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ABSTRACT

AIMS: Determining the chemical profile plays a fundamental role in identifying the medicinal impurities of
heroin and investigating the harmful effects of its abuse. The purpose of this research was to identify the
medicinal impurities of exposed heroin using the techniques of gas chromatography with flame ionization
detector (GC-FID) and mass spectrometry (GC-MS) and to compare and investigate the changes in heroin
impurities in the past few years.

MATERIALS AND METHODS: The current research is analytical-applied. The statistical population of the
research included 440 seized heroin samples nationwide, and the samples were analyzed in the reference
laboratory for the analysis of narcotics and psychotropic substances by the police in 2023. To determine the
profile of heroin samples, 5 mg of each heroin powder sample was dissolved in one milliliter of ethanol and
chloroform (1:1) solution containing 0.3 mg of docosane external standard, with the help of an ultrasonic
device, and to identify drug impurities in heroin by GC -MS and GC-FID devices were injected.

FINDINGS: The drugs acetaminophen, caffeine, dextromethorphan, diazepam, phenobarbital, lidocaine,
clotrimazole, and phenolphthalein were present as impurities in the exposed heroin samples. Caffeine,
acetaminophen, and dextromethorphan were added in high amounts to increase the amount, and
diazepam, phenobarbital, lidocaine, and clotrimazole were added in small amounts to increase the effects
of heroin. In 440 examined samples, 75% of the samples had caffeine, 41% acetaminophen, and 28%
dextromethorphan, 5% of the samples had other drugs and 25% of the samples had no drug impurities.

CONCLUSION: The drug profile of exposed heroin shows that marketed heroin has numerous drug
additives and their type and frequency are changing. Caffeine, acetaminophen, and dextromethorphan are
the most important heroin additives that are added to increase the effects and quantity. The addition of
these drugs to open heroin has an increasing trend. Tramadol, bipyridine, pheniramine, chloroquine, and
clonazepam, which were added to heroin in 2006 and 2007, have been removed from the composition of
heroin since 2013 and replaced by clotrimazole, diazepam, phenolphthalein, and lidocaine. Despite reports
of the presence of xylazine, fentanyl, olanzapine, sertraline, and trimethoprim in the composition of open
heroin in other countries, the desired medicinal substances were not found in open heroin in the country.
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INTRODUCTION

Despite the production and sale of all kinds of
synthetic drugs, heroin is still common among
consumers as a semi-synthetic drug, and more
than 75% of the papaver cultivated in the world
is used for the production of heroin. The United
Nations Office on Drugs and Crime has reported
the amount of heroin produced in 2022 to be at
least 509 tons [1]. Heroin is the most destructive
common drug in the world and has the highest
number of deaths due to the spread of hepatitis
C, AIDS, and overdose due to injection [2]. Heroin
addiction is still one of the primary factors in
examining the social problems of societies [3].
Differences in papaver cultivation conditions,
morphine extraction and heroin production
process, and the addition of different medicinal
substances by heroin producers and sellers, have
caused the chemical profile of seized heroin to
be different. Examining the percentage of purity
and impurities in the supplied heroin plays an
essential role in treatment programs and dealing
with its adverse effects on addicts and overdose
by consumers [4]. Isolation, identification, and
measurement of alkaloids and other medicinal
and non-medicinal impurities in seized heroin
samples is called heroin chemical profiling [6]. The
ability to evaporate the chemical and medicinal
compounds in heroin samples has caused gas
chromatography techniques to be the most
common method in determining the chemical
profile of heroin [7]. The high ability to separate
the chemical and medicinal compounds in heroin,
as well as the sensitivity and reliability of the gas
chromatography method, makes these methods
acceptable among researchers [8, 9].

Until now, various methods have been used to
determine the drug profile of heroin using gas
chromatography. In general, the determination of
thedrugprofileofheroinusinggas chromatography
technique, without derivatization of heroin, as
well as derivatized heroin, has been used along
with an external standard. Also, the presence or
absence of an external standard in the process of
heroin analysis has been reported [10].

Gloger and Neumann in 1983 used the gas
chromatography method with the n-Tetracosane
external standard without using a derivative of
heroin samples with a concentration of half mg/ml
in a mixture of chloroform, ethanol, and isopropyl
alcohol solvents with ratios of 1:1:8 to determine
the profile of confiscated heroin samples [11].
Banfield et al., in 1988, reported the determination
of the chemical profile of heroin without the
use of derivatizer and internal standard from
gas chromatography and solubilization of solid
samples of heroin with a concentration of 3 to 5

mg/mlin a mixture of 1:9 N-N-dimethylformamide
and ethanol. [12]. In 1992, in research, Neumann
used gas chromatography with N-methyl-N-
(trimethylsilyl)trifluoroacetamide derivative and
n-Tetracosane internal standard and a 5:1 mixture
of chloroform and pyridine solvents to determine
the profile of heroin samples [13]. In 2005,
Esseiva et al used a 5:1 mixture of chloroform and
pyridine solvents to dissolve 8 mg of seized heroin
samples and the external standard of henocosan
at a concentration of 1 mg/ml and the MSTFA
derivative [14].

In 2012, Mrs. Maryam Akhgari et al use determined
the chemical profile of 85 unmasked heroinsamples
in the city of Tehran in the Forensic Medicine
Organization in cooperation with the University
of Tehran. In that research, a gas chromatography
technique with a mass spectrometer detector
was used [15]. Pol Quintana et al in 2016, using
gas chromatography with a mass spectrometer,
have shown that fentanyl and fentanyl are added
to heroin as impurities [16]. In 2017, Svetla
Slavova et al reported an additive increase in
heroin with fentanyl and other synthetic drugs
[17]. Daniel Ciccarone et al concluded in 2017 that
Massachusetts heroin has a new appearance and
is widely adulterated with fentanyl [18]. In 2019,
Steinet al concluded that 69.2% of heroin that year
contained fentanyl [19]. A 2023 study by Jenny
Wei et al concluded that xylazine was found as
an additive in more than 90 percent of illicit drug
samples tested in Philadelphia. Also, it has been
detected in the drug supply of 48 states across the
United States of America [20]. Also, Jewell Johnson
et al have observed in a study that since fentanyl
has largely replaced heroin in Philadelphia,
xylazine is increasingly found in combination with
fentanyl and in some cases added as an additive to
heroin [21]. Indoratoet al, by publishing an article,
has shown how by determining the chemical
profile of heroin, the cause of death of eight heroin
users was identified [5]. In a 2023 study, Rabin
Debnath et al showed that the addition of xylazine
to heroin increased the user’s mortality [22].
According to the previous research in the country
and determination of the chemical profile of
heroin discovered in different countries in the
last few years, which have reported the dangerous
drugs fentanyl and xylazine as the most important
impurities in the chemical profile of heroin;
Due to the importance of identifying the drug
impurities of heroin discovered in the country
in the treatment of addiction and the side effects
of heroin abuse, it is necessary to determine the
chemical profile of recently discovered heroin in
the country. As a result, this research aimed to
determine the chemical profile of seized heroin
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samples to determine the drug impurities in the
heroin samples discovered in the country during
2020 and 2021 and to compare this impurity with
the past few years.

MATERIALS & METHODS

In this analytical and applied research, 440
samples of uncovered heroin were examined in the
reference laboratory for the analysis of narcotics
and psychotropic substances of the Faraja Anti-
Narcotics Police in 2023. To determine the profile
of heroin samples, 5 mg of each heroin powder
sample was dissolved in one milliliter of ethanol
and chloroform (1:1) solution containing 0.3 mg
of docosane external standard with the help of an
ultrasonic device and sent to GC-MS and GC-FID
devices.

Gas chromatography conditions were the same
for both mass spectrometer and flame ionization
detectors, and in optimal conditions, one
microliter of heroin sample solution prepared with
1:40 split, injection site temperature 300°C, HP5
capillary chromatography column with nitrogen/
helium 5 carrier gas flow 1/ml/min was injected
with a temperature program (after 1 minute at
a rate of 20°C/min, the temperature of the oven
increased from 100 to 300°C and remained at
that temperature for 4 minutes). Under these
conditions, the drug impurities of heroin were
identified with a mass spectrometer detector,
and their relative inhibition time compared to
docosane was determined. It should be noted
that in identifying the mentioned compounds,
the comparison of their mass spectrum with the
standard mass spectrum of each material in the
NIST library was used. In the following, after
finding the relative inhibition time of impurities,
GC-FID and the relative inhibition time of all
the compounds in 440 exposed heroin samples
were identified. The relative inhibition time of
the compounds is given in Table 1. It should be
mentioned that to eliminate undetermined errors
in calculating the inhibition time of compounds,
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in the preparation of heroin samples, the external
standard of docosane was added to all of them,
and the area under the peak of docosane was used
to normalize the area under the peak and remove
the undetermined error.

Ethical permission: All confidential and ethical
issues were considered in this research.

FINDINGS

In 440 examined samples, 75% of the samples
had caffeine, 41% acetaminophen, and 28%
dextromethorphan, 5% of the samples had other
drugs and 25% of the samples had no drug
impurities. These additives were intentionally
added to increase the amount of heroin and
improve its effects. According to Table 1, the
origin of the compounds in heroin included three
groups of poppy plant alkaloids, diacetylmorphine
reaction side products, and medicinal substances.
The results of gas chromatography indicated the
presence of 15 other chemical and pharmaceutical
substances in addition to diacetylmorphine
in heroin, whose origin was opium alkaloids,
byproducts of the heroin production process from
morphine and acetic anhydride, and compounds
added by heroin manufacturers and sellers. The
characteristics and types of impurities identified
and theirrelative inhibition time were summarized
as shown in Table 1. GC-MS chromatograms of
standard samples identified in exposed heroin are
shown in Figure 1.

Identified impurities include acetaminophen,
meconine, caffeine, lidocaine, phenobarbital,
dextromethorphan, tramadol, codeine, diazepam,
clonazepam, morphine, 6-acetylcholine,
6-diacetylmorphine, acetylation, clotrimazole,
chloroquine, pheniramine, papaverine, xylazine,
fentanyl, phenolphthalein, were noscapine and
bipyridine. On average, the relative amounts of
acetaminophen, caffeine, and dextromethorphan
in heroin samples were 2.8%, 0.37%, and 2.47%,
respectively.
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Table 1) Relative inhibition time and impurity type of chemical compounds present in heroin samples
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Figure 2) Frequency of acetaminophen, caffeine, lidocaine, phenobarbital, dextromethorphan, tramadol, diazepam,
clonazepam, clotrimazole, chloroquine, pheniramine, phenolphthalein and bipyridine impurities in heroin in 2007,
2008, 2012,2013, 2021, 2022.

DISCUSSION

This study aimed to identify drug impurities
in exposed heroin using gas chromatography
with flame ionization detector (GC-FID) and
mass spectrometry (GC-MS) techniques. In this
research, the impurities detected in the exposed
heroin in 2021 and 2022 were according to the
diagram in Figure 2. The results of the analysis of
85 heroin samples seized in 2016 and 2018 using
gas chromatography with a mass spectroscopic
detector by Akhgari et al in the country’s Forensic
Medicine Organization [15], as well as the results
of the research project, determining the chemical
profile of 296 heroin samples detected in 2012
and 2013, which was done by Samad Ranjekesh,
are given in chart 2.

Among the identified impurities, acetaminophen,
caffeine, lidocaine, phenobarbital,
dextromethorphan, diazepam, clotrimazole, and
phenolphthalein were synthetic drugs and were
not part of opium alkaloids, and it was not possible
to produce them in the heroin production process;
Therefore, the mentioned drugs were deliberately
added to the produced heroin. In recent years,
acetaminophen, caffeine, and dextromethorphan
have become more common and more important

in terms of the relative amount found in heroin
samples and their abundance. Acetaminophen is
added to heroin due to its analgesic effects and
dextromethorphan due to its increased effects and
quantity [23].

Since 2016, xylazine and fentanyl have been
the most important drug impurities detected in
open heroin in the United States of America and
England and have been reported as the main
cause of overdoses in heroin users [24]. In India,
olanzapine, sertraline, and trimethoprim have
beenreported asthe mostimportantdrugadditives
of seized heroin [23]. The mentioned medicinal
impurities show that excessive consumption of
dextromethorphan causes intoxication, disruption
of the natural integration of a person’s conscious
functionand violentbehavior [25],acetaminophen,
causing hepatotoxicity [26, 27], caffeine, causing
restlessness, nervousness, excitement, insomnia.
, facial flushing, digestive system disorder, muscle
contraction, and cardiac arrhythmia [28]. Xylazine,
fentanyl, and benzodiazepines also significantly
increase the risk of death from heroin use [29-
31], and phenobarbital can lead to cognitive
impairments, including memory and learning
impairments [32].
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61 million people who abuse opioids constitute
1.2% of the world’s population, half of whom live
in South and Southwest Asia [33]. Among these
users, about 31 million people abuse heroin.
Heroin has harmful effects such as insomnia,
constipation, liver and kidney disease, lung
problems, slow breathing, nausea, increased risk
of blood infections such as hepatitis B, hepatitis C,
and HIV when injecting heroin, and brain damage
and coma or death from consumption [33]. Also,
the presence of stronger opioid drug impurities
such as fentanyl in the European Union’s open
heroin has resulted in more fatal risks in heroin
users [34]. According to the report of the United
Nations Office on Drugs and Crime in 2022, a
significant percentage of deaths caused by the
use of drugs, alcohol, and tobacco are attributed
to different categories of drugs [35]. In this report,
4% of deaths were related to cannabis, 7% to
amphetamine-type stimulants, 2% to painkillers
and sedatives, 2% to hallucinogens, 4% to cocaine,
2% to new psychoactive substances (NPS), 77%
to opioids, and 2% to drugs. These statistics show
that opioids have the highest death rate due to
drug abuse [35].

A comparison of the frequency of drug additives
of discovered heroin showed that, in general,
tramadol, bipyridine, pheniramine, chloroquine,
and clonazepam were added to heroin in small
amounts to improve quality in 1385 and 1386.
From 1392 onwards, the combination of heroin
was removed and clotrimazole, diazepam,
phenolphthalein, and lidocaine were replaced.
Also, the frequency of acetaminophen is very low
in 1385 and 1386, and its frequency has increased
significantly in 1392 to 1401. On the other hand,
although the frequency of dextromethorphan
drugs in 1400 and 1401 was significant in heroin
samples, it decreased compared to 1385 and 1386.
Combinations of xylazine and fentanyl, olanzapine,
sertraline, and trimethoprim, the most important
drug additives of seized heroin reported in other
countries [24, 31-29], were not found in the heroin
analyzed in this study. In the years 2018 and 2024
in Pakistan, impurities such as caffeine, noscapine,
papaverine, dextromethorphan, acetylcholine, and
phenobarbital have been added as additives to
heroin [36, 37]. In a report from Malaysia in 2012,
they announced that various impurities such as
codeine, acetylcholine, paracetamol, caffeine, and
dextromethorphan were added to heroin [38].
The limitations of this research were the lack
of access to information on the chemical profile
of heroin in other countries and access to more
exposed heroin samples. It is suggested to
investigate the addictive effects and side effects
of drug impurities identified in consumers

Baheri et al.

clinically. Considering that in this research, the
drug additives found in the open heroin of the
country have been identified in the last few years,
it is suggested to be taken into consideration by
the medical staff when dealing with addicts and
poisoned people and those injured due to heroin
abuse.

CONCLUSION

The chemical composition of heroin seized in the
country and the world is constantly changing,
and depending on the conditions, traffickers add
differentadditives to heroin to increase the amount
and improve the effects. Therefore, knowing
the chemical profile and medicinal impurities
of heroin found in the country and the world
has an effective role in first aid and treatment of
poisoning and withdrawal of heroin addicts.
Clinical & Practical Tips in POLICE MEDICINE:
the results of this research show that there are
many drug additives in the composition of open
heroin, so the complications and injuries caused
by consumption and addiction in addition to
heroin are affected by these drugs and the drug
interactions caused by them, which ignore this
The important issue is that the treatment of side
effects, addiction and therapeutic measures in
poisoning caused by the abuse of this substance
can face serious challenges.
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