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Abstract

The last decade has witnessed the emergence of new
psychoactive substances that are analogues of classical
drugs of abuse in order to escape the regulations sur-
rounding the latter drugs. These drugs were of both herbal
and synthetic origin and were advertised initially as ‘legal
highs’; thus, they were perceived as safe by users. Hence,
upon their emergence, they were not controlled by the
Misuse of Drugs Act 1971, which contributed to their pop-
ularity and increased sales online and within street mar-
kets. In 2016, the Psychoactive Substance Act introduced
a blanket ban on all new psychoactive substances except
for caffeine, alcohol, and nicotine. This in turn, contributed
to the change in the sale of new psychoactive substanc-
es products that have been sold as concealed in different
matrices, including herbal products, papers, fabrics, and
textiles. Concealing drugs in paper has been very popular,
especially since the drug product is of lightweight and can
be sent via postal services. However, new psychoactive
concealed in papers are toxic not only to the users; but
also, to the person handling them (i.e. mail employees).
One of the classes of new psychoactive substances that
have been commonly concealed in papers and that have
been linked to toxicity and hospitalization cases is synthet-
ic cannabinoids. Therefore, there is a need to identify new
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Rapid Detection of Synthetic Cannabinoid Receptor Agonists Impregnated into Paper by Raman Spectroscopy [BsIS)

psychoactive substances concealed in papers non-de-
structively and rapidly to prevent toxicity linked to them.
Handheld Raman spectroscopy offers this advantage as
it is of lightweight and carries the sample to the matrix.
Therefore, this work used handheld Raman spectroscopy
for identifying synthetic cannabinoids concealed in papers
using Raman spectroscopy combined with machine learn-
ing analytics. Synthetic cannabinoid and paper samples
were measured non-destructively using a handheld Ra-
man spectrometer equipped with a 1064 nm laser wave-
length. Spectral data was exported into Matlab 2020b
where machine learning analytics including identification
and prediction was. The results showed that Raman spec-
troscopy could identify specific synthetic cannabinoids
in papers that were either deposited on the surface
of the paper or diffused inside the paper substrate.
When machine learning analytics were applied to the
Raman spectra of the papers, quantitative information
was obtained regarding the amount of synthetic can-
nabinoid deposited on the paper surface. In summa-
ry, handheld Raman spectroscopy could identify and
quantify synthetic cannabinoids on paper rapidly and
non-destructively. Future work involves testing other
classes of new psychoactive substance and applying
deep learning analytics
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1. Introduction

Raman spectroscopy is based on the inelastic
scattering resulting from the interaction of mono-
chromatic light with the analyte of interest. Raman
scattering reveals molecular information from which
structure and chemical information can be extract-
ed to characterise a wide range of chemical com-
pounds. The advantages of using handheld Raman
spectroscopy comprise that it is non-destructive, re-
quires little or no sample preparation, and can mea-
sure through glass and transparent packaging [1-2].

Raman spectroscopy has been previously ap-
plied to the analysis of drugs of abuse and NPS
such as amphetamine, benzodiazepines, cannabi-
noids, cocaine and opiates, which includes different
polymorphs and salts forms [3-9]. Moreover, illicit
drug residues impregnated into a variety of matri-
ces had been detected using Raman spectroscopy
which enabled law enforcement and border control
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to analyse suspicious materials containing drug
compounds without being in direct contact with the
substance [3,6, 10-14].

The matrices mentioned above included paper
and cloth that could be sent by postal deliveries in-
cluding fast parcels. Handling these parcels has
been repeatedly reported to impact public health.
For example, hospitalisation cases have been re-
ported and attributed to prison staff-handling fast
parcels [15]. Hence to minimise the adverse events
related to handling parcels of NPS-impregnat-
ed papers, it is important to identify these parcels
on-site. Handheld Raman spectroscopy offers this
advantage. Moreover, the selectivity of Raman to
chemical substrates offers a unique signature for
every analyte. In face of these emerging challeng-
es, various researchers have developed methods to
detect substances impregnated into matrices such
as alcohol and textiles [3,6,11]. The aforementioned
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Table 1. PLSR values for AKB-48, caffeine and procaine

Substance RMSEC (mg/mL) . RMSEP (mg/mL) e
AKB-48 0.752 0.982 0.812 0.975
Caffeine 1.160 0.917 1.609 0.905
Procaine 0.450 0.994 0.587 0.990

RMSEC: root mean square error of calibration; RMSEP: root mean square error of prediction, r?

calibration set, r? : correlation coefficient value of the validation set.
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Figure 1. Raman spectrum of blank paper 80 g/m 2 measured using the Rigaku

handheld FT-Raman spectrometer.

studies showed Raman was successful in detecting
cocaine hydrochloride impregnated in textiles and
alcoholic beverages. This research builds on ex-
isting research in detecting synthetic cannabinoid
receptor agonists (SCRAs) impregnated in paper
using handheld Raman spectroscopy.

2. Materials and methods

2.1 Standards and chemicals
Three SCRAs including AB-FUBINACA, AKB-
48, and 5F-PB-22 were purchased from Sigma

Aldrich. Four common impurities in NPS products
benzocaine, caffeine, lidocaine and procaine were
purchased from Sigma Aldrich. Ethanol of analytical
grade (purity ~99.8%) was purchased from Sigma
Aldrich. Five different densities of paper were pur-
chased (75 g/m?, 80 g/m?, 90 g/m?, 100 g/m? and
120 g/m?) from Navigator and were used for impreg-
nating SCRAs and common impurities.

2.2 Instrumentation
Raman measurements were collected using
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the handheld Rigaku FirstGuard 1064 nm Raman
spectrometer equipped with a thermoelectric cool-

ing, charge-coupled device detector, and 1064 nm
laser wavelength. Each spectrum was the sum of 8
scans with 8 seconds exposure time and 490 mW
laser power. Spectra were collected over the wav-
enumber range of 200 — 2000 cm-™.

2.3 Procedure

The three SCRAs and four cutting agents were
dissolved in ethanol at four different concentrations
(10, 15, 20 and 25 mg/mL) and impregnated into
five different densities of paper (75, 80, 90, 100
and 120 g/m?) through soaking. Paper samples of
each density were cut into 1 cm? segments and then
soaked in different solutions at ambient room tem-
perature. After drying, ten spectra were collected for
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each paper such that the position/side of the paper
was changed after each spectrum.

2.4 Data analysis

The obtained spectra were analysed using Matlab
2020b. For spectral identification, the Raman spectra
for each measured substance were inspected against
tables of functional groups from the literature [6]. For
quantitative analysis, partial least square regression
was applied (PLSR) which predicted the concentra-
tion of the SCRA and/or impurity in the impregnated
paper based on multiple variables. PLSR reduced
the dimensionality of the data according to variance
among the data [17]. Hence, data with the least im-
portant variables were rejected. This is done by
finding factors that capture variance among the data
such that factors are added one at each time. The first
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Figure 2. Raw Raman spectra of (a) 5F-PB-22 impregnated into paper at 10 mg/mL (b) 15 mg/mL (c) 20
mg/mL (d) 25 mg/mL, AB-FUBINACA 22 impregnated into paper at (e )10 mg/mL (f) 15 mg/mL (g) 20 mg/
mL (h) 25 mg/mL and AKB-48 22 impregnated into paper at (i) 10 mg/mL (j) 15 mg/mL (k) 20 mg/mL (1) 25
mg/mL measured by the handheld Rigaku FT- Raman spectrometer.
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PLSR factor captures the maximum variance among
the data, the second captured the second maximum
variance and so on. PLSR is defined by the following
equations [17]:

X=TP+E Equationt

C=Tqg+"f Eqguation?2

X and Y are the matrices of predictors (n x m
matrix of predictors) and responses (n x p of re-
sponses). T and U represent projections of X and Y
scores, respectively. P and q represent orthogonal
loading matrices for the projected X and Y scores,
and E and f are the error terms for the predicted and
responses matrix.

3. Results and Discussion

3.1 Spectral interpretation of the paper
Spectral interpretation of paper (Figure 1) was
conducted over four regions being: 250 — 550 cm™,

550 — 950 cm, 950 — 1200 cm™ and 1200 — 1600
cm. The first spectral range (250 — 550 cm™))
showed several medium-intensity bands due to
skeletal bending modes involving C-C (276 cm™),
C-O-C (358 cm™), O-C-C (432 cm™) and O-C-O
(487 cm™) functional groups.

The second spectral range 550 — 950 cm
showed two weak bands widely spaced were ob-
served at 655 and 809 cm™ and were attributed to
the out-of-plane bending of C-C-C, C-O-C, O-C-O
and C-C-O. The third range (950 — 1200 cm)
showed a very strong band at 1072 cm™ and was
attributed to the symmetrical stretching of C-C and
C-O functional groups. In the fourth range (1200 —
1600 cm™) several medium-intensity bands were
observed in the Raman spectrum and are attribut-
ed to C-C-H (1255 cm™), O-C-H (1331 cm™"), C-O-H
(1455 cm™) and H-C-H bending (1597 cm™).
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Figure 3. Raman spectra of blank paper (bottom) and AKB-48 (top) impregnated into paper at 25
mg/mL concentration measured in the wavenumber region 200-2000 cr'. Only functional groups

attributed to the AKB-48 were labelled.
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Figure 4. Raman stacked spectra of blank paper (bottom) and caffeine (top) impregnated into
paper at 25 mg/mL concentration measured in the wavenumber region 200 -2000 cm. Only
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functional groups attributed to caffeine were labelled.

3.2 Spectral interpretation of SCRA impregnated
into the paper

Of the three SCRAs impregnated into paper
(Figure 2), only AKB-48 was detected in concentra-
tions of 20 mg/mL and above. AKB-48 spectra (Fig-
ure 3) showed three sharp peaks (one weak and
two medium) attributed to two functional groups at
650 (NH of amide), 1650 (CO of amide) and 1680
(CO of amide) cm™.

The aforementioned two peaks were seen at
1680 (medium sharp) and 650 cm™ (weak sharp),
respectively. An additional medium sharp peak at
1650 cm™ was attributed to the stretching of the
C=0 functional group of carbonyl amide.

3.3 Spectral interpretation of cutting agents im-
pregnated into the paper

Caffeine impregnated into paper was detected
in concentrations of 15 mg/mL and above. At 15
mg/mL functional groups attributed to caffeine were

AJFSFM 2022; Volume 4 Issue (2)

observed at 790, 1312 and 1597 cm™ attributing
to C-C stretching (790 and 1312 cm™) and out-of-
phase stretching of C=0 (1597 cm™") peaks. At 20
mg/mL three more peaks were observed attributing
to pyrimidine ring deformation (C-N) at 550 cm”,
secondary amine symmetrical stretching (C-N) at
1311 cm™ and in-phase stretching of carbonyl am-
ide (C=0) at 1680 cm™'. Caffeine impregnated into
paper is shown in Figure 4.

Interesting features concern the caffeine bands
at 450, 515, 790, 1207, 1312, 1597 and 1680 cm™'
and are assigned to methylene rocking (C-H), py-
rimidine ring deformation (C-N), skeletal vibrations
(C-C), symmetrical stretching of a secondary amine
(C-N), indazole ring symmetrical stretching (C-C)
and out-of-phase (C=0) and in-phase stretching of
carbonyl amide (C=0), respectively.

Procaine impregnated into paper was detected
in 20 mg/mL and above concentrations. Four func-
tional groups were identified in the Raman spectra
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Figure 5. Raman stacked spectra of blank paper (bottom) and procaine (top) impregnated into
paper at 25 mg/mL concentration measured in the wavenumber region 200 -2000 cm. Only
functional groups attributed to the drugs are labelled.
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Figure 6- PLSR calibration models of the Raman spectra of (a) caffeine and (b) procaine HCI impregnated

into paper.

of procaine (Figure 5) and included methylene (C-
H) (850 cm™), carbonyl ester (C=0) (1597 cm),
tertiary (C-N) (1311 cm™) and aromatic amine (N-H)
(1674 cm™).

3.4 Quantification of AKB-48 using PLSR
AKB-48 was the only SCRAs derivative detected

impregnated into paper using Raman spectroscopy,
so a PLSR model was developed only for AKB-48.
The model validity was assessed with RMSEC, RM-
SEP, r?_, and r2pre. The calibration model for AKB-
48 showed RMSEC and r?_ values of 0.752 mg/
mL and 0.982, respectively. The prediction model
showed similar values to the calibration model with
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RMSEP and r2pre values of 0.812 mg/mL and 0.975,
respectively. The random pattern for the residual

plot and high r? values indicate a good PLSR model
performance.

3.5 Quantification of caffeine and procaine us-
ing PLSR

For the two cutting agent compounds that were
detected impregnated into paper using Raman
spectroscopy, PLSR models were developed to
quantify caffeine and procaine concentrations. The
model validity was assessed with RMSEC, RMSEP,
re ., and r2pre with VIP-selecting variables under 5
factors having the best performance. These results
demonstrated that the PLSR models for the afore-
mentioned cutting agents had a good performance.
For the caffeine calibration model dataset, it showed
RMSEC and r?_ of 1.160 mg/mL and 0.917. The
RMSEP and r2pre were similar to the calibration set
of 1.609 mg/mL and 0.905. This further confirmed
the robustness of the models.

The best performance of PLSR for cutting agents
used was procaine. The RMSEC and r* , of the cal-
ibration set were 0.450 mg/mL and 0.994, respec-
tively. The RMSEP and r?|
0.990 with a random pattern for the residual plot,

. Were 0.5872 mg/mL and

indicating a good PLSR model performance.

4. Conclusions

In summary, the use of Raman spectroscopy
equipped with a 1064 nm laser wavelength has
proven to be successful in detecting 40% of the
evaluated samples impregnated into paper. Where
detected, key functional groups such as carbonyl
and amide groups were seen in the spectra of the
measured samples. The sensitivity was a challenge
as the limit of detection of Raman spectroscopy was
above 15 or 20 mg/mL depending on the substance.
However, Raman spectroscopy showed to be quan-

AJFSFM 2022; Volume 4 Issue (2)

titative around these concentrations. Hence, when
PLSR was applied to the Raman spectra of the three
detected drugs accurate and precise results were
obtained with r2 values in the range of 0.90 — 0.99
and RMSE values in the range of 0.44 — 1.6 mg/mL.
Future work involves improving the sensitivity of
quantification of substances impregnated in a paper
by either using surface offset Raman spectroscopy
or transmission Raman spectroscopy. The latter two
techniques can detect drugs beyond the surface of
the paper and hence are preferred for quantification
where the bulk of the sample is needed.
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