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ABSTRACT 

Due to its part in the opioid epidemic, fentanyl, a powerful synthetic opioid drug, has received a lot of attention 

recently. It is estimated that this medicine, which was initially created to treat pain, has 50–100 times the potency 

of morphine. Especially in cancer patients and following surgery, fentanyl's potent effects make it beneficial in 

alleviating severe pain. Approximately 50–100 times more strong than morphine and 50 times more potent than 

heroin, fentanyl is a synthetic opioid analgesic. It was initially created for medical usage as a potent painkiller, 

often taken via injection, transdermal patches, or lozenges for severe pain control, such as after surgery or in 

patients with cancer. Fentanyl is an effective treatment for severe pain in a medical environment. To patients with 

a high tolerance for opioids, it is given by medical specialists in amounts that are carefully monitored. Overdose 

and other harmful effects are kept to a minimum thanks to the regulated environment. Specific medical situations, 

such as surgery or intensive care, are ideal for its quick onset and brief duration of effect. Fentanyl’s illicit use is 

a problem for the drug. Overdose deaths from illicitly produced fentanyl have increased globally, frequently being 

combined with other narcotics like heroin or cocaine. Due to the drug’s strength and erratic distribution in street 

narcotics, users could unintentionally take deadly dosages. An alarming increase in opioid-related fatalities has 

resulted from this, creating a severe public health disaster. Even though fentanyl is essential in medicine for 

treating pain, it can be lethal when used illicitly. A concerning rise in overdose fatalities has been caused by its 

extraordinary strength and extensive use in the illegal drug trade. Stricter regulation, harm reduction techniques, 

increased access to addiction treatment, and mental health services are just a few of the many initiatives needed 

to address the fentanyl problem. 
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INTRODUCTION 

Dr. Paul Janssen, a Belgian pharmacologist and the 

creator of Janssen Pharmaceutical, created fentanyl 

for the first time in 1960. Fentanyl was created by 

the research team when they were looking for novel 

analgesic (pain-relieving) substances. The 

medication was first marketed under the trade name 

“Sublimaze,” and it quickly became well-liked in 

medical settings due to its potent pain-relieving 

abilities. Due to its quick onset and brief duration of 

action, it was predominantly utilized as an 

intravenous anesthetic during surgical operations. 

This made it appropriate for usage during surgeries 

and other medical treatments. Following its 

discovery, pharmaceutical firms created a number of 

fentanyl formulations to enhance its medical uses. 

These included sublingual pills, nasal sprays, 

transdermal patches, and lozenges (lollipops), all of 

which provided a regulated and long-lasting delivery 

of the painkiller [1]. Fentanyl has been used 

medically for the treatment of severe pain, 

particularly when other opioids have failed to relieve 

the pain or have had unpleasant side effects. 

Fentanyl did, however, have hazards due to its 

tremendous potency, particularly when misused. An 

upsurge in overdoses and fatalities from opioid-

related causes has been brought on by the drug’s 

abuse and unauthorized distribution. Fentanyl is still 

an essential drug for the treatment of pain, even with 

the problems brought on by overuse, especially in 

medical settings where its strength and quick-acting 

characteristics may be successfully managed and 

monitored. 

STRUCTURE AND CLASSIFICATION 

The group of medications known as opioids includes 

fentanyl. It is a synthetic opioid, which means it is 

produced chemically as opposed to being sourced 
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from a natural source like opium. Fentanyl is a 

derivative of phenylpiperidine in terms of structure. 

The compound is known chemically as N-(1-

phenethylpiperidin-4-yl)-N-phenylpropanamide. 

Fentanyl’s molecular weight is about 336.47 g/mol, 

and its chemical formula is C22H28N2O [2]. 

As an opioid analgesic, fentanyl is extremely strong 

due to its structural features. Its potency allows for 

efficient pain relief at low dosages, but it also raises 

the possibility of overdose and other negative 

effects, especially when taken incorrectly or without 

a doctor’s supervision. Due to its extreme 

dependency and significant potential for misuse, 

fentanyl and its analogs are listed as Schedule II 

restricted narcotics in the United States. Their 

medicinal usage is closely regulated, and only 

licensed healthcare practitioners may prescribe them 

for valid therapeutic objectives, such as controlling 

extreme pain in carefully monitored medical 

environments. 

SYNTHESIS  

It is discussed how the parent opioid fentanyl and its 

analogs may be synthesized in alternative and more 

efficient ways. After conducting optimization 

experiments for each synthetic step, the pathways 

described demonstrate high-yielding 

transformations that lead to these potent analgesics. 

The basic three-step approach gave rise to a panel of 

four fentanyls with outstanding yields (73–78%) 

coupled with their more prevalent hydrochloride and 

citric acid salts [3]. 

PHARMACOKINETICS (PK) 

The study of a drug's absorption, distribution, 

metabolism, and excretion (ADME) is referred to as 

pharmacokinetics (PK). For a medicine like fentanyl 

to be effective and safe when used medically, it is 

essential to understand its PK profile. 

Absorption 

Transdermal patches, nasal sprays, lozenges, and 

intravenous injections are just a few of the different 

ways that fentanyl is administered. Fentanyl has a 

speedy beginning of effect because to its rapid and 

full absorption when given intravenously. 

Transdermal patches deliver the medication via the 

skin in a regulated manner, maintaining stable blood 

levels for a long time. Different formulations also 

show different rates of absorption. 

Distribution 

High lipophilicity of fentanyl enables fast passage of 

the blood-brain barrier and distribution throughout 

the central nervous system (CNS). It is also 

delivered to many bodily tissues. Because of its high 

affinity for opioid receptors, it has strong analgesic 

effects. 

Metabolism 

Fentanyl’s major metabolic route takes place in the 

liver, where the enzyme cytochrome P450 3A4 

(CYP3A4) converts it into inactive metabolites, 

mostly norfentanyl [4]. It’s also possible for certain 

small metabolites to arise. 

Elimination 

The urine is the main elimination route for fentanyl 

and its metabolites. Depending on the formulation 

and method of administration, fentanyl's elimination 

half-life might change. For instance, although 

transdermal patches may have a half-life of roughly 

17 hours, intravenous fentanyl generally has a half-

life of around 2 to 4 hours. It  is essential to 

remember that due to fentanyl's strength and quick 

beginning of effect, medical personnel must 

administer and monitor the drug with caution. Due 

to its tremendous strength, there is a chance of 

overdose and severe negative consequences, 

especially when taken outside of proper medical 

settings or in conjunction with other drugs. When 

using fentanyl or any other medicine, always abide 

by the authorized dosage and administration 

guidelines provided by a licensed healthcare 

professional [5].     

MOA(MECHANISM OF ACTION) 

Fentanyl's main mechanism of action (MOA) is how 

it interacts with opioid receptors in the central 

nervous system (CNS). The major action of fentanyl 

as an opioid analgesic is the binding of certain opioid 

receptors, namely the mu-opioid receptors. 

Simplified explanation of MOA 

Fentanyl works as an agonist, which means it binds 

to and activates mu-opioid receptors that are spread 

throughout the brain and spinal cord. The perception 

and processing of pain signals are facilitated by 

these receptors, which are a component of the body's 

natural pain modulation system.  

Inhibition of pain signaling 

Once fentanyl attaches to mu-opioid receptors, it 

prevents the nervous system from sending pain 

signals. By reducing the feeling of pain, this activity 

has strong analgesic (pain-relieving) benefits. 

Modulation of reward pathways 

Fentanyl has painkilling properties in addition to 

modulating reward pathways in the brain, which 

results in sensations of pleasure and relaxation. This 

feature of its MOA increases the likelihood that it 

will be abused and become addictive.  

Respiratory depression 

Fentanyl and other opioids have the principal 

adverse effect of respiratory depression. Breathing 

can be slowed down by the activation of opioid 

receptors in the brainstem, which can lower the 

sensitivity of the respiratory centers. When taken 

with other central nervous system depressants or at 

greater doses, this impact can be harmful. It’s critical 

to understand that fentanyl requires cautious 

prescribing and monitoring by medical experts due 

to its powerful analgesic qualities, as well as the risk 

of abuse and overdose. Because of the drug’s 

tremendous strength and potential for side effects, it 

is often only used to treat really severe pain [6]. 

NORMAL/TOXIC DOSE /POISONING  

The amount of fentanyl that is "normal" or safe to 

take varies greatly depending on the formulation, the 
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patient's health, and their tolerance to opioids. Given 

how powerful fentanyl is as an opioid, even little 

variations in dosage can have negative effects. As a 

result, it must only be used as directed by a licensed 

healthcare provider. Due to its strength, fentanyl is 

normally supplied in micrograms (mcg) for 

legitimate medical usage. For instance, intravenous 

dosages for surgical anesthetic or acute pain control 

may vary from 25 to 100 mcg. Fentanyl can be 

released from transdermal patches over a period of 

72 hours at rates of 12 to 100 mcg/hour. The limited 

therapeutic index of fentanyl, however, makes it 

critical to recognize when talking about hazardous 

dosages or poisoning. Toxic respiratory depression, 

coma, or death can result from a relatively little 

dosage increase. Fentanyl used for medicinal 

purposes improperly or illegally can be quite 

hazardous [7]. According to variables including 

tolerance, body weight, and unique opioid 

sensitivity, the fatal dose of fentanyl might differ 

significantly from person to person. Fentanyl can be 

fatal to people who are not opioid-tolerant even at 

doses as little as 2 milligrams. It is critical to 

understand that non-pharmaceutical fentanyl, which 

is frequently discovered in illicit substances or fake 

pharmaceuticals, can be far more strong and 

unpredictable, increasing the danger of overdose and 

poisoning [8]. Call emergency services right away 

and seek immediate medical assistance if you 

believe someone has been exposed to fentanyl and is 

exhibiting overdose signs including difficulty 

breathing, excessive sleepiness, or unconsciousness. 

Again, to guarantee correct dosage and lower the 

danger of side effects or poisoning, only take 

fentanyl under the supervision and prescription of a 

licensed healthcare practitioner. 

PLASMA LEVEL DETERMINATION  

Especially when it is used for pain relief or 

anesthesia, determining the plasma level of fentanyl 

is a crucial component of its therapeutic usage. 

Monitoring fentanyl levels in the blood enables 

medical personnel to give patients an appropriate 

dosage while reducing the danger of side effects, 

including respiratory depression. Blood samples 

from the patient are taken at predetermined intervals 

after the medicine has been delivered in order to 

determine the plasma level of fentanyl. Depending 

on the delivery method and the particular 

formulation being utilized, the time of the blood 

draws will vary. Blood samples are often obtained 

quickly after a medication injection for intravenous 

delivery in order to evaluate the drug’s fast start of 

action and peak plasma concentration [10]. Blood 

samples may be obtained at various intervals to track 

the steady-state plasma levels for transdermal 

patches or other formulations with a protracted 

release.The findings of the plasma level 

determination are utilized for therapeutic drug 

monitoring (TDM) and, if necessary, to change the 

dose of the fentanyl. Making ensuring the 

medication stays within the therapeutic range, where 

it can effectively treat pain without having any 

negative side effects, is the aim.An extremely strong 

opioid, fentanyl should be used under the direct 

supervision of trained medical specialists. When 

performing pain management or anesthetic 

operations, one of the instruments utilized to 

optimize fentanyl administration and guarantee 

patient safety is plasma level determination [11]. 

SIGNS AND SYMPTOMS  

A strong opioid, fentanyl can cause a variety of 

indications and symptoms when taken improperly or 

abusively as well as when it is used as prescribed 

under a doctor’s care. Based on the user’s tolerance, 

the dosage, and the method of administration, 

fentanyl’s effects might vary. The following are 

some typical fentanyl usage symptoms and warning 

signs: Pain alleviation is one of fentanyl’s main 

effects because it is an opioid analgesic. In medical 

contexts, it is frequently administered to treat 

extremely painful conditions. Fentanyl, like other 

opioids, has the ability to elicit sensations of 

euphoria, calm, and relaxation. The possibility for 

drug misuse is increased by these side effects. 

Fentanyl has the potential to make users feel sleepy 

and drowsy, which will impair their ability to focus 

and stay attentive. Breathing becomes shallow and 

slowly as a result of respiratory depression, one of 

the most serious adverse effects of fentanyl and 

other opioids. Lack of oxygen might result in 

respiratory arrest in extreme circumstances. 

Fentanyl usage can result in gastrointestinal 

problems that can make people feel sick to their 

stomachs. Opioids, such as fentanyl, can constrict 

the pupils. Fentanyl has the potential to fog the 

mind, impair judgment, and impair cognitive 

function. Fentanyl and other opioids can cause 

sluggish bowel motions, which can result in 

constipation. Fentanyl’s adverse effects might cause 

itching or a rash in some people. Fentanyl lowers 

blood pressure, causing lightheadedness and 

dizziness. Taking too much fentanyl may result in an 

overdose, which is potentially fatal. Insanity, severe 

respiratory depression, and blue lips or fingertips are 

indications of an overdose [12]. It is crucial to 

understand that fentanyl’s strength and risk of 

overdose make it highly dangerous to abuse or 

consume unsupervised. A considerable proportion 

of opioid-related overdose deaths have been linked 

to illicitly acquired fentanyl, particularly when it is 

combined with other narcotics or sold as counterfeit 

medication.  

CLINICAL USES  

Fentanyl is a strong opioid drug with several 

therapeutic applications, especially for pain control 

and anesthesia. It is a useful tool in medical settings 

due to its high potency and rapid beginning of effect. 

Fentanyl is often used in the multiple therapeutic 

settings. Fentanyl is frequently used to treat severe 

pain, particularly when other opioids or analgesic 
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drugs are ineffective. It can be given intravenously, 

topically, nasally, topically, transdermally, or 

intrathecally. During surgical operations, fentanyl is 

routinely used as a supplement to general 

Anesthetic. During and after surgery, it may assist to 

deliver analgesia and lessen discomfort. Fentanyl 

may be used in long-acting formulations, such as 

transdermal patches, [13] for those with chronic pain 

disorders, such as cancer-related pain or other 

incapacitating illnesses, to provide long-lasting pain 

relief. Fentanyl may be administered during birth in 

some circumstances to relieve pain for women who 

are unable to have an epidural anesthetic. Fentanyl 

is used for procedural sedation and analgesia during 

several medical procedures that call for sedation and 

pain relief, such endoscopy or cardiac 

catheterization. Patients who have had surgery may 

occasionally take fentanyl to treat their pain in the 

postoperative phase [14]. Fentanyl can be used to 

treat pain and sedate patients who are mechanically 

ventilated in intensive care units (ICUs) and other 

critical care settings. In emergency situations, such 

as those involving trauma or recent injuries, fentanyl 

can be used to quickly relieve severe pain. The fact 

that fentanyl is a strong opioid with a significant risk 

of respiratory depression and other adverse effects 

must be noted. Its usage ought to be properly 

regulated and managed by licensed medical 

personnel. To reduce the danger of overdose or 

unfavorable responses, fentanyl dosage and delivery 

need to be closely watched. Fentanyl also has a 

significant potential for misuse and dependency, 

underscoring the significance of administering it 

safely and with the proper medical supervision. 

DEATH RATE IN DIFFERENT YEARS  

The opioid was present in 75% of the over 92,000 

drug overdose deaths in 2020. A drug overdose has 

claimed the lives of more than 932,000 individuals 

since 1999.1 In the United States, 91,799 people 

died from drug overdoses in 2020. From 2019 (21.6 

per 100,000) to 2020 (28.3 per 100,000), the age-

adjusted rate of overdose fatalities increased by 

31%.The leading cause of drug overdose deaths at 

the moment is opioids, particularly synthetic opioids 

(other than methadone). Synthetic opioids were 

present in 82.3% of overdose fatalities involving 

opioids. In 2020, 68,630 drug overdose fatalities 

(74.8% of all drug overdose deaths) involved 

opioids. Both with and without the use of synthetic 

opioids, drug overdose fatalities involving 

psychostimulants like methamphetamine are rising 

DEATH RATE IN DIFFERENT COUNTRIES 

Over 10% of the world’s countries have drug 

overdose mortality rates that are higher than four per 

100,000 people, including Russia and Libya (where 

rates are down) as well as Libya (where rates are 

rising). Data from five developed countries with 

significant drug mortality rates were compared, and 

it was found that rates in the United States and 

Canada had lately accelerated and alarmingly 

increased (this is likely due to the introduction of 

fentanyl and rising stimulant usage). The 

categorization of some suicides as accidents may be 

to blame for a purported recent drop in Canada’s 

drug suicide rate. Verifying accuracy and improving 

knowledge of drug overdose deaths and ways to 

avoid them are key priorities. 

PRODUCTS AVAILABILITY  

Fentanyl is now accessible in a number of 

pharmaceutical formulations, mostly for medical use 

under stringent control and prescription by licensed 

healthcare professionals as of my most recent 

knowledge update in September 2021 [15]. Among 

the popular fentanyl products are: Fentanyl is 

available in intravenous (IV) formulations for use 

during surgery and other medical procedures that 

call for strong and quick pain management. 

Transdermal Patches: Fentanyl patches provide a 

regulated delivery of the drug via the skin over a 

number of days, making them useful for long-term 

pain treatment. Fentanyl nasal sprays are used to 

provide quick pain relief, especially when IV 

administration is impractical. Patients who are 

unable to take drugs orally occasionally utilize 

fentanyl lozenges or lollipops for pain management 

[16]. Fentanyl sublingual pills are intended to 

dissolve under the tongue and offer prompt pain 

relief. It’s crucial to keep in mind that local laws and 

nation differences affect where fentanyl products 

can be found. Fentanyl is a prohibited chemical in 

many jurisdictions because of its extreme potency 

and potential for misuse. Its usage in medicine is 

therefore strictly regulated. Fentanyl that is 

produced and supplied illegally is a serious public 

health issue since it increases the danger of overdose 

and death and is frequently discovered in illegal 

substances or fake prescriptions. Illegal and 

extremely dangerous to public safety, the 

availability of illicit fentanyl goods. 

ANTIDOTS 

Naloxone, often known by the brand name Narcan, 

is the substance that serves as an antidote for 

fentanyl and other opioids. Because naloxone blocks 

the actions of opioids like fentanyl on opioid 

receptors in the brain and central nervous system, it 

can swiftly reverse the effects of these drugs. In 

cases of opioid overdose, particularly fentanyl 

overdose, naloxone can be given right away and 

quickly bring about a return to normal breathing. In 

emergency cases where an opioid overdose is 

suspected, it is a life-saving drug and a crucial tool. 

Naloxone is simple to use even for those who are not 

medical experts because it is offered in a variety of 

formulations, including injectables and nasal sprays 

[17]. Numerous first responders, members of law 

enforcement, and healthcare professionals have 

received training in how to treat opioid overdose 

victims using naloxone. If you have access to 

naloxone and are trained to use it, administer it if you 

believe someone is suffering from an opioid 
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overdose, including one from fentanyl, and 

emergency medical assistance is on the way. But 

always keep in mind that naloxone is not a 

replacement for skilled medical assistance, and 

anybody who has taken naloxone should still seek 

emergency medical attention for additional 

assessment and treatment. 

HOW TO CONTROL ITS CONSUMPTION  

Controlling fentanyl use is essential for combating 

the opioid crisis and advancing public health and 

safety. The following tactics can aid in reducing 

fentanyl consumption: Before prescribing fentanyl 

and other opioids, medical providers should 

thoroughly assess the necessity for them. 

Establishing precise regulations for the prescription 

of opioids, including fentanyl, will help guarantee 

that these drugs are only used when necessary and in 

the right amounts [18]. Monitoring tools like 

prescription medication monitoring programs can 

aid in finding instances of possible overprescribing 

or abuse. Individualized instruction about the 

dangers and advantages of fentanyl should be given 

to patients who have been prescribed it. There 

should be detailed instructions on how to use the 

product, any possible adverse effects, and the 

significance of sticking to the recommended 

dosages. Promoting the use of non-opioid pain 

reduction techniques including physical therapy, 

non-opioid drugs, and alternative therapies can help 

lessen the need for powerful opioids like fentanyl. 

Implementing harm reduction initiatives can help 

avoid opioid overdoses and lessen the negative 

effects of fentanyl usage. These initiatives include 

needle exchange programs and availability to 

naloxone. To stop the drug from being diverted to 

the black market and other unlawful sources, it is 

crucial to strictly regulate and enforce the laws 

surrounding fentanyl’s manufacturing, distribution, 

and illegal use. Public awareness campaigns can 

assist in educating the general public about the risks 

associated with the abuse of fentanyl and the 

possibility of an overdose. Information on how to 

spot and handle opioid overdoses may also be found 

in these advertisements [19]. Access to addiction 

treatment and support services should be improved 

so that people who are dependent on opioids, 

especially fentanyl, may get the aid they need to 

rehabilitate and cut back on use. Ongoing studies of 

opioid analgesics, painkiller substitutes, and 

addiction therapies may help us better understand 

opioid-related problems and develop approaches 

that are more successful. To successfully manage the 

fentanyl pandemic and solve the larger opioid crisis, 

it is imperative to develop a holistic strategy that 

requires cooperation between healthcare 

professionals, decision-makers, law enforcement, 

community groups, and the general public [20]. 

CONCLUSION  

In conclusion, even while fentanyl is essential for 

treating medical pain, its potential for abuse and the 

alarming increase in overdose fatalities necessitate a 

comprehensive response. This entails tighter 

controls on its manufacturing and distribution, 

enhanced harm reduction and addiction treatment 

initiatives, as well as greater public education and 

awareness campaigns. In the world of medicine and 

drug policy, it is still difficult to strike a balance 

between the advantages of fentanyl and the need to 

lessen the hazards that go along with it. 
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