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Abstract

96-well liquid solution micro-extraction and ultra-high-performance liquid chromatography tandem mass
spectrometry analysis were used to evaluate a novel approach that combined micro-sampling of whole blood
containing drugs of abuse. The most promising configuration was confirmed after being tested with various donor
solutions, supported liquid membranes, and acceptor solutions. Opioids, cocaine, amphetamines, benzodiazepines,
and z-hypnotics, among others, were included in the approach. 13 of the compounds had extraction recoveries
greater than 70%, while the final four compounds had recoveries between 10 and 58%. The current method did
not extract THC. Except for morphine, a linear calibration model was discovered for all drugs. For all compounds,
except for morphine and zopiclone, which had a CV of 25% at LOQ, limits of quantitation were between 1 and
5 ng/mL, and inter-day precision and accuracy were within 20%. All framework impacts were inside 78-123%.
Except for zolpidem and zopiclone, the samples remained stable for 14 days. The proposed method adheres to
green chemistry principles due to its low cost, high sample throughput, semi-automated miniaturized sample

preparation, use of dried blood micro samples, and Eco-Scale score of 78.
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INTRODUCTION

A set of principles is used in green chemistry to reduce or
eliminate the use or production of hazardous substances.
The key elements of adhering to green chemistry principles
in the field of analytical chemistry are the miniaturization
and automation of the sample preparation procedure.
For sample preparation, both liquid-based and sorbent-
based micro extraction methods have been highlighted as
promising tools for greener Bioanalysis. For handling complex
biological samples, membrane-based methods like hollow-
fiber liquid solution micro extraction, 96well LPME, or electro
membrane extraction are recommended for liquid-based
micro extractions. When compared to conventional LLE, which
operates in the mL range, these methods require less than 10
L of organic solvents (Agarwal V et al., 2010).

An important subfield of Bioanalysis is drug abuse analysis.
This kind of examination is important in many fields: to
control drivers who are suspected of being under the
influence of drugs, to conduct drug testing in the workplace,

to monitor inmates, pain patients, or patients in opiate
maintenance treatment programs, or for epidemiological
studies of various populations. Blood analysis is required to
determine whether a driver is under the influence of drugs
or whether a patient has taken their opiate maintenance
medication as directed (Shah N 2001). For short-term
storage, blood should be cooled, and for long-term storage,
it should be frozen. Reduced energy consumption for
storage and lower operating costs could be included in a
more holistic approach to sustainable Bioanalysis, and the
costs of facilitating the testing process ought to include
those associated with specimen collection. The utilization
of dried blood micro-samples, which can be delivered and
put away, for a brief time, at room temperature and named
non-unsafe could definitely decrease expenses and energy
use, as well as empowering drug observing nearer to the
place of care (Pandve HT 2009).

METHODS

Since Guthrie and Susi demonstrated its suitability for
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phenylketonuria screening, conventional blood micro-
samples, also known as dried blood spots, have been utilized
worldwide for neonatal drug testing. They were first proposed
for the purpose of monitoring glucose levels (Table 1). Dried
blood spots are known to generally dislike homogeneity
of the examples because of various haematocrit content
and a few gadgets have been made to conquer this issue.
Outlines of strategies utilizing VAMS have been distributed;
strategies for helpful medication checking of antiepileptic
drugs, resistant suppressants or anti-infection agents have
been the most well-known. A couple of strategies for VAMS
testing of medications of misuse have up until this point, as
far as anyone is concerned, been distributed (Sharda A et
al., 2010).

Green chemistry drug analysis would be provided if
micro-sampling and micro extraction were combined for
the purpose of analyzing drugs of abuse. The interest in
liquid micro-extraction techniques for drug abuse analysis
has been confirmed by a number of recent articles and a
recent review of micro-extraction methods for drugs of
abuse. A new paper presents a strategy joining micro-
sampling with VAMS and scaled down pre-treatment by
dispersive pipette extraction, this gives an exceptionally
quick example readiness utilizing just 125 ulL of natural
solvents. Another intriguing article portrayed the utilization
of 96-well LPME for the extraction of model fundamental
and acidic medication substances from regular DBS. The
six model analytes—amitriptyline, quetiapine, ketoprofen,
fenoprofen, flurbiprofen, and ibuprofen-had recoveries
ranging from 63 to 85% thanks to the one-step extraction
method that was found to encourage the analytes' release
into the desorption solvent from the DBS (Dasgupta U et al.,
2013). In addition, a straightforward procedure for cleaning
samples of phospholipids was demonstrated, as was its high
efficiency. Another advantage of this method is the low cost
of PALME-less than 1 euro for each sample.

Therefore, the purpose of our investigation was to investigate
the possibilities for a robust and effective green chemistry
analysis method by combining micro-extraction with PALME
and VAMS micro-sampling of whole blood containing drugs
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of abuse.

RESULTS AND DISCUSSION

A set of principles is used in green chemistry to reduce or
eliminate the use or production of hazardous substances.
The key elements of adhering to green chemistry principles
in the field of analytical chemistry are the miniaturization
and automation of the sample preparation procedure.
For sample preparation, both liquid-based and sorbent-
based micro-extraction methods have been highlighted
as promising tools for greener Bioanalysis. For handling
complex biological samples, membrane-based methods
like hollow-fiber liquid solution micro-extraction, 96well
LPME, or electro membrane extraction are recommended
for liquid-based micro-extractions. When compared to
conventional LLE, which operates in the mL range, these
methods require less than 10 L of organic solvents (Vadiakas
Getal,, 2011).

An important subfield of Bioanalysis is drug abuse analysis.
Thiskind of examinationisimportantin manyfields: to control
drivers who are suspected of being under the influence of
drugs, to conduct drug testing in the workplace, to monitor
inmates, pain patients, or patients in opiate maintenance
treatment programs, or for epidemiological studies of
various populations. Blood analysis is required to determine
whether a driver is under the influence of drugs or whether
a patient has taken their opiate maintenance medication as
directed. For short-term storage, blood should be cooled,
and for long-term storage, it should be frozen. Reduced
energy consumption for storage and lower operating costs
could be included in a more holistic approach to sustainable
Bioanalysis, and the costs of facilitating the testing process
ought to include those associated with specimen collection
(Sharma N et al., 2013). The utilization of dried blood micro-
samples, which can be delivered and put away, for a brief
time, at room temperature and named non-unsafe could
definitely decrease expenses and energy use, as well as
empowering drug observing nearer to the place of care.

Since Guthrie and Susi demonstrated its suitability for

Table 1. Some techniques used for the evaluation of drug abuse using micro samples and micro extraction.

Technique
Micro Sampling

Description
Collection and analysis of small-volume samples
(e.g., blood, urine, saliva)

Extraction of target compounds from small sample
volumes using minimal solvent and reduced sample size
Extraction of analytes from samples onto a solid sorbent

phase for subsequent analysis

Extraction of analytes using a small packed column

containing a sorbent material

Application
Detection of drugs in small biological samples

Micro Extraction Concentration and purification of drug analytes

Solid Phase Micro
extraction (SPME)

Micro extraction by Packed
Sorbent (MEPS)

Micro Liquid Phase
Extraction (ULLE)

Paper Spray lonization

Analysis of volatile and semi-volatile drugs

in various biological matrices
Analysis of drugs and metabolites in

blood, urine, and other biological samples

Extraction of analytes using a small volume of organic Analysis of drugs and metabolites in
solvent in a liquid-liquid extraction setup biological samples

Direct ionization of compounds from a paper substrate ' Rapid screening and detection of drugs in samples

via electrospray ionization such as urine or blood

Microchip Electrophoresis | Separation of analytes based on their charge and size Quantitative analysis of drugs in small sample sizes
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phenylketonuria screening, conventional blood micro-
samples, also known as dried blood spots, have been
utilized worldwide for neonatal drug testing. They were
first proposed for the purpose of monitoring glucose
levels. Dried blood spots are known to generally dislike
homogeneity of the examples because of various hematocrit
content, and a few gadgets have been made to conquer
this issue. A device known as volumetric absorptive micro-
sampling, which has been found to overcome issues with
homogeneity and area bias, is one of the most promising.
Outlines of strategies utilizing VAMS have been distributed;
strategies for helpful medication checking of antiepileptic
drugs, resistant suppressants or anti-infection agents have
been the most well-known. A couple of strategies for VAMS
testing of medications of misuse have up until this point, as
far as anyone is concerned, been distributed (Shenoy RP et
al., 2010).

Green chemistry drug analysis would be provided if micro-
sampling and micro-extraction were combined for the
purpose of analyzing drugs of abuse. The interest in liquid
micro-extraction techniques for drug abuse analysis has
been confirmed by a number of recent articles and a recent
review of micro-extraction methods for drugs of abuse.
A new paper presents a strategy joining micro-sampling
with VAMS and scaled down pre-treatment by dispersive
pipette extraction, this gives an exceptionally quick example
readiness utilizing just 125 uL of natural solvents (Strydonck
DAC et al., 2004). Another intriguing article portrayed the
utilization of 96-well LPME for the extraction of model
fundamental and acidic medication substances from regular
DBS. The six model analytes-amitriptyline, quetiapine,
ketoprofen, fenoprofen, flurbiprofen, and ibuprofen-had
recoveries ranging from 63 to 85% thanks to the one-
step extraction method that was found to encourage the
analytes' release into the desorption solvent from the
DBS. In addition, a straightforward procedure for cleaning
samples of phospholipids was demonstrated, as was its high
efficiency. Another advantage of this method is the low cost
of PALME-less than 1 euro for each sample (Sharma NC et
al., 2005).

Therefore, the purpose of our investigation was to investigate
the possibilities for a robust and effective green chemistry
analysis method by combining micro-extraction with PALME
and VAMS micro-sampling of whole blood containing drugs
of abuse.

CONCLUSION

For the first time, the combination of micro extraction by
PALME and micro sampling with VAMS was investigated.
Validation results within common criteria for linearity,
reproducibility, and matrix effects were found, demonstrating
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the method's applicability to the majority of major drug
classes that are relevant for determining drugs of abuse.
For two weeks, most compounds remained stable at room
temperature. The method complied with green chemistry
principles for analytical chemistry by combining VAMS
samples with a low-cost, high-throughput, semi-automated
miniaturized sample preparation that required only 4 L of
organic solvent for each sample.
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