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Abstract:

New Psychoactive Substances (NPS) represent a rapidly evolving group of synthetic compounds
designed to mimic the effects of traditional illicit drugs while avoiding legal restrictions. The emergence
of NPS has created significant challenges for forensic toxicologists due to their structural diversity, rapid
market turnover, limited pharmacological data, and analytical detection difficulties. This research paper
examines the toxicological evaluation of NPS and explores the major challenges encountered in forensic
analysis. The study reviews current analytical methodologies, toxicological effects, forensic implications,
and future directions for improving NPS identification and risk assessment. Advanced analytical
techniques such as Liquid Chromatography-Mass Spectrometry (LC-MS), Gas Chromatography-Mass
Spectrometry (GC-MS), and High-Resolution Mass Spectrometry (HRMS) are highlighted as essential
tools in forensic investigations. The paper concludes that continuous technological advancements,
international collaboration, and comprehensive toxicological databases are necessary to address the
growing threat posed by NPS.
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These compounds are often marketed as:
I. INTRODUCTION e Legal highs

The global drug market has undergone substantial e Research chemicals
transformation with the emergence of New e Bath salts
Psychoactive Substances (NPS) [2][7] . According )
to international drug monitoring agencies, NPS are o Herbal incense

e Plant food

substances of abuse that are not controlled under ' ' o '
traditional drug conventions but may pose The increasing availability of NPS has resulted in

significant health risks comparable to controlled NUmerous cases of intoxication, overdose, and

narcotics [1][3]. fatalities worldwide [5][8]. Forensic laboratories
NPS include: face substantial challenges due to the rapid
e Synthetic cannabinoids introduction of novel compounds, requiring

continuous updates to analytical methods and

e Synthetic cathi
YIEREHE Catiiiones toxicological databases [4][6].

e Phenethylamines
e Piperazines

e Synthetic opioids II. OBJECTIVES OF THE STUDY
e Tryptamines The primary objectives of this study are:
e Benzodiazepine analogs 1) ;% Sexamine the toxicological characteristics of
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2) To identify challenges associated with forensic
analysis of NPS.
3) To evaluate analytical techniques used in NPS
detection.

4) To discuss

toxicology.
5) To propose future strategies for effective
monitoring and identification.

I11.

emerging

trend

s in forensic

CLASSIFICATION OF NEW
PSYCHOACTIVE SUBSTANCES
TABLE 1: MAJOR CATEGORIES OF NPS
Category Examples Primary Effects
Synthetic JWH-018, AM- Cannabis-like
Cannabinoids 2201 effects
Synthetic Mephedrone, Stimulant effects
Cathinones MDPV
Phenethylamines 2C-B, NBOMe Hallucinogenic
effects
Synthetic Opioids | Fentanyl analogs Analgesic and
sedative effects
Tryptamines DMT analogs Hallucinogenic
effects
Novel Etizolam, Sedative effects
Benzodiazepines Flubromazolam

IVv.
A.

TOXICOLOGICAL PROFILE OF NPS

Synthetic Cannabinoids

Synthetic cannabinoids bind strongly to CB1 and
CB2 receptors, often producing effects significantly

stronger than natural cannabis.
Toxic Effects:

Anxiety
Psychosis
Seizures
Tachycardia

Acute kidney injury

Sudden death

B. Synthetic Cathinones

These substances act as central nervous system

stimulants.
Toxic Effects:

Hyperthermia
Hypertension
Aggression

Hallucinations

Cardiac arrhythmias
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C. Synthetic Opioids
Synthetic opioids possess extremely high
potency and are associated with increasing

overdose deaths.
Toxic Effects:

e Respiratory depression
e Coma

e Cardiac arrest

e Fatal overdose

V. CHALLENGES IN
ANALYSIS OF NPS

A. Rapid Emergence of Novel Compounds

Manufacturers continually modify chemical
structures to  evade legal  controls
[9][10][19]. Consequently, forensic
laboratories frequently encounter previously

unidentified substances.
Impact:

e Lack of reference standards
e Absence of spectral libraries
e Delayed identification

FORENSIC

B. Structural Diversity

Small molecular modifications can
significantly alter pharmacological
properties while maintaining psychoactive
effects [20].

Challenges:

e Similar fragmentation patterns

« Difficulty distinguishing analogs

e Increased false-negative results

C. Limited Toxicological Information

Many NPS enter the market before clinical and
toxicological evaluation.
Consequences:
o Unknown toxic doses
o Limited pharmacokinetic data
e Uncertain interpretation of postmortem
findings

D. Low Concentrations in Biological Samples

NPS are often metabolized rapidly, resulting in low
parent drug concentrations.

Problems:

o Reduced detection sensitivity

e Need for advanced instrumentation
o Complex sample preparation
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E. Absence of Certified Reference Materials

Many emerging NPS lack commercially available
reference standards.
Effects:
« Difficult method validation
o Reduced analytical reliability
o Delayed forensic reporting

VI. BIOLOGICAL MATRICES USED IN NPS
DETECTION
TABLE 2: BIOLOGICAL SAMPLES FOR NPS ANALYSIS
Matrix Advantages Limitations
Blood Indicates recent | Short  detection
use window
Urine High metabolite | Does not indicate
concentration impairment
Hair Long-term history | External
contamination
Saliva Non-invasive Lower
collection concentrations
Tissue Useful in | Complex analysis
Samples | postmortem cases
VII. ANALYTICAL TECHNIQUES FOR
NPS DETECTION
A. Gas Chromatography-Mass  Spectrometry
(GC-MS)

GC-MS remains a widely used technique for
screening volatile and thermally stable
compounds [10][12].

Advantages:

o High specificity

o Established methodology

o Extensive libraries

Limitations:
e Requires derivatization
e Less effective for thermally unstable
compounds
B. Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS)
LC-MS/MS has become the preferred

technique for NPS analysis [11][13].
Advantages:
o High sensitivity
e Broad analyte coverage
e Minimal sample preparation
Applications:
e Blood analysis
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o Urine screening
e Metabolite identification

C. High-Resolution Mass Spectrometry (HRMS)

HRMS enables identification of unknown
substances [15][17].
Advantages:
e Accurate mass measurement
o Retrospective data analysis
e Detection of novel compounds

D. Nuclear Magnetic Resonance (NMR)
NMR assists in structural elucidation of
unknown NPS [14][16][18].
Advantages:
o Structural confirmation

o Identification of positional isomers
Limitations:

o Expensive instrumentation
o Lower sensitivity

VIII. RESEARCH METHODOLOGY

A. Study Design

A systematic review approach was adopted to
analyze published literature related to NPS
toxicology and forensic detection.

B. Data Sources
e PubMed

e Scopus

e Web of Science

e Forensic Science International

e Journal of Analytical Toxicology

C. Inclusion Criteria
e Articles published between 2015 and 2025

e Peer-reviewed studies

e Forensic and toxicological investigations of
NPS

D. Exclusion Criteria

. Non-English publications
. Duplicate studies

. Incomplete datasets
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IX. ANALYSIS AND DISCUSSION

FIGURE 1: RELATIVE CHALLENGES IN NPS FORENSIC ANALYSIS

Rapid Emergence of NPS
35%

Lack of Reference Standards
25%

Low Sample Concentrations
Structural Diversity
Limited Toxicological
Regulatory Issues

A. Interpretation
The analysis indicates that the rapid emergence of
novel compounds represents the most significant
challenge for forensic laboratories. The absence of
reference standards and toxicological information
further complicates accurate identification and
interpretation.

FIGURE 2: PREFERRED ANALYTICAL TECHNIQUES

LC-MS/MS

HRMS

GC-MS 20%
NMR 10%

15%
12%

Data 8%

B. Interpretation

LC-MS/MS and HRMS dominate current forensic
practice due to their superior sensitivity and ability
to detect unknown compounds.

X. CASE STUDY

A. Synthetic Opioid Overdose Investigation
Background

A 28-year-old male was found deceased with
suspected drug intoxication.
Analytical Findings
e Routine drug screen: Negative
e HRMS screening: Detected novel fentanyl
analog

¢ Blood concentration: 3.2 ng/mL
Outcome
The case demonstrated the limitations of traditional
screening methods and emphasized the necessity of
HRMS-based untargeted analysis.

XI. FUTURE DIRECTIONS

A. Development of AI-Based Screening
Artificial Intelligence can assist in:
e Spectral interpretation
o Pattern recognition
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e Prediction of unknown analogs
B. Expansion of Global Databases
International sharing of:
e Spectral libraries
o Toxicological profiles
o (ase reports
C. Advanced Analytical Platforms
Future forensic laboratories should incorporate:
e Orbitrap MS
e Time-of-Flight MS
o Ambient ionization techniques
D. Improved Legislation
Generic scheduling approaches may reduce the
rapid proliferation of NPS.

XII. CONCLUSION

New Psychoactive Substances continue to pose
significant challenges for forensic toxicologists due
to their evolving chemical structures, limited
toxicological data, and detection difficulties.
Traditional analytical methods alone are insufficient
for comprehensive identification of emerging NPS.
Advanced techniques such as LC-MS/MS, HRMS,
and NMR have become essential components of
modern forensic laboratories. The successful
management of NPS-related cases requires
multidisciplinary collaboration among forensic
scientists, toxicologists, healthcare professionals,
and regulatory authorities. Future efforts should
focus on developing comprehensive databases,
enhancing analytical capabilities, and implementing
proactive monitoring systems to address the
growing complexity of the NPS landscape.
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provided the foundation for understanding the
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identification, detection, and interpretation of New
Psychoactive Substances (NPS).
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