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Abstract Opioids are among the most abused drugs globally, and their adverse effects on human health and social
security cannot be disregarded. Effective drug detection technology is important in drug control and drug crime prevention.
As a new molecular spectroscopic analysis technology, surface-enhanced Raman spectroscopy (SERS) is expected to
become an effective method for detecting trace drugs owing to its advantages of accurate identification, high sensitivity,
simple operation, and fast analysis. This study gives an overview of the recent developments in the detection of opioids
(morphine, heroin, and codeine) using SERS. In addition, this study proposes the future directions of SERS technology in
the application of drug detection for the relevant research and case handling.
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Fig. 1 Molecular structures of morphine, heroin, and codeine
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Fig. 2 Experimental results. (a) Process of rapid detecting morphine in urine by LLME-SERS; (b) Raman spectra of morphine with

different mass concentrations in urine
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Fig. 4 Experimental results. (a) Schematic diagram of morphine analysis based on immunochromatography-SERS; (b) relationship

curve between B/B, value and morphine mass concentration (B/B,: intensity of peak at 1078 cm

" of the sample solution/the

intensity of the peak at 1078 cm ™' of the blank solution. Inset: corresponding immunochromatographic detection assay stripes);
(c) specificity of morphine detected by ICA-SERS™!
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Table 1 Characteristics of three methods for detecting morphine in complex matrices

Detection method Detection time

Sample pretreatment

Limit of detection Ref.

Direct detection 5-6 min
Direct detection 160 s

Indirect detection 25 min +10 s

Liquid-liquid micro-extraction
Ultraphonic, mixing, centrifugation and filtration

Centrifuged to remove precipitates

1 pg/mL [36]
0.1 pg/mL [43]
2.4X10"" ng/mL [44]

(note: a means 140 s for droplet evaporation, and 20 s for spectra collection. Sample pretreatment time was not included, b means

10 min s for centrifugation, 15 min for ICA reaction and 10 s for spectra collection)
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Fig. 5 Experimental results. (a) SERS spectrum obtained after wiping the surface containing 5 pg of heroin and performing lateral flow

concentration; (b) heroin mass concentration curve obtained by measuring the peak intensity at 626 cm

the low nanogram levels); SERS spectra of heroin and IR780 dye (c¢) before and (d) after chromatographic separation
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Fig. 6 Experimental results. (a) Schematic diagram of NaCl crystal-induced SERS platform and the distribution of effective laser

spots; (b) SERS spectra of heroin with different mass concentrations collected at of 2 um from the edge of NaCl crystal™
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Fig. 7 Experimental results. (a) Photograph of the glass fiber sheet before (top) and after (bottom) loading Au nanoparticles, and a
simple sampling rod (middle); (b) SERS spectra of codeine at 50, 25, 10, 5, 1, 0.5, 0.25, and 0. 1 pg/mL; (¢c) photograph of

the SERS flow-separation strip; SERS spectra of different mass concentrations of codeine in (d) saliva, (e) plasma, and

#*2

(f) whole blOOdUS—m;J

UTAEAR 2 T SERS K2 £ GE 6] J1 23 i WF 72 A 25

Table 2 Summary of research on the detection of classical opioids based on SERS in recent years

SERS detection conditions

) Laser Laser L o )
Analyte Substrate Matrix Acquisition Limit of detection Ref.
wavelength /' power / .
time /s
nm m
Ag NPs* — 633 20 30 — [41]
Au NPs — 633 4 10 (13£2) ng/mL [42]
) Au nanorods Urine 785 80%" 15 1 pg/mL [36]
Morphine .
Au NPs + hydrophobic . . .
. Chafing dish 785 30 20 0.1 pg/mL [43]
slippery surface
MBA-Au-Ab* Saliva 633 10 10 2.4X10"" ng/mL [44]
Ag NPs + — 48
£ 785 17 1 _ one a8l
Chromatography paper IR780 dye 25ng (in 0. 5 mg of IR780) [49]
Heroin Ag NPs + NaCl crystals — 633 0.13 5 1 pg/mL [50]
PEG-SH-Au TNPs' +
) Plasma 785 20 16 — [52]
3 M adhesive tape
Heroin: 31.69 ng/mL
) Morphine: 20. 91 ng/mL
Heroin . .
. Ag NPs + Au nanorod . Morphine-3-8-glucuronide :
and its Saliva 785 150 40 [51]
. arrays 17.01 ng/mL
metabolites )
6-Monoacetyl morphine:
19.91 ng/mL
Ag NPs' — 633 20 30 - [41]
Ag NPs Plasma 633 3 20 416.12 ng/mL [54]
) . — 5ng/mL [55]
Codeine .
. . 70 ng/mL (saliva)
Au NPs + glass fiber sheets Saliva, plasma, 785 40 3 .
18 ng/mlL (plasma) [56]

and whole blood

244 ng/ml. (whole blood)

(note: a means nanoparticles; b means 80% of the total laser intensity ; ¢ means 4-mercaptobenzoic acid-Au NPs- morphine anti-

body; d means Au triangular nanoprisms functionalized with poly (ethylene glycol)-thiolate)
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