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A Comprehensive Review of Pethidine, One of the Most Abused Drugs in the Health Sector

Pethidine (PET), used to treat pain in humans, is a controlled drug that has drawn attention for abuse. It is also challenging to figure out
whether a person taking this drug for pain relief intends to abuse it or use it for treatment. PET abuse is still on the rise as of right now,
despite efforts to limit PET use and explore substitute options. As of today, chambers of pharmacists in various provinces of Tirkiye have
issued hundreds of statements on PET abuse. PET addiction is a public health problem that affects not only the individual but also the
community and the environment in which they live. The abuse of this drug is most common in the health sector, which further increases
the seriousness of the situation. This is thought to be due to long and stressful working lives and easy access to these drugs. PET has
both clinical and forensic importance due to the effects it causes or produces. This review aims to review the general characteristics,
pharmacology, side effects, forensic significance, analytical detection techniques, and addiction prevention efforts of PET. In this context,
it is believed that this review will draw attention to the dangers of PET abuse, shed light on the individual and social problems caused
by PET addiction, and help to solve these problems to some extent.
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Saghik Sektoriinde En ok Kotiiye Kullanilan ilaglardan Biri Olan Petidin Uzerine Kapsamli Bir inceleme

insanlarda agr tedavisinde kullanilan petidin (PET), kotiiye kullanimiyla da dikkat ¢eken kontrole tabi bir ilactir. Bu ilaci agn kesici
olarak kullandigini bildiren bir kisinin ilaci kottiye kullanma niyetinde mi yoksa tedavi amacli mi kullandigini anlamak da oldukca
glictiir. PET kullanimini sinirlama ve ikame secenekleri kesfetme cabalari olmasina ragmen PET'in kotiiye kullanimi halen artmaktadir.
Guntmiz itibari ile Ttirkiye'nin cesitli illerindeki eczaci odalari PET suistimali konusunda yiizlerce bildiri yayinlamistir. PET bagimhihg,
kisinin yani sira toplumu ve icinde yasadiklari cevreyi de etkileyen bir halk saghgi sorunudur. Bu ilacin kétiiye kullanimi en ¢ok saglk
sektoriinde gorilmektedir, bu da durumun ciddiyetinin daha da arttirmaktadir. Bunun sebebinin ise uzun ve stresli calisma hayati ve
bu ilaclara kolay erisimin olmasindan kaynaklandigi distintlmektedir. PET, neden oldugu veya irettigi etkiler nedeniyle hem klinik
hem de adli 6neme sahiptir. Bu derlemenin amaci, PET'in genel ozelliklerini, farmakokinetigini, farmakolojisini, yan etkilerini, adli
onemini, analitik tespit tekniklerini ve bagimhhgini onleme calismalarini gozden gecirmektir. Bu baglamda, bu derlemenin PET’in
kotiye kullaniminin tehlikelerine dikkat cekecegine, PET bagimliliginin yol actigi bireysel ve toplumsal sorunlara isik tutacagina ve bu
sorunlarin ¢oziimiine bir nebze de olsa yardimci olacag diisiintilmektedir.
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INTRODUCTION

Opioids, which play a unique role in society, are one
of the most effective and fundamental drugs widely used
for pain relief (1,2). Discussions about the advantages and
disadvantages of these drugs which have strong analgesic,
sedative, and various pharmacokinetic properties are still
ongoing (3,4). Especially in recent years, opioid abuse and
addiction have become an important public health problem
and this situation has become a serious concern both
worldwide and, in Tiirkiye (2,5,6). The rapid development of
addiction leads to an increase in social, economic, psychiatric,
and medical problems (5,6). The European Monitoring Centre
for Drugs and Drug Addiction (EMCDDA) reports that in 2021
there will be one million high-risk opioid users worldwide,
opioids will be found in 76% of recent overdose deaths, and
510.000 opioid users will receive substitution treatment in
2019 (7). Other health problems among opioid users who
refuse treatment include overdose, liver and/or kidney
failure, psychiatric symptoms, and risk of hepatitis Cand HIV
infection (5,7,8).

Pethidine (PET), also known as meperidine, was first
synthesized in Germany in 1939 by Eisleb and Schaumann
during their research into compounds with atropine-
like anticholinergic activity (4). It is known that PET, sold
commercially under the trade names Dolantin, Dolantal,
Aldolan, and Demerol, is the first synthetic opioid that can
be injected into the muscle for pain relief in humans (4,9).
Followinganimal studies, Cousins et al. first reported using PET
for treating cancer-related pain in humans (4,10). Following
this report, many articles were published confirming the
efficacy of PET for pain relief and studies were conducted
for its use in clinical applications (4). In 1950, although its
reliability was not yet clear, it was approved for use in delivery
rooms for pain relief (11). Later, many studies were reported
on the possible side effects of PET use on both the newborn
and mother (4,12,13).

PET is used in many areas including internal medicine,
general surgery, neurology, and plastic surgery clinics, and is
commonly used for amputation and pre- or post-operative
treatment in childbirth (14-16). It can be seen that the
commercial presentation forms of PET are oral (tablet) and
injection (intramuscular, intravenous, and subcutaneous) (17).
Although its use has decreased over time due to its potential
side effects in the clinic (Figure 1), it is still considered one of
the most commonly used and abused drugs (18-21).

The abuse of PET is most common in the healthcare sector,
whichsignificantly exacerbatestheseriousness of thesituation.
This is largely attributed to the combination of long, stressful
working hours and the easy access healthcare professionals
have to these drugs (20,21). The dual importance of PET in both

clinical and forensic contexts stems from the profound effects
it can have, including addiction, overdose, and death. In this
context, this review aims to comprehensively examine PET’s
general characteristics, pharmacology, side effects, forensic
significance, analytical detection methods, and addiction
prevention efforts. This contributes to a better understanding
of the effects of PET and the challenges associated with its
abuse, emphasizing the need for more effective regulations
and preventive measures in the health sector.

METHOD

This research was conducted in PubMed, Google Scholar,
and Web of Science databases. The literature review focused
on studies on PET in general, and in particular, research on
PET’s analysis techniques, forensicand clinical science aspects,
its abuse in the health sector, and case reports were examined
in detail. The easy accessibility of PET in the healthcare sector
and its high potential for abuse were frequently emphasized
in case reports. The following criteria were considered when
selecting articles and case reports: 1) available in English
and electronically, 2) no significant conflict of interest in the
studies, 3) Including various findings such as PET’s properties,
side effects, analysis methods, abuse, and potential dangers.
Data extraction was performed by a single reviewer, who
thoroughly assessed the accuracy, reliability, and application
potential of each study and case presentation.

RESULTS

Physical and chemical properties

PET is a synthetic opioid in the phenylpiperidine class
with the IUPAC name ethyl 1-methyl-4-phenylpiperidine-4-
carboxylate (9,19,22). The molecular structures of PET and
its metabolites, norpethidine (NPET), pethidinic acid (PETA),
and norpethidinic acid (NPETA), are shown in Figure 2.
PET and its metabolites are compounds that are related to
each other in terms of molecular weight and pKa and also
have similar physicochemical properties. The molecular
formula, molecular weight, and CAS number of PET, NPET,
PETA, and NPETA are given in Table 1. The protein binding
rate of PET in blood is 65-75% (23). PET is an inexpensive,
readily available, fast-acting, and easy-to-use drug (4,24,25).
It may also be more advantageous than other opioids used
as analgesics due to its moderate lipid solubility (4). Although
PET, which has similar pharmacological effects to morphine,
is considered to be a safer alternative to morphine, there is
no definite consensus on its safety (19,26,27). In addition,
fentanyl, which was synthesized in the late 1950s and has
a similar chemical structure to PET but is 500 times more
potent and effective as a painkiller than PET, has begun to
be used as an alternative to PET due to its short-term effects
and fewer side effects (28-30). The current global quantities
of PET and fentanyl consumed for medical purposes between
1998 and 2017, in kilograms (Figure 1). These substances are
controlled under the 1961 Convention (18).
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Table 1. Molecular formula, molecular weight, and CAS number

Pethidine Norpethidine Pethidinic Acid Norpethidinic Acid
Molecular Formula (H,NO, C,HNO, C,H NO, (,H.NO,
Molecular Weight 24733 233.31 219.28 205.25
CAS Number 57-42-1 77-17-8 3627-48-3 3627-45-0
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Figure 1. Consumption of PET and fentanyl between 1998 and 2017 (18)
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Figure 2. The molecular structures

Pharmacology

After oral administration, PET is readily absorbed and
rapidly distributed in tissues (31). After oral administration,
the analgesic effect lasts for a maximum of 20 to 60 minutes,
but it is reported that with intramuscular injection, the
maximum dose is reached within 40 minutes and provides
an effect for 2-3 hours, and with intravenous injection, the
time to reach the maximum dose is even shorter and the
duration of effect is longer (10,32). Therefore, intramuscular,
intravenous, or both injections are more commonly used
(9). It has been observed that with epidural injection, the

maximum dose in the cerebrospinal fluid is reached within
15 to 43 minutes (4). PET and NPET are known to pass from
the placenta to the baby (10,33). As the blood-brain barrier is
not fully functional in neonates and infants, it is thought that
the drug may penetrate deeper and cause adverse reactions
(34). In addition, although no clinical case of toxicity due to
transmission from breast milk to the baby has been reported,
the potential risks are not fully understood (4).

PET is extensively metabolized in the liver, mainly by
cytochrome P450 (CYP2B6, CYP3A4 and CYP2C19). The majority
of PET (90%) is converted into NPET through demethylation
and into PETA through hydrolysis (4,35-40). Other metabolites
include NPETA and conjugates of these acids (35). The only
known active metabolite of PET is NPET (33,40). NPET has
both analgesic and toxic effects. NPET has been shown to
have approximately half the analgesic effect and twice the
toxicity of PET (21,33,41). As PET is metabolized in the liver,
long-term or systemic use may lead to the accumulation of
NPET, especially in patients with liver and kidney dysfunction
(30,42). This metabolite has been reported to cause central
nervous system overstimulation, resulting in hyperrefiexia,
myoclonus, delirium, and, rarely, seizures (30,43).

PET has a half-life of 3 to 6 hours, while NPET has a half-
life of 8 to 12 hours. However, this half-life may be increased
in patients with renal failure (4). It is known that a large
proportion of PET is metabolized and only a small proportion
is excreted unchanged in the urine. However, most studies
have ignored the effect of pH changes on PET excretion (44).
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The excretion of PET and its metabolites may be affected
by changes in urinary pH (44,45). PETA, NPETA, and their
conjugates are not affected by changes in urinary pH because
they have both acidic and basic residues (44).

In normal subjects, approximately 70% of the ingested
dose is excreted in the urine within 24 hours. Of this, 10% is
excreted as unchanged PET, 10% as NPET, 20% as PETA, 16%
as conjugated PETA, 8% as NPETA, and 10% as conjugated
NPETA. If the urine is acidic, approximately 30% more of an
ingested dose is excreted as PET and NPET, and if the urine
is alkaline, less than 5% is excreted as PET and NPET (46). In
short, acidic urine increases PET excretion, whereas alkaline
urine decreases PET excretion. In addition, experiments have
shown that PET excretion is slower in the elderly than in the
young (45). PET excretion reaches its peak in the first 2 hours
after injection and then starts to decrease logarithmically.
Although PET excretion decreases to almost zero within 2 days,
it is still possible to detect it on the 3rd or 4th day. The mean
excretion rates of PET and NPET in highly acidic urine over a
48-hour period following a single subcutaneous injection of
100 mg PET (44). Several comparative studies have examined
the pharmacokinetics of PET and its trends in different ethnic
groups and have found that there are no ethnic differences
in the percentage recovery of PET and its major metabolites
in urine (47). However, the presence of high concentrations
of female sex hormones is likely to alter the metabolism and
excretion mechanisms of PET (48).

PET exerts its analgesic effect by stimulating mu (u) opioid
receptors and its anti-tremor effect by stimulating kappa (k)
opioid receptors (4,22,31). The effects of PET on the nervous
system have been confirmed by both in vivo and in vitro
studies (4). PET has the same analgesic mechanism of action
as morphine but is not as effective as morphine. 80-100 mg of
PET administered intramuscularly has the same effect as 10
mg of morphine administered by the same route (4,31). The
receptors that cause pain in the body as a result of damage
to body tissue are called nociceptors. The u-opioid receptor,
which belongs to the group of G-protein coupled receptors
(GPCRs) or seven-transmembrane (7TM) receptors, exerts its
cellular effect by binding to the G-protein complex (49-51).
PET’s interaction with the u-receptor causes the G-protein
complex to bifurcate into Ga and GPy. The activated Ga
subunit binds to adenylate cyclase and prevents the formation
of cyclic adenosine monophosphate (CAMP). This leads to
a decrease in cCAMP levels in the environment (52-54), and
the decrease in cAMP levels can affect the calcium (Ca?*) and
potassium (K*) pumps in two ways:

The decrease in cAMP in presynaptic neurons causes
changes in gene expression. This situation inhibits Ca?*
pumps, reducing Ca?* entry into the cell, and the decrease
in Ca** entry prevents neurotransmitter release. This reduces

the excitation of postsynaptic neurons, thereby reducing
pain (52,55). Figure 3 shows the presynaptic and postsynaptic
mechanism of action of PET in reducing pain stimuli.

Figure 3. The pre and postsynaptic mechanisms involved in
reducing pain

Nociceptor
Pethidine

Membrane

1 opioid receptors (GPCR)
hyperpolarization

Figure 4. lllustration of the mechanism by which pain stimuli
are reduced

The decrease in CAMP in postsynaptic neurons activates K*
pumps, causing K* to leak out of the cell and hyperpolarize
the neuronal membrane (22,52). This causes the neuron
to become inactive and the pain signals coming from the
neurons to decrease (52). Figure 4 shows the mechanism of
pain signal reduction by K* pumps in the postsynaptic neuron.

Side effects

In a review of seventeen studies, including Tiirkiye, to
measure the reliability of PET, it was found that the risk of using
PET also depends on the route of administration and the dose
used (25). The risk of observed reactions generally increases in
direct proportion to the dose (4). Common reactions include
palpitations, headache, rash, itching, visual disturbances,
involuntary movements, nausea, vomiting, constipation,
sweating, restlessness, and weakness, while serious reactions
include shock, coma, seizures, tremors, hallucinations,
bradycardia, cardiac arrest, severe hypotension, potential
opioid dependence, withdrawal symptoms that may occur
due to sudden discontinuation of the drug, and respiratory
depression (22,39). In cases of excessive use of PET or use with
monoamine oxidase inhibitors (MAOIs), serious reactions and
fatal cases may be observed (22,26).
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It has been reported that the accumulation of NPET
in the body increases its neurological adverse potential.
This neurological effect usually causes overstimulation of
the central nervous system (e.g. serotonin increase). NPET
neurotoxicity can result in a range of symptoms including
nervousness, restlessness, tremors, confusion, and seizures
(26). In addition, the anticholinergic activity of PET has been
mentioned as a potential cause of delirium due to PET toxicity
in previously published reports (56). While many studies in
the literature report the safety of PET in use (25), PET was
removed from the World Health Organization (WHO)'s list
of safe drugs in 2003 due to its rapidly increasing misuse in
recent years, its addictive properties, and the toxicity of its
active metabolite NPET (19-21,22-27,31-33).

Importance in forensic sciences and legal medicine

Many drugs are promoted as harmless on the market but
are later found to have the potential for abuse and addiction.
The most well-known examples are morphine and PET (57).
PET is reported to be widely used therapeutically and, due to
its easy accessibility, is often abused by people who are prone
to substance abuse or who have been treated with this drug
at some point in their lives. People under the influence of this
substance have been known to try to obtain the drug from
different pharmacies with fabricated stories and complaints,
traveling from city to city if necessary. Such situations make
it difficult to understand whether the person is using the
substance for treatment or abuse (58,59).

Most of the cases of PET abuse reported in the literature
are thought to involve people working in the health sector
(14,20,31,60). While PET abuse is very common among
healthcare professionals, its use is almost non-existent in
other sectors (20,31,61,62). This is thought to be due to long,
stressful working hours and easy access to drugs (4,24,25). It
should be kept in mind that suicide attempts may increase
with the increase in diseases such as anxiety, burnout,
and depression, especially considering the risk for health
personnel due to their easy access to addictive substances
(63,64). According to reports on drug-abusing doctors, 25%
of all cases of drug abuse involve PET, and in Tirkiye, PET
is the second most common drug of abuse among doctors
(26,60). It was found that sixty-six out of seventy-nine doctors
whose prescribing rights were withdrawn for non-medical
reasons between 1985 and 1994 were using PET. In thirty-
four of the cases, others only hecame aware of their use after
they had been using the substance for more than 2 years. The
mortality rate among these doctors was also found to be high
(65). Similar cases of abuse have been, and continue to be,
reported in many countries (14,31).

It should never be forgotten that the performance of
healthcare workerswho abuse PETs may be negatively affected,
and they may also endanger the patients under their care and

the quality of service will significantly decrease (26,59,62).
Another reason why addiction in healthcare is important is
that it poses a threat not only to the individual but also to
the work environment and patient safety (59). Furthermore,
friends and/or family members of medical professionals
struggling with PET addiction may unintentionally contribute
to the problem. Even, the circumstance can turn into a
collective offense with a tendency to hide a colleague’s
issue. Therefore, keeping silent, assisting the individual in
obtaining the drug, and occasionally providing assistance in
administering it all serve to exacerbate the gravity of the issue
(59). It has been observed that addicts who have difficulty
obtaining PET try to obtain it by illegal means (black market,
theft, etc.), by forging prescriptions or having them forged, or
by simulating illness or injury (66-69). However, people who
abuse prescription drugs are at higher risk of moving on to
illicit substance use (58). It is also worrying that people who
inject PET drugs are vulnerable to infections such as hepatitis
and HIV through the sharing of syringes (70).

Many case reports of PET abuse have been published in
the literature. As of today, chambers of pharmacy in various
cities of Tiirkiye continue to issue hundreds of declarations on
PET abuse. The first fatal case of PET poisoning was reported
in 1947 (71). Following this case, the importance of PET in
forensic science was recognized and studies focused on PET.
Table 2 shows some case examples of PET use and the age,
sex, route of exposure, and medical history of the people
in these cases. PET is reported to be used more frequently
by women, middle-aged people, married people, people
with children, and people with a certain level of education
compared with other illicit substances (72). There are also
cases where PET, which has strong withdrawal symptoms, is
associated with crimes that are commonly encountered in
forensic science. In these cases, people who have difficulty
accessing PET are known to be involved in common crimes
such as theft, fraud, black-marketing and even resorting
to various illegal drugs (66-69, 73,74). Furthermore, it has
been discovered that abusing PET drugs is linked to negative
experiences during childhood. On the other hand, it has been
noted that exposure to physical and/or sexual abuse, neglect,
and domestic violence increases the likelihood of substance
abuse and addiction. Because of all of these factors, it is seen
that those who suffer from addiction experience emotional
development impairment, lose their sense of self, become
alienated from their families, and lose their sense of self (59).

Considering that most PET abuse cases examined were in
the health sector and had similar motives, one of them was
presented as an example. A 37-year-old nurse was introduced
to PET at the age of 31 to relieve pain following surgery,
and over time developed an addiction. Initially, she had
no problems obtaining the drug due to her profession, but
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when she was unable to obtain the drug, she experienced
a withdrawal crisis and stole PET from the clinic. It is stated
that she lost her job and subsequently had to divorce her
husband. It is seen that, after being dismissed, the person
continued to buy PET from places where she visited friends,
under the pretext of stealing red prescriptions or lying about
being ill. Finally, it was reported that, due to the side effects of
the withdrawal syndrome, she was physiologically exhausted,
uninterested in herself, and had ecchymosis marks on her
body from the injections and soon died of an overdose of
PET (61).

in the person’s blood and body tissues. Based on the clinical
history, the autopsy, and the results of the toxicological
analysis, they reported that the cause of death was chronic
mercury poisoning complicated by acute PET and sodium
cyanide, and the manner of death was murder (75). The second
case involved the murder of an 88-year-old, very wealthy
and ill woman. Results were obtained from three different
institutions that independently performed toxicological
analyses to determine the cause of death. The high levels
of PET found in the femur and brain tissue confirm that the
victim had been exposed to high doses of PET shortly before

People using PET: age, sex, route of exposure, and medical history

(ase No Age Gender Route of exposure Medical history Ref
1 37 Woman Intravenous injection Abuse 61
2 43 Woman Intravenous injection Abuse 68
3 23 Woman Multi-drug use Abuse 76
4 61 Man Intravenous injection Abuse 77
5 iy Man Injection Suicide attempt 69
6 4 Woman Oral Tablets Suicide 78
7 53 Man Oral Tablets Overdose Intake 79
8 24 Man Intramuscular injection and multi-drug use Serotonin Syndrome 80
9 44 Man Tablets Intoxication n
10 34 Man Injection Abuse 36
" 58 Man Intravenous injection Abuse 81
12 30 Man Intradermal injection Abuse 82
13 32 Man Multi-drug use Multi-drug Intoxication 83
14 17 Woman Oral Overdose Intake 84
15 36 Man Injection Abuse 5
16 40 Man Intramuscular and intravenous injection Abuse 85
17 34 Man Injection Withdrawal syndrome 73
18 35 Woman Intravenous injection of multiple drugs Homicide 75
19 88 Woman Intravenous injection Homicide 74

20 36 Woman intravenous injection Abuse 59

21 34 Man Intramuscular and intravenous injection Abuse 86

22 26 Woman Intramuscular and intravenous injection Abuse 86

23 38 Woman injection Abuse 87

24 54 Male intramuscularly injection Abuse 88

25 Not Woman Intravenous injection Abuse 89
stated

As can be seen in Table 2, although most of these cases are
cases of abuse, it is also possible to find cases of homicide.
As a result of the literature review, two cases of homicide
committed with PET were found. The first case involved a
35-year-old ill woman who was found dead by her husband.
The toxicological analysis performed after the autopsy
revealed high concentrations of mercury, cyanide, and PET

her death. In addition to PET, the substances pentazocine,
promethazine, and metoclopramide were also found in
the victim’s blood (74). This is an important homicide case
in which PET was detected in post-mortem tissue samples.
In a suspected poisoning case, the occurrence of death
due to a drug that the person had already used chronically
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always poses difficulties for forensic toxicologists for all
active substances. When analyzing post-mortem cases, drug
concentrations determined from all blood and tissue samples
should be evaluated together. In this way, it is possible to
determine whether the patient was exposed to a drug above
the therapeutic dose at one time.

Analyses performed for detection and determination

In forensic toxicology, the determination of drug use from
biological samples is very important. Plasma, urine, and
oral fluid are commonly used for the analysis of drugs of
abuse (58,90,91). The availability of more than one biological
material for sampling allows the selection of the most
appropriate sample for the analyte to be examined (92).

PET and its metabolites have been analytically detected
by liquid chromatography-mass spectrometry (LC-MS), gas
chromatography-tandem mass spectrometry (GC-MS), and
various detectors such as electron capture detector (ECD),
nitrogen phosphorus detector (NPD), and surface ionization
detector (SID) (31,33,35,40,58,90,91,93-96). The first report
describing the determination of PET in human body fluids
belongs to Ishii et al. (31). Acids such as PETA and NPETA may
not be analyzed or detected by GC without derivatization
(97). Since PETA is excreted in higher concentrations than PET
and NPET, its absence in urine would be strong evidence that
the person is not using PET, according to the literature (20).
In addition, NPET is more abundant in urine than PET, so it
is thought that detecting NPET may be more advantageous
than PET in determining its abuse (20,31).

In the studies mentioned above, the active substance PET
and its metabolites were analyzed in different matrices using
different analytical techniques. Each analytical technique has
performance parameters and limits of analysis that may vary
according to the different matrices to be studied (urine, blood,
hair, etc.). Considering the widespread abuse of PET, there
is a need for a more sensitive, and rapid analytical method
to determine the levels of PET, especially their metabolites
(21,40,58,98). This way, addiction can be detected quickly,
early measures can be taken, and the quality of life and
services can be significantly improved.

Prevention and treatment

It's critical to diagnose and treat addicted workers as soon
as possible. In this regard, since health professionals are
known to be among the high-risk groups, comprehensive
and successful programs should be implemented to prevent
addiction among them. Two essential tactics in the fight
against drug addiction are prevention and treatment.
Early detection of substance-using staff and adherence to
required protocols can stop the progression of addiction.
Every healthcare facility should have policies in place for
preventing substance use, quickly identifying abuse, and

providing appropriate assistance when abuse occurs. When
abuse is suspected, it is critical to locate the addict and carry
out the required intervention as soon as possible. Preventive
measures in particular must be developed and successfully
integrated into routine activities (62).

The prevention, screening, and treatment of substance
abuse, mental health issues, burnout, and age-related
physical problems are the primary objectives of wellness
programs for health professionals around the world. Health
screenings linked to occupational health and safety in Tiirkiye
are likewise arranged based on the units where employees are
employed. Psychological issues, burnout, and substance use
could be added to these screening programs for employees
working in areas where there is a possibility of substance use,
like operating rooms (62,99). An additional choice is that the
phenylpiperidine group contains several opioid substitutes.
Hydromorphone, oxycodone, and fentanyl are available
in parenteral formulations and are suitable substitutes
for morphine or PET (99). On the other hand, addiction to
these drugs appears to be increasing as well. Strategies that
will guarantee success in the fight against substance abuse
involve expanding the list of addictive drugs, enforcing
stringent periodic inspections, strengthening the follow-
up mechanism with urgent non-routine inspections, and
establishing protocols including techniques like toxicological
screening and analysis (62).

Although the use of PET is being restricted in the health
sector and alternative medicines are being introduced,
the number of cases does not seem to be decreasing both
in the world and in Turkiye. Even as of 2024, chambers
of pharmacy in various provinces of Tirkiye have issued
hundreds of declarations on PET abuse (especially ampoule
aldolan). In order to prevent this situation, it is seen that
they try to inform each other and even expose individuals
if necessary. PET addiction is an important problem that not
only affects the individual, but also threatens his/her family,
work environment, and, if the individual works in the health
sector, the safety of patients.

PET has a very important place in both clinical and
forensic sciences due to its many side effects such as causing
intentional or unintentional poisoning and decreasing
quality of life. Although hundreds of studies on PET have
been published, no study includes all the information about
its general properties, pharmacology, side effects, forensic
importance, analytical techniques, and prevention, especially
explaining its pharmacokinetic/genetic mechanisms. Within
the scope of this review, an attempt has been made to address
all the issues that are thought to be necessary to know about
PET. Thus, it is believed that this review will contribute to
the elucidation of cases related to PET and will help to some
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extent to solve the individual and social problems caused by
PET addiction both in Tiirkiye and in the world.

ACKNOWLEDGEMENT

Conflict of Interest

The authors declare that they have no conflict of interests
regarding content of this article.

Financial Support

This study is based on the revision of the Master’s
Thesis entitled “Simultaneous Determination of Pethidine
and its Metabolite Norpetidine in Urine Sample by Gas
Chromatography Mass Spectrometry (GC-MS)” by Zeynep
Arslan, dated 2022.

Ethical Declaration

Since this study is a review article, there is no need for
ethics committee approval and the Helsinki Declaration
criteria were taken into consideration.

Authorship Contribution

Idea: ZA, ZT, Design: ZA, ZT, Oversight: ZT, Funding: ZT,
Equipment: ZA, ZT, Data collection and processing: ZA,
Analysis and interpretation: ZA, Literature review: ZA, ZT,
Writing: ZA, Critical review: ZA, ZT

1. NIDA. Opioids. National Institute on Drug Abuse website.
https://nida.nih.gov/research-topics/opioids. November 22,
2024 Accessed November 22, 2024.

2. Vadivelu N, Kai AM, Kodumudi V, Sramcik ], Kaye AD. The
Opioid Crisis: a Comprehensive Overview. Curr Pain Headache
Rep. 2018, 22(3). https://doi.org/10.1007/s11916-018-0670-z

3. Holstege CP, Borek HA. Toxidromes. Crit. Care Clin. 2012, 28(4),
479-498. https://doi.org/10.1016/j.ccc.2012.07.008

4. Kee WN. Epidural pethidine: pharmacology and clinical
experience. Anaesth Intensive Care. 1998, 26(3), 247-255.
https://doi.org/10.1177/0310057X9802600303

5. Maila B, Tsarkov A, Petlovanyi P, Kweku G, Musonda E.
Treatment of Opioid Use Disorder With Buprenorphine-
Naloxone at Chainama Hills College Hospital in Lusaka,
Zambia: A Case Report. EJMED. 2020, 2(4), 1-3. http://dx.doi.
0rg/10.24018/ejmed.2020.2.4.413

6. Evren C, Karabulut V, Can Y, Bozkurt M, Umut G, Evren B.
Predictors of outcome during a 6-month follow-up among
heroin dependent patients receiving buprenorphine/naloxone
maintenance treatment. KLIN PSIKOFARMAKOL B. 2014, 24(4),
311-322. https://doi.org/10.5455/bcp.20140310072258

7. European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA). European Drug Report, 2021, Trends and
Developments. Luxembourg: Publications Office of the
European Union. Accessed: https://www.emcdda.europa.eu/
publications/edr/trends-developments/2021_en. (16 March
2022).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dydyk AM, Jain NK, Gupta M. Opioid Use Disorder. [Updated
2024 Jan 17]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2024 Jan-. Available from: https://www.
ncbi.nIm.nih.gov/books/NBK553166/

Gallen B, Prescott F. Pethidine as an obstetric analgesic. Br
Med J. 1944, 1(4335), 176. doi: 10.1136/bmj.1.4335.176

Cousins M, Mather L, Glynn C, Wilson P, Graham |, Samii K,
Feret |, Harari A, Viars, P. Selective spinal analgesia. Lancet,
1979, 313(8126), 1141-1142. https://doi.org/10.1016/50140-
6736(79)91817-8

Robinson C, Howie LA. Non-neuraxial analgesia in
labour. Anaesth Intensive Care. 2019, 20(7), 367-370. https://
doi.org/10.1016/j.mpaic.2019.04.007

Fleet JA. A Comparison of Intranasal Fentanyl, Subcutaneous
Fentanyl and Intramuscular Pethidine during Childbirth: A
Randomised Controlled Trial [Doctoral dissertation]. Flinders
University, School of Nursing & Midwifery. 2015.

Bricker L, Lavender T. Parenteral opioids for labor pain relief:
a systematic review. AJOG. 2002, 186(5), S94-5109. https://doi.
0rg/10.1016/50002-9378(02)70185-3

Cheng IC, Chang CS, Tsay WI. Long-term usage of narcotic
analgesics by chronic intractable noncancer pain patients
in Taiwan from 2003 to 2012. JFMA. 2016, 115(9), 773-778.
https://doi.org/10.1016/}.jfma.2015.08.001

Aghdam AM, Rousta F. Investigating the Effects of Pethidine
on Hemodynamic Status after Completion of Laparotomy
Surgery. Eur. ). Chem. Med. Petrol. Res. 2022, 1(4), 175-188.

Jaafarpour M, Taghizadeh Z, Shafiei E, Vasigh A, Sayehmiri
K. The effect of intrathecal meperidine on maternal and
newborn outcomes after cesarean section: a systematic
review and meta-analysis study. Anesth Pain Med. 2020, 10(2).
https://doi.org/10.5812/aapm.100375

Malm H, Borisch C. Analgesics, non-steroidal anti-
inflammatory drugs (NSAIDs), muscle relaxants, and antigout
medications. In Drugs during pregnancy and lactation.
Academic Press, 2015, pp. 27-58.

United Nations Office On Drugs; Crime. World drug report.
2019.

Quaglia MG, Farina A, Donati E, Cotechini V, Bossu E.
Determination of MPTP, a toxic impurity of pethidine. J. Pharm.
Biomed. Anal. 2003, 33(1), 1-6. https://doi.org/10.1016/50731-
7085(03)00256-5

Lewis J, Shimmon R, Fu S. Pethidinic acid: corroboration of
a doctor’s denial of pethidine re-use. J. Anal. Toxicol. 2013,
37(3), 179-181. https://doi.org/10.1093/jat/bkt003

Kintz P, Godelar B, Mangin P, Lugnier AA, Chaumont AJ.
Simultaneous determination of pethidine (meperidine),
phenoperidine, and norpethidine (normeperidine), their
common metabolite, by gas chromatography with selective
nitrogen detection. Forensic Sci. Int. 1989,43(3), 267-273.
https://doi.org/10.1016/0379-0738(89)90154-0

78



https://doi.org/10.1016/j.ccc.2012.07.008
https://doi.org/10.1177/0310057X9802600303
http://dx.doi.org/10.24018/ejmed.2020.2.4.413
http://dx.doi.org/10.24018/ejmed.2020.2.4.413
https://doi.org/10.5455/bcp.20140310072258
https://www.emcdda.europa.eu/publications/edr/trends-developments/2021_en
https://www.emcdda.europa.eu/publications/edr/trends-developments/2021_en
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2283382/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2283382/
https://doi.org/10.1136%2Fbmj.1.4335.176
https://doi.org/10.1016/S0140-6736(79)91817-8
https://doi.org/10.1016/S0140-6736(79)91817-8
https://doi.org/10.1016/j.mpaic.2019.04.007
https://doi.org/10.1016/j.mpaic.2019.04.007
https://doi.org/10.1016/S0002-9378(02)70185-3
https://doi.org/10.1016/S0002-9378(02)70185-3
https://doi.org/10.1016/j.jfma.2015.08.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7322789/
https://doi.org/10.5812%2Faapm.100375
https://doi.org/10.1016/S0731-7085(03)00256-5
https://doi.org/10.1016/S0731-7085(03)00256-5
https://doi.org/10.1093/jat/bkt003
https://doi.org/10.1016/0379-0738(89)90154-0

A Comprehensive Review of Pethidine

Bull Leg Med 2025;30(1):71-81

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yasaei R, Rosani A, Saadabadi A. Meperidine. In StatPearls
[Internet]. StatPearls Publishing. 2023. https://www.ncbi.nlm.
nih.gov/books/NBK470362/

Vallejo R, Barkin RL, Wang VC. Pharmacology of opioids in the
treatment of chronic pain syndromes. Pain physician, 2011,
14(4), E343.

Williams D. Subarachnoid Saddle Block using Pethidine,
Practical Techniques In Developing Countries. Analgesia,
1987, 66: 235-40.

Nunes RR, Colares PGB, Montenegro JP. Is pethidine safe during
labor? Systematic review. Rev Bras Ginecol Obstet. 2017,
39(12), 686-691.  https://doi.org/10.1055/s-0037-1604065

Kredo T, Onia R. Pethidine-does familiarity or evidence
perpetuate its use?: clinical practice: SAMJ forum. S. Afr. Med.
J. 2005, 95(2), 100-101

Harvey SC, Toussaint CP, Coe SE, Watson EE, O’'Neil MG, Patrick
KS. Stability of meperidine in an implantable infusion pump
using capillary gas chromatography—mass spectrometry
and a deuterated internal standard. |. Pharm. Biomed.
Anal. 1999, 21(3), 577-583. https://doi.org/10.1016/S0731-
7085(99)00149-1

Morgan GE, Mikail MS, Murray MJ. Clinical anesthesiology.
2002.

Stanley TH. The history and development of the fentanyl
series. | Pain Symptom Manage. 1992, 7(3), $3-S7. https://doi.
0rg/10.1016/0885-3924(92)90047-L

Hansen MS, Mathiesen O, Trautner S, Dahl JB. Intranasal
fentanyl in the treatment of acute pain-a systematic
review. Acta Anaesthesiol. Scand. 2012, 56(4), 407-419. https://
doi.org/10.1111/].1399-6576.2011.02613.x

Ishii A, Tanaka M, Kurihara R, Watanabe-Suzuki K, Kumazawa
T, Seno H, Suzuki O, Katsumata Y. Sensitive determination
of pethidine in body fluids by gas chromatography—tandem
mass spectrometry. . Chromatogr. B. 2003, 792(1), 117-121.
https://doi.org/10.1016/S1570-0232(03)00132-6

Buchan AS, Bauld HW. Blood-gas changes during
trichloroethylene and intravenous pethidine
anaesthesia. Br. ]. Anaesth. 1973, 45(1), 93-99. https://doi.
0rg/10.1093/bja/45.1.93

Todd EL, Stafford DT, Morrison JC. Determination of meperidine
and normeperidine in serum by gas chromatography/mass
spectrometry. J. Anal. Toxicol. 1979, 3(6), 256-259. https://doi.
0rg/10.1093/jat/3.6.256

Misiotek H, Zajaczkowska R, Daszkiewicz A, Woron |,
Dobrogowski |, Wordliczek J, Owczuk R. Postoperative pain
management—2018 consensus statement of the section of
regional anaesthesia and pain therapy of the polish society of
anaesthesiology and intensive therapy, the polish society of
regional anaesthesia and pain therapy, the polish association
for the study of pain and the national consultant in
anaesthesiology and intensive therapy. Anaesthesiol. Intensive
Ther. 2018, 50(3). https://doi.org/10.5603/AIT.2018.0026

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Chan K, Lau OW, Wong YC. Determination of pethidine
and its major metabolites in human urine by gas
chromatography. J. Chromatogr. B Biomed. Appl. 1991, 565(1-
2), 247-254. https://doi.org/10.1016/0378-4347(91)80387-R

Bozdag Z, Samdanci ET, Sahin N, Aydin NE, Sayin S. Petidine
Bagli Ani Oliim. Adli Tip Derg. 2013, 27(1), 76-80.

Kang KH, Kuo LF, Cheng IC, Chang CS, Tsay WI. Trends in major
opioid analgesic consumption in Taiwan, 2002-2014. ] Formos
Med Assoc. 2017, 116(7), 529-535. https://doi.org/10.1016/].
jfma.2016.09.004

Jamey C, Ludes B, Raul JS. Sensitive determination of pethidine
and its metabolite in human hair by liquid chromatography-
tandem mass spectrometry. Toxicol. Anal. Clin. 2014, 26(3),
165-168. https://doi.org/10.1016/j.toxac.2014.07.005

Raghu T. A Prospective, Randomized Clinical Trial For
Comparison Of Pethidine And Dexmedetomidine For
The Control Of Intraoperative Shivering Under Spinal
Anaesthesia [Doctoral dissertation]. BLDE (Deemed to be
University). 2018.

Kul A, Ozdemir M, Sagirli O. Determination of pethidine of
abuse and relevant metabolite norpethidine in urine by
ultra-performance liquid chromatography-tandem mass
spectrometry. | Pharm Biomed Anal. 2020, 186, 113320.
https://doi.org/10.1016/j.jpba.2020.113320

Austin KL, Stapleton |V, Mather LE. Rate of formation of
norpethidine from pethidine. Br. J. Anaesth. 1981, 53(3), 255-
258. https://doi.org/10.1093/bja/53.3.255

Shee |C. Dangerous potentiation of pethidine by iproniazid,
and its treatment. Br. Med. J. 1960, 2(5197), 507. https://doi.
org/10.1136/bmj.2.5197.507

Mehta N. Adjuvant drugs to local anesthetics. In Topics in
Local Anesthetics. IntechOpen. 2020. https://doi.org/10.5772/
intechopen.91980

Asatoor AM, London DR, Milne MD, Simenhoff ML. The excretion
of pethidine and its derivatives. Brit. ]. Pharmacol.1963, 20(2),
285-298 https://doi.org/10.1111/].1476-5381.1963.tb01468.x

Holmberg L, Odar-Cederlof |, Boreus LO, Heyner L, Enrnebo M.
Comparative disposition of pethidine and norpethidine in old
and young patients. Eur. J. Clin. Pharmacol.1982, 22, 175-179.
https://doi.org/10.1007/BF00542464

McQuay HJ, Moore RA. Opioid problems, and morphine
metabolism and excretion. In The Pharmacology of Pain (pp.
335-360). Berlin, Heidelberg: Springer Berlin Heidelberg.
1997.

Houghton IT, Chan K, Wong YC, Leung DY, Aun CST.
Biotransformation of pethidine: a comparative study
of 24 h urine in three ethnic groups. Eur. ). Drug Metab.
Pharmacokinet. 1993, 18, 285-288. https://doi.org/10.1007/
BF03188810


https://www.ncbi.nlm.nih.gov/books/NBK470362/
https://www.ncbi.nlm.nih.gov/books/NBK470362/
https://doi.org/10.1016/S0731-7085(99)00149-1
https://doi.org/10.1016/S0731-7085(99)00149-1
https://doi.org/10.1016/0885-3924(92)90047-L
https://doi.org/10.1016/0885-3924(92)90047-L
https://doi.org/10.1111/j.1399-6576.2011.02613.x
https://doi.org/10.1111/j.1399-6576.2011.02613.x
https://doi.org/10.1016/S1570-0232(03)00132-6
https://doi.org/10.1093/bja/45.1.93
https://doi.org/10.1093/bja/45.1.93
https://doi.org/10.1093/jat/3.6.256
https://doi.org/10.1093/jat/3.6.256
https://doi.org/10.5603/AIT.2018.0026
https://doi.org/10.1016/0378-4347(91)80387-R
https://doi.org/10.1016/j.jfma.2016.09.004
https://doi.org/10.1016/j.jfma.2016.09.004
https://doi.org/10.1016/j.toxac.2014.07.005
https://doi.org/10.1016/j.jpba.2020.113320
https://doi.org/10.1093/bja/53.3.255
https://doi.org/10.1136%2Fbmj.2.5197.507
https://doi.org/10.5772/intechopen.91980
https://doi.org/10.5772/intechopen.91980
https://doi.org/10.1111/j.1476-5381.1963.tb01468.x
https://doi.org/10.1007/BF00542464

Bull Leg Med 2025;30(1):71-81

Arslan Z, Tiirkmen Z

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Crawford |S, Rudofsky S. The placental transmission of
pethidine. Br. J. Anaesth. 1965, 37(12), 929-933. https://doi.
0rg/10.1093/bja/37.12.929

Trescot AM, Datta S, Lee M, Hansen H.
pharmacology. Pain physician, 2008, 11(2S), $133.

Opioid

Waldhoer M, Bartlett SE, Whistler JL.  Opioid
receptors. Annu. Rev. Biochem. 2004, 73(1), 953-990. https://
doi.org/10.1146/annurev.biochem.73.011303.073940

Piltonen M, Parisien M, Grégoire S, Chabot-Doré A}, Jafarnejad
SM, Bérubé P, Djambazian H, Sladek R, Geneau G, Willett P,
Stone LS, Shabalina SA, Diatchenko L. Alternative splicing
of the delta-opioid receptor gene suggests existence of new
functional isoforms. Mol Neurobiol. 2019, 56, 2855-2869.
https://doi.org/10.1007/s12035-018-1253-z

Pergolizzi |V, Ossipov MH, Taylor R, Raffa RB. “New-Look”
Opioids: Biased Ligands. Pharmacology & Pharmacy, 2018,
9(7), 242-249. https://doi.org/10.4236/pp.2018.97018.

Childers SR, Snyder SH. Guanine nucleotides differentiate
agonist and antagonist interactions with opiate receptors.
Life Sci. 1978, 23(7), 759-761. https://doi.org/10.1016/0024-
3205(78)90077-2

Cuitavi J, Hipélito L, Canals M. The life cycle of the mu-opioid
receptor. Trends Biochem Sci. 2021, 46(4), 315-328. https://
doi.org/10.1016/].tibs.2020.10.002

Torrecilla M, Quillinan N, Williams JT, Wickman K. Pre-and
postsynaptic regulation of locus coeruleus neurons after
chronic morphine treatment: a study of GIRK-knockout
mice. Eur. J. Neurosci. 2008, 28(3), 618-624. https://doi.
org/10.1111/j.1460-9568.2008.06348.x

Eisendrath SJ, Goldman B, Douglas J, Dimatteo L, Van Dyke C.
Meperidine-induced delirium. Am | Psychiatry, 1987, 144(8),
1062-5.

Saxena S, Mohan D. Pentazocine abuse: review and a report
on eighteen cases. Indian J. Psychiatry. 1985, 27(2), 149-152.

Arslan Z, Kartufan FF, Genc MK, Battal D, Yayla M, Turkmen
Z. An analytical approach to determining pethidine:
An investigation of 18 patients’ urine. | Pharm Biomed
Anal. 2023, 235, 115670. https://doi.org/10.1016/].
jpha.2023.115670

Odokonyero R, Aujo T, Agaba D, Abbo C. Childhood adversity
and co-dependency roles in a case of a midwife with pethidine
use disorder attending Mulago National Referral Hospital,
Kampala, Uganda. Cogent Public Health. 2022, 9(1), 2145704.
https://doi.org/10.1080/27707571.2022.2145704

Unsalan N, Kalyoncu A, Pektas O, Mirsal H, Beyazyiirek M.
Yatarak tedavi goren madde bagimliligi (alkol ve alkol disi)
tanisi konan hekimlerin 6zellikleri/Characteristics of inpatient
physicians diagnosed with substance use disorders (alcohol
and other substances). Anadolu Psikiyatri Derg. 2004, 5(3),
148.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Annagr BB. A nurse with pethidine
addiction. Eur. J. Gen. Med. 2012, 9(1).
Erkan i, Erkan G, Bayram A. Substance Use Disorder

and Addiction in Operating Room and Anesthesiology
Workers. Organization, Management And Education In
Anesthesiology And Operating Room (pp.99-104), Ankara:
Turkiye Klinikleri Yayinevi. 2022.

Kurt DT, Cakirca M. Pandemi Doneminde Ameliyathane
Calisanlarinda Tukenmisligin  Degerlendirilmesi. Med |
SDU. 2023, 30(1), 63-68. doi: 10.17343/sdutfd. 1212361

Naldan ME, Karayagmurlu A, Yayik M, Ari MA. Ameliyathanede
Calisan Saglik Profesyonellerinde Tiikenmislik, Is Doyumu
ve Depresyon. Selcuk Med J. 2019, 35(3). DOI: 10.30733/
std.2019.01117

Sadock BJ, Sadock VA. Kaplan & Sadock’s concise textbook of
clinical psychiatry. Lippincott Williams & Wilkins. 2008.

Kim |, Ji D, Kang S, Park M, Yang W, Kim E, Choi H, Lee S.
Simultaneous determination of 18 abused opioids and
metabolites in human hair using LC-MS/MS and illegal
opioids abuse proven by hair analysis. | Pharm Biomed Anal.
2014, 89, 99-105. https://doi.org/10.1016/].jpba.2013.10.041

Jeyaretnam |, Jones H, Phillips M. Disease and injury among
veterinarians. Aust Vet J. 2000, 78(9), 625-629.

Reifenschweiler DOH. Pethidine abuse. Reactions, 2013, 1481,
28-7.

Frank M, Philipp KP, Matthes G, Bockholdt B, Ekkernkamp
A. Lethal intoxication while driving a car. Arch.f.Krim. 2009,
224(1-2), 10-16.

Gibney L, Choudhury P, Khawaja Z, Sarker M, Vermund SH.
Behavioural risk factors for HIV/AIDS in a low-HIV prevalence
Muslim nation: Bangladesh. Int. J. STD AIDS. 1999, 10(3), 186-
194. https://doi.org/10.1258/0956462991913862

Current Topics Etc. from Pethidine AD. Ind Med Gaz. 1947,
Sep;82(9):560-567.

Evren EC, Ogel K, Cakmak D. Comperison the properties of
inpatient meperidine (pethidine) and cannabis abusers. Anat
] of Psych. 2002; 3 (1): 20, 7.

Pethidine abuse. Drug dependence and withdrawal
syndrome: case report. React. Wkly. 2010, 1307, 37. https://
doi.org/10.2165/00128415-201013070-00119

Daldrup T. A forensic toxicological dilemma: the
interpretation of post-mortem concentrations of central
acting analgesics. Forensic Sci. Int. 2004, 142(2-3), 157-160.
https://doi.org/10.1016/j.forsciint.2004.02.016

Yan P,HuangG, Li D, Li L. Homicide due to intravenous metallic
mercury injection followed by sodium cyanide injection. Am.
J. Forensic Med. Pathol. 2012, 33(3), 273-275. https://doi.
0rg/10.1097/PAF.0b013e318221b693



https://doi.org/10.1093/bja/37.12.929
https://doi.org/10.1093/bja/37.12.929
https://doi.org/10.1146/annurev.biochem.73.011303.073940
https://doi.org/10.1146/annurev.biochem.73.011303.073940
https://doi.org/10.1007/s12035-018-1253-z
https://doi.org/10.4236/pp.2018.97018
https://doi.org/10.1016/0024-3205(78)90077-2
https://doi.org/10.1016/0024-3205(78)90077-2
https://doi.org/10.1016/j.tibs.2020.10.002
https://doi.org/10.1016/j.tibs.2020.10.002
https://doi.org/10.1111/j.1460-9568.2008.06348.x
https://doi.org/10.1111/j.1460-9568.2008.06348.x
https://doi.org/10.1016/j.jpba.2023.115670
https://doi.org/10.1016/j.jpba.2023.115670
https://doi.org/10.1080/27707571.2022.2145704
https://doi.org/10.1016/j.jpba.2013.10.041
https://doi.org/10.1258/0956462991913862
https://doi.org/10.2165/00128415-201013070-00119
https://doi.org/10.2165/00128415-201013070-00119
https://doi.org/10.1016/j.forsciint.2004.02.016
https://doi.org/10.1097/PAF.0b013e318221b693
https://doi.org/10.1097/PAF.0b013e318221b693

A Comprehensive Review of Pethidine

Bull Leg Med 2025;30(1):71-81

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Bilici R. Pheniramine/diazepam/pethidine
abuse. Reactions, 2013, 1458, 29.

Ahmadi J. Pethidine Abuse: A Novel Finding. ] Addict De-pend.
2016, 2 (2): 1-3. Mini review.

Romer C. Acute Pethidine Poisoning. Br. Med. J. 1952, 2(4794),
1135. https://doi.org/10.1136/bm|.2.4794.1135

Pinkerton JRH, Rolfe DWM. Pethidine Poisoning. Br. Med.
]. 1953, 1(4812), 728.

Alhamdan L, Qudaisat |, Alragab A, Ahmed U. Recovery
from serotonin syndrome after the use of propofol: 9AP2-
10. Eur. J. Anaesthesiol. 2012, 29, 137.

Mbuvah F, Venur VA, Kistangari G. The Clinical Picture. Cleve
Clin | Med. 2014, 81(4), 223. https://doi.org/10.3949/
cjm.81a.13082

Rozas-Mufioz E, Garcia-Muret MP, Puig L. Chronic ulceration
and fibrosis of the forearm. JAMA Dermatol. 2015, 151(3), 331-
332. https://doi.org/10.1001/jamadermatol.2014.2826

Alha A, Karlsson M, Korte T. Fatal combined anileridine-
pethidine poisoning. A gas chromatography, thin layer
chromatography and mass spectrometry investigation. Z
Rechtsmed. 1975, 75, 293-298. https://doi.org/10.1007/
BF00201184

Karunatilake H, Buckley NA. “Severe neurotoxicity followingoral
meperidine (pethidine) overdose”. Clin. Toxicol. 2007, 45(2),
200-201. https://doi.org/10.1080/15563650600981194

George P, Ramasamy P, Thurairajasingam S, Shah Z. Patients
that benefit from buprenorphine-naloxone on medically
assisted treatment for opioid dependence in Malaysia. Med |
Malaysia, 2015, 70(4), 251.

Yilmaz A, Noyan CO, Cetin A. “TILL PETHIDINE DO US APART”;
ADDICTED HEALTHCARE PROFESSIONAL COUPLE. Curr. Addict.
Res. 1(2), 75-77 https://doi.org/10.5455/car.105-1514925281

Yargic 1. Saghk calisanlarinda bagimlilikla ilgili sorunlar ve
¢oziim yollari. Klinik Gelisim, 2009, 22(4), 84-87.

Ozer U, Sever A, Cetin T, Evren C. Venlafaxine pharmacotherapy
in meperidine addiction and chronic pain comorbidity: a case
report. Dusunen Adam Journal of Psychiatry and Neurological
Sciences, 2010, 23(1), 69. https://doi.org/10.5350/
DAJPN2010230111t

Buyiik Y, Uziin i, Kocak U, Ozer E. Sudden death of a health
worker due to pethidine abuse: a case report. Turkiye Klinikleri
] Foren Med. 2005, 19(1), 33-36.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Wang X, Xiang Z, Cai X, Wu H, Wang X, Li J, Zhang M.
Determination of pethidine in human plasma by LC-MS/
MS. Biomed. Chromatogr. 2011, 25(7), 833-837. https://doi.
0rg/10.1002/bmc.1524

Lindberg C, Bondesson U, Hartvig P. Investigation of the
urinary excretion of pethidine and five of its metabolites in
man using selected ion monitoring. Biomed. Mass Spectrom.
1980, 7(2), 88-92. https://doi.org/10.1002/bms.1200070210

Alvarez-Sanchez B, Priego-Capote F, De Castro ML.
Metabolomics analysis I. Selection of biological samples and
practical aspects preceding sample preparation. TrAC, Trends
Anal. Chem. 2010, 29(2), 111-119. https://doi.org/10.1016/].
trac.2009.12.003

Lindberg C, Berg M, Boréus LO, Hartvig P, Karlsson KE, Palmér
L, Thornblad AM. A selected ion monitoring method for the
determination of pethidine and norpethidine in plasma.
Comparison with a gas chromatographic method using
electron capture detection. Biomed. Mass Spectrom. 1978,
5(9), 540-543. https://doi.org/10.1002/bms.1200050907

Hartvig P, Fagerlund C. A simplified method for the
gas chromatographic determination of pethidine and
norpethidine after derivatization with trichloroethyl
chloroformate. J. Chromatogr. B Biomed. Appl. 1983, 274,
355-360. https://doi.org/10.1016/S0378-4347(00)84443-6

Xiaolu S, Hongwei Q, Jianmei W, Bin D, Youmei W.
Determination of dezocine and pethidine in human hair by
UPLC-MS/MS. J. China Pharm. Univ. 2022, 53(1), 74-78. https://
doi.org/10.11665/].issn.1000-5048.20220111

Xu F Liu L Simultaneous determination of free
methamphetamine, pethidine, ketamine and tramadol in
urine by dispersive liquid-liquid microextraction combined
with GG=MS. Forensic Sci. Res. 2019, 4(2), 188-194. https://doi.
0rg/10.1080/20961790.2017.1377386

Silvestre Cl, Santos JL, Lima JL, Zagatto EA. Liquid—
liquid  extraction in  flow analysiss A critical
review. Anal. Chim. Acta. 2009, 652(1-2), 54-65. https://doi.
0rg/10.1016/j.aca.2009.05.042

de Campos EG, da Costa BRB, Dos Santos FS, Monedeiro F, Alves
MNR, Santos Junior WJR, De Martinis BS. Alternative matrices
in forensic toxicology: A critical review. Forensic Toxicol. 2022,
40(1), 1-18. https://doi.org/10.1007/s11419-021-00596-5

MacPherson RD, Duguid M. Strategy to eliminate pethidine
use in hospitals. . Pharm. Pract. Res. 2008, 38(2), 88-89 8.
https://doi.org/10.1002/].2055-2335.2008.tb00807.x


https://doi.org/10.1136%2Fbmj.2.4794.1135
https://doi.org/10.3949/ccjm.81a.13082
https://doi.org/10.3949/ccjm.81a.13082
https://doi.org/10.1001/jamadermatol.2014.2826
https://doi.org/10.1007/BF00201184
https://doi.org/10.1007/BF00201184
https://doi.org/10.1080/15563650600981194
https://doi.org/10.5455/car.105-1514925281
https://dx.doi.org/10.5350/DAJPN2010230111t
https://dx.doi.org/10.5350/DAJPN2010230111t
https://doi.org/10.1002/bmc.1524
https://doi.org/10.1002/bmc.1524
https://doi.org/10.1002/bms.1200070210
https://doi.org/10.1016/j.trac.2009.12.003
https://doi.org/10.1016/j.trac.2009.12.003
https://doi.org/10.1002/bms.1200050907
https://doi.org/10.1016/S0378-4347(00)84443-6
https://dx.doi.org/10.11665/j.issn.1000-5048.20220111
https://doi.org/10.1080/20961790.2017.1377386
https://doi.org/10.1080/20961790.2017.1377386
https://doi.org/10.1016/j.aca.2009.05.042
https://doi.org/10.1016/j.aca.2009.05.042
https://doi.org/10.1007/s11419-021-00596-5
https://doi.org/10.1002/j.2055-2335.2008.tb00807.x

