Pain is traditionally viewed
as a protective response to injury, helping to prevent further harm by encouraging rest and healing.
However, when pain becomes chronic, it loses its protective function and can severely impact both
mental and physical health. Pain can be classified as either acute, which is short-term and usually
goes away as the body heals, or chronic, which lasts for more than three months and often continues
even after the initial cause has healed. People with chronic pain usually experience fatigue, difficulty
sleeping, anxiety, depression, and challenges in performing normal daily activities, as the constant
discomfort can interfere with their overall quality of life. Unlike acute pain, which is a symptom of
another issue, chronic pain becomes a medical condition on its own and often requires long-term
treatment and management [1].

This paper explores the role of morphine and acetaminophen in addressing pain. By examining
their origins, pharmacology, and methods of delivery, the work aims to illustrate the balance
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between efficacy and safety that shapes global pain management strategies.

1.1. Impact and number of mortalities

While pain itself is not fatal, poorly managed chronic pain can increase the risk of opioid overdose,
disability, and reduced life expectancy [1]. Many people with chronic pain are prescribed opioids to
manage their symptoms, but without proper medical supervision, this can lead to dependence or
overdose. Nearly 50 million people in the U.S experience chronic or severe pain, more than those
with diabetes, heart disease, or cancer combined [1]. Chronic pain can make it difficult for a person
to work, interact with others, and take care of themselves. This can result in long-term incapacity,
mental health issues like depression and anxiety, and a large loss of income. Even when other health
considerations are taken into account, studies have shown that those who experience severe, chronic
pain may be at an increased risk of dying young [1].

1.2. Significance in China and other countries

Acetaminophen has become more popular in China for treating minor pain, but opioids like
morphine are strictly regulated and rarely used because of addiction concerns [2]. In contrast,
morphine is often utilized in hospitals in the US and Canada, despite the fact that both nations have
experienced severe opioid addiction and abuse [2]. On the other hand, acetaminophen is widely used
as an over-the-counter (OTC) drug, which means that it can be bought without a prescription [3].

1.3. Drugs used to treat the disease and their origins

The opium poppy plant yields morphine, a potent opioid analgesic. Although it has been in use for
centuries, German pharmacist Friedrich Sertürner was the first to chemically isolate it in 1804. This
discovery introduced a new way to treat severe pain using purified plant compounds. Chemically,
morphine is classified as an alkaloid with the IUPAC name (5α,6α) -7,8- didehydro-4,5-epoxy-17-
methylmorphinan-3,6-diol. Today, morphine is used to treat moderate to severe pain, especially after
surgery or in people with cancer. It works by binding to opioid receptors in the brain and spinal cord,
blocking pain signals from reaching the brain [4]. These receptors, especially the mu-opioid
receptor, are responsible for pain relief but also play a role in the brain's reward system, which
contributes to the drug's addictive potential. As shown in Figure 1, Morphine's chemical structure
includes multiple hydroxyl groups, making it moderately water-soluble [5]. Therefore, morphine has
a high risk of dependence and addiction, and it is usually only used under medical supervision [6].

Figure 1. Morphine's chemical structure
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Acetaminophen is a non-opioid pain reliever that is used to treat mild to moderate pain and
reduce fever. It was first used medically in the late 1800s, but it became widely available to the
public in the mid-1900s. Unlike opioids, acetaminophen does not act directly on the peripheral
nervous system or inflammatory pathways. Instead, it appears to work centrally within the brain.
Figure 2 shows acetaminophen's chemical structure, which consists of a benzene ring substituted
with a hydroxyl group (-OH) and an amide group in the para (1,4) position. Hence its IUPAC name
is N-(4-hydroxyphenyl) acetamide, and it is a small, polar molecule. Different from morphine,
acetaminophen does not have strong anti-inflammatory effects, and it is not addictive. The exact
way it works is still not fully understood, but it is thought to act on the brain to lower pain and fever,
possibly by blocking certain enzymes [3]. It is soluble in both water and ethanol, which supports its
effectiveness as an over-the-counter medication.

Figure 2. Acetaminophen's chemical structure

2. Description of drug targets and how their function is affected

2.1. Morphine

Morphine acts on the body's natural opioid receptors in the brain and spinal cord, called the mu-
opioid receptors. Through stimulation of these receptors, morphine suppresses the passage of pain
signals to the brain, which decreases the perception of pain. At the cellular level, mu-opioid
receptors are a type of G-protein-coupled receptor (GPCR), which passes signals inside by
activating G-proteins to control enzymes and ion channels. When morphine binds to these receptors,
it acts like a switch that turns down the activity of the neuron. One effect is that morphine blocks the
enzyme adenylate cyclase, which lowers the amount of a signalling molecule called cyclic AMP
(cAMP). Less cAMP means the neuron is less excitable and less able to send messages. As shown in
Figure 3, while morphine decreases cAmp, it also closes calcium channels, which means the neuron
releases fewer neurotransmitters, like glutamate and substance P, that normally carry pain signals. At
the same time, morphine opens potassium channels, letting potassium flow out of the neuron. This
makes the neuron hyperpolarized, or harder to activate. In summary, morphine "quiets down" the
neurons in the pain pathway, so fewer pain messages reach the brain [4].



Proceedings	of	ICMMGH	2026	Symposium:	Biomedical	Imaging	and	AI	Applications	in	Neurorehabilitation
DOI:	10.54254/2753-8818/2026.LA32396

4

Figure 3. Morphine's mechanism of analgesia

However, if morphine is used for a long time, it can lead to a condition called opioid-induced
hyperalgesia (OIH), where the person becomes more sensitive to pain. This happens because
morphine not only affects receptors, but it also influences gene regulation in the body. Specifically,
it affects a protein called CREB, which helps control pain-related genes. According to the study
Morphine-induced hyperalgesia impacts small extracellular vesicle microRNA composition and
function, the authors explain that "CREB is a well characterized transcription factor implicated in
underlying mechanisms of both pain and drug addiction-related behaviours" [6]. Morphine can
increase CREB activity, which makes pain feel stronger over time. They also note that "Morphine
can alter the levels and function of CREB, and CREB signaling mediates a variety of morphine-
induced behaviors" [6]. This means that long-term morphine use changes how the nervous system
processes pain, both at the surface (receptors) and deep inside cells (through gene expression).

In addition to its receptor effects, morphine is metabolized in the liver. Once inside liver cells, it
is converted by the enzyme UDP-glucuronosyltransferase (UGT) into two major metabolites:
morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G). As Figure 4 shows, M3G and
M6G are formed by conjugating a glucuronic acid molecule to the hydroxyl groups at the 3 or 6
position of the morphine molecule. M3G does not help with pain relief and can even cause side
effects such as irritability, while M6G provides strong pain relief and plays an important role in
morphine's effectiveness [5]. These metabolites are then transported out of the liver cells and
eventually excreted by the kidneys. Because of this, morphine's overall effect depends not only on
how it binds to receptors but also on how it is processed by the body.

Figure 4. Chemical structure of M6G and M3G

The oral bioavailability of Morphine is approximately 30–40%, having a half-life of 2–3 hours
[4]. One commonly prescribed example is extended-release oral morphine, like MS Contin.
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Although Morphine is powerful at relieving pain, it also has major downsides, including drowsiness,
nausea, constipation and respiratory depression. When used for long periods or at high doses, it can
cause susceptibility, dependence, and addiction to opioids [4].

2.2. Acetaminophen

Acetaminophen is a popular analgesic and fever reducer for mild to moderate pain. While the exact
mechanism is not fully understood, it is believed to inhibit COX enzymes in the brain and may
increase serotonin activity, which would both help reduce the feelings of pain. Besides these effects,
research has shown that acetaminophen could also modulate gene expression. For instance, it has
been reported to be able to "significantly suppress the expression of the IGF1/2 signalling pathway"
[7], which is associated with cell growth and development. This further suggests that in some
situations, acetaminophen could impact not just pain pathways but other body systems as well

Another important pathway is through its metabolism in the liver. Acetaminophen is converted to
p-aminophenol, which crosses the blood–brain barrier and is then changed into AM404 by the
enzyme FAAH. AM404 acts on multiple receptor systems in both the brain and spinal cord,
including TRPV1 receptors (which reduce excitatory pain signals on C-fibres), CB1 cannabinoid
receptors (which help regulate pain similar to endocannabinoids), 5-HT₃ serotonin receptors, and
even opioid receptors. Together, these actions further explain how acetaminophen reduces pain
beyond its weak COX inhibition [8].

Paracetamol (acetaminophen) was believed to act primarily in the brain by inhibiting COX-2
enzymes and possibly activating cannabinoid receptors and serotonin pathways [7]. It does not
reduce inflammation like Nonsteroidal Anti-Inflammatory Drugs (NSAIDs), and while it is
generally safe at therapeutic doses, overdose can lead to serious liver damage [7]. An example of a
common over-the-counter acetaminophen product is Tylenol. Compared to morphine,
acetaminophen is much safer for short-term use and does not cause addiction. However, it is less
effective for treating severe pain and lacks the anti-inflammatory strength of NSAIDs.

3. Mode of delivery

Morphine is commonly delivered orally, intravenously (IV), epidurally, or intrathecally. Oral
formulations include both immediate-release and extended-release tablets for acute and chronic pain.
For more serious cases, IV, epidural, or by intrathecal routes will be used as single doses or
continuous infusions [5]. Morphine is also available for intramuscular (IM) use, rectal suppositories,
or sublingual use in palliative care [5].

Acetaminophen is available in oral, rectal, and intravenous (IV) formulations. The oral form is
pervasive and in most cases includes tablets, capsules, syrups and suspensions. Rectal suppositories
are also available in situations where the patient is unable to take anything by mouth. In hospital
settings, acetaminophen can also be administered through IV infusion; however, the IV
administration has been shown to have limited efficacy and clinical benefits than the oral or rectal
route [9]. No matter what method is being used, the full daily dosage must be closely monitored in
order not to induce liver damage, principally in patients with either liver or kidney conditions [9].

4. Conclusion

Pain is a complex condition that merits deliberate clinical attention [10]. Though there are other pain
management alternatives available today, medication remains the most widely used treatment for
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chronic pain [11]. Morphine and acetaminophen are among the most consumed medications for
pain, each with distinct characteristics, strengths, and limitations. Morphine is powerful and
necessary for the treatment of severe pain; however, there is strict guidance over its use due to the
high potential for addiction. Acetaminophen is safer and available all over the world, but it is
inadequate for patients with chronic or severe pain.

Based on the results of this study, the decision between morphine and acetaminophen relies on a
combination of efficacy, safety, and availability. Further efforts should be directed toward more
types of new combinations and non-pharmacological therapies to minimize the need for opioids and
advance pain care worldwide.
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