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Abstract

Purpose Ocfentanil and carfentanil are two potent syn-
thetic opioids that are analogues of fentanyl and are
actively involved in the recent fentanyl crisis. The aim of
this review is to provide all the available information on
these two fentanyl analogues.

Methods All reviewed information was gathered through a
detailed search of PubMed and the World Wide Web using
relevant keywords.

Results Like most of the members of the family of fen-
tanyls, they are either sold as heroin to unsuspecting users
or used extensively to lace heroin street samples. Despite
the fact that ocfentanil was studied clinically in the early
1990s, it did not manage to find its place in clinical prac-
tice. On the other hand, carfentanil is mainly used today as
an anesthetic agent in large animals. Ocfentanil and car-
fentanil are used and abused extensively, mainly in Europe
and in the United States. As a result, they are the cause of
some verified intoxication cases and deaths worldwide.
This review provides information concerning chemistry,
synthesis, prevalence, pharmacology, and toxicology, as
well as the current legal status of these two fentanyl ana-
logues. Analytical methods developed for the determina-
tion of ocfentanil and carfentanil in biological specimens
and seized materials, as well as related intoxication and
lethal cases are also presented.

Conclusions Ocfentanil and carfentanil are undeniably
very dangerous opioid drugs and a very serious matter of
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concern for public safety. The authorities should take the
appropriate actions to avoid the expansion of this threat by
taking proper and prompt measures.

Keywords Ocfentanil - Carfentanil - Synthetic opioids -
Gray deaths - Toxicology - Legal status

Introduction

New psychoactive substances (NPS) are a group of sub-
stances that are sold in pure form or as a mixture with other
drugs of abuse and are widely abused. Most of these sub-
stances are not controlled under the 1961 Single Conven-
tion on Narcotic Drugs or the 1971 Single Convention on
Psychoactive Substances [1]. The rapid spread of NPS in
the illegal drug market poses a significant risk for the
public health and seems to present a serious matter of
concern because of a high number of these drugs emerging
every year [2, 3]. Synthetic opioids hold a significant
position among NPS as they are highly potent drugs that
are often sold as heroin to unsuspected drug users [3].
Among them, fentanyl is an important substance that is
used extensively as a powerful pain killer and is also
abused by a large number of drug addicts [4, 5]. More than
1400 fentanyl analogues have been synthesized over the
years in order to mimic fentanyl’s opioid effects and out-
smart the law because fentanyl is a controlled substance in
most countries internationally [6, 7]. Two hundred of these
analogues have been studied pharmacologically, 12 of
which have entered the illegal drug market during the last 5
years [6].

Ocfentanil is a short-acting fentanyl analogue that was
firstly described in a US patent by Huang et al. [8]. It had
been studied for its analgesic activity and was found to be
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more potent than fentanyl and with fewer adverse effects,
regarding cardiovascular effects and respiratory depression
[9]. The drug has also been studied as a supplement in
general anesthesia [10]. Ocfentanil was the cause of some
verified intoxication cases and deaths, mainly in Europe,
and threatens to be an imminent hazard to the public safety
[6, 11-15]. Some ocfentanil-related cases have been also
presented at different scientific conferences [16—18].

Carfentanil is the most potent of the commercially
available fentanyl analogues [19, 20]. It was synthesized in
1974 by a group of chemists at Janssen Pharmaceuticals,
and since then it has been used in veterinary medicine as a
tranquilizer for the sedation of large animals [21-29].
Carfentanil has been pharmacologically studied mostly in
animals, but also in humans [23, 28-39]. Some evidence
suggests that it has been used as a chemical weapon by the
Russian military, while attempting to subdue a terrorist
siege of the Moscow Theater [40, 41]. Carfentanil is often
used to adulterate heroin, fentanyl, and other drugs of
abuse [19, 42, 43]. During recent years, this fentanyl ana-
logue has been responsible for a significant number of
accidental intoxication cases and deaths mostly in the
United States [40, 44—46]. Intentional intake of carfentanil
does not seem to happen very often, because most drug
users are well informed about its potency and its harmful
potential [47-49].

The aim of this review is to provide all the available
information on ocfentanil and carfentanil, regarding their
chemistry, synthesis, prevalence, pharmacology, toxicol-
ogy, and their current legal status. Analytical methods for
the determination of ocfentanil and carfentanil in biological
specimens and seized materials, as well as related intoxi-
cations and fatal cases are also presented. All the reviewed
information was gathered through a detailed search of
PubMed and the World Wide Web using the keywords
“ocfentanil”, “carfentanil”, “pharmacology”, “toxicol-
ogy”, “intoxications”, “fatalities”, “determination”, “bi-
ological fluids”, and “legal status”.

Ocfentanil
Chemistry

Ocfentanil is a synthetic analogue of fentanyl (Fig. 1) that
possesses a methoxy group instead of a methyl group and a
fluorine atom on the ortho position of the aniline group
[50, 51]. Ocfentanil and ocfentanilum (in Latin) are the
proposed international nonproprietary names given by the
World Health Organization (WHO) in accordance with
article 3 of the Procedure for the Selection of Recom-
mended International Nonproprietary Names for Pharma-
ceutical Substances [52]. Its International Union of Pure

and Applied Chemistry (IUPAC) name is N-(2-fluo-
rophenyl)-2-methoxy-N-[1-(2-phenylethyl)-piperidin-4-yl]
acetamide, but it can also been found under the names 1-(2-
phenylethyl)-4-[N-(2-fluorophenyl)methoxyac-
etamido]piperidine hydrochloride, N-(2-fluorophenyl)-2-
methoxy-N-[1-(2-phenylethyl)-4-piperidinyl]acetamide,
ocfentanyl, ocfentanilo, UNII-MX52WBCSEV and A-3217
[53]. Ocfentanil is sold either as its base with the molecular
formula C,,H,,FN,0, (molecular weight 370.46 g/mol) or
as its hydrochloric acid salt C,,H,7,FN,O, HCI (molecular
weight 406.9 g/mol) in a white or brown crystalline pow-
der form [50, 53, 54]. The Chemical Abstracts Service
(CAS) number of ocfentanil is 101343-69-5 [53-55]. It has
a melting point of 183-184 °C, and there are no data
regarding its boiling point [8, 54]. The drug is soluble in
aqueous media at a pH below 7 (pK, = 7.82) and stable to
moderate heat and light, if stored properly [10, 54].

Synthesis

The synthesis of ocfentanil was first described in US patent
number 4,584,303 by Huang et al. [8]. Initially 1-phe-
nethyl-4-piperidone reacts with 2-fluoro aniline. The
resulting compound is a Schiff base that is reduced to the
corresponding diamine, by sodium borohydride or lithium
aluminum hydride. The acylation of the secondary amino
group with 2-methoxyacetyl chloride (methyl chlorofor-
mate) leads to the final product by yielding 1-(2-pheny-
lethyl)-4-[N-(2-fluorophenyl)methoxyacetamido]piperi-
dine. The whole synthetic route is presented in Fig. 2
[8, 51].

Prevalence and use

Despite the fact that ocfentanil had been studied clinically
during early 1990s, it did not manage to find its place in
clinical practice [10, 56-58]. As a drug of abuse, it
emerged recently on the illegal drug market along with
other fentanyl analogues [12-14, 59]. Ocfentanil was
among the 81 NPS that were reported to the Early Warning
System (EWS) of European Monitoring Centre for Drugs
and Drug Addiction (EMCDDA) in 2013, after the drug
was identified in a seizure made by Dutch police, which
might have been intended for sale as “synthetic heroin”, in
October 2013. A related alert for ocfentanil was issued by
EMCDDA and Europol in the same year [44, 60].
According to the Early Warning Advisory (EWA) of the
United Nations Office of Drugs and Crime (UNODC),
ocfentanil is among the 14 fentanyl analogues that have
been reported in Europe within 2012-2016 and it is among
the 15 different synthetic opioids that have been reported to
EMCDDA during 2009-2015 [6, 15]. The National Drug
EWS (NDEWS) also issued an alert for ocfentanil among

@ Springer



14

Forensic Toxicol (2018) 36:12-32

Fig. 1 Structures of fentanyl,
ocfentanil, and carfentanil
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other fentanyl analogues [61]. It has been associated with
some intoxication cases and deaths mostly in Europe
[6, 11-14, 62]. Ocfentanil has also been reported in Fin-
land, France, Ireland, Luxembourg, Spain, Sweden, and the
United Kingdom [6, 59, 63—66]. The drug is also among
other synthetic opioids that are a current matter of concern
in the United States and Canada [67, 68]. Until now it has
not been reviewed by the WHO Expert Committee on Drug
Dependence (WHO ECDD) [14].

Ocfentanil’s increasing presence in the illegal drug market
is undoubtedly pointed out by ocfentanil-related conversa-
tions in drug forums and related seizures
[12—-14, 50, 59, 69-74]. It is seized mostly in white or brown
powdered form [12-14, 50, 59, 66, 69-71]. A recent seizure of
a pink colored powder has been also reported [17]. Upon
analysis of the seized powders, the drug has been found in
mixtures with drugs or substances such as heroin, metham-
phetamine, acetaminophen, caffeine, mannitol, or benzoic
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acid [12, 13, 50, 59, 65, 69-71]. In many cases, ocfentanil is
used to adulterate heroin; thus heroin users can be exposed to
ocfentanil without knowing it [12-14, 50, 59, 65, 68-71, 75].

Cases in which fentanyls are sold under the guise of heroin
are common worldwide [6]. In some, ocfentanil was labeled
and sold in the darknet as heroin or “synthetic heroin”
[6,44,59,76]. It was firstly reported in EWS within a seizure
of “synthetic heroin” in the Netherlands [44, 50, 70]. Fur-
thermore, four samples, purchased in or sent from France and
Spain, were analyzed by Energy Control in Barcelona, two of
which were found to contain ocfentanil, caffeine, and acet-
aminophen. All samples were labeled and sold as heroin on
the hidden web [59]. An alert was notified to public and the
authorities and was quickly spread throughout the web. The
information reproduced in English, French, German,
Swedish and Polish drug forums and online discussions
pointed out two vendors that were eventually banned from
deep web marketplaces [59, 71-74].
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The drug users are not always aware of what they pur-
chase and can be unintentionally exposed to unknown
substances [12, 13, 65, 76]. Financial profit seems to
motivate drug dealers to adulterate heroin with fentanyls
such as ocfentanil or to sell them disguised as heroin, as
they are presumably cheaper than heroin, although heroin’s
price is continuously coming down [65].

The main routes of ocfentanil administration are snort-
ing, injecting, ingesting, and smoking, which are described
in ocfentanil-related intoxication cases. The information on
the routes of administration of ocfentanil can be found in
drug forums [12, 13, 59, 65, 66, 76].

Pharmacology and toxicology

Ocfentanil was initially synthesized and evaluated for its
analgesic activity by Huang et al. [8] in 1986. Its median
effective dose (EDsy) was measured in a mouse hot-plate
analgesia test and found to be 0.0077 mg/kg mice [8]. It is
estimated that ocfentanil is approximately 2.5 times more
potent than fentanyl [10, 12]. Although ocfentanil has been
studied for its analgesic potency, there are no available data
about its pharmacokinetics.

Ocfentanil was firstly evaluated in humans by Glass
et al. [56] in 1989. Analgesic and hemodynamic effects of
the drug were studied in this assay. It was administered in
eight groups of four volunteers each, at increasing doses.
One volunteer from each group was administered placebo,
and the other three of the same group received active
ocfentanil. Hemodynamic parameters were constantly
recorded. Ocfentanil was found to have no significant
effect on blood pressure, heart rate, and histamine levels.
Its therapeutic dose for humans was calculated to be
0.5-1.25 pg/kg, and it was found to be 200 times more
potent than morphine. This dose is more likely to produce
analgesia that lasts for 20—40 min [56].

Ocfentanil was observed for its hemodynamic effects on
12 patients with ischemic heart disease. All the patients had
a low ejection fraction (the amount of blood pumped out of
the ventricle versus the total amount of blood in the ven-
tricle) and no history of myocardial infraction, hemody-
namic instability, or recent drug use. The patients were pre-
medicated with diazepam and scopolamine, and after sta-
bilization, they received either ocfentanil in increasing
doses from 0.5 to 3.0 pg/kg every 10 min (total dose 5 pg/
kg), or equal volumes of normal saline. Hemodynamic
indices were recorded every 15 min versus placebo (nor-
mal saline). Patients eventually experienced a mild
decrease of arterial blood pressure. Increased arterial pCO,
was also noticed at the time of maximum analgesia and
sedation. The experiment concluded that ocfentanil may
produce safe analgesia, despite hypercarbia and decreased
pulmonary arterial pressure. Patients in the study

maintained their hemodynamic performance, and the
hemodynamic changes noticed were attributed to sec-
ondary drug effects [57].

Later, the pharmaceutical company Anaquest developed
and studied ocfentanil among other potent naloxone-re-
versible opioids in order to gain better therapeutic indices
in terms of cardiovascular effects and respiratory depres-
sion than those of fentanyl. Ocfentanil was shown to have
pharmacodynamic advantages over fentanyl in terms of
tendency to accumulate (measured by duration of action),
because its EDso was found to be 8-16 times greater than
fentanyl’s. Data obtained in rats also suggested a three- to
fourfold greater separation between hypnotic and analgesic
EDs values for ocfentanil than fentanyl, suggesting a more
selective approach to each of these properties [10]. Fletcher
et al. [10] designed a study in order to determine the effi-
cacy of ocfentanil and to compare it to fentanyl in terms of
potency, when used as supplement in general anesthesia.
The study involved 60 adult patients scheduled for elective
surgery. The patients were pre-medicated with diazepam,
metoclopramide, and ranitidine, and they were randomly
administered ocfentanil at different doses from 1 to 5 pg/
kg. Hemodynamic variables were recorded 20 min after
anesthetic induction for the first 5 min after surgical inci-
sion and every 5 min thereafter. The lowest dose of 1 pg/
kg of ocfentanil was associated with increased systolic
blood pressure and increased heart rate compared to the
other doses. The research concluded that ocfentanil did not
show any obvious advantage as compared to fentanyl and
that a 3 pg/kg dose of ocfentanil was pharmacodynami-
cally equal to a 5 png/kg dose of fentanyl [10].

Ebrahim et al. [58] evaluated ocfentanil for its safety
and effectiveness in postoperative analgesia. Sixty patients
were assigned to four groups of 15 each. Three groups
received ocfentanil at different doses (0.1, 0.5, 0.75 pg/kg)
and the fourth received morphine 0.07 mg/kg. Fentanyl
2.5 pg/kg was used for induction, and isoflurane along with
nitrous oxide were used as anesthetic agents. Its patient’s
pain was evaluated via Visual Analog Scale for pain (VAS
pain) prior to administration and at 5, 10, 15, 30, and
60 min after administration. Hemodynamic variables
(blood pressure, electrical activity of the heart, heart rate,
respiration,and saturation of O,) were recorded during the
study. The study found that 0.5-0.75 pg/kg of ocfentanil
produced safe and effective analgesia, proportionate to the
same produced by 0.07 pg/kg of morphine. Furthermore,
analgesia at this dose of ocfentanil lasted up to 1 h in 50%
of the patients [58], contrary to what Glass et al. [56] had
concluded.

Leslie et al. [57] mentioned that previous animal studies
with dogs and rats indicated that ocfentanil may be an
effective anesthetic agent in animals. In these studies a
decrease of hemodynamic indices (heart rate, mean arterial
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pressure, and cardiac output) were observed, when ocfen-
tanil was administered at a dose of 18 pg/kg along with
isoflurane [57]. In another animal study, ocfentanil was
found to have better therapeutic indices in terms of car-
diovascular and respiratory effects than fentanyl. Both
opioids were administered at equal doses in rats, during rat
tail-flick and hot-plate tests. Ocfentanil displayed shorter
action as compared to fentanyl in both tests. Therapeutic
indices were measured for depression of mean arterial
blood pressure, heart rate, and respiration in a group of
isoflurane-anesthetized rats. Depression of respiration was
also measured in conscious, freely moving rats. In all cases,
ocfentanil was found to have better therapeutic indices,
while at the same time the vital physiological responses
remained in normal levels. Collectively, ocfentanil was
concluded to be a potent analgesic drug that could be used
in surgery without coadministration of a general anesthetic
[9]. Nevertheless, data from animal studies are difficult to
get aligned with data from humans, because animals differ
significantly in sensitivity and pharmacodynamic effects,
and their analgesia is differently accessed from that of
humans [10].

Ocfentanil shows typical opiate-like effects like
euphoria and relaxation. Users reported that it is less
“cool” and euphoric than heroin, but it is more stimulant
and has a very quick onset, after 3 min. The users also
reported that it has shorter duration of action (3 h) than
heroin; the withdrawal symptoms appear earlier
[9, 10, 56, 57, 59]. Adverse effects of ocfentanil are similar
to those of fentanyl and include itching, nausea, and
potentially serious dose-related respiratory depression
[10, 12, 14, 55, 59, 65, 66, 69]. Other reported adverse
effects are chest pain, psychosis, and agitation, although
these effects could be due to other coadministered sub-
stances [14, 59, 65, 66]. These adverse effects can be
harmful and are more likely to depend on the way it is
administered rather than on the drug itself [9, 10, 56-59].

Intoxications and fatal cases

The increased prevalence of ocfentanil worldwide and the
trend of labeling ocfentanil as heroin leads to intoxication
cases and deaths due to its abuse [6, 14, 44,
50, 59, 67, 70, 76]. Two lethal intoxication cases with
ocfentanil have been reported in Belgium [15] and one in
Switzerland [12]. More ocfentanil related deaths have been
also reported in Ireland and France [6, 17, 18]. Ocfentanil
is also involved in intoxication cases and deaths in the
United States and Canada, where it is also a concern,
among other fentanyl analogues [67]. These deaths show
the risks from its use and abuse, and this is the reason why
it is already regulated in several countries around the
world, especially in Europe [6, 60, 63, 64, 77-89].
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EMCDDA and Europol issued another ocfentanil-re-
lated alert in 2015, when a death was reported in Belgium,
on March 22, 2015 [11]. A 17-year-old man with a history
of drug abuse was found dead in his apartment. He was
previously hospitalized after using cocaine combined with
sleeping pills. The victim was also receiving antidepressant
medication until 3 months before the incident. Drug para-
phernalia and a small reclosable zipper bag with 2.07 g of a
brown powder were found next to the body. Police inves-
tigation revealed that the drug had been purchased online
with bitcoins and snorted with a straw. The analysis of the
powder by high performance liquid chromatography—pho-
todiode array (HPLC-PDA) and gas chromatography—mass
spectrometry (GC-MS) revealed the presence of 2.54%
ocfentanil along with 58.4% acetaminophen, 13.7% caf-
feine, and benzoic acid. Liquid-liquid extraction (LLE) and
ultra performance liquid chromatography (UPLC) were
used to identify and quantify the drug in the postmortem
fluids of the deceased. Concentrations of ocfentanil were
found to be 15.3 pg/L in femoral blood, 12.5 pg/L in vit-
reous humor, 23.3 pg/L in cardiac blood preserved with
ethylenediaminetetraacetic acid (EDTA) and 21.9 pg/L in
cardiac blood without EDTA, 6.0 pg/L in urine, 17.1 pg/L
in stomach contents, 31.2 pg/kg in the liver, 51.2 pg/kg in
the kidney, 37.9 pg/kg in brain tissue, and finally 13.7 pg/
L in bile. Hair analysis revealed that the victim was also a
cocaine and heroin user. According to the results of the
toxicological analysis, the cause and the manner of death
were determined as acute, accidental ocfentanil intoxica-
tion [13].

Another case occurred in Switzerland, where a 24-year-
old man was found dead in his apartment after consuming a
powder that was found to be ocfentanil. The man was
known to be a cannabis user, while there was no other
information about taking other drugs. A reclosable plastic
zipper bag was found close to the deceased containing
405.1 mg of a brown powder. The police investigating the
case found that the victim had visited, through his com-
puter, a darknet website and that the powder was delivered
from Belgium. No further information could be obtained
regarding what he might have ordered. The powder was
analysed by GC-MS and revealed the presence of ocfen-
tanil along with acetaminophen, caffeine, and mannitol.
Analysis of the powder showed that the ocfentanil content
was 0.91%. Postmortem biological samples of the deceased
were also analyzed by liquid chromatography—tandem
mass spectrometry (LC-MS/MS), and ocfentanil was
identified and quantified in them along with citalopram,
quetiapine, delta-9-tetrahydrocannabinol (THC), 11-nor-9-
carboxy-delta-9-tetrahydrocannabinol (THC-COOH), and
11-hydroxy-delta-9-tetrahydrocannabinol (11-hydroxy-
THC). The concentrations of ocfentanil were found to be
9.1 pg/L in fluoride stabilized femoral whole blood,
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7.5 pg/L in heparin stabilized femoral whole blood,
27.9 pg/L in cardiac whole blood, 480 pg/L in urine, and
finally 360 ng in the nasal swab. Quantification of the other
substances yielded 130 pg/L citalopram, <10 pg/L queti-
apine, <5 pg/L. THC-COOH, and 11-hydroxy-THC under
the limit of quantification. The police concluded that the
deceased man had snorted the powder and his death was
attributed to an acute ocfentanil intoxication [12].

In Dublin and Cork, Ireland, five deaths were attributed
to fluorofentanyl and ocfentanil between April and July
2016. The five deaths were further investigated and it
seems that the users had either smoked or injected these
fentanyl analogues. The drugs were probably sold as
mixtures with either heroin or caffeine and acetaminophen.
Because of these cases, the Health Service Executive of
Ireland issued an alert concerning fentanyl and its ana-
logues in July 2016 [6, 62].

Ocfentanil was reported in April 2017 as the cause of
three nonfatal intoxication cases and two deaths in France
[17, 18]. The first death concerned a 30-year-old man who
was found dead in his apartment next to drug syringes and
related paraphernalia. A pink-colored powder was also
found near to the body. An autopsy took place and revealed
multiple injection sites in the left foot and right elbow, and
there were signs of asphyxia. The powder was analyzed by
GC-MS, and the results showed the presence of 0.6%
heroin, 37% acetaminophen, 44% caffeine, 1.2% ocfen-
tanil, and heroin impurities such as papaverine and
noscapine. Biological specimens (cardiac and peripheral
blood, vitreous humor, bile, gastric content, hair, and nasal
swab) of the deceased were collected and analyzed by LC—
MS/MS. The analysis revealed the presence of acet-
aminophen and caffeine in the blood at concentrations of 3
and 0.7 mg/L, respectively, as well as non-quantifiable
traces of morphine (<5 pg/L). Ocfentanil was found in all
biological samples at the following concentrations: 3.7 pg/
L in the peripheral blood, 3.9 pg/L in the cardiac blood,
2.0 pg/L in the vitreous humor, 8.4 pg/L in the bile, and
2.5 pg/L in the gastric contents. A nasal swab was negative
for ocfentanil. Blood alcohol was also determined at a
concentration of 0.20 g/L. His death was attributed to acute
ocfentanil intoxication [17]. The second fatal case con-
cerned a 29-year-old man who was found comatose in a
hotel toilet and died after hospitalization. Traces of powder
were found near the body. Screening of the powder was
performed by GC-MS, HPLC-DAD, and LC-MS/MS.
Ocfentanil was detected in the powder in non-quantifiable
traces, along with caffeine and acetaminophen. Blood
samples were analyzed by GC-MS. Cocaine (<5 pg/L),
THC (1.3 pg/L), THC-COOH (27.8 ng/L), benzoylecgo-
nine (927 pg/L), ecgonine methyl ester (54.5 ng/L), 3.,4-
methylenedioxymethamphetamine (30.3 pg/L), 3,4-
methylenedioxyamphetamine (5.2 pg/L), ephedrine

(hospital administered), caffeine, and acetaminophen were
detected. Ocfentanil was also found in blood at a concen-
tration of 5.3 pg/L. This concentration could not be eval-
uated due to the long time interval between the intake of
the drug and the blood sampling. Death was not attributed
to ocfentanil due to the simultaneous consumption of other
drugs [18]. Ocfentanil was also involved in three nonfatal
intoxication cases in France. The victims had sniffed the
content of capsules that had been bought on a darknet
website and passed out almost immediately. One recovered
during his admission to the hospital, and the other two
during the hospitalization after a coma of 2 h. The seized
capsules were analyzed by GC-MS, HPLC-DAD and LC-
MS/MS. Ocfentanil (17%) along with caffeine (16%),
acetaminophen (51%), and mannitol were determined to be
present in the capsules. GC-MS, HPLC-DAD, and LC-
MS/MS were used to identify ocfentanil in biological flu-
ids, while its quantification in blood samples was per-
formed by GC-MS. In the first case, ocfentanil (35.2 pg/L)
and acetaminophen were found in blood, and ocfentanil
(3.5 mg/L), acetaminophen, and amphetamine (21.8 pg/L)
were found in urine. In the second case, 13.9 ng/L of
ocfentanil was found in blood along with acetaminophen.
In the third case, the blood concentration of ocfentanil was
found to be 20.7 pg/L, and acetaminophen was also
detected. All victims survived after prompt and proper
treatment [18]. It has to be mentioned here that the con-
centrations of ocfentanil in nonfatal intoxications were
much higher than those reported by Coopman et al. [13]
and Dussy et al. [12], who reported fatal cases.

Analysis of ocfentanil in seized materials
and biological specimens

A screening test based on enzyme-linked immunosorbent
assay (ELISA) principles was developed recently by Ran-
dox Laboratories Ltd. for “Designed fentanyl and opioids”
and includes ocfentanil in an NPS panel along with nor-
fentanyl, carfentanil, remifentanil, and sufentanyl [90].

Chromatographic methods for determining ocfentanil in
biological specimens have been developed within the
frame of the toxicological investigation of ocfentanil-re-
lated cases [12, 13, 17, 18].

A UPLC-MS/MS method was developed by Coopman
et al. [13] for determining ocfentanil in biological samples
during the investigation of a fatal intoxication case in
Belgium. To our knowledge, this is the only published
analytical method that includes validation data. Multiple
biological matrices were submitted for toxicological anal-
ysis (femoral and cardiac blood, vitreous humor, urine,
stomach content, liver, kidney, brain tissue, and bile). LLE
with a mixture of n-hexane/ethyl acetate (7:3, v/v) was
used for extracting all biological specimens, while the
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tissues were homogenized prior to their extraction. Fen-
tanyl-ds was used as internal standard (IS). The UPLC-
MS/MS system was set in gradient mode, and chromato-
graphic separation was achieved through an Acquity UPLC
HSS C18 column and an HSS C18 Vanguard column as a
guard column. Formic acid in water (0.15%) and formic
acid in acetonitrile (0.15%) were used as mobile phases A
and B, and the flow rate was 0.4 mL/min. Ocfentanil was
determined in all biological specimens along with other
drugs [13]. The brown powder found near the body was
also analyzed according to an HPLC-PDA and a GC-MS
method previously published by Coopman and Coordonier
[91] for identifying active ingredients in counterfeit drugs
and pharmaceutical preparations seized from the black
market for bodybuilders [91]. The HPLC-PDA analysis of
the powder showed the presence of caffeine, acet-
aminophen, benzoic acid, and an unknown substance that
was identified as ocfentanil by a GC-MS system via library
research [13].

Dussy et al. [12] modified an LC-MS/MS and an HPLC-
PDA method that was developed and validated for deter-
mining benzodiazepines and their metabolites in whole
blood and serum [92]. This slightly modified method was
used to analyze blood and urine samples taken from a fatal
intoxication case. Citalopram and quetiapine were initially
detected in urine during a GC-MS general unknown
screening, while ocfentanil was identified by an LC-MS/MS
method. Quantification of the analytes detected in urine was
performed in the peripheral blood using the same LC-MS/
MS method and fentanyl as IS. The samples were extracted
with n-chlorobutane and centrifuged. For quantifying
ocfentanil in blood and urine, a standard addition procedure
was applied after external calibration. The brown powder
found nearby the body was dissolved in methanol, filtered,
and analyzed by GC-MS. A second GC-MS analysis of the
powder took place under the same conditions, after acety-
lation with acetic anhydride in pyridine environment. The
quantification of ocfentanil in the powder was performed by
the same LC-MS/MS method that was used for the toxico-
logical analysis of the biological samples [12].

An LC-MS/MS method (positive ionization mode) was
used to identify and quantify ocfentanil in biological
samples during the investigation of a fatal intoxication case
in France. All samples were pretreated with sulfosalicylic
acid containing fentanyl-ds as IS. Then, the samples were
centrifuged and the supernatant was subjected to solid-
phase extraction (SPE) through Oasis HLB® C18 columns.
The chromatographic separation was performed by using
an XSelect® column [17]. In another series of fatal and
nonfatal intoxication cases in France, a GC-MS/MS
method was used for the determination of ocfentanil in
urine and blood, after extraction with De-Tox Tubes A®
[18].
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Legal status

Ocfentanil appeared on the illegal drug market during
recent years. It is a fentanyl analogue used alone as a
substitute or adulterant of heroin. In many cases, it is sold
as “synthetic heroin” to unsuspecting drug users. It is
responsible for some fatal and nonfatal intoxication cases.
This has put the drug under surveillance by WHO as it
constitutes an imminent hazard to public safety [14].
Although some ocfentanil-related intoxication cases have
been reported to the EWS of EMCDDA, the drug is not
generally controlled in the United Nations or European
Union, but it is already considered illegal in some countries
in Europe and Asia, as well as in the United States
[6, 60, 63, 64, 77-89].

Finland defined ocfentanil as a narcotic substance
according to the Narcotics Act (373/2008) in July 2015
based on its structure and pharmacological properties. Its
manufacture, trading, and possession imply legal penalties;
the drug was included in an amendment of Annex IV of the
Government Decree [64]. In Estonia, ocfentanil was placed
onto the List of Annex 1 to the Regulation No 73 of May
2005 in order to reduce the distribution and abuse of
ocfentanil along with five other NPS in July 2015; infor-
mation from Estonian Forensic Science Institute and data
obtained from EMCDDA had been taken into consideration
for the amendment of this regulation [77]. This fentanyl
analogue was included in the Neptune Guidance of March
2015, as a controlled NPS in the United Kingdom; the drug
had been already considered scheduled under the Misuse of
Drugs Regulations 2001 No 3998 that came into force on
February 1, 2002 [60, 83]. Ocfentanil is also controlled as a
Class A substance in Wales [81, 82]. In Sweden, ocfentanil
was classified as an illicit narcotic substance among other
synthetic opioids in August 2015 [78]. According to the
Republic of Lithuania Minister of Health Order No
V-1062, ocfentanil was put in the list of narcotic and
psychotropic substances, in September 2015 [79]. Ocfen-
tanil was added to the Annex 4 of the Czech Government
Regulation in January 2016, as it has no industrial and
therapeutic use and it belongs in the family of synthetic
opioids. Its scheduling was based on a decision of EWS
working group and on reports of it on eight European
countries, as there were no reports of ocfentanil in Czech
Republic [63]. In Denmark, the Ministry of Health issued
the placement of ocfentanil in Annex 1 of the Danish List
of euphoriant substances in November 2016 along with
eleven other substances [80]. In Italy, ocfentanil was
included into Table 1 of the Ministerial Decree 309/90 in
August 2016 [86].

In October 2015, the Chinese Food and Drug Admin-
istration placed ocfentanil under national control, as a
psychoactive substance [6, 87]. In Japan, ocfentanil was
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designated as “Specified Drug” by the Ministry of Health,
Labour, and Welfare, in November 2016; its manufacture,
importation, sale, possession, and further ocfentanil-related
activities imply legal penalties [88, 89].

In the United States, ocfentanil was put on the Penn-
sylvania’s list of Schedule I controlled substances as a
fentanyl derivative, according to the 2016-2037 Act, which
became effective on August 8, 2016 [84]. In the state of
Florida, the drug is listed in Schedule I, as it has a high
potential of abuse and no current medical use [85].

Carfentanil
Chemistry

Carfentanil is a synthetic opioid (Fig. 1) that is an analogue
of fentanyl (a carboxylated fentanyl). Its IUPAC name is
4-[(1-oxopropyl)-phenylamino]-1-(2-phenylethyl)-4-
piperidinecarboxylic acid methyl ester, but it is also mar-
keted under the names carfentanyl, carfentanila, carfen-
tanilum, Wildnil, UNII-LA9DTA2L8F and 59708-52-0.
Other Medical Subject Headings synonyms include 4-car-
bomethoxyfentanyl, carfentanyl, (4-methoxycarbonyl)fen-
tanyl, 11C-carfentanil, carfentanil citrate, carfentanil
oxalate, carfentanil (4+—) isomer, R31833 and R33799
[23, 93, 94]. It is sold either as its base with the molecular
formula C,4H3oN,O5 (molecular weight 394.515 g/mol) or
as its citrate salt with the molecular formula C;oH33N,O
(molecular weight 586.638 g/mol) [93, 95, 96]. The CAS
number of carfentanil is 59708-52-0, and there are no data
concerning its boiling and melting points [93, 94, 97].
Carfentanil base is a white powder and has also been
identified in seized white, pink, and brown powders along
with other substances [43, 46, 98—101]. Carfentanil citrate
is highly water soluble with no distinguishing odor [45].
Carfentanil can be structurally confirmed by means of
infrared spectroscopy, nuclear magnetic resonance, GC—
MS, and isotope ratio mass spectrometry [101].

Synthesis

Carfentanil was synthesized by a team of chemists,
including Paul Janssen, at Janssen Pharmaceuticals in 1974
[102]. Its synthesis was firstly described in the literature by
Van Bever et al. [21] in 1976 and was patented by Janssen
et al. (US patent No. 4,179,569) in 1979 [22]. Several
synthesis routes for carfentanil have been described in the
literature [21, 22, 103—-106]. The first developed synthetic
procedure starts with the reaction of I1-phenylethyl-4-
piperidine with KCN and aniline in acetic acid. The
resulting compound is hydrolyzed with cool H,SO, and
gives the corresponding diamine which is further

hydrolyzed with KOH in refluxing ethylene glycol. The
acid reacts with methanol under acidic conditions and the
resulting methyl ester is acylated with propionic anhydride
yielding carfentanil (Fig. 3) [21, 22, 103].

Labeled carfentanil have been also synthesized in order
to be used mainly in pharmacology studies on the p opioid
receptor (mOR) binding [104, 105]. A simple synthesis of
[''C] carfentanil was described by Jewett in 2001. Initially
the tetrabutylammonium salt of 4-[N-(1-oxopropyl)-N-
phenylamino]-1-(2-phenylethyl)-4-piperidinecarboxylic
acid reacted with [''C] methyl triflate in dimethyl sulfoxide
(DMSO). The resulting [''C] carfentanil is extracted via an
Empore SPE extraction disc and all radioactive contami-
nants are removed. The product is then eluted by a mixture
of ethanol and water and passed through an anion exchange
column to remove any remains of contaminants [105].

Carfentanil can be also synthesized via the Siegfried
route in which 1-phenethyl-4-piperidone is used as a pre-
cursor [107], but it is slightly more complex than fentanyl’s
[108], because it requires the introduction of a car-
bomethoxy group [107].

Prevalence and use

Carfentanil, the active ingredient of Wildnil, is a fentanyl
analogue that is approved for veterinary use as a tranquil-
izing agent for sedation, as a hypnotic, and as anesthesia of
animals such as elephants, gazelles, goats, horses, pigs,
polar bears, rhinoceroses, seals, and wolves [23-29]. It has
been extensively studied in animals since it was first syn-
thesized [23, 28-30, 32, 37, 38, 109], but a few human
studies have been also reported [31, 33, 34]. Carfentanil
has been characterized as the most potent, dangerous, and
commercially available fentanyl analogue. It has been also
used as a chemical weapon, making it a very serious hazard
to public safety [19, 20, 45]. It has been reported through
seizures, intoxication cases, and illicit drug trafficking in
Europe, Asia, the USA, and Australia
[14, 40, 41, 43, 45, 46, 110-113].

Most of fentanyl analogues including carfentanil are
usually manufactured in China and exported from there to
all over the world [19, 20, 99, 113, 114]. In October 2016,
Associated Press news reported finding 12 Chinese labo-
ratories willing to export carfentanil to the United States,
Canada, the United Kingdom, France, Germany, Belgium,
and Australia for the price of US$2750/kg [20, 114]. Until
March of 2017, carfentanil was not regulated in China; it
was openly and legally manufactured and sold by Chinese
companies [20, 94]. The drug can be also found easily
online, on the darknet, through related websites in which it
is often labeled as a “research chemical” and sold through
direct mail shipments in prices from US$800 to 2500 per
gram [19, 20, 111, 113]. More specifically in 2016, one
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Fig. 3 Synthesis of carfentanil according to Janssen and Van Daele [22]

darknet search engine gave 118 websites selling carfentanil
[115]. Because carfentanil is more potent than heroin, its
trafficking quantities are significantly less than those of
heroin. Therefore, it is easier and cheaper to be smuggled
without necessarily being cheap to manufacture [19, 116].
Carfentanil arrives from China in powdered and tablet
form, but it also comes in many other forms such as blotter
papers, patches, and sprays. In some cases, it has been
accidentally absorbed through the skin, inhaled, or ingested
[45, 117-119].

Carfentanil has not been reviewed up to now by the
WHO ECDD [14]. It was reported for the first time in
EMCDDA in February 2013, when it was identified in a
seized powder by the Latvian police. In the same period,
the Latvian National Local Point issued an alert on car-
fentanil, which noted that the drug was related to several
unconfirmed deaths throughout the country [44].

On September 22, 2016, the Drug Enforcement
Administration (DEA) issued a worldwide warning to
the public and law enforcement agencies about the risks
and hazards of carfentanil, based on the increasing
number of carfentanil-related deaths throughout the
United States [120]. Carfentanil has been identified
across eight states in more than 400 seized materials
from July to October 2016 [121]. Most of these seizures
were located in Ohio [115]. The DEA recorded

@ Springer

prevalence of the drug in a number of states including
Florida, Georgia, Rhode Island, Indiana, Pennsylvania,
Kentucky, West Virginia, New Jersey, and Illinois, while
an intoxication outbreak linked to carfentanil was
recorded in July 2016 in Cincinnati, OH [19, 43, 111].
The drug possibly arrived in Ohio through Canada and
Mexico, as transshipment points [19, 113, 122]. Since
the DEA’s report, carfentanil-related deaths have been
also recorded in Florida, Illinois, Colorado, Wisconsin,
Minnesota, Michigan, West Virginia, New Hampshire,
Virginia, and Maryland, but also some unconfirmed
cases have been reported in some other states [119].

In Australia, carfentanil was noted for the first time
within a seizure in Sydney in December 2016, where it was
identified in a package at a Sydney mail center. Australian
police issued an alert in February 2017, when the drug was
identified in a package at a mail center in Brisbane
[114, 116, 123, 124].

Carfentanil is often used to adulterate heroin, cocaine,
and fentanyl. In some other cases, it is labeled and sold as
heroin [19, 42]. In Cincinnati, OH, a new drug appeared in
2016 under the street name of “gray death”. It looks like
cement and often contains cocaine, heroin, fentanyl, car-
fentanil, furanylfentanyl, and acrylfentanyl [125, 126].
Carfentanil has also been identified in mixtures along with
caffeine, antihistamines, furanylfentanyl, or acrylfentanyl,
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while in some other cases it has been found to be laced
with ketamine [113, 126]. Unconfirmed reports of mari-
juana laced with carfentanil have been found in northeast
Ohio and Canada [125]. Furthermore, the drug has been
found in counterfeit pills. The DEA reported that carfen-
tanil had shown up in counterfeit prescription pills sold as
OxyContin and Xanax [125, 127].

In some cases of opioid use, the users developed a tol-
erance to the drug, and they began to chase opioids offering
a more intense outcome. However, in the case of carfen-
tanil, more than any other fentanyl analogue, users do not
know that its intensified effect can kill them [42]. A user
mentioned that he tried a nasal spray of carfentanil [48],
while in another drug forum a user sought information
about making a carfentanil solution, which was probably
intended to be used intravenously [49]. However, many
drug users commented: “Never use carfentanil. If someone
vends it, he should be banned, because it’s poison” or
“Warning: using carfentanil is stupid and deadly and no
one should ever do it. Ever” [47]. These comments indicate
that opioid addicts are also alerted regarding the harmful
potential of this drug.

Metabolism

To the best of our knowledge, there is only one published
metabolic study of carfentanil. Feasel et al. [128] described
the possible metabolic pathways of carfentanil in humans
for the first time in 2016. Two prognostic models, MetaSite
software (Molecular Discovery, Pinner, UK) and ADMET
Predictor (Simulations Plus Inc., CA, USA), were applied
to predict possible in silico carfentanil metabolites. Initially
carfentanil (5 umol/L) was incubated with human liver
microsomes (HLM) in order to determine carfentanil’s
clearance and to assess its possible toxicity due to its slow
metabolism. The HLM samples were treated properly and
analyzed via an HPLC system. The HLM half-life was
calculated by observation of carfentanil’s depletion over
1 h. The study concluded that carfentanil is readily
metabolized by the CYP enzymes; its long in vivo half-life
was attributed to other factors. They suggested that the
drug’s high lipophilicity and larger volume of distribution
makes it less available for hepatic metabolism than its less
potent fentanyl analogues. Evidence from other fentanyl
analogues suggests that carfentanil probably binds to
plasma proteins strongly. They conducted further studies to
identify the metabolites of carfentanil after incubation with
human hepatocytes. An HPLC system coupled with a triple
time-of-flight (TOF) mass spectrometer was used for
identification of the metabolites and the analysis was per-
formed under the same chromatographic conditions (col-
umn and mobile phases) as with the HLM analysis. Twelve
phase I and phase II metabolites were identified through the

following metabolic pathways: N-dealkylation and ester
hydrolysis (M1), N-dealkylation of piperidine ring (M2),
N-dealkylation of piperidine ring and hydroxylation of
propanoic group (M3), ester hydrolysis and hydroxylation
of piperidine group (M4), hydroxylation of propanoic
group (MS5), hydroxylation of phenethyl group and glu-
curonidation (M6), hydroxylation of phenethyl structure
(MT7), hydroxylation of piperidine ring (MS), ketone for-
mation of phenethyl linker (M9), N-oxidation of piperidine
and hydroxylation of phenethyl group (M10), N-oxidation
of 4'-nitrogen (M11) and finally N-oxidation of piperidine
(M12). The most abundant metabolites were the phase I
metabolites of piperidine ring hydroxylation (M8) and N-
dealkylation (M2), followed by ketone formation of phe-
nethyl linker (M9), N-propanoic hydroxylation (MS5),
phenethyl ring hydroxylation (M7), piperidine N-oxidation
(M12) and 4'-position nitrogen N-oxidation (M11). The
only phase II metabolite identified was a glucuronide
conjugate of hydroxylated carfentanil (M6). The chemical
structures of the identified metabolites are presented in
Fig. 4 [128].

Pharmacology and toxicology

Carfentanil was pharmacologically studied for the first time
in 1979 by a scientist group of Janssen Pharmaceuticals,
who synthesized it. Its EDs, value was determined via a rat
hot tail withdrawal test and found to be about 10,000 and
100 times more potent than morphine and fentanyl,
respectively [22]. Since then it has been studied extensively
among other opioids, but it was never approved for clinical
use in humans [23, 28-39]. Carfentanil is mainly used as an
anesthetic agent in large animals [45].

Several studies have been conducted for the elucida-
tion of the action of carfentanil through opioid receptors
[30-36]. In 1993, [*H] carfentanil and [*H] [p-Ala*
MePhe*-Gly-ol°Jenkephalin (DAMGO) were used as
radioligands in order to image high-affinity binding sites
in sections of the rat brain. For that purpose 30 brain
sections were examined in which absolute and relative
densities of high affinity carfentanil binding sites were
measured and the autoradiographic image was obtained
in order to determine the distribution pattern of the two
substances. The highest levels of binding were observed
in the striatum section and the lowest levels of binding
were observed in the cerebellum. The autoradiographic
images showed close distribution patterns for [*H] car-
fentanil and [°’H] DAMGO, but a remarkable difference
in the interaction of the substances with mOR was
observed. It is not clear whether the different sensitivity,
between [3H] carfentanil and [3H] DAMGQO, in the
proteins of the mOR can be attributed to the structural
differences [30].
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Fig. 4 In vitro metabolic pathways for carfentanil in human hepatocytes proposed by Feasel et al. [128]
[''C] carfentanil and [''C] diprenorphine were also used before and after the administration of naloxone. Twenty-

as radioligands in a study measuring the total binding  eight volunteers participated in the study. Twenty-one
capacity to the opioid receptors, in human volunteers,  received [''C] carfentanil, three [''C] diprenorphine, and
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four received both radioligands. A simple dual detector
coincidence system was used for the measurements of the
two ligands in the brain [31]. [''C] carfentanil was syn-
thesized according to a previously described method [104].
The total binding of [''C] diprenorphine was found greater
than [''C] carfentanil’s, possibly due to either easier
transportation of the former through the blood-brain barrier
or more binding sites of it in the brain [31].

In a study conducted by Jewett et al. [32], eight
derivatives of [''C] carfentanil were evaluated as potential
mOR agonists within the research for substances with
better pharmacodynamics than the parent one. Derivatives
were prepared via substitution of aryl- or alkyl-group on a
['!C]-labeled form of carfentanil and were evaluated for
their mOR binding capacity and their pharmacokinetics in
mouse brain. Another group of 2-chloro, 2-methoxy and
2-methyl derivatives was also evaluated for their binding
within specific brain regions and for their distribution by
using an equilibrium infusion rat model [32]. All the [“C]
derivatives were prepared through O-[''C] methylation
[105] of the corresponding free carboxylic acid [32].

Weltrowska et al. [35] studied the binding affinity of the
two isomers of the “carba-analogue” of carfentanil (c-
carfentanil) with the opioid receptors. They replaced the
nitrogen in the piperidine ring of carfentanil with a carbon
in order to assess how the electrostatic interaction of
nitrogen with Asp protein of the opioid receptor affects
binding and activation of opioid receptors. The trans iso-
mer of c-carfentanil was found to result in a 4000-fold
decrease in mOR binding affinity than carfentanil, but was
still significant. Its & opioid receptor (dOR) binding affinity
was found to be similar to that of mOR, but no receptor
selectivity was observed between mOR and dOR receptors.
This isomer did not show any significant binding affinity
with the k opioid receptor (kOR). The cis isomer did not
show any significant binding affinity with any one of the
three receptors [35].

Labeled [“C] carfentanil has been used in some phar-
macological studies as a positron emission tomography
(PET) scan radiotracer [33, 34, 39]. More specifically,
[''C] carfentanil was used in a study for evaluating the
response of cocaine users to mOR agonists, including the
respective adverse effects. The initial hypothesis was that
chronic cocaine exposure might lead to increased brain
mOR binding potential. As a result, chronic cocaine users
might have a different response to mOR agonists. Carfen-
tanil’s plasma half-life was calculated and found to be 51.4
(£16.2) and 41.8 (£17.5) min for cocaine users and non-
drug using controls, respectively. As there were not any
significant differences in its half-life among the two
groups, they concluded that these differences are most
likely pharmacodynamically based. Furthermore, cocaine
users were found to have fewer adverse effects (nausea,

dizziness, headache, vomiting, and itchiness) than the
control ones [33]. [''C] carfentanil was again used as a
radiotracer in a PET study for the measurement of
endogenous opioid release in the brain during painful
proximal gastric balloon distension. The volunteers were
chosen based on specific criteria as history of drug abuse or
psychiatric and gastrointestinal disorders. The study
showed up that no endogenous opioid release was detected
in the brain during sustained visceral pain and concluded
that endogenous opioid levels are more associated with
somatic pain [34]. [“C] carfentanil was also used as a
radioligand in a PET study, in which the mOR availability
was measured in the psychiatric disorder of pathological
gambling. The results provided an evidence that dysregu-
lation of endogenous opioids might have an important role
in the pathophysiology of gambling addiction [39].

Carfentanil is used extensively for immobilizing and
tranquillizing mostly large wild animals. Because of this,
several animal studies have been conducted in order to clarify
the effects of carfentanil on different animal species [45].
Carfentanil was initially evaluated as an anesthetic in guinea
pigs, combined with etomidate. Its performance was investi-
gated upon 20 animals of this species weighting from 600 to
800 g. A solution of both substances was prepared and was
administrated intramuscularly into the hind leg. Eight of the
animals underwent hemodynamic monitoring as well. All the
observations showed that this combination of carfentanil and
etomidate was sufficient in producing anesthesia and did not
influence the circulation and respiration of the animals in
dangerous levels. The increased heart rate was attributed to the
excitement of the animals, and the recovery period from this
drug combination was 90 min [23].

In some other studies ten female and six male captive-
born dama gazelles were administrated carfentanil in order
to assess the cardiovascular response to it. The drug was
administered intramuscularly at doses of 18.4 £ 2.2 pg/kg,
and no food was given for 24 h before recumbency. A
significant decrease in heart rate, beginning from 5 min
after immobilization, was observed. Fifteen minutes after
anesthesia was induced, a decrease in respiratory rate
became apparent, while hypertension was present over the
whole time. Analysis of the arterial blood samples showed
that Pacg, and Pag, were within normal limits [28].

Carfentanil is the 4-carbomethoxy derivative of fen-
tanyl. It is of great interest that the 4-carbomethoxy
derivatization gives as much as 100-fold enhancement of
potency of fentanyl as mOR agonist. Vuckovic¢ et al. [37]
synthesized other regioisomers of carfentanil i.e., () cis
and (£) trans 3-carbomethoxy fentanyls, and tested their
potency as a function of antinociceptive action in rats. As
results, the study revealed that the introduction of the
3-carbomethoxy group in the piperidine structure of fen-
tanyl shortened the duration of its action and reduced its
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potency. It was clarified that the carbomethoxy derivati-
zation at the carbon in 4-position of the piperidine ring is
essential to gain such high potency of about 100 times
higher than that of fentanyl. However, they suggested that
carfentanil regioisomers have to be further evaluated as
antinociceptive compounds within the frame of structure-
activity relationship studies [37].

Eight domestic goats were used for the clarification of
the pharmacokinetic profile of carfentanil and naltrexone
by Mutlow et al. [29]. The animals were administrated with
40 pg/kg carfentanil intramuscularly, and after 30 min
naltrexone (100 mg naltrexone/mg carfentanil) was
administered for anesthesia reversal in several routes of
administration (intravenous, intramuscular, and subcuta-
neous). Blood samples were collected before and after
carfentanil administration at different times up to 5 days.
Hemodynamic responses were monitored though the entire
procedure and also during the collection of the blood
samples. The pharmacokinetic profiling of plasma showed
rapid carfentanil absorption and a rapid reversal of
immobilization by naltrexone after all routes of adminis-
tration. Carfentanil’s half-life (5.5 h) did not differ
according to different administration routes [29].

Naloxone and naltrexone are opioid receptor antagonists
and had been used in several cases for the reversal of the
respiratory depression caused by carfentanil [29, 109, 129].
Naltrexone was evaluated for antagonizing carfentanil in
mOR binding by Miller et al. [109] in an animal study
conducted in captive Rocky Mountain elk. Considering the
mean immobilization induction time, the mean recovery
time and the observed adverse effects, the study concluded
that a naltrexone dose of 100 mg/mg of carfentanil is quite
effective in reversing carfentanil’s immobilization effects
[109]. In another PET scan study conducted by Saccone
et al. [129], naloxone was evaluated for its ability to dis-
place [“C] carfentanil in the mOR after intranasal and
intravenous administration. PET imaging showed that
intravenous and intranasal naloxone produced similar
decrease in mOR occupancy caused by [''C] carfentanil
[129]. However, naloxone has a shorter duration of action
than that of carfentanil, and multiple doses may be needed
to reverse carfentanil’s effects [38, 42, 99,
111, 113, 117, 130]. One or two doses of naloxone are
considered enough to treat a heroin overdose. In the case of
carfentanil, six or maybe more doses are needed. The DEA
suggested the continuous administration of naloxone until
the individual’s breathing is resumed for at least 15 min or
until emergency medical care arrives [19, 117]. On the
other hand, the efficacy of naltrexone in reaching mOR is
not as good as that of carfentanil; there is a need to find
new opioid antagonists with fewer disadvantages. Yong
et al. [38] investigated the efficacy of different doses of
nalmefene for antagonizing carfentanil-induced loss of
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righting reflex and respiratory depression using naloxone as
a control in rats. Respiratory parameters and parameters of
arterial blood gases were monitored through the procedure.
Nalmefene was found to dose-dependently decrease the
duration of loss of righting reflex and reverse the respira-
tory depression caused by carfentanil [38].

Carfentanil is very potent and its effects in humans
appear rapidly [43]. These effects include symptoms and
signs very similar to those of an opioid intoxication, like
cold and clammy skin, nausea, vomiting, pinpoint pupils,
disorientation, dizziness, lethargy, sedation, sudden
drowsiness, respiratory disorders, possible heart failure,
and weak pulse. The DEA advised that anyone experi-
encing any of the mentioned symptoms should immedi-
ately seek medical care [42, 43, 117]. The mentioned
symptoms are dose dependent. High doses can lead to
severe intoxications and consequently to death
[44, 46, 119, 120].

Most adverse effects that carfentanil causes originate
from its mOR binding [36]. Mosberg et al. [131] suggested
that one way to overcome such adverse effects is by syn-
thesizing compounds with mixed mOR agonist and dOR
antagonist properties [131]. Purington et al. [132] had
suggested in 2009 that such compounds are certain pep-
tides that had proven to display such properties. In 2015,
Varadi et al. [36] conducted a study in which they syn-
thesized ten carfentanil amide analogues and assessed if
these analogues could provide analgesia with fewer
adverse effects. All of these amides displayed high affinity
to the mOR binding, while one displayed high affinity to
dOR and low affinity to kOR. This compound was found to
provide moderate analgesic efficacy in vivo with no signs
of physical dependence and less respiratory depression than
morphine [36].

Intoxications and fatal cases

Carfentanil is a very toxic fentanyl analogue. In veterinary
medicine the drug is used as a tranquilizer agent for large
animals, but has no proven medical use in humans. It has
lately entered the illicit drug market and is responsible for
many intoxication cases and deaths all over the world.
Since it was first introduced as a chemical weapon at a
theater in Moscow, it has been a part of the recently
emerged fentanyl analogue crisis. Carfentanil has led to a
significant number of deaths, mostly in the United States,
and also in Europe [40, 44-46].

The first fatal cases possibly related to carfentanil were
reported in Russia, in 2002, when more than 120 people
died in the Moscow Dubrovka Theater, in which they were
held as hostages by Chechen rebels. During a rescue
attempt, the Russian military forces released a “poison”
gas though the ventilation system in order to subdue the
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rebels. Hundreds of hostages were submitted to hospitals
suffering from “sleeping gas” poisoning. In the hospital,
doctors took several hours testing various antidotes, and
after 4 days, the mysterious gas was identified as a fentanyl
analogue. Despite the fact that the Russian Health Minister
announced that the drug used cannot be characterized as
fatal, collectively 127 of the 800 hostages died and 650
required hospital monitoring. The deaths were initially
attributed to bad captivity conditions. Evidence suggested
that the mysterious “sleeping gas” contained carfentanil
and an anesthetic agent like halothane [40]. An LC-MS/
MS analysis of clothing and biological fluids from three
survivors of the siege revealed the presence of carfentanil
along with remifentanil on a survivor’s shirt, and a
metabolite identified as norcarfentanil was found in a urine
sample [41].

Later, in 2013, a series of carfentanil-related deaths was
reported in Latvia, and a related alert was issued by the
Latvian National Focal Point [44].

In the United States, the first reported carfentanil-related
intoxication took place in 2010 in Chicago. It was an
unintentional intoxication where a veterinarian was acci-
dentally exposed to carfentanil. A 42-year-old man was
anesthetizing elk in order to test them for tuberculosis by
using shooting darts containing 1.5 mg of carfentanil
citrate and 50 mg of xylazine. When he tried to dislodge a
dart, the substance was accidentally splashed into his eyes,
face, and mouth. Although he immediately washed his
face, he began to feel drowsiness 2 min after. He was at
once administered parenterally 100 mg naloxone by his
coworkers and was transferred to the medical care unit. On
his arrival to the medical center, he only complained of
mild and transient chest pain, and his vital signs were
evaluated. The size of his pupils and his heart, lung, neu-
rological, and abdominal examinations were within normal
limits. He was monitored for 24 h and when stabilized, he
was discharged. That was the first reported carfentanil
intoxication internationally [45].

In September 2016, the DEA issued an alert informing
the police and the public about the dangers of carfentanil.
According to the DEA, local law enforcement, and first
responders, several overdose deaths were linked to the drug
in many parts of the country [120]. Because the DEA
published the report on carfentanil, several intoxication
deaths have been recorded throughout the states of Florida,
[linois, Colorado, Wisconsin, Minnesota, Michigan, West
Virginia, New Hampshire, Virginia, and Maryland. In other
states, more unconfirmed cases have been reported [119].

In Ohio, more than 4000 deaths linked to opioids
appeared in 2016. In particular, a 36% increase from the
previous year was reported. This increase was attributed to
heroin and carfentanil abuse. For example, in Akron’s
Summit County, nearly half of its 308 overdose deaths

were attributed to carfentanil intoxication [133]. In
Hamilton County, Ohio, law enforcement agencies recor-
ded 50-70 intoxication cases per week in early 2016. When
carfentanil appeared, the number increased to 175-200 per
week [119].

In 2017, carfentanil was confirmed as the cause of death
in two intoxication cases in Florida. In the first case, a
34-year-old man was found dead in the driver’s seat of a
van. A syringe, spoon, and a yellow bag containing a
brown powder were found in the cup holder near the seat.
He had a history of tobacco, alcohol, marijuana, and heroin
abuse, and mild hypertensive heart disease and a mild
hepatic steatosis were found at autopsy. Toxicological
analysis revealed the presence of carfentanil in heart blood
along with furanylfentanyl, fentanyl, morphine, and
hydromorphone at concentrations 1.3 ng/mL for carfen-
tanil, 0.34 ng/mL for furanylfentanyl, 6 ng/mL for fen-
tanyl, and <20 ng/mL for both morphine and
hydromorphone. Additionally, 6-acetylmorphine along
with hydrocodone and hydromorphine was present in his
vitreous humor, and morphine, hydromorphone, 6-acetyl-
morphine, hydrocodone and hydromorphine were present
in his urine. The cause of death was pronounced as
intoxication due to heroin, fentanyl, carfentanil, and
furanylfentanyl. In the second case, a 25-year-old man was
found unconscious on his mattress by his mother in a tent
where he was living. The mother called emergency ser-
vices, and on arrival of medical responders, he was pro-
nounced dead. A bag with a brown powder was found next
to the deceased. The toxicological analysis showed a
concentration 0.12 ng/mL of carfentanil in heart blood,
460 ng/mL of benzoylecgonine in peripheral blood,
510 ng/mL of benzoylecgonine, and 40 ng/mL of cocaine
in the vitreous humor. The medical examiner declared
accidental carfentanil intoxication as the cause of death
[46].

Several other reports concerning fatal cases involving
carfentanil can be found on web sources. All these cases
occurred in the United States [134—141].

Analysis of carfentanil in seized materials
and biological specimens

Many analytical methods for determining carfentanil in
seized materials and biological specimens have been
described through the years. Some have been specifically
developed for this purpose, while others within the frame
of the investigation of specific carfentanil-related intoxi-
cation cases [26, 41, 46, 90, 101, 128, 142—-144].

An 125I-radioimmunoassay ("*I-RIA) detection method
was published in 1989, in which the ability of sevn anti-
bodies to fentanyl derivatives developed to react with
carfentanil was investigated. The seven antibodies were
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evaluated in vivo for their binding ability with fentanyl,
carfentanil, and four other analogues. The ability was
evaluated by measuring the concentration of carfentanil
that is required to reduce maximum binding to 50%. Car-
fentanil cross-reacted well with only one antibody, while
less satisfactory cross-reactivity was observed with the six
other antibodies [26].

Tobin et al. [142] developed and evaluated a one-step
ELISA test for sufentanil, which also can cross-react with
carfentanil and detect it in horse urine several hours after
its administration [142]. Carfentanil is included in a
screening test based on ELISA principles that were
developed recently by Randox Laboratories Ltd. for “De-
signed fentanyl and opioids” along with other fentanyl
analogues in an NPS panel as described before in this
review [90].

Hunter et al. [143] developed and validated the first chro-
matographic method for determining carfentanil and nal-
trexone in goat plasma. Plasma samples were extracted two
times with toluene after pretreatment with 1 M NaOH. The
extracts were dried under N, in a warm water bath and injected
into the LC-MS chromatographic system. The analysis was
isocratically performed with acetonitrile/(10 mM ammonium
acetate and 0.1 mM citrate) (30:70, v/v). A Zirchrom PBD
column was used and the flow rate was setin 0.3 mL/min. The
mass spectrometer was set at a single ion monitoring mode.
The lower limit of quantification was 8.5 pg/mL for carfen-
tanil and 0.21 ng/mL for naltrexone [143].

Another chromatographic method was developed and
validated by Wang et al. [144] to analyze carfentanil and
norcarfentanil along with 11 other fentanyl analogues in
human urine. All urine samples were extracted through
SPE Oasis HLB® C18 columns. Initially, 0.5-mL urine
samples were spiked with an IS mixture of deuterated
analytes including carfentanil-ds and norcarfentanil-ds and
acetate buffer (pH 4.0). The samples were then extracted
via SPE columns, concentrated and transferred in
autosampler microvials. The eluents were dried, reconsti-
tuted in water and injected into the LC-MS/MS chro-
matographic system. The chromatographic column was a
Waters Xterra MS C18 column and the system was oper-
ated in a gradient mode with a flow rate 0.5 mL/min.
Mobile phase A was ammonium acetate in HPLC water
and mobile phase B was ammonium acetate in acetonitrile/
methanol (95:5, v/v). The method was validated and the
limit of detection (LOD) for each analyte was determined.
The LODs for carfentanil and norcarfentanil were found to
be 0.003 and 0.027 ng/mL, respectively [144].

An LC-MS/MS method was used for the analysis of the
clothing extracts of two survivors of the Moscow theater
siege, and urine from a third survivor. A jumper and a
leather jacket were collected from one victim, a shirt from
another, and two blood samples from each. A single urine
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sample was obtained from the third survivor. Clothing
samples and blood samples were initially screened by a
GC-MS system and a GC-MS/MS system, respectively,
for fentanyl, cis-3-methylfentanyl, carfentanil, sufentanyl,
lofentanil, and remifentanil. Clothing samples were
extracted with solvent (CH,Cl,) or water and blood sam-
ples were liquid-liquid extracted with 1-chlorobutane prior
to screening. Results after analysis of clothing and blood
samples were negative for these substances. All clothing
samples and the urine from the third victim were further
cleaned with SPE according to a previously published
method by Shou et al. [145] prior to LC-MS/MS analysis.
The SPE columns were preconditioned with methanol/
water/5% acetic acid solution and after that the cartridges
were washed with 5% aqueous acetic acid and methanol.
Subsequently, they were eluted twice with 2% aqueous
NH4OH in chloroform/isopropanol (4:1, v/v). The eluents
were dried, reconstituted with acetonitrile/water/trifluo-
roacetic acid (TFA) (95:5:0.05, v/v/v) and injected to the
chromatographic system. The system performed in iso-
cratic mode with 7% of 0.05% TFA in water/93% of 0.05%
TFA in acetonitrile. A Betasil Silica-100 chromatographic
column was used at a flow rate of 200 pL/min [41].

Feasel et al. [128] used both low-resolution and high—
resolution mass spectrometry systems for the assessment of
carfentanil’s metabolic clearance and for the determination
of in vitro carfentanil’s metabolites, respectively. For the
low-resolution HPLC-MS/MS, the samples were injected
into the HPLC chromatographic system, which was set in
gradient mode with 0.1% formic acid in water as phase A
and 0.1% formic acid in acetonitrile as phase B. A Kine-
tex™ C18 chromatographic column was used and the flow
rate was set at 0.5 mL/min. For the identification of possible
metabolites, an HPLC—triple TOF analysis was performed
under the same chromatographic conditions (column and
mobile phases) as with the HLM analysis [128].

Seized powders from three exhibits were subjected to
profiling analysis via infrared spectroscopy, nuclear magnetic
resonance spectroscopy, GC-MS, and isotope ratio mass
spectrometry. Spectral data for carfentanil citrate and car-
fentanil hydrochloride were provided in the study. The
quantification of carfentanil was performed by GC combined
with flame ionization detection. For the GC-MS analysis,
CH,Cl, extract of carfentanil was injected via split mode into
the system with a flow rate at 36.5 cm/s of helium. A DB-1
fused silica capillary column was used. Fentanyl,
furanylfentanyl, acetylcarfentanil, heroin, 6-acetylmorphine,
acetylcodeine, noscapine, and diphenhydramine were detec-
ted in the seized materials along with carfentanil [101].

A GC-MS screening method was used for the deter-
mination of carfentanil in two fatal intoxication cases
involving carfentanil and furanylfentanyl. The urine and
blood samples were pretreated with alkaline borate buffer
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and a mixture of toluene/hexane/isoamyl alcohol (78:80:2,
v/v/v). Subsequently, the samples were back extracted into
ethyl acetate using sulfuric acid and neutralization with
NaHCO3/K,COs5. An Rtx-5 column was used for the
chromatographic analysis. Case 1 had carfentanil and
furanylfentanyl at concentrations of 1.3 and 0.34 ng/mL in
blood, respectively. Case 2 had a carfentanil concentration
at 0.12 ng/mL in blood [46].

Legal status

Carfentanil is one of the most dangerous fentanyl ana-
logues to come into the drug market in recent years. As a
result, there is an undeniable need for the safety of the
public for it to be regulated in order to minimize the
potential of an imminent health hazard as much as possible.
The drug is not scheduled as of now under the 1961 United
Nations Convention, but it is a controlled substance in
many countries in Europe, as well as the United States,
Canada, Australia, and China [121, 146-157].

In Czech Republic, carfentanil is regulated under the
Government regulation concerning lists of drugs issued on
December 18, 2013 [147]. Carfentanil was included in
Annex 1 of Danish Executive Order No.557 of 31 May
2011, which came in force on November 24, 2016; the drug
was included on the B List, and it can be used only for
medical and scientific purposes [148]. In the United
Kingdom carfentanil is controlled under the Misuse of
Drugs Act 1971 [149].

In the United States, the DEA classifies carfentanil as a
Schedule II substance according to the Federal Controlled
Substances Act issued on October 28, 1988 [150-152]. On
September 29, 2016 the Department of Health in Penn-
sylvania issued the placement of carfentanil in Schedule II
under the Controlled Substance, Drug, Device, and Cos-
metic Act [150].

In Canada, carfentanil is a Schedule I substance under
Canada’s Controlled Drugs and Substances Act, which was
last amended on May 18, 2017 [153, 157].

In Australia, carfentanil has been included in the Poi-
sons Standard in June 2017, by the Australian Department
of Health. It has been clarified as a schedule 8 poison, and
legal restrictions apply to its manufacture, supply, distri-
bution, possession, and any type of abuse, physiological
misuse, or physical dependence [154].

China started to discuss scheduling carfentanil 4 months
after the Associated Press discovered 12 Chinese labora-
tories willing to export carfentanil to the United States,
Canada, and Europe in October 2016. The scheduling came
into force in March 2017 when it was added to the list
regulated by the “Administrative Measures on Narcotics
and Psychotropic Substances without Medical Use”
[121, 155, 156].

Conclusions

The fentanyl problem is constantly growing. New fentanyl
analogues continuously invade the drug arena as dealers and
traffickers try to stay ahead of the law. Two such analogues
are ocfentanil and carfentanil. Ocfentanil was synthesized in
1986, while carfentanil was synthesized earlier in 1974.
Nevertheless, they only recently appeared on the drug
market and are a part of the recent opioid epidemic. Today,
they are mostly manufactured in China and are distributed
from there to many parts of the world. There is evidence
indicating that these opioids are misused or abused world-
wide, mainly in Europe and the United States. Conversations
taking place on drug forums show that these fentanyl ana-
logues are already well-known among drug addicts. Their
presence on the drug market is also pointed out in reported
ocfentanil- and carfentanil-related intoxication cases and
deaths, web data referring to their illicit trafficking or drug
forum conversations, as well as by the fact that they are
regulated or being considered for regulation in many parts of
the world. Ocfentanil and carfentanil are undeniably very
dangerous opioid drugs and a very serious matter of concern
when it comes to public safety. Authorities should take
appropriate actions in order to avoid the expansion of this
threat by taking proper and prompt measures.

Compliance with ethical standards

Conflict of interest There are no financial or other relations that
could lead to a conflict of interest.

Ethical approval This article does not contain any studies with
human participants or animals performed by any of the authors.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. United Nations Office on Drugs and Crime (UNODC) (2015)
Early Warning Advisory on new psychoactive substances. What
are NPS? https://www.unodc.org/LSS/Page/NPS. Accessed 20
May 2017

2. European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) (2016) European drug report. Trends and devel-
opments. http://www.emcdda.europa.eu/system/files/publica
tions/2637/TDAT16001 ENN.pdf. Accessed 20 May 2017

3. European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) (2015) New psychoactive substances in Europe.
An update of the EU Early Warning System http://www.
emcdda.europa.eu/system/files/publications/65/TD0415135ENN.
pdf. Accessed 20 May 2017

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.unodc.org/LSS/Page/NPS
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/65/TD0415135ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/65/TD0415135ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/65/TD0415135ENN.pdf

28

Forensic Toxicol (2018) 36:12-32

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Mounteney J, Giraudon I, Denissov G, Griffiths P (2015) Fen-

tanyls: are we missing the signs? Highly potent and on the rise in
Europe. Int J Drug Policy 26:626—631

. Papoutsis I, Nikolaou P, Athanaselis S, Vardakou I, Spil-

iopoulou C, Stefanidou M (2016) Fentanyl-related cases. The
situation in Greece. Eur J Forensic Sci 3:16-20

. United Nations Office on Drugs and Crime (UNODC) (2017)

Fentanyl and its analogues—50 years on. Global Smart Update
17: 1-12. https://www.unodc.org/documents/scientific/Global _
SMART_Update_17_web.pdf. Accessed 20 May 2017

. Skulska A, Kata M, Parczewski A (2004) Fentanyl and its

analogs in the forensic laboratory. Medical and analytical
problems. Probl Forensic Sci 59:127-142

. Huang BS, Terrell RC, Deutsche KH, Kudzma LV, Lalinde NL

(1986) N-Aryl-N-(4-piperidinyl) amides and pharmaceutical
compositions and method employing such compounds. Patent
US4584303, Part of U.S. application Ser. No. 598,769 filed Apr.
9, 1984

. Bagley RJ, Kudzma LV, Lalinde NL, Colapret JA, Huang BS,

Lin BS, Jerussi TP, Benvenga MJ, Doorley BM, Ossipov MH,
Spaulding TC, Spencer HK, Rudo FG, Wynn RL (1991) Evo-
lution of the 4-anilidopiperidine class of opioid analgesics. Med
Res Rev 11:403-436

Flecher JE, Sebel PS, Murphy MR, Mick SA, Fein S (1991)
Comparison of ocfentanyl and fentanyl as supplements to gen-
eral anesthesia. Anesth Analg 73:622-626

. European Monitoring Centre for Drugs and Drug Addiction

(EMCDDA) (2015) Europol 2015: annual report on the imple-
mentation of council decision 2005/387/JHA, ISSN 1977-7841.
doi:10.2810/932574. http://www.emcdda.europa.eu/system/
files/publications/2880/TDAS16001ENN.pdf. Accessed 31 May
2017

Dussy FE, Hangartner S, Hamberg C, Berchtold C, Scherer U,
Schlotterbeck G, Wyler D, Briellmann TA (2016) An acute
ocfentanyl fatality: a case report with postmortem concentra-
tions. J Anal Toxicol 40:761-766

Coopman V, Cordonnier J, De Leeuw M, Cirimele V (2016)
Ocfentanyl overdose fatality in the recreational drug scene.
Forensic Sci Int 266:469-473

World Health Organization (WHO) (2016) Substances under
surveillance, section 1: new psychoactive substances. http:/www.
who.int/medicines/access/controlled-substances/substancesunder
surveillance.pdf?ua=1. Accessed 25 May 2017

Sustkova M (2015) Synthetic opioids, (re)emerging problem in
Europe and North America. Int J Emerg Ment Health
17:694-695

Briellman T, Dussy F, Hantgartner S, Wyler D (2016) An
intoxication with ocfentanil. 95. Jahrestagung der Deutchen
Gesellschaft fiir Rechtsmedizin, Heidelberg. http://www.kon
gress-dgrm.de/wp-content/uploads/2016/08/HP_DGRM2016_
RG__23082016_Finalweb.pdf. Accessed 31 May 2017

Allibe N, Eysseric H, Chiron F, Sam-Lai NF, Barret A, Paysant
F, Mallaret M (2017) Ocfentanil, un nouveau produit de
synthése mortel découvert grace a l’analyse d’une poudre.
Toxicol Anal Clin 29:S17-S18. doi:10.1016/j.toxac.2017.03.011
Marchad A, Martin-Molins C, Moal A, Vieira O, Sibille P,
Milan N (2017) L’ocfentanil: un bon exemple des dangers des
NPS (new psychoactive substances). Toxicol Anal Clin 29:S63.
doi:10.1016/j.toxac.2017.03.091

Melendez S (2016) How America gets its deadliest new drug.
Fast Company & Inc. https://www.fastcompany.com/3063518/
carfentanil-synthetic-opioids-heroin. Accessed 28 June 2017
Kinetz E, Butler D (2016) Chemical weapon for sale:
China’s unregulated narcotic. Associated Press News, Oct 07,
2016. https://apnews.com/7c85cda5658e46f3a3be95a367{727e6/

@ Springer

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

chemical-weapon-sale-chinas-unregulated-narcotic. Accessed 28
June 2017

Van Bever WF, Niemegeers CJ, Schellekens KH, Janssen PA (1976)
N-4-Substituted 1-(2-arylethyl)-4-piperidinyl-N-phenyl-
propanamides, a novel series of extremely potent analgesics with
unusually high safety margin. Arzneimittelforschung 26:1548-1551
Janssen PA, Van Daele GHP (1979) N-(4-Piperidinyl)-N-
phenylamides. Patent US4179569 Part of U.S. application Ser.
No. 862,073 filed Dec. 19, 1979

Neumann G, Erhardt W, Oberhuber B, Fritsch R, Blumel G
(1980) A new highly potent and short-acting analgesic, carfen-
tanyl (R33799), in combination with the hypnotic agent, eto-
midat (r26490) as a method of anaesthesia in guinea pigs. Res
Exp Med 177:135-143

Haigh JC, Lee LJ, Schweinsburg RE (1983) Immobilization of
polar bears with carfentanil. J Wildl Dis 19:140-144

Baker JR, Gatesman TJ (1985) Use of carfentanil and ketamine-
xylazine mixture to immobilize wild great seals (Halichoerus
grypus). Vet Rec 116:208-210

Weckmann TJ, Tai CL, Woods WE, Tai HH, Blake JW, Tobin T
(1989) Pharmacological effects and detection methods of methy-
lated analogs of fentanyl in horses. Am J Vet Res 50:502-507
Kreeger TJ, Seal US (1990) Immobilization of gray wolves
(Canis lupus) with sufentanil citrate. J Wildl Dis 26:561-563
Schumacher J, Heard DJ, Young L, Citino SB (1997) Car-
diopulmonary effects of carfentanil in dama gazelles (Gazella
dama). J Zoo Wildl Med 28:166—-170

Mutlow A, Isaza R, Carpenter JW, Koch DE, Hunter RP (2004)
Pharmacokinetics of carfentanil and naltrexone in domestic
goats (Capra hircus). J Zoo Wildl Med 35:489-496

Fitzgerald LW, Teitler M (1993) Quantitative autoradiographic
analysis of [*H] carfentanil binding to mu opiate receptors in the
rat brain. Synapse 14:154-159

Villemagne LV, Frost JJ, Dannals RF, Lever JR, Tanada S,
Natarajan TK, Wilson AA, Ravert HT, Wagner HN Jr (1994)
Comparison of [l 1C] diprenorphine and [l 1C] carfentanil in vivo
binding to opiate receptors in man using a dual detector system.
Eur J Pharmacol 257:195-197

Jewett DM, Kilbourn MR (2004) In vivo evaluation of new
carfentnail-based radioligands for the mu opiate receptor. Nucl
Med Biol 31:321-325

Minkowski CP, Epstein D, Frost JJ, Gorelick DA (2012) Dit-
ferential response to IV carfentanil in chronic cocaine users and
healthy controls. Addict Biol 17:149-155

Ly HG, Dupont P, Geeraerts B, Bormans G, Van Laere K, Tack
J, Van Oudenhove L (2013) Lack of endogenous opioid release
during sustained visceral pain: a [''C] carfentanil PET study.
Pain 154:2072-2077

Weltrowska G, Lemieux C, Chung NN, Guo JJ, Wilkes BC,
Schiller PW (2014) ‘Carba’-carfentanil (trans isomer): a p
opioid receptor (MOR) partial agonist with a distinct binding
mode. Bioorg Med Chem 22:4581-4586

Viradi A, Palmer TC, Haselton N, Afonin D, Subrath JJ, Le Rouzic
V, Hunkele A, Pasternak GW, Marrone GF, Borics A, Majumdar S
(2015) Synthesis of carfentanil amide opioids using the Ugi mul-
ticomponent reaction. ACS Chem Neurosci 6:1570-1577
Vuckovi¢ S, Prostran M, Ivanovi¢ M, Ristovi¢ Z, Stojanovi¢ R
(2000) Antinoceptive activity of the novel fentanyl analogue
iso-carfentanil in rats. Jpn J Pharmacol 84:188-195

Yong Z, Gao X, Ma W, Dong H, Gong Z, Su R (2014)
Nalmefene reverses carfentanil-induced loss of righting reflex
and respiratory depression in rats. Eur J Pharmacol 738:153-157
Mick I, Myers J, Ramos AC, Stokes PRA, Erritzoe D, Colasanti
A, Gunn RN, Rabiner EA, Searle GE, Waldman AD, Parkin MC,
Brailsford AD, Galdurdz JCF, Bowden-Jones H, Clark L, Nutt


https://www.unodc.org/documents/scientific/Global_SMART_Update_17_web.pdf
https://www.unodc.org/documents/scientific/Global_SMART_Update_17_web.pdf
http://dx.doi.org/10.2810/932574
http://www.emcdda.europa.eu/system/files/publications/2880/TDAS16001ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/2880/TDAS16001ENN.pdf
http://www.who.int/medicines/access/controlled-substances/substancesundersurveillance.pdf%3fua%3d1
http://www.who.int/medicines/access/controlled-substances/substancesundersurveillance.pdf%3fua%3d1
http://www.who.int/medicines/access/controlled-substances/substancesundersurveillance.pdf%3fua%3d1
http://www.kongress-dgrm.de/wp-content/uploads/2016/08/HP_DGRM2016_RG__23082016_Finalweb.pdf
http://www.kongress-dgrm.de/wp-content/uploads/2016/08/HP_DGRM2016_RG__23082016_Finalweb.pdf
http://www.kongress-dgrm.de/wp-content/uploads/2016/08/HP_DGRM2016_RG__23082016_Finalweb.pdf
http://dx.doi.org/10.1016/j.toxac.2017.03.011
http://dx.doi.org/10.1016/j.toxac.2017.03.091
https://www.fastcompany.com/3063518/carfentanil-synthetic-opioids-heroin
https://www.fastcompany.com/3063518/carfentanil-synthetic-opioids-heroin
https://apnews.com/7c85cda5658e46f3a3be95a367f727e6/chemical-weapon-sale-chinas-unregulated-narcotic
https://apnews.com/7c85cda5658e46f3a3be95a367f727e6/chemical-weapon-sale-chinas-unregulated-narcotic

Forensic Toxicol (2018) 36:12-32

29

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

DJ, Lingford-Hughes AR (2016) Blunted endogenous opioid
release following an oral amphetamine challenge in pathological
gamblers. Neuropsychopharmacology 41:1742—1750

Wax PM, Becker CE, Curry SC (2003) Unexpected “gas”
casualties in Moscow: a medical toxicology perspective. Ann
Emerg Med 41:700-705

Riches JR, Read RW, Black RM, Cooper NJ, Timperley CM
(2012) Analysis of clothing and urine from Moscow theatre
siege casualties reveals carfentanil and remifentanil use. J Anal
Toxicol 36:647-656

Sheikh N (2016) Deadly carfentanil: 100 times stronger than
fentanyl. Sober Nation, Aug 9, 2016. https://sobernation.com/
deadly-carfentanil/. Accessed 28 June 2017

Recovery First (2017) What is carfentanil? http://www.recover
yfirst.org/what-is-carfentanil/. Accessed 28 June 2017
European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) (2013) Europol 2013: annual report on the imple-
mentation of Council Decision 2005/387/JHA, ISSN 1977-7841.
doi:10.2810/51986. http://www.emcdda.europa.eu/attache
ments.cfm/att_229598_EN_TDAN14001ENN.pdf. Accessed 31
May 2017

George AV, Lu JJ, Pisano MV, Metz J, Erickson TB (2010)
Carfentanil—an ultra potent opioid. Am J Emerg Med
28:530-532

Swanson DM, Hair LS, Strauch Rivers SR, Smyth BC, Brogan
SC, Ventoso AD, Vaccaro SL, Pearson JM (2017) Fatalities
involving carfentanil and furanyl fentanyl: two case reports.
J Anal Toxicol. doi:10.1093/jat/bkx037

Reddit (2017) Does anyone have any experience with carfen-
tanil?  https://www.reddit.com/r/AlphaBayMarket/comments/
Sxifrt/does_anyone_have_any_experience_with_carfentanil/.
Accessed 28 June 2017

Reddit (2016) The case of carfentanil. https://www.reddit.com/r/
opiates/comments/Setly6/the_case_for_carfentanil/.  Accessed
28 June 2017

Bluelight (2006) Thread: carfentanyl. http://www.bluelight.org/
vb/threads/205534-carfentanyl/page3. Accessed 28 June 2017
Blanckaert P (2015) Ocfentanil. Fact sheet. https://www.me-
assist.com/wp-content/uploads/2015/09/Fact-Sheet-Ocfentanil.
pdf. Accessed 20 April 2017

Petrov RR (2007) Part I. Application of 2-hydroxymethylacrylic
acid, a product of Baylis—Hillman reaction, for the synthesis of
novel N-backbone-to-side-chain cyclic peptide analogs: strate-
gies and side reactions. Part II. Synthesis and biological activ-
ities of chimeric bioactive peptides featuring amino acids
coupled to 4-anilino-N-phenethyl-piperidine. http://search.pro
quest.com/openview/43d04debe7ef79bd76dda645e6553f46/1 ?pq-
origsite=gscholar&cbl=18750&diss=y. Accessed 30 Dec 2016
World Health Organization (WHO) (1989) WHO drug infor-
mation. Proposed INN list 61. http://www.who.int/medicines/
publications/druginformation/innlists/PL61.pdf?ua=1. Accessed
30 May 2017

Pubchem (2016) Ocfentanil. https://pubchem.ncbi.nlm.nih.gov/
compound/Ocfentanil#section=Top. Accessed 24 Oct 2016
Cayman Chemical (2016) Ocfentanil (hydrochloride), Safety
data sheet, revision: 02/09/2016. https://www.caymanchem.
com/msdss/18583m.pdf. Accessed 20 May 2017

Wikipedia (2016) Ocfentanil. https://en.wikipedia.org/wiki/
Ocfentanil. Accessed 24 Oct 2016

Glass P, Camporesi EM, Martel D, Afifi MS (1989) The anal-
gesic efficacy of A3217. Anesthesiology 71(3A):A321

Leslie JB, Hawks SJ (1990) Hemodynamic observations of
ocfentanil (A-3217) in patients with ischemic heart disease.
Anesth Analg 70:5234

Ebrahim Z, Shoenwald P, Grimes-Rice M, Damask MC,
Khairallah PA (1991) Multiple dose evaluation of the efficacy of

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

ocfentanil HCl (A-3217) to produce postoperative analgesia.
Anesth Analg 72:S63-S64

Quintana P, Ventura M, Grifell M, Palma A, Galindo L, Fornis I,
Gil C, Carbon X, Caudevilla F, Farre M, Torrens M (2016) The
hidden web and the fentanyl problem: detection of ocfentanyl as
an adulterant in heroin. Int J Drug Policy 40:78-83

The Health Foundation Inspiring Improvement (2015) Guidance
on the clinical management of acute and chronic harms of club
drugs and novel psychoactive substances. Novel psychoactive
treatment UK network. Neptune. http://neptune-clinical-gui
dance.co.uk/wp-content/uploads/2015/03/NEPTUNE-Guidance-
March-2015.pdf. Accessed 31 May 2017

National Drug Early Warning System (NDEWS) (2015)
NDEWS: special report. Fentanyl and fentanyl analogs. https:/
ndews.umd.edu/sites/ndews.umd.edu/filessNDEWSSpecialRe
portFentanyl12072015.pdf. Accessed 24 May 2017

Health Service Executive (Ireland), Feidhmeannacht na seirb-
hise slainte (2016) Fentanyl implicated in overdose deaths.
http://www.hse.ie/eng/services/news/media/pressrel//Fentanly
deaths.html. Accessed 24 May 2017

Czech Republic Government (2016) JUSTIFICATION, General
Part. Explanation of the need for the draft legislation, justifica-
tion of its main principles, assessment of the current legal sit-
uation, and justification of the need to change it. IND- 2016
0565 CZ- EN- 20161102 IMPACT

European Commission (2015) Government decree amending
annex IV to the government decree on substances, preparations and
plants to be classified as narcotics. Two new substances—
acetylfentanyl and ocfentanil—will be classified as narcotics.
http://ec.europa.eu/growth/tools-databases/tris/en/search/?trisac
tion=search.detail&year=2015&num=361. Accessed 12 Dec 2016
McCarthy J (2015) Deadly fake heroin drug ocfentanil is on sale
on Wales’ streets. http://www.walesonline.co.uk/news/wales-
news/deadly-fake-heroin-drug-ocfentanil-10398564. Accessed
21 April 2017

Wedinos Quarterly Newsletter (2015) Synthetic opioids.
PHILTRE Bull 6: 3. http://www.wedinos.org/resources/down
loads/Philtre_Issue_6.pdf. Accessed 09 Nov 2016

Mongan D, Long J (2015) Overview of alcohol consumption,
alcohol related harm and alcohol policy in Ireland. Drugnet
Ireland. Issue 59. http://www.hrb.ie/uploads/tx_hrbpublications/
Drugnet_Ireland_59.pdf. Accessed 28 May 2017

DarknetPages (2016) Darknet heroes league marketplace bans
the sale of fentanyl. http://darknetpages.com/darknet-heroes-lea
gue-marketplace-bans-the-sale-of-fentanyl/. Accessed 28 May
2017

Wedinos (2014-2015) PHILTRE: annual report 2014-2015. http://
www.wedinos.org/resources/downloads/WN_Annual_Report_
1415_final.pdf. Accessed 24 May 2017

Christie R (2015) Death in Belgium associated with ocfentanil (V-
(2-fluorophenyl)-2-methoxy-N-[1-(2-phenylethyl)-4-piperidyl]ac-
etamide). EU Early Warning System Alert, European Monitoring
Centre for Drugs and Drug Addiction (EMCDDA)

Bluelight (2015) WARNING DEEP WEB Ocfentanyl cutting
heroin. http://www.bluelight.org/vb/archive/index.php/t-
772520.html. Accessed 10 Nov 2015

PsychoActif (2016) Dosage—Euphon with Phenergan. https://
www.psychoactif.org/forum/t19006-p1-Euphon-avec-Phenergan.
html. Accessed 25 May 2017

Eve and Rave (2015) Ocfentanil—neues synthetisches “heroin”.
http://eve-rave.ch/Forum/viewtopic.php?t=43111. Accessed 25
May 2017

Hyperreal.info (2015) UWAGA: fentnanyl i jego pochodne
sprzedawane jako heroina w darkmarketach. https://hyperreal.
info/news/uwaga-fentanyl-i-jego-pochodne-sprzedawane-jako-
heroina-w-darkmarketach. Accessed 25 May 2017

@ Springer


https://sobernation.com/deadly-carfentanil/
https://sobernation.com/deadly-carfentanil/
http://www.recoveryfirst.org/what-is-carfentanil/
http://www.recoveryfirst.org/what-is-carfentanil/
http://dx.doi.org/10.2810/51986
http://www.emcdda.europa.eu/attachements.cfm/att_229598_EN_TDAN14001ENN.pdf
http://www.emcdda.europa.eu/attachements.cfm/att_229598_EN_TDAN14001ENN.pdf
http://dx.doi.org/10.1093/jat/bkx037
https://www.reddit.com/r/AlphaBayMarket/comments/5xifrt/does_anyone_have_any_experience_with_carfentanil/
https://www.reddit.com/r/AlphaBayMarket/comments/5xifrt/does_anyone_have_any_experience_with_carfentanil/
https://www.reddit.com/r/opiates/comments/5etly6/the_case_for_carfentanil/
https://www.reddit.com/r/opiates/comments/5etly6/the_case_for_carfentanil/
http://www.bluelight.org/vb/threads/205534-carfentanyl/page3
http://www.bluelight.org/vb/threads/205534-carfentanyl/page3
https://www.me-assist.com/wp-content/uploads/2015/09/Fact-Sheet-Ocfentanil.pdf
https://www.me-assist.com/wp-content/uploads/2015/09/Fact-Sheet-Ocfentanil.pdf
https://www.me-assist.com/wp-content/uploads/2015/09/Fact-Sheet-Ocfentanil.pdf
http://search.proquest.com/openview/43d04debe7ef79bd76dda645e6553f46/1%3fpq-origsite%3dgscholar%26cbl%3d18750%26diss%3dy
http://search.proquest.com/openview/43d04debe7ef79bd76dda645e6553f46/1%3fpq-origsite%3dgscholar%26cbl%3d18750%26diss%3dy
http://search.proquest.com/openview/43d04debe7ef79bd76dda645e6553f46/1%3fpq-origsite%3dgscholar%26cbl%3d18750%26diss%3dy
http://www.who.int/medicines/publications/druginformation/innlists/PL61.pdf?ua=1
http://www.who.int/medicines/publications/druginformation/innlists/PL61.pdf?ua=1
https://pubchem.ncbi.nlm.nih.gov/compound/Ocfentanil%23section%3dTop
https://pubchem.ncbi.nlm.nih.gov/compound/Ocfentanil%23section%3dTop
https://www.caymanchem.com/msdss/18583m.pdf
https://www.caymanchem.com/msdss/18583m.pdf
https://en.wikipedia.org/wiki/Ocfentanil
https://en.wikipedia.org/wiki/Ocfentanil
http://neptune-clinical-guidance.co.uk/wp-content/uploads/2015/03/NEPTUNE-Guidance-March-2015.pdf
http://neptune-clinical-guidance.co.uk/wp-content/uploads/2015/03/NEPTUNE-Guidance-March-2015.pdf
http://neptune-clinical-guidance.co.uk/wp-content/uploads/2015/03/NEPTUNE-Guidance-March-2015.pdf
https://ndews.umd.edu/sites/ndews.umd.edu/files/NDEWSSpecialReportFentanyl12072015.pdf
https://ndews.umd.edu/sites/ndews.umd.edu/files/NDEWSSpecialReportFentanyl12072015.pdf
https://ndews.umd.edu/sites/ndews.umd.edu/files/NDEWSSpecialReportFentanyl12072015.pdf
http://www.hse.ie/eng/services/news/media/pressrel//Fentanlydeaths.html
http://www.hse.ie/eng/services/news/media/pressrel//Fentanlydeaths.html
http://ec.europa.eu/growth/tools-databases/tris/en/search/%3ftrisaction%3dsearch.detail%26year%3d2015%26num%3d361
http://ec.europa.eu/growth/tools-databases/tris/en/search/%3ftrisaction%3dsearch.detail%26year%3d2015%26num%3d361
http://www.walesonline.co.uk/news/wales-news/deadly-fake-heroin-drug-ocfentanil-10398564
http://www.walesonline.co.uk/news/wales-news/deadly-fake-heroin-drug-ocfentanil-10398564
http://www.wedinos.org/resources/downloads/Philtre_Issue_6.pdf
http://www.wedinos.org/resources/downloads/Philtre_Issue_6.pdf
http://www.hrb.ie/uploads/tx_hrbpublications/Drugnet_Ireland_59.pdf
http://www.hrb.ie/uploads/tx_hrbpublications/Drugnet_Ireland_59.pdf
http://darknetpages.com/darknet-heroes-league-marketplace-bans-the-sale-of-fentanyl/
http://darknetpages.com/darknet-heroes-league-marketplace-bans-the-sale-of-fentanyl/
http://www.wedinos.org/resources/downloads/WN_Annual_Report_1415_final.pdf
http://www.wedinos.org/resources/downloads/WN_Annual_Report_1415_final.pdf
http://www.wedinos.org/resources/downloads/WN_Annual_Report_1415_final.pdf
http://www.bluelight.org/vb/archive/index.php/t-772520.html
http://www.bluelight.org/vb/archive/index.php/t-772520.html
https://www.psychoactif.org/forum/t19006-p1-Euphon-avec-Phenergan.html
https://www.psychoactif.org/forum/t19006-p1-Euphon-avec-Phenergan.html
https://www.psychoactif.org/forum/t19006-p1-Euphon-avec-Phenergan.html
http://eve-rave.ch/Forum/viewtopic.php%3ft%3d43111
https://hyperreal.info/news/uwaga-fentanyl-i-jego-pochodne-sprzedawane-jako-heroina-w-darkmarketach
https://hyperreal.info/news/uwaga-fentanyl-i-jego-pochodne-sprzedawane-jako-heroina-w-darkmarketach
https://hyperreal.info/news/uwaga-fentanyl-i-jego-pochodne-sprzedawane-jako-heroina-w-darkmarketach

30 Forensic Toxicol (2018) 36:12-32
75. Rooster (2016) Darknet MDMA is fire for the same reason 90. Randox Toxicology (2017) USA crack down of fentanyl epi-
AirBnB is cool. http://www.therooster.com/blog/darknet-mdma- demic. https://www.randoxtoxicology.com/newsroom/71/.
fire-same-reason-airbnb-cool. Accessed 26 May 2017 Accessed 28 May 2017
76. Reddit (2016) GC-MS Marquis Mecke Mandelin Froehde 91. Coopman V, Coordonier J (2012) Counterfeit drugs and phar-
Liebermann gallic acid. https://www.reddit.com/r/DNMA maceutical preparations seized from the black market among
vengers/comments/3bp1kv/frenchconnection_nucleus_1g_her bodybuilders. Ann Toxicol Anal 24:73-80
oin_4_gcms_marquis. Accessed 10 Nov 2015 92. Dussy FE, Hamberg C, Briellmann TA (2006) Quantification of
77. European Commission (2015) Notification detail: draft regula- benzodiazepines in whole blood and serum. Int J Legal Med
tion amending regulation No 73 of the Minister for Social 120:323-330
Affairs of 18 May 2005 on conditions and procedures for han- 93. Pubchem (2017) Carfentanil. https://pubchem.ncbi.nlm.nih.gov/
dling narcotic drugs and psychotropic substances for medical compound/carfentanil#section=Top. Accessed 28 Jun 2017
and research purposes, and conditions and procedures for 94. Wikipedia (2017) Carfentanil. https://en.wikipedia.org/wiki/
keeping records and reporting in that area and lists of narcotic Carfentanil. Accessed 28 June 2017
drugs and psychotropic substances. http://ec.europa.eu/growth/ 95. Pubchem (2017) Carfentanil citrate. https://pubchem.ncbi.nlm.nih.
tools-databases/tris/en/search/?trisaction=search.detail&year= gov/compound/9851365#section=Top. Accessed 28 June 2017
2015&num=350. Accessed 12 Dec 2016 96. Truebuy (2017) “Buy Carfentanil (carfentanyl) CAS 59708-52-0
78. The Public Health Agency of Sweden (2015) Nya substanser Powder, 99.8% Purity; Email: info@brchemicals.com”. Jan 31,
klassas som narkotika eller hilsofarlig vara (in Swedish). https:// 2017. http://www.truebuy.com.au/for-sale/health-beauty/buy-car
www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/ fentanil-carfentanyl-cas-59708-52-0-powder-99-8-purity-email-
2015/augusti/nya-substanser-klassas-som-narkotika-eller-halso infobrchemicals-com_i303080. Accessed 28 June 2017
farlig-vara/. Accessed 15 May 2017 97. Cayman Chemical (2016) Carfentanil, safety data sheet, revi-
79. Office of the Seimas of the Republic of Lithuania (2016) sion: 17/10/2016. https://www.caymanchem.com/msdss/
Register of legal acts. https://www.e-tar.lt/portal/lt/legal Act/ 19410m.pdf. Accessed 20 May 2017
813287f0741911e6b969d7ae07280e89. Accessed 15 May 2017 98. Tierney A (2016) Everything you should know about carfen-
80. Danish Medicines Agency (2016) Twelve new substances on the tanil, the drug even deadlier than fentanyl. Aug 11, 2016. https://
list of euphoriant substances. https://laegemiddelstyrelsen.dk/en/ www.vice.com/sv/article/znm7dy/everything-we-know-about-
news/2016/new-substances-on-the-list-of-euphoriant-substances/. carfentanil. Accessed 28 June 2017
Accessed 09 May 2017 99. Aliens C (2016) US Government concerned with carfentanil
81. Welsh Emergency Drugs and Identification of Novel Substances as a chemical weapon. Oct 15, 2016. https://www.deepdot
(WEDINOS) (2017) Substance information, ocfentanil. http:// web.com/2016/10/15/us-government-concerned-carfentanil-
www.wedinos.org/db/materials/view/709. Accessed 12 Dec 2016 chemical-weapon/. Accessed 28 June 2017
82. Wedinos (2015-2016) PHILTRE: annual report 2015-2016. 100. WCPO (2016) Coroner’s office confirms heroin, fentanyl, Car-
http://www.wales.nhs.uk/sitesplus/documents/888/WEDINOS % fentanil blend in recent drug seizure. Sep 02, 2016. Updated Sep
20Annual%20Report%202015-16%20%28FINAL%29.pdf. 03, 2016. http://www.wcpo.com/news/local-news/hamilton-
Accessed 24 May 2017 county/coroners-office-confirms-heroin-fentanyl-carfentanil-
83. Statutory Instruments (2001) Dangerous drugs. The misuse of blend-in-recent-drug-seizure. Accessed 28 June 2017
drugs regulations 2001. No. 3998. http://www.legislation.gov. 101. Casale JF, Mallette JR, Guest EM (2017) Analysis of illicit car-
uk/uksi/2001/3998/pdfs/uksi_20013998_en.pdf. Accessed 30 fentanil: emergence of the death dragon. Forensic Chem 3:74-80
May 2017 102. Stanley TH, Egan TD, Van Aken H (2008) A tribute to Dr. Paul
84. National Alliance for Model State Drug Laws (NAMSDL) A. J. Janssen: entrepreneur extraordinaire, innovative scientist,
(2016) Synthetic and novel psychoactive substances: 2016 leg- and significant contributor to anesthesiology. Anesth Analg
islative session bill status updated. http://www.namsdl.org/ 106:451-462
library/ESEED135-EF11-ESAC-5A6F4B1DC5330B82/. Acces- 103. Reiff LP, Sollman PB (1992) Process of making carfentanil and
sed 31 May 2017 related analgesics. Patent US5106983 Part of U.S. application
85. Florida Senate COMMITTEE AMENDMENT (2017) Legislation Ser. No. 517,012 filed Apr. 30, 1990
action. Bill No. SB 150. http://www.flsenate.gov/Session/Bill/ 104. Dannals RF, Ravert HT, Frost JJ, Wilson AA, Burns HD,
2017/150/Amendment/423494/HTML. Accessed 27 May 2017 Wagner HN (1985) Radiosynthesis of an opiate receptor binding
86. Italian Ministry of Health (2016) http://www.gazzettaufficiale.it/ radiotracer. Int J Appl Radiat Isot 36:303-306
atto/serie_generale/caricaArticoloDefault/originario?atto.data 105. Jewett DM (2001) A simple synthesis of [''C] carfentanil
PubblicazioneGazzetta=2016-08-11&atto.codiceRedazionale= using an extraction disc instead of HPLC. Nucl Med Biol
16A05919&atto.tipoProvvedimento=DECRETO. Accessed 31 28:733-734
May 2017 106. Malaquin S, Jida M, Gesquiere JC, Deprez-Poulain R, Deprez B,
87. O’ Connor S, Police Analyst (2017) Fentanyl: China’s deadly Laconde G (2010) Ugi reaction for the synthesis of 4-aminopiper-
export to the United States. U.S.-China economic and security idine-4-carboxylic acid derivatives. Application to the synthesis of
review commission. Staff research report. https://www.uscc.gov/ carfentanil and remifentanil. Tetrahedron Lett 51:2983-2985
sites/default/files/Research/USCC%?20Staff%20Report_Fenta 107. Australian Government, Department of Health and Ageing,
nyl-China%E2%80%99s%20Deadly %20Export%20to%20the % Therapeutic Goods Administration (2009) National drugs and
20United%20States020117.pdf. Accessed 31 May 2017 poisons schedule committee. Record of meeting, 55th meeting,
88. Ministry of Health, Labour and Welfare (MHLW) of Japan Feb 17-18, 2009
(2017) MHLW releases ordinance designating substances as 108. Erowid (2017) Synthesis of fentanyl by Siegfried. https://ero
specified drugs. http://industries.ul.com/news/mhlw-releases- wid.org/archive/rhodium/chemistry/fentanyl.html. Accessed 28
ordinance-designating-substances-as-specified-drugs. Accessed June 2017
31 May 2017 109. Miller MW, Wild MA, Lance WR (1996) Efficacy and safety of
89. MHLW (2016) http://www.mhlw.go.jp/seisakunitsuite/bunya/ naltrexone hydrochloride for antagonizing carfentanil citrate

kenkou_iryou/iyakuhin/yakubuturanyou/oshirase/20161101-1.
html (in Japanese). Accessed 31 May 2017

@ Springer

immobilization in captive Rocky Mountain elk (Cervus elaphus
nelsoni). J Wildl Dis 32:234-239


http://www.therooster.com/blog/darknet-mdma-fire-same-reason-airbnb-cool
http://www.therooster.com/blog/darknet-mdma-fire-same-reason-airbnb-cool
https://www.reddit.com/r/DNMAvengers/comments/3bp1kv/frenchconnection_nucleus_1g_heroin_4_gcms_marquis
https://www.reddit.com/r/DNMAvengers/comments/3bp1kv/frenchconnection_nucleus_1g_heroin_4_gcms_marquis
https://www.reddit.com/r/DNMAvengers/comments/3bp1kv/frenchconnection_nucleus_1g_heroin_4_gcms_marquis
http://ec.europa.eu/growth/tools-databases/tris/en/search/%3ftrisaction%3dsearch.detail%26year%3d2015%26num%3d350
http://ec.europa.eu/growth/tools-databases/tris/en/search/%3ftrisaction%3dsearch.detail%26year%3d2015%26num%3d350
http://ec.europa.eu/growth/tools-databases/tris/en/search/%3ftrisaction%3dsearch.detail%26year%3d2015%26num%3d350
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2015/augusti/nya-substanser-klassas-som-narkotika-eller-halsofarlig-vara/
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2015/augusti/nya-substanser-klassas-som-narkotika-eller-halsofarlig-vara/
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2015/augusti/nya-substanser-klassas-som-narkotika-eller-halsofarlig-vara/
https://www.folkhalsomyndigheten.se/nyheter-och-press/nyhetsarkiv/2015/augusti/nya-substanser-klassas-som-narkotika-eller-halsofarlig-vara/
https://www.e-tar.lt/portal/lt/legalAct/813287f074f911e6b969d7ae07280e89
https://www.e-tar.lt/portal/lt/legalAct/813287f074f911e6b969d7ae07280e89
https://laegemiddelstyrelsen.dk/en/news/2016/new-substances-on-the-list-of-euphoriant-substances/
https://laegemiddelstyrelsen.dk/en/news/2016/new-substances-on-the-list-of-euphoriant-substances/
http://www.wedinos.org/db/materials/view/709
http://www.wedinos.org/db/materials/view/709
http://www.wales.nhs.uk/sitesplus/documents/888/WEDINOS%20Annual%20Report%202015-16%20%2528FINAL%2529.pdf
http://www.wales.nhs.uk/sitesplus/documents/888/WEDINOS%20Annual%20Report%202015-16%20%2528FINAL%2529.pdf
http://www.legislation.gov.uk/uksi/2001/3998/pdfs/uksi_20013998_en.pdf
http://www.legislation.gov.uk/uksi/2001/3998/pdfs/uksi_20013998_en.pdf
http://www.namsdl.org/library/E5EED135-EF11-E8AC-5A6F4B1DC5330B82/
http://www.namsdl.org/library/E5EED135-EF11-E8AC-5A6F4B1DC5330B82/
http://www.flsenate.gov/Session/Bill/2017/150/Amendment/423494/HTML
http://www.flsenate.gov/Session/Bill/2017/150/Amendment/423494/HTML
http://www.gazzettaufficiale.it/atto/serie_generale/caricaArticoloDefault/originario%3fatto.dataPubblicazioneGazzetta%3d2016-08-11%26atto.codiceRedazionale%3d16A05919%26atto.tipoProvvedimento%3dDECRETO
http://www.gazzettaufficiale.it/atto/serie_generale/caricaArticoloDefault/originario%3fatto.dataPubblicazioneGazzetta%3d2016-08-11%26atto.codiceRedazionale%3d16A05919%26atto.tipoProvvedimento%3dDECRETO
http://www.gazzettaufficiale.it/atto/serie_generale/caricaArticoloDefault/originario%3fatto.dataPubblicazioneGazzetta%3d2016-08-11%26atto.codiceRedazionale%3d16A05919%26atto.tipoProvvedimento%3dDECRETO
http://www.gazzettaufficiale.it/atto/serie_generale/caricaArticoloDefault/originario%3fatto.dataPubblicazioneGazzetta%3d2016-08-11%26atto.codiceRedazionale%3d16A05919%26atto.tipoProvvedimento%3dDECRETO
https://www.uscc.gov/sites/default/files/Research/USCC%20Staff%20Report_Fentanyl-China%25E2%2580%2599s%20Deadly%20Export%20to%20the%20United%20States020117.pdf
https://www.uscc.gov/sites/default/files/Research/USCC%20Staff%20Report_Fentanyl-China%25E2%2580%2599s%20Deadly%20Export%20to%20the%20United%20States020117.pdf
https://www.uscc.gov/sites/default/files/Research/USCC%20Staff%20Report_Fentanyl-China%25E2%2580%2599s%20Deadly%20Export%20to%20the%20United%20States020117.pdf
https://www.uscc.gov/sites/default/files/Research/USCC%20Staff%20Report_Fentanyl-China%25E2%2580%2599s%20Deadly%20Export%20to%20the%20United%20States020117.pdf
http://industries.ul.com/news/mhlw-releases-ordinance-designating-substances-as-specified-drugs
http://industries.ul.com/news/mhlw-releases-ordinance-designating-substances-as-specified-drugs
http://www.mhlw.go.jp/seisakunitsuite/bunya/kenkou_iryou/iyakuhin/yakubuturanyou/oshirase/20161101-1.html
http://www.mhlw.go.jp/seisakunitsuite/bunya/kenkou_iryou/iyakuhin/yakubuturanyou/oshirase/20161101-1.html
http://www.mhlw.go.jp/seisakunitsuite/bunya/kenkou_iryou/iyakuhin/yakubuturanyou/oshirase/20161101-1.html
https://www.randoxtoxicology.com/newsroom/71/
https://pubchem.ncbi.nlm.nih.gov/compound/carfentanil%23section%3dTop
https://pubchem.ncbi.nlm.nih.gov/compound/carfentanil%23section%3dTop
https://en.wikipedia.org/wiki/Carfentanil
https://en.wikipedia.org/wiki/Carfentanil
https://pubchem.ncbi.nlm.nih.gov/compound/9851365%23section%3dTop
https://pubchem.ncbi.nlm.nih.gov/compound/9851365%23section%3dTop
http://www.truebuy.com.au/for-sale/health-beauty/buy-carfentanil-carfentanyl-cas-59708-52-0-powder-99-8-purity-email-infobrchemicals-com_i303080
http://www.truebuy.com.au/for-sale/health-beauty/buy-carfentanil-carfentanyl-cas-59708-52-0-powder-99-8-purity-email-infobrchemicals-com_i303080
http://www.truebuy.com.au/for-sale/health-beauty/buy-carfentanil-carfentanyl-cas-59708-52-0-powder-99-8-purity-email-infobrchemicals-com_i303080
https://www.caymanchem.com/msdss/19410m.pdf
https://www.caymanchem.com/msdss/19410m.pdf
https://www.vice.com/sv/article/znm7dy/everything-we-know-about-carfentanil
https://www.vice.com/sv/article/znm7dy/everything-we-know-about-carfentanil
https://www.vice.com/sv/article/znm7dy/everything-we-know-about-carfentanil
https://www.deepdotweb.com/2016/10/15/us-government-concerned-carfentanil-chemical-weapon/
https://www.deepdotweb.com/2016/10/15/us-government-concerned-carfentanil-chemical-weapon/
https://www.deepdotweb.com/2016/10/15/us-government-concerned-carfentanil-chemical-weapon/
http://www.wcpo.com/news/local-news/hamilton-county/coroners-office-confirms-heroin-fentanyl-carfentanil-blend-in-recent-drug-seizure
http://www.wcpo.com/news/local-news/hamilton-county/coroners-office-confirms-heroin-fentanyl-carfentanil-blend-in-recent-drug-seizure
http://www.wcpo.com/news/local-news/hamilton-county/coroners-office-confirms-heroin-fentanyl-carfentanil-blend-in-recent-drug-seizure
https://erowid.org/archive/rhodium/chemistry/fentanyl.html
https://erowid.org/archive/rhodium/chemistry/fentanyl.html

Forensic Toxicol (2018) 36:12-32

31

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

National Crime Agency (2017) Recent deaths possibly linked to
fentanyl. http://www.nationalcrimeagency.gov.uk/publications/
795-recent-deaths-possibly-linked-to-fentanyl/file. Accessed 28
June 2017

Rath A (2017) Lethal opiates delivered by mail from China,
killing addicts in the U.S. Mar 11, 2017. http://www.npr.org/
2017/03/11/519649096/can-china-ban-on-deadly-opioid-save-
lives-in-the-u-s. Accessed 28 June 2017

The citizens serving Rockdale and Newton Counties (2016)
DEA issues Carfentanil warning. Sep 22, 2016. http://www.
rockdalenewtoncitizen.com/news/public_safety/dea-issues-car
fentanil-warning/article_df2e8e79-f407-5¢51-b24f-
36bcd2e093b0.html. Accessed 28 June 2017

McLaughlin K (2017) Underground labs in China are devising
potent new opiates faster than authorities can respond. Mar 29,
2017. http://www.sciencemag.org/news/2017/03/underground-
labs-china-are-devising-potent-new-opiates-faster-authorities-
can-respond. Accessed 28 June 2017

BBC News (2017) Carfentanyl: Australia issues warning over
deadly drug. Feb 17, 2017. http://www.bbc.com/news/world-
australia-39001202. Accessed 28 June 2017

Associated Press (2016) Ohio has most carfentanil seizures in
United States. Nov 03, 2016. http://nbc4i.com/2016/11/03/ohio-
has-most-carfentanil-seziures-in-united-states/. ~ Accessed 28
June 2017

Sims A (2016) Carfentanil: drug so deadly it is a chemical
weapon available for sale on Internet. Oct 07, 2016. http://www.
independent.co.uk/life-style/health-and-families/health-news/car
fentanil-drug-so-deadly-it-is-a-chemical-weapon-available-for-
sale-on-internet-a7350186.html. Accessed 28 June
2017

Drug Enforcement Administration (DEA) Officer safety alert
(2016) Carfentanil: a dangerous new factor in the U.S. opioid
crisis. https://www.dea.gov/divisions/hq/2016/hq092216_attach.
pdf. Accessed 28 June 2017

Alberta Health Services (2017) Emergency medical services.
Interim guidance for first responders: opioid misuse, January
2017. https://www.fentanylsafety.com/wp-content/uploads/
OPIOID-MISUSE-INTERIM-GUIDANCE_2.pdf. Accessed 28
June 2017

Mole B (2017) New, deadlier trend in the raging opioid epi-
demic: elephant tranquillizer. Apr 27, 2017. https://arstechnica.
com/science/2017/04/new-deadlier-trend-in-the-raging-opioid-
epidemic-elephant-tranquilizer/. Accessed 28 June 2017

Drug Enforcement Administration (DEA) (2016) DEA issues
carfentanil warning to police and public. Headquarters news,
Sep 22, 2016. https://www.dea.gov/divisions/hq/2016/
hq092216.shtml. Accessed 28 June 2017

Associated Press (2017) China carfentanil ban a ‘game-changer’
for opioid epidemic. Feb 16, 2017. https://apnews.com/
733c£fd0739514952a608df549b79a9f8/china-makes-deadly-
opioid-carfentanil-controlled-substance. Accessed 28 June 2017
Sanburn J (2016) Heroin is being laced with a terrifying new
substance: what to know about carfentanil. Sep 13, 2016. http://
time.com/4485792/heroin-carfentanil-drugs-ohio/. Accessed 28
June 2017

Hevesi B, Morgan R (2017) Deadly elephant tranquilizer drug
so powerful that one microgram could kill a person imported
into Australia. Feb 17, 2017. http://www.dailymail.co.uk/news/
article-4233436/Queensland-Police-issue-warning-carfentanil-
drug.html. Accessed 28 June 2017

ABC News (2017) Lethal drug carfentanyl found at Brisbane mail
centre, Queensland police issue urgent warning. Updated Feb 17,
2017. http://www.abc.net.au/news/2017-02-17/lethal-drug-carfen
tanyl-found-brisbane-mail-centre-qld/8280790. Accessed 28 June
2017

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Stewart C (2017) Centerville overdose deaths: did airline pilot
and wife know they were taking powerful elephant tranquilizer?
May 31, 2017. http://www.mydaytondailynews.com/news/center
ville-overdose-deaths-did-airline-pilot-and-wife-know-they-were-
taking-powerful-elephant-tranquilizer/JISb56PjsoE42ZSHvOtigO/
. Accessed 28 June 2017

Anstead A (2017) Coroner: Carfentanil resurfaces, ‘Gray Death’
and cocaine mixed with fentanyl hit the streets. May 8, 2017,
Updated May 9, 2017. http://www.wcpo.com/news/local-news/
hamilton-county/cincinnati/coroner-carfentanil-resurfaces-gray-
death-and-cocaine-mixed-with-fentanyl-hit-the-streets.  Acces-
sed 28 June 2017

Safemedicines (2017) Counterfeit pills laced with fentanyl are
ravaging communities across North America. http://www.safe
medicines.org/fentanyl-pills-ravaging-american-communities.
Accessed 28 June 2017

Feasel MG, Wohlfarth A, Nilles JM, Pang S, Kristovich RL,
Huestis MA (2016) Metabolism of carfentanil, an ultra-potent
opioid, in human liver microsomes and human hepatocytes by
high-resolution mass spectrometry. AAPS J 18:1489-1499
Saccone PA, Lindsay AM, Koeppe RA, Zelenock KA, Shao X,
Sherman P, Quesada CA, Woods JH, Scott PJ (2016) Intranasal
opioid administration in rhesus monkeys: PET imaging and
antinociception. J Pharmacol Exp Ther 359:366-373

Drugfree (2017) Carfentanil. http://drugfreeva.org/sink-or-swim/
drug-facts/street-drugs/carfentanil/. Accessed 28 June 2017
Mosberg HI, Yeomans L, Anand JP, Porter V, Sobczyk-Kojiro
K, Traynor JR, Jutkiewicz EM (2014) Development of a
bioavailable pt opioid receptor (MOPr) agonist, & opioid receptor
(DOPr) antagonist peptide that evokes antinociception without
development of acute tolerance. J] Med Chem 57:3148-3153
Purington LC, Pogozheva ID, Traynor JR, Mosberg HI (2009)
Pentapeptides displaying p opioid receptor agonist and & opioid
receptor partial agonist/antagonists properties. J Med Chem
52:7724-7731

Associated Press (2017) Newspaper: Ohio had more than 4,000
overdose deaths in 2016. Updated May 29, 2017. http://www.
wlwt.com/article/newspaper-ohio-had-more-than-4000-overdose-
deaths-in-2016/9945530. Accessed 28 June 2017

Bayatpour AJ (2017) “How?!” Medical examiner says HOC
inmate died as result of ‘acute carfentanil intoxication’. Updated
May 15, 2017. http://fox6now.com/2017/05/15/medical-exam
iner-52-year-old-hoc-inmate-died-as-result-of-acute-carfentanil-
intoxication/. Accessed 28 June 2017

Broadwater L (2017) 3 Marylanders die from carfentanil overdoses.
April 21, 2017. http://www.baltimoresun.com/news/maryland/bs-
md-overdoses-20170421-story.html. Accessed 28 June 2017
UpNorthLive.com (2017) Police: Suspicious death ruled over-
dose from elephant tranquilizer carfentanil. http://upnorthlive.
com/news/local/police-suspicious-death-ruled-overdose-from-
elephant-tranquilizer-carfentanil. Accessed 28 June 2017
Associated Press (2017) Police say overdoses killed 2 eastern
Indiana jail inmates. Jun 25, 2017. http://www.theindychannel.
com/news/crime/police-say-overdoses-killed-2-eastern-indiana-
jail-inmates. Accessed 28 June 2017

Kankakee County Coroner Robert Gessner (2017) May 23,
2017— First carfentanil death in Kankakee County. https://
www.kankakeecountycoroner.org/. Accessed 28 June 2017
Daily Voice (2017) Norwalk overdose is first fatality from powerful
opioid carfentanil in CT. Jun 11, 2017. http://norwalk.dailyvoice.
com/police-fire/norwalk-overdose-is-first-fatality-from-powerful-
opioid-carfentanil-in-ct/713486/. Accessed 28 June 2017

Dayton Daily News (2017) Coroner: 2 Indiana jail inmates
die of carfentanil ODs. Updated Jun 23, 2017. http://www.
daytondailynews.com/news/state—regional/coroner-indiana-

@ Springer


http://www.nationalcrimeagency.gov.uk/publications/795-recent-deaths-possibly-linked-to-fentanyl/file
http://www.nationalcrimeagency.gov.uk/publications/795-recent-deaths-possibly-linked-to-fentanyl/file
http://www.npr.org/2017/03/11/519649096/can-china-ban-on-deadly-opioid-save-lives-in-the-u-s
http://www.npr.org/2017/03/11/519649096/can-china-ban-on-deadly-opioid-save-lives-in-the-u-s
http://www.npr.org/2017/03/11/519649096/can-china-ban-on-deadly-opioid-save-lives-in-the-u-s
http://www.rockdalenewtoncitizen.com/news/public_safety/dea-issues-carfentanil-warning/article_df2e8e79-f407-5c51-b24f-36bcd2e093b0.html
http://www.rockdalenewtoncitizen.com/news/public_safety/dea-issues-carfentanil-warning/article_df2e8e79-f407-5c51-b24f-36bcd2e093b0.html
http://www.rockdalenewtoncitizen.com/news/public_safety/dea-issues-carfentanil-warning/article_df2e8e79-f407-5c51-b24f-36bcd2e093b0.html
http://www.rockdalenewtoncitizen.com/news/public_safety/dea-issues-carfentanil-warning/article_df2e8e79-f407-5c51-b24f-36bcd2e093b0.html
http://www.sciencemag.org/news/2017/03/underground-labs-china-are-devising-potent-new-opiates-faster-authorities-can-respond
http://www.sciencemag.org/news/2017/03/underground-labs-china-are-devising-potent-new-opiates-faster-authorities-can-respond
http://www.sciencemag.org/news/2017/03/underground-labs-china-are-devising-potent-new-opiates-faster-authorities-can-respond
http://www.bbc.com/news/world-australia-39001202
http://www.bbc.com/news/world-australia-39001202
http://nbc4i.com/2016/11/03/ohio-has-most-carfentanil-seziures-in-united-states/
http://nbc4i.com/2016/11/03/ohio-has-most-carfentanil-seziures-in-united-states/
http://www.independent.co.uk/life-style/health-and-families/health-news/carfentanil-drug-so-deadly-it-is-a-chemical-weapon-available-for-sale-on-internet-a7350186.html
http://www.independent.co.uk/life-style/health-and-families/health-news/carfentanil-drug-so-deadly-it-is-a-chemical-weapon-available-for-sale-on-internet-a7350186.html
http://www.independent.co.uk/life-style/health-and-families/health-news/carfentanil-drug-so-deadly-it-is-a-chemical-weapon-available-for-sale-on-internet-a7350186.html
http://www.independent.co.uk/life-style/health-and-families/health-news/carfentanil-drug-so-deadly-it-is-a-chemical-weapon-available-for-sale-on-internet-a7350186.html
https://www.dea.gov/divisions/hq/2016/hq092216_attach.pdf
https://www.dea.gov/divisions/hq/2016/hq092216_attach.pdf
https://www.fentanylsafety.com/wp-content/uploads/OPIOID-MISUSE-INTERIM-GUIDANCE_2.pdf
https://www.fentanylsafety.com/wp-content/uploads/OPIOID-MISUSE-INTERIM-GUIDANCE_2.pdf
https://arstechnica.com/science/2017/04/new-deadlier-trend-in-the-raging-opioid-epidemic-elephant-tranquilizer/
https://arstechnica.com/science/2017/04/new-deadlier-trend-in-the-raging-opioid-epidemic-elephant-tranquilizer/
https://arstechnica.com/science/2017/04/new-deadlier-trend-in-the-raging-opioid-epidemic-elephant-tranquilizer/
https://www.dea.gov/divisions/hq/2016/hq092216.shtml
https://www.dea.gov/divisions/hq/2016/hq092216.shtml
https://apnews.com/733cfd073951495aa608df549b79a9f8/china-makes-deadly-opioid-carfentanil-controlled-substance
https://apnews.com/733cfd073951495aa608df549b79a9f8/china-makes-deadly-opioid-carfentanil-controlled-substance
https://apnews.com/733cfd073951495aa608df549b79a9f8/china-makes-deadly-opioid-carfentanil-controlled-substance
http://time.com/4485792/heroin-carfentanil-drugs-ohio/
http://time.com/4485792/heroin-carfentanil-drugs-ohio/
http://www.dailymail.co.uk/news/article-4233436/Queensland-Police-issue-warning-carfentanil-drug.html
http://www.dailymail.co.uk/news/article-4233436/Queensland-Police-issue-warning-carfentanil-drug.html
http://www.dailymail.co.uk/news/article-4233436/Queensland-Police-issue-warning-carfentanil-drug.html
http://www.abc.net.au/news/2017-02-17/lethal-drug-carfentanyl-found-brisbane-mail-centre-qld/8280790
http://www.abc.net.au/news/2017-02-17/lethal-drug-carfentanyl-found-brisbane-mail-centre-qld/8280790
http://www.mydaytondailynews.com/news/centerville-overdose-deaths-did-airline-pilot-and-wife-know-they-were-taking-powerful-elephant-tranquilizer/JlSb56PjsoE42ZSHv9tigO/
http://www.mydaytondailynews.com/news/centerville-overdose-deaths-did-airline-pilot-and-wife-know-they-were-taking-powerful-elephant-tranquilizer/JlSb56PjsoE42ZSHv9tigO/
http://www.mydaytondailynews.com/news/centerville-overdose-deaths-did-airline-pilot-and-wife-know-they-were-taking-powerful-elephant-tranquilizer/JlSb56PjsoE42ZSHv9tigO/
http://www.wcpo.com/news/local-news/hamilton-county/cincinnati/coroner-carfentanil-resurfaces-gray-death-and-cocaine-mixed-with-fentanyl-hit-the-streets
http://www.wcpo.com/news/local-news/hamilton-county/cincinnati/coroner-carfentanil-resurfaces-gray-death-and-cocaine-mixed-with-fentanyl-hit-the-streets
http://www.wcpo.com/news/local-news/hamilton-county/cincinnati/coroner-carfentanil-resurfaces-gray-death-and-cocaine-mixed-with-fentanyl-hit-the-streets
http://www.safemedicines.org/fentanyl-pills-ravaging-american-communities
http://www.safemedicines.org/fentanyl-pills-ravaging-american-communities
http://drugfreeva.org/sink-or-swim/drug-facts/street-drugs/carfentanil/
http://drugfreeva.org/sink-or-swim/drug-facts/street-drugs/carfentanil/
http://www.wlwt.com/article/newspaper-ohio-had-more-than-4000-overdose-deaths-in-2016/9945530
http://www.wlwt.com/article/newspaper-ohio-had-more-than-4000-overdose-deaths-in-2016/9945530
http://www.wlwt.com/article/newspaper-ohio-had-more-than-4000-overdose-deaths-in-2016/9945530
http://fox6now.com/2017/05/15/medical-examiner-52-year-old-hoc-inmate-died-as-result-of-acute-carfentanil-intoxication/
http://fox6now.com/2017/05/15/medical-examiner-52-year-old-hoc-inmate-died-as-result-of-acute-carfentanil-intoxication/
http://fox6now.com/2017/05/15/medical-examiner-52-year-old-hoc-inmate-died-as-result-of-acute-carfentanil-intoxication/
http://www.baltimoresun.com/news/maryland/bs-md-overdoses-20170421-story.html
http://www.baltimoresun.com/news/maryland/bs-md-overdoses-20170421-story.html
http://upnorthlive.com/news/local/police-suspicious-death-ruled-overdose-from-elephant-tranquilizer-carfentanil
http://upnorthlive.com/news/local/police-suspicious-death-ruled-overdose-from-elephant-tranquilizer-carfentanil
http://upnorthlive.com/news/local/police-suspicious-death-ruled-overdose-from-elephant-tranquilizer-carfentanil
http://www.theindychannel.com/news/crime/police-say-overdoses-killed-2-eastern-indiana-jail-inmates
http://www.theindychannel.com/news/crime/police-say-overdoses-killed-2-eastern-indiana-jail-inmates
http://www.theindychannel.com/news/crime/police-say-overdoses-killed-2-eastern-indiana-jail-inmates
https://www.kankakeecountycoroner.org/
https://www.kankakeecountycoroner.org/
http://norwalk.dailyvoice.com/police-fire/norwalk-overdose-is-first-fatality-from-powerful-opioid-carfentanil-in-ct/713486/
http://norwalk.dailyvoice.com/police-fire/norwalk-overdose-is-first-fatality-from-powerful-opioid-carfentanil-in-ct/713486/
http://norwalk.dailyvoice.com/police-fire/norwalk-overdose-is-first-fatality-from-powerful-opioid-carfentanil-in-ct/713486/
http://www.daytondailynews.com/news/state%e2%80%93regional/coroner-indiana-jail-inmates-die-carfentanil-ods/r4MNCpqtuLovrwLJD51G5L/
http://www.daytondailynews.com/news/state%e2%80%93regional/coroner-indiana-jail-inmates-die-carfentanil-ods/r4MNCpqtuLovrwLJD51G5L/

32

Forensic Toxicol (2018) 36:12-32

141.

142.

143.

144.

145.

146.

147.

148.

jail-inmates-die-carfentanil-ods/r4AMNCpqtuLovrwLID51G5L/.
Accessed 28 June 2017

WRBIRADIO.COM (2017) ISP: Fayette County inmates died
from synthetic drug intoxication. http://wrbiradio.com/2017/06/
24/isp-fayette-county-inmates-died-from-synthetic-drug-intox
ication/. Accessed 28 June 2017

Tobin T, Kwiatkowski S, Watt DS, Tai HH, Tai CL, Woods
WE, Goodman JP, Taylor DG, Weckman TJ, Yang JM (1989)
Immunoassay detection of drugs in racing horses. XI. ELISA
and RIA detection of fentanyl, alfentanil, sufentanil and car-
fentanil in equine blood and urine. Res Commun Chem Pathol
Pharmacol 63:129-152

Hunter RP, Koch DE, Mutlow A, Isaza R (2003) Extraction and
quantitation of carfentanil and naltrexone in goat plasma with
liquid chromatography—mass spectrometry. J Chromatogr B
793:351-355

Wang L, Bernert JT (2006) Analysis of 13 fentanils, including
sufentanil and carfentanil, in human urine by liquid chro-
matography-atmospheric-pressure  ionization-tandem  mass
spectrometry. J Anal Toxicol 30:335-341

Shou WZ, Jiang X, Beato BD, Naidong W (2001) A highly
automated 96-well solid phase extraction and liquid chro-
matography/tandem mass spectrometry method for the deter-
mination of fentanyl in human plasma. Rapid Commun Mass
Spectrom 15:466—476

European Monitoring Committee on Drugs and Drug Addiction
(EMCDDA) (2015) Fentanyl drug profile. http://www.emcdda.
europa.eu/publications/drug-profiles/fentanyl. Accessed 28 June
2017

Epravo, Czech Republic (2013) https://www.epravo.cz/top/zak
ony/sbirka-zakonu/narizeni-vlady-ze-dne-18-prosince-2013-o0-sez
namech-navykovych-latek-19936.html. Accessed 28 June 2017
Danish Medicines Agency (2016) Twelve new substances on the
list of euphoriant substances. https://lacgemiddelstyrelsen.dk/en/
news/2016/new-substances-on-the-list-of-euphoriant-substances/.
Accessed 28 June 2017

@ Springer

149.

150.

151.

152.

153.

154.

155.

156.

157.

King LA (2007) The misuse of drugs act: a guide for forensic
scientists. Royal society of chemistry. https://www.amazon.co.uk/
Misuse-Drug-Act-Scientists-Paperbacks-x/dp/0854046259. Acces-
sed 28 June 2017

Governor, Pennsylvania, United States (2016) Wolf Adminis-
tration moves to make carfentanil a Schedule II controlled
substance.  https://www.governor.pa.gov/wolf-administration-
moves-to-make-carfentanil-a-schedule-ii-controlled-substance/.
Accessed 28 June 2017

US Controlled Substances Act. Legislative history (2015). http://
isomerdesign.com/Cdsa/legislationUS.php. Accessed 28 June
2017

Drug Enforcement Administration (DEA), Department of Jus-
tice (2015) Established aggregate production quotas for Sched-
ule I and II controlled substances and assessment of annual
needs for the List I chemicals ephedrine, pseudoephedrine, and
phenylpropanolamine for 2016. Final order. Fed Regist
80:60400-60405

Ministry of Justice, Canada (2017) Controlled drugs and sub-
stances act. http://laws.justice.gc.ca/PDF/C-38.8.pdf. Accessed
28 June 2017

Australian Government, Department of Health (2017) Standard
for the uniform scheduling of medicines and poisons, No. 17,
June 2017. https://www .legislation.gov.au/Details/F2017L00605.
Accessed 28 June 2017

United Nations on Drugs and Crime (UNODC) (2017) March
2017—China: carfentanil, furanylfentanyl, acrylfentanyl and
valerylfentanyl placed under national control. https://www.
unodc.org/LSS/Announcement/Details/c514525¢-afb0-430f-
8321-7e63d40b53aa. Accessed 28 June 2017

Legislation (2017) China. http://www.sdga.gov.cn/art/2017/3/1/
art_24_23195.html. Accessed 28 June 2017

Wikipedia (2017) Controlled drugs and substances act. https://
en.wikipedia.org/wiki/Controlled_Drugs_and_Substances_Act#
Schedule_II. Accessed 28 June 2017


http://www.daytondailynews.com/news/state%e2%80%93regional/coroner-indiana-jail-inmates-die-carfentanil-ods/r4MNCpqtuLovrwLJD51G5L/
http://wrbiradio.com/2017/06/24/isp-fayette-county-inmates-died-from-synthetic-drug-intoxication/
http://wrbiradio.com/2017/06/24/isp-fayette-county-inmates-died-from-synthetic-drug-intoxication/
http://wrbiradio.com/2017/06/24/isp-fayette-county-inmates-died-from-synthetic-drug-intoxication/
http://www.emcdda.europa.eu/publications/drug-profiles/fentanyl
http://www.emcdda.europa.eu/publications/drug-profiles/fentanyl
https://www.epravo.cz/top/zakony/sbirka-zakonu/narizeni-vlady-ze-dne-18-prosince-2013-o-seznamech-navykovych-latek-19936.html
https://www.epravo.cz/top/zakony/sbirka-zakonu/narizeni-vlady-ze-dne-18-prosince-2013-o-seznamech-navykovych-latek-19936.html
https://www.epravo.cz/top/zakony/sbirka-zakonu/narizeni-vlady-ze-dne-18-prosince-2013-o-seznamech-navykovych-latek-19936.html
https://laegemiddelstyrelsen.dk/en/news/2016/new-substances-on-the-list-of-euphoriant-substances/
https://laegemiddelstyrelsen.dk/en/news/2016/new-substances-on-the-list-of-euphoriant-substances/
https://www.amazon.co.uk/Misuse-Drug-Act-Scientists-Paperbacks-x/dp/0854046259
https://www.amazon.co.uk/Misuse-Drug-Act-Scientists-Paperbacks-x/dp/0854046259
https://www.governor.pa.gov/wolf-administration-moves-to-make-carfentanil-a-schedule-ii-controlled-substance/
https://www.governor.pa.gov/wolf-administration-moves-to-make-carfentanil-a-schedule-ii-controlled-substance/
http://isomerdesign.com/Cdsa/legislationUS.php
http://isomerdesign.com/Cdsa/legislationUS.php
http://laws.justice.gc.ca/PDF/C-38.8.pdf
https://www.legislation.gov.au/Details/F2017L00605
https://www.unodc.org/LSS/Announcement/Details/c514525c-afb0-430f-8321-7e63d40b53aa
https://www.unodc.org/LSS/Announcement/Details/c514525c-afb0-430f-8321-7e63d40b53aa
https://www.unodc.org/LSS/Announcement/Details/c514525c-afb0-430f-8321-7e63d40b53aa
http://www.sdga.gov.cn/art/2017/3/1/art_24_23195.html
http://www.sdga.gov.cn/art/2017/3/1/art_24_23195.html
https://en.wikipedia.org/wiki/Controlled_Drugs_and_Substances_Act%23Schedule_II
https://en.wikipedia.org/wiki/Controlled_Drugs_and_Substances_Act%23Schedule_II
https://en.wikipedia.org/wiki/Controlled_Drugs_and_Substances_Act%23Schedule_II

	Fentanyls continue to replace heroin in the drug arena: the cases of ocfentanil and carfentanil
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Ocfentanil
	Chemistry
	Synthesis
	Prevalence and use
	Pharmacology and toxicology
	Intoxications and fatal cases
	Analysis of ocfentanil in seized materials and biological specimens
	Legal status

	Carfentanil
	Chemistry
	Synthesis
	Prevalence and use
	Metabolism
	Pharmacology and toxicology
	Intoxications and fatal cases
	Analysis of carfentanil in seized materials and biological specimens
	Legal status

	Conclusions
	Open Access
	References




