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Prescriptions for psychoactive substances such as Pregabalin, Methamphetamine, Caffeine, Sl el iehs

Clonazepam and Mirtazapine (PM-CCM) are common in the treatment of a variety of disorders. Keywords: GC-MS; PM-CCM; Pregabalin;
Indeed, the PM-CCM has been used in different therapeutic areas, including insomnia, anxiety, Methamphetamine; Mirtazepine; Clonazepam;
seizure disorders, etc. Unfortunately, these psychoactive substances are present in the illegal Caffeine

street market, leading to a lot of drug abuse among some addicted users, road insecurity and
suicide. Hence, it has become essential to validate and develop a rapid and effective method to
analyze the PM-CCM, a modified illicit drug, for drug abuse in the forensic sciences. A simple,
rapid, specific and sensitive Gas Chromatography-Mass Spectrometry(GC-MS) method has been @ OPEN ACCESS
developed for the identification of Pregabalin, Methamphetamine, Caffeine, Clonazepam and

Mirtazapine (PM-CCM) in forensic exhibits. At room temperature, the sample was ultrasonicated

for 5 minutes before being extracted with methanol. A highly precise auto-injector is used to

inject a very small quantity of samples for analysis. Helium is used as a carrier gas with a flow

rate of 1 ml/min. The separation of PM-CCM was performed on SH-RXi-5 MS, ID.25 mm, film

thickness. 25 pm, length of 30 m column. The constituents of PM-CCM were identified by the

mass-to-charge ratio (m/z ratio) of fragments of the parent compound by comparing them with

the NIST-17 MS Library. Separation and identification of PM-CCM were achieved within a

15-minute run. The proposed method has been successfully used for the routine analysis of PM-

CCM in complex illicit drug preparations and in forensic exhibits as well. The application of above

discussed qualitative analysis method and screening of PM-CCM, modified illicit drug samples

demonstrates the potential and applicability of the technique to the fast chemical profiling of illicit

samples.
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Introduction

The impact of illicit drug markets on the incidence of
violence varies tremendously depending on many factors.
Drug abuse is a very serious threat to human society and
it’s increasing day by day, posing a major challenge to drug
analysts. According to the United Nations Office on Drugs
and Crime (UNODC) [1], drug use is increasing at an alarming
rate, with approximately 275 million people using drugs in
2019, up to 22 percent from 2010 and approximately 500,000
people dying as a result of drug users that year Azimi and
Docoslis [2]. Consumption of illicit drugs is increasing day
by day globally and emerging as a public health issue and
has pernicious impacts on the consumer’s health Crowley,
et al. [3], Joye, et al. [4], Vearrier [5]. Clandestine producers
used a variety of ways to modify the drugs of abuse by
mixing adulterants for economic gain and escaping the eyes
of investigating agencies. Adulterants play a significant role
in the masking of drugs, making them difficult to identify in
forensic exhibits. Adulteration depends on chemical additives
and cutting agents available in local markets. Some local
anesthetic compounds, medicinal plant extracts and non-
narcotic medicines have been used to boost narcotic potential
and produce synergistic effects with illicit drugs. Pregabalin
and caffeine are the adulterants of choice in drug abuse due
to their euphoric effect. The euphoric effect of Pregabalin was
reported by Zaccara, et al. 2012 and Pfizer, 2016 Zaccara,
et al. [6], and Pfizer [7]. Pregabalin is a structural analogue of
aminobutyric acid, the primary inhibitory neurotransmitter in
the mammalian central nervous system; both are used to treat
epileptic seizures and neuropathic pain Hlozek, et al. [8]. It is
chemically known as (S)-2(amino methyl)-5-methyl hexanoic
acid and is a white crystalline solid, which is soluble in water
and in both basic and acidic aqueous solutions Donald [9],
Warner and Figgitt [10]. Caffeine, levamisole and procaine,
local anesthesia, was found with several drugs of abuse
such as heroin, fentanyl and cocaine Fiorentin, et al. [11].
Separation, isolation and identification of constituents of drug
mixtures are tedious tasks. However, common methodologies
for analysis and standard reporting practices frequently do
not include cutting agents, resulting in a lack of or inadequate
information regarding the prevalence of these substances.
Several color tests are available for the indicative presence of
functional groups like alkaloids, cannabinoids, carbonyls and
some groups of unsaturated compounds (Clarke’s Analysis of
Drugs and Poisons [12], Third edition). Numerous techniques
have been developed so far for illicit drug detection in forensic
toxicology, such as nuclear magnetic resonance Assemat,
et al. [13], Burns, et al. [14]. A previous research study has
revealed that only a few instrumental methods are available
for the identification of some chemical constituents of locally
modified illegal drug preparations. High-Performance Liquid
Chromatography with UV detectors is now the most commonly
used method for estimating Pregabalin in bulk capsule dosage
formand pharmaceutical formulations Seema, etal.[15], Gujral,
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et al. [16]. Similarly, spectrophotometric methods are also
used for the determination of pregabalin content in bulk and
dosage forms Patil, et al. [17]. Liquid Chromatography-Mass
Spectrophotometry (LC-MS), LC with fluorescence detection
was also used to determine Pregabalin in human plasma and
serum Mandal [18], Oertel [19], Vermeij [20]. Pavlova et al,
have estimated that amphetamine, methamphetamine, and
caffeine are in tablet form simultaneously, Pavlova, et al. [21].
Jun, et al. [22] performed chiral capillary zone electrophoresis
coupled with acetonitrile field amplified separation of
Mirtazapine, N-Demethylmirtazepine, 8-Hydroxymirtazepine
and Mirtazapine-N-oxide. Labat, et al. [23] developed
spectrofluorimetric, spectrofluorimetric, HPLC and
CZE. However, all these available methods are expensive and
time-consuming pretreatment processes. Apart from this,
these methods pose serious health-threatening exposure
to chemical solvents during derivatization and laborious
clean-up procedures for the analysis of samples. As a result,
there is an immediate need for a robust and distinct analysis
method for detecting novel PM-CCM in adulterated illicit
drug preparations. The development of rapid, accurate, and
affordable drug detection and identification methods could
be a powerful tool in our efforts to reduce the overwhelming
effects stemming from illicit drug use, or more generally, drug
abuse. Therefore, in this study, the author is keen to develop a
GC-MS-based qualitative method for the identification of this
illicit drug preparation of forensic interest. Hence, an attempt
has been made to develop a simple, rapid, specific, and
sensitive method for the concurrent analysis of constituents
of PM-CCM.

Materials and methods

Reagents and chemicals

The chemical standards and solutions used in this study for
sample extraction and dilution procedures were purchased
from SRL, Pvt. Ltd., India, and Fisher Scientific, Pvt. Ltd., India.
Standard reference materials for drugs are procured from the
Indian Pharmacopeia, Ministry of Health & Family Welfare,
Govt. of India, Ghaziabad.

Preparation of samples

Regarding GC-MS experiments, all samples were prepared
with 10 mg each of methamphetamine, Mirtazepine,
Clonazepam, Pregabalin and Caffeine powder homogenized
well, extracted with 3 x 5 ml methanol and ultra-sonicated for
5 minutes at room temperature. The homogenized extract was
filtered through Whatman filter paper No. 1 and a final volume
of 10 ml was made up by concentrating at room temperature.
An experiment was conducted in order to evaluate the
minimal number of acquired spectra in order to minimize the
variability and therefore to perform accurate identification.

Preparation of standards

The stock solutions of each of Pregabalin, Methampheta-
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mine, Mirtazepine, Clonazepam and caffeine were prepared
at 1 mg/ml concentration in methanol and sonicated for 5
minutes at room temperature. The homogenized extract was
filtered through man’s filter paper No 1 and the working
standard solutions were prepared by diluting the standard
solutions to the appropriate concentrations as needed. The
working standard solutions were stored at -=20 °C when not in
use, and they were prepared monthly.

Instrumentation and experimental conditions

A GC-MS model QP2020NX Shimadzu equipped with a
high-quality AOC-20i plus auto-injector was used. The column
was 30 m SH-RXi-5 MS with a 0.25 mm ID and 0.25 pm film
thickness. At a constant flow of 1 ml/min, helium was used
as a carrier gas. A split less injection was used. The injector
and interface line temperatures were kept constant at 260
and 220 degrees Celsius, respectively. The 0.5 pl sample was
injected by the high-quality AOC-20i plus auto-injector to the
preconditioned GC-MS-QP2020NX Shimadzu for recording
the total ion chromatogram and mass spectra of compounds
under the following operating parameters: oven temperature
of 90 °C held for 1 min, ramp @25 °C/min up to 280 °C hold
for 7 min. The MS conditions were kept at 70 eV ionization
energy, 200 °C ion source temperature, and a mass range of
40 - 550 eV.

Compounds identification

For data acquisition and processing, the GCMS solution,
version 4.50 software, was used. The results were screened
using the library of the National Institute of Standards and
Technology (NIST-17 MS Library) and compared with the
mass spectra of standard reference materials Figure 1.

Method validation

Method validation was performed in order to evaluate
the method in terms of LOD, precision, accuracy, specificity,
robustness and system suitability.

Results and discussion

The analytical procedure was evaluated and proved to be
applicable for illicit drug identification. This method helped
in avoiding contamination from derivatizing reagents because
derivatization was excluded. The obtained coefficients
indicated the linearity of the results and an excellent
correlation between concentration and response for each
drug standard was produced. Sensitivity and accuracy are
dynamic factors in drug profiling procedures because any
disparity in chromatograms can affect the interpretation
of the comparison process. Therefore, the accuracy of the
entire method was investigated by the precision of RT, where
sensitivity was measured by the Limit of Detection (LOD). The
LOD was determined to be the lowest concentration, yielding
an integrated height corresponding to three times the height
measured after injection of each drug standard.
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Specificity and sensitivity

The specificity of the GC-MS method hasbeen demonstrated
by the representative chromatograms for Methamphetamine,
Pregabalin, Caffeine, Mirtazepine and Clonazepam in the
sample (Figure 2). The sample showed no significant
interference with other compounds at retention times
compared with standard compounds (Figure 3). The Limit of
Detection (LOD) of an individual analytical procedure is the
lowest amount of analyte in a sample that can be detected but
not necessarily quantified as an exact value. The minimum
detectable concentration (LOD) of this method, based on the
observation method for TIC mode, was in the range of 1.95
ng/mLto 10 ng/mLfor Methamphetamine (1.95 ng/ml),
Pregabalin (2.5 ng/ml), Caffeine (0.60 ng/ml), Mirtazepine
(8.0 ng/ml), and Clonazepam (10 ng/ml).

Precision and accuracy

The precision of the analytical method was determined by
repeatability (intra-day) and intermediate precision (inter-
day) using five replicates for both samples and standards. The
results show that the method was reproducible and reliable
within the acceptable analytical range (Table 1).

Robustness

Prepare the three samples and analyze them under the
conditions by changing the flow rate by + 0.1 ml, injector
temperature * 10 °C, detector temperature + 10 °C and ms
interface + 10 °C. Evaluate the system suitability criteria
in terms of retention time and mass spectra, no significant
differences were observed in the results.

The PM-CCM sample was extracted with different solvents
such as chloroform, ether, chloroform: ether (1:1), and
methanol. Methanol was found to be the most suitable solvent
for the extraction of PM-CCM. A highly precise auto-injector
was used to injecta 0.5 pL. sample into GC and a chromatogram
was recorded. Chromatographic separation and RT value
were recorded for each analyte and standards in scan mode
and optimal separation of selected compounds was achieved
within 15 min. The carrier gas flow and oven temperature
were optimized in such a way that no two compounds
overlapped or interfered with each other. The mean retention
time for Methamphetamine, Pregabalin, Caffeine, Mirtazepine
and clonazepam was optimized at 4.21 min, 5.45 min, 7.60
min, 9.44 min and 14.00 min, respectively (Table 1). The
response for the 5 replicated samples resulted in relative
standard deviations of 0.07% for Methamphetamine, 0.03%
for Pregabalin, 0.01% for Caffeine, 0.05% for Mirtazepine and
0.12% for Clonazepam retention time. The GCMS solution,
version 4.50 software, was used for data acquisition and
processing. The results were screened using the library of
the National Institute of Standards and Technology (NIST-17
MS Library) and compared with the mass spectra of standard
reference materials. The described method is highly efficient
with a simple extraction procedure and does not require
sample derivatization.
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Figure 1: A typical TIC chromatograph of a sample containing a mixture of Methamphetamine, Pregabalin, Caffeine, Mirtazepine and Clonazepam of

a concentration of 1 mg/ml.
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Figure 3: Chromatograph of a) sample b) Std. Methamphetamine) Std. Pregabalin d) std. Caffeine e) Std. Mirtazepine f) Std. Clonazepam.
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Table 1: The sample's RT in relation to the compound standards.
RT detected for the sample, min?

Compound Interday Intraday
Methamphetamine 4.2 +£0.0015 4.2 +£0.0038
Pregabalin 5.4 £0.002 5.4 +0.0020
Caffeine 7.6 £0.0015 7.6 £0.0018
Mirtazepine 9.4 £ 0.0040 9.4 £ 0.0025
Clonazepam 14.0 £ 0.0120 14.0 £ 0.0034
2Each value is the mean + SD; n = 5.

Conclusion

A rapid and simple GC-MS method was developed and
validated to identify complex illicit drug mixtures of forensic
interest. This method showed good separation among the
compounds” as in comparison with existing methods (e.g.,
spectrofluorimetric, HPLC and CZE), the newly proposed
method provides its efficiency in separating various complex
compounds without any significant interference with each
other or other neutral substances”. A qualitative analysis
should precede pharmacological and toxicological studies
and the GC-MS method developed here may be useful to
rapidly identify designer drugs in legal highs. The results are
reproducible and reliable for carrying out qualitative analysis
on matrix samples. This analytical procedure may find wide
application in the identification of other narcotic drugs as
well as psychotropic substances in illicit drug preparations.
The newly proposed method can provide useful information
concerning the analysis of complex illicit drug mixtures of
forensic interest.
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