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Abstract

In the past years, new psychoactive substances (NPS) started circulating in prisons,

leading to health risks and challenges for the criminal justice system. Seizures of

papers and cards impregnated with synthetic cannabinoid (SCs) have been reported.

In November 2021, a letter suspected to be drug-infused was sent from a German

prison to this laboratory. Toxicological analyses were performed by means of gas

chromatography–mass spectrometry (GC–MS) for drug screening and liquid

chromatography–tandem mass spectrometry (LC–MS/MS) as well as high-

performance (HP) LC with diode-array detection (DAD) for semi-quantification of the

compounds. The novel synthetic opioid (NSO) AP-237 was detected on the letter,

with an estimated concentration of 1.2 μg/cm2, together with the SCs MDMB-4en-

PINACA (77 μg/cm2) and 5F-ADB (6.5 μg/cm2). To the best of the authors' knowl-

edge, this is the first time an NSO was detected on a drug-infused paper seized in a

prison. Highly potent NSOs could easily be dissolved in organic solvents to produce

impregnated papers and textiles, and this might represent a serious threat to the

health of people in prison. Given the inhomogeneity in drug concentrations, health

risks might in particular arise from the consumption of highly concentrated areas of

the paper—so-called “hot spots”—especially when highly potent NSOs are used for

infusion. Laboratories engaged in analyzing such impregnated papers should be aware

of the potential presence of NSOs and adapt the respective methods accordingly.
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1 | INTRODUCTION

New psychoactive substances (NPS) make up a wide group of drugs

which are not listed in the 1961 and 1971 United Nations Conven-

tions on narcotic drugs and psychotropic substances.1 They mimic the

effect of classical illicit drugs, but are often characterized by higher

potency and unknown toxicity, thus posing a serious threat to public

health.2

So far, more than 830 substances are monitored by the European

Monitoring Centre for Drugs and Drug Addiction (EMCDDA), and

synthetic cannabinoids (SCs), first detected in herbal plant material in

2008, account for the largest subclass, with 209 compounds moni-

tored by the end of 2020. Novel synthetic opioids (NSOs) represent

another subclass of NPS smaller by number (67 so far reported), but

of particular concern given the high risk for fatal intoxication.2,3 In

2020, 10 new NSOs were detected on the NPS market, with seizures
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mostly consisting of powders, liquids, tablets, capsules, or, more

rarely, smoking mixtures.3

In recent years, the use of NPS has started circulating in prisons

among other vulnerable populations (e.g., homeless people with long

drug careers or young and inexperienced drug users), exacerbating

health risks and violence connected to drug misuse in custodial set-

tings.4 The use of NPS in prisons has been accompanied by a rise of

aggressive behavior, violence, bullying, and debts, causing serious

safety problems in prisons.5 NPS are often cheaper than other drugs

and may not be detected by routine drug screening methods, being

attractive to prisoners who might want to avoid positive drug testing

results. Only small amounts of the drugs are needed due to their high

potency, and it is almost impossible to train drug tracking dogs to

detect them, both facilitating smuggling these substances beyond

prison walls.2,4,6 Moreover, the market for NPS is highly dynamic, so

that an additional challenge for screening methods is the need to fre-

quently update databases.

Among NPS, the presence of SCs, colloquially referred to as

“Spice,” in prisons has increased to such an extent that they were

described as “endemic” in England and Wales.7–9 Seizures mostly

included herbal blends sprayed or soaked with SCs (64% of submitted

samples), powders, and liquids for e-cigarettes. More recently, in order

to facilitate the entry of SCs into prisons and to escape the routine

drug screening programs, papers and cards were found to be impreg-

nated with liquids consisting of SCs dissolved in organic solvents like

acetone or ethanol, dried, and then sent to prisoners via mail.6–8,10,11

Among 354 papers seized in three Scottish prisons, 41% con-

tained at least one SC, with high detection rates for 5F-MDMB-PICA

(IUPAC name: methyl 2-{[1-(5-fluoropentyl)-1H-indole-3-carbonyl]

amino}-3,3-dimethylbutanoate), 4F-MDMB-BINACA (IUPAC name:

methyl 2-{[1-(4-fluorobutyl)-1H-indazole-3-carbonyl]amino}-3,-

3-dimethylbutanoate), and 5F-MDMB-PINACA, also called 5F-ADB

(IUPAC name: methyl 2-{[1-(5-fluoropentyl)-1H-indazole-3-carbonyl]

amino}-3,3-dimethylbutanoate).7 In the separately published studies,

among 98 and 392 samples collected in Scotland, 46–64% contained

SCs, and it was shown that drug-infused cards/papers seized in

prisons mostly reflected the evolution of the SCs market outside of

prison.8,11 Similar results were obtained in a transnational study com-

prising samples from Germany, the United Kingdom (Scotland and

Wales), and the United States.12

In November 2021, a letter suspected to be drug-infused was

sent to this laboratory in Freiburg from a German prison for toxicolog-

ical analysis. To the best of the authors' knowledge, this is the first

detection of a NSO in combination with SCs in a drug-infused paper

coming from a prison.

2 | MATERIALS AND METHODS

2.1 | Chemicals and reagents

The reference standards (RSs) (MDMB-4en-PINACA, 5F-ADB, AP-

237 and carfentanil) and the internal standards (IS) (O-

desmethyltramadol-D6, pentobarbital-D5, MDMA-D5, codeine-D3,

diazepam-D5) were purchased from Cayman Chemical (Ann Arbor, MI,

USA). Ammonium formate solution 10-M solution was purchased

from Sigma Aldrich (Steinheim, Germany) and formic acid

(Rotipuran® ≥ 98%, p.a.) from Carl Roth (Karlsruhe, Germany). Aceto-

nitrile (HiPerSolvCHROMANORM®) was purchased from VWR Che-

micals (Darmstadt, Germany) and methanol (Chromasolv™ LC–MS

grade) from Honeywell (Seelze, Germany). Deionized water was

freshly prepared using a cartridge deionizer from Memtech

(Moorenweis, Germany). Phosphate buffer (13.6 g/l potassium dihy-

drogenphosphate in deionized water, pH adjusted to 6) was freshly

prepared prior to use. Mobile phase A consisted of an aqueous solu-

tion of 0.1% formic acid, 2 mM ammonium formate, and 1% acetoni-

trile. Mobile phase B consisted of 2 mM ammonium formate, 0.1%

formic acid in acetonitrile.

2.2 | Toxicological screening of the letter

After careful documentation, the letter and the envelope were cut

into pieces of approximately 5 cm2 each to facilitate handling. All

pieces were placed in a single glass vial, and 9 ml of methanol were

added. The sample was then extracted by soaking with methanol and

gentle mixing for 10 min. The recovered volumes of solvent were

measured, then to 50 μl of the resulting extracts 10 μl of internal stan-

dards mix (containing pentobarbital-D5, MDMA-D5, codeine-D3,

diazepam-D5) were added; afterwards, 1 μl was injected into the gas

chromatography–mass spectrometry (GC–MS) system and screened

for drugs in full-scan mode. A 7890A gas chromatograph coupled to a

5975C mass spectrometer from Agilent Technologies, Santa Clara,

CA, USA, was used. Data evaluation was carried out using MSD

ChemStation D.03.00.611 (Agilent Technologies, Santa Clara, CA,

USA). In brief, 1 μl sample was injected using a 25:1 split ratio, injec-

tion port temperature was 250�C, and carrier gas flow (He) was

1 ml/min. Column: HP-5MS, 0.25 μm, 0.25 mm � 30 m from Agilent

Technologies, Santa Clara, CA, USA. GC oven: 100�C held for 3 min;

30�C/min to 310�C held for 10 min; transfer line: 280�C. The mass

spectrometer was operated in electron ionization (EI) mode. Ionization

conditions: 70 eV (50–600 Da), ion source: 230�C, quadrupole:

150�C. Analytes in the paper sample extracts were identified by com-

parison of the obtained spectra to Wiley/NIST (Wiley registry® 11th

edition, 2017), MPW (Wiley-VCH, 5th edition, 2016), Cayman Chemi-

cal (version 21.05.2020) spectra libraries, and to an in-house library of

previously identified SCs. For a positive identification, a library hit of

>90% and a critical review by an experienced toxicologist was

required. In addition, retention times and ion ratios (for LC–MS/MS)

were checked for consistency. No semi-quantification was attempted

by GC–MS.

To check the sensitivity on papers impregnated with low doses

of highly potent opioids, 1 cm2 of a blank paper was impregnated

with carfentanil (final concentration 1 μg/cm2), extracted

with 0.25 ml methanol and analyzed under the same GC–MS

conditions.

1780 GIORGETTI ET AL.
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2.3 | Methods for semi-quantification

The extraction procedure described above was repeated four times,

using 9 ml of methanol each and measuring the recovered solvent vol-

umes (3.1–3.8 ml). Each extract was analyzed separately, and the final

concentration was obtained by summing up individual concentrations

determined for each extract. The letter and the envelope were left to

complete dry in between extractions. Semi-quantification was

achieved by LC–MS/MS for AP-237 (see Supporting Information) and

by high-performance liquid chromatography (HPLC) with diode-array

detection (DAD) for SCs.

For NSO analysis, a previously validated LC–MS/MS method for

serum analysis, accredited under ISO/IEC 17,025 for forensic pur-

poses, was used.13 To reach concentrations in the calibrated range

and to avoid matrix effects from coextracted substances, paper

extracts were diluted 1:100 with methanol, and a volume of 10 μl was

then spiked into 100 μl of blank serum before sample work-up and

LC–MS/MS analysis. Retention times, target ion transitions, IS, and

limits of detection (LOD) and quantification (LOQ) of the analyte of

interest are shown in Table 1.

For SCs, extracts were analyzed by HPLC-DAD,14 after a 1:1,

1:100, or 1:1000 dilution in methanol. The HPLC-DAD system was a

Nexera XR HPLC system (Shimadzu, Duisburg, Germany) consisting of

an LC-20AD XR Liquid Chromatograph Pump, a DGU-20A3R

degassing unit, a WPS-3000TRS autosampler, a CTO-10AS column

oven, and a SPD-M20A diode array detector. Chromatographic sepa-

ration was performed on a Kinetex® 2.6 μm C18 100 Å,

100 � 2.1 mm2 (Phenomenex Ltd., Aschaffenburg, Germany) and a

corresponding guard-column. A flow rate of 0.5 ml/min and the fol-

lowing gradient elution was applied: starting with 20% of solvent B,

held for 1 min, increased to 60% within 1.5 min and to 65% within

another 1.5 min, held for 1.5 min; increased to 90% within 2.5 min,

and held for 2 min. The initial conditions were then restored within

0.1 min and held for 1.9 min to re-equilibrate the system. The auto-

sampler and column oven temperature were set to 6 and 40�C,

respectively. DAD-UV spectra were recorded from 200 to 400 nm,

and the chromatogram (detection wavelength 207 nm) was used for

semi-quantification. First, 10 μg/ml of 5F-ADB and MDMB-4en-

PINACA were injected to exclude co-elution. Then, a 3-point calibra-

tion curve (0.5, 5 and 10 μg/ml) was prepared for both analytes on

two different days. Injection volume was 10 μl. Full details on the ana-

lytical methods can be found as Supporting Information.

3 | RESULTS AND DISCUSSION

The letter consisted of an A4 (21.0 � 29.7 cm, 623.7 cm2) handwrit-

ten paper, which was sent to this laboratory in Freiburg in an

TABLE 1 Retention time (RT), monitored ion transitions (Q1, Q3) corresponding internal standard (IS), limit of detection (LOD) and
quantification (LOQ) of the analyte of interest with the LC–MS/MS method validated for serum

Analyte RT (min) Q1 (m/z) Q3 (m/z) IS LOD (ng/ml) LOQ (ng/ml)

AP-237 10.1 273.2 117.0 D6-O-Desmethyltramadol 0.3 1

155.2

91.1

F IGURE 1 Letter and envelope received from a German prison. Handwriting has been blurred to maintain anonymity [Colour figure can be
viewed at wileyonlinelibrary.com]
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envelope (16.0 � 11.0 cm, 352 cm2) inside a plastic bag (Figure 1),

and contained no visible staining. The GC–MS analysis allowed the

detection of MDMB-4en-PINACA (97% match to the library entry),

5F ADB (97% match to the library entry), and AP-237 (99% match to

the library entry)15,16 (Figure 2). Two additional cannabinoids, 5F-

MDMB-P7AICA and ADB-4en-PINACA, were detected by GC–MS

but not confirmed by further analyses, probably due to relatively low

amounts being present. The sensitivity of the GC–MS screening

method proved to be sufficient to detect carfentanil in an infused

paper with a final concentration of 1 μg/cm2 (Supporting Information).

The LC–MS/MS method used for semi-quantification of AP-237

revealed a concentration of 1.2 μg/cm2 on the letter. Concentrations,

as estimated from LC–MS/MS and HPLC-DAD analysis, for both let-

ter and envelope are shown in Table 2.

AP-237 (IUPAC name: 1-[4-(3-phenyl-2-propen-1-yl)-1-piperazi-

nyl]-1-butanone), also known as bucinnazine, is a synthetic opioid

originally developed as an analgesic drug, still used for the treatment

of cancer pain in China, and is not scheduled in Germany, Italy, or the

United States.16–18 The compound recently re-emerged on the mar-

ket, likely in response to the Chinese inclusion of all fentanyl-related

drugs within the list of controlled narcotics,19 leading to a shift

towards more varied chemical structures of synthetic opioids. The sci-

entific knowledge regarding bucinnazine and its effects in humans is

still very limited.17,20–22 AP-237 was classified as an NSO due to its

potential for abuse, and even though its analgesic effect is thought to

be approximately 1/3 compared to morphine, it seems to be one of

the more potent piperazine type opioids.15,18 The efficacy (EC50) at

the μ opioid receptor was estimated in vitro in the range of 3 � 104 to

8 � 103 nM, but results remained ambiguous.20

To the best of the authors' knowledge, the detection of an NSO

in combination with SCs on drug-infused paper has never been

reported before and represents a matter of concern. NSOs could be

easily dissolved in solvents to produce impregnated papers and

textiles,4 which might represent a simple method of smuggling NSOs

into prisons. Once smuggled into the prison, impregnated paper (like

letters, greeting cards, photographs, drawings, printouts from cata-

logues or puzzles2) are likely consumed by smoking in a cigarette or

by vaping with e-cigarettes.7 In this case, it is likely that the letter,

regardless of the infused substances, would have also been consumed

in this way, even though other routes of administration are

F IGURE 2 GC–MS total ion chromatogram (TIC) obtained from letter extract (lower left corner) and the mass spectrum of AP-237 (right
upper corner) [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 2 Peak areas of the analytes of interest from GC–MS analysis (only used for screening) and concentrations as estimated by LC–MS/
MS and HPLC-DAD analysis

Analyte

Letter Envelope

Concentrations estimated
by LC–MS/MS or HPLC-
DAD

Concentration in
relation to MDMB-4en-
PINACA

Estimated
total mg

Concentration estimated
by LC–MS/MS or HPLC-
DAD

Relative
concentration
envelope/letter

AP-237 1.2 μg/cm2a 1.6% 0.75 mg 0.08 μg/cm2a 6.7%

MDMB-4en-PINACA 77 μg/cm2b 100% 48 mg 1.7 μg/cm2b 2.2%

5F-ADB 6.5 μg/cm2b 8.4% 4.1 mg 0.12 μg/cm2b 1.8%

aLC–MS/MS.
bHPLC-DAD.

1782 GIORGETTI ET AL.
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conceivable. Beside the perceived legal status of NSOs and the easy

smuggling into prisons, the technical difficulties of detecting impreg-

nated papers seems to be one of the main drivers for using these

drugs in prison,4 and a spreading of opioid-infused papers in this set-

ting might evolve.

In addition to AP-237, MDMB-4en-PINACA (IUPAC name:

methyl 2-{[1-(pent-4-en-1-yl)-1H-indazole-3-carbonyl]amino}-3,-

3-dimethylbutanoate) and 5F-ADB were detected. These are highly

potent SCs, which have been commonly detected on infused papers

and cards from prisons in concentrations ranging from 0.05 to

1.17 mg/cm2. The amount of MDMB-4en-PINACA estimated on the

letter investigated in the present study was consistent with the

range of values reported in the literature (<0.07–0.58 mg/cm2),7

although not being in the upper range. The concentrations of 5F-

ADB and AP-237 were relatively low, accounting for 8.4% and 1.6%

of the main compound (MDMB-4en-PINACA). Although the concen-

trations here reported should be taken only as rough approxima-

tions and a precise quantification was beyond the scope of our

analysis, 5F-ADB and AP-237 might be regarded as unintentionally

applied impurities, although this cannot be deducted from the avail-

able results. However, the hypothesis of impurities appears likely

with respect to the relative potencies of the compounds, on the

basis of which an effective dose of AP-237 can be expected above

10 mg,20,22 whereas the cannabinoids are believed to produce

strong effects from doses as low as 2–4 mg for JWH-018,23,24 and

probably less than 1 mg for more potent compounds like MDMB-

4en-PINACA. Moreover, due to the preparation methods for papers

illicitly infused with SCs, the drug concentrations might vary widely

from one area to another,4,7 so that it is possible that the com-

pounds here detected were more concentrated in some areas. In

the present study, as a further limitation, concentrations were not

mapped across the A4 paper. Nevertheless, the literature data sug-

gest that the inhomogeneous distribution of drug concentrations

across the paper might increase the risks for overdoses, should

users unexpectedly consume paper areas characterized by higher SC

concentrations, so-called “hot-spots.”4,7 This possibility could be of

particular concern when papers contain a combination of SCs and

NSOs, as detected in the present case. However, whether this

applied to the paper matrices investigated here remains unknown.

The health risks arising from NPS use derive both from the poly-

drug abuse pattern, that is often encountered in SCs users25 and in

NPS consuming people in prison, as well as from the non-uniformity

of doses.7 Concomitant use of NSOs and SCs may exhibit variable

severities of intoxication. In a case series, the most common clinical

symptoms of opioid and SC co-exposure were marked by a typical ini-

tial opioid toxidrome, consisting of central nervous system (CNS) and

respiratory depression. In some cases, hallucinations and adrenergic

stimulation with severe tachycardia appeared after treatment with

naloxone.26–28 Since both SCs and NSOs can exert a depressant effect

on the CNS, their combination might lead to a synergistic toxicity. Just

recently, in April 2022, two samples of paper sent from a German

prison and submitted to a GC–MS toxicological screening to this

laboratory tested positive for buprenorphine. This is a confirmation of

the potential spreading of papers impregnated with opioids in prisons.

4 | CONCLUSIONS

Although in the presented case the opioid AP-237 might be regarded

as an impurity not intentionally added (although this remains ulti-

mately unknown), other NSOs with higher potencies would pose a

serious threat to people in prison. In the present study, the GC–MS

analysis was able to detect concentrations of carfentanil as they could

be expected in impregnated paper intended for misuse. Still, it has to

be noted that the detection of highly potent compounds might not

(always) be achieved by applying standard GC–MS procedures due to

the low concentrations expected.
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