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Abstract

Cannabis has become one of the most consumed illicit drugs throughout the world. Along with the time, Changes in law i. e.
legalization/ decriminalization for its problematic utilization. Although, cannabis is also used for medicinal purposes to control
pain, neurodegenerative disorders, etc. Cannabinoids can be identified from various biological such as blood, urine, saliva, etc
for days/weeks after usage due to their retention depending on the frequency and length of exposure. In this review study,
various methods for extraction and quantification such as solid phase extraction, liquid chromatography-mass spectrometry
along with MEPS, LC-MS/MS, solid phase extraction, etc. of cannabinoids were studied from the body fluids. These methods
not only helped in the detection of traces from biological evidence but also help in the determination of time since the
occurrence.
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INTRODUCTION

Cannabinoids are the chemical entities recovered from the Cannabis plant which has about 426 compounds of
which 60 compounds are classified as cannabinoids. The most researched cannabinoid compounds include d-9-
THC( delta-9-tetrahydrocannabinol), d-8-THC(delta-8-tetrahydrocannabinol, CBD( cannabidiol), and cannabinol
[1][2]. THC isa psychoactive compound that is mostly responsible for the hallucinogenic property and can remain
in body fluids such as blood, urine, and semen for multiple days after the use of cannabinoids [3] [4]. Schwope
and his colleagues have reported the detection of CBD from blood samples proving that the measurement of
cannabinoids can be instrumental in forensic investigation [5]. Workplace drug testing, driving under the
influence(DUI) and other criminal offenses can be solved by the detection of cannabinoids from the body fluid
[3] [6]. The determination of cannabinoids was reported by many authors from body fluids which include
semen[4] blood [5] urine[7] [8] oral fluids[7] [8] and sweat [9]. Apart from the body fluids, biological samples
such as hairs and nails are also useful in forensic analysis for the detection of drug abuse and therefore the
extraction of cannabinoids from these samples is of great importance for forensic scientists [9] [10]. Therefore, in
evidence of the importance of biological entities in the detection and measurements of cannabinoids the following
review gives clarity about the extraction, quantification, and analysis of biological samples such as semen, blood,
urine, oral fluid, hair, and nails.
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EXTRACTION

BLOOD: Solid phase extraction (SPE) and liquid-liquid extraction (LLE) comprise the bulk of techniques
described for the extraction of cannabinoids from blood [11]. Due to the characteristics of the sample matrix, LLE
is rapid, effective, and frequently more favourable for post-mortem blood. Recent articles describe the use of two-
dimensional gas chromatography-mass spectrometry (2D GC-MS) for studying cannabinoids as the result of the
conversion of standard GC-MS instrumentation to 2D GC-MS.[11]The advantages of 2D GC-MS include the
ability to attain lower detection limits than regular GC-MS and the absence of the majority of undesired
background interferences. Due to the complicated matrix, this is particularly significant for the examination of
post-mortem blood samples[11]. Another method for extraction of cannabinoids includes disposable pipette
extraction  [12]. For the  measurement of  c9-tetrahydrocannabinol,  11-nor-9-carboxy-A9-
tetrahydrocannabinol(THC-COOH), 11-hydroxy-A9-tetrahydrocannabinol, cannabinol, and cannabidiol
concentrations in 100 | plasma specimens, a straightforward assay combining salting-out assisted liquid-liquid
extraction sample preparation and LC-MS/MS analysis was employed.[13] The extraction Method for Testing
Cannabinoids, Cocaine, and Amphetamines in Post-mortem Blood Samples uses Bond-Elute Certify cartridges
for solid phase extraction, which is derivatized with N-methyl-N (trimethylsilyl)trifluoroacetamide at 808C for
30 min and is further evaluated by GC-MS.[14] A9-tetrahydrocannabinol  (THC), 11-
hydroxytetrahydrocannabinol(THC-OH),11-nor-9-carboxy-tetrahydrocannabinol(THC-COOH), and cannabidiol
(CBD) were isolated using a straightforward liquid-liquid extraction (LLE) under acidic conditions from 1 mL of
whole blood.[15]

SALIVA: When an individual administers cannabis either by smoking, inhaling, or spraying it into the mouth,
the oral mucosa is observed to be highly contaminated for a short time right after intake. Contamination increases.
Deposits in the oral cavity from external exposure are the primary source of THC OF concentrations. But there is
a problem with OF collection for cannabis testing because the drug is known to cause dry mouth. For this reason,
the specimen volume may be limited or significantly less in quantity for identification and extraction.[16] All free
unconjugated cannabinoids were detected by both LLE( liquid -liquid extraction) and SPE(solid-phase extraction)
methods.[17] A saliva sample collected 30 min after marijuana smoking was subject to SPME and traditional
liquid—liquid extraction analysis.[18]

URINE: The most commonly used extraction methods are solid phase extraction, liquid chromatography-mass
spectrometry along with MEPS. [19] The other methods which are recently been used are molecularly imprinted
solid phase extraction, disposable pipette extraction, disperse liquid-liquid molecular extraction, packed-in tube
solid phase extraction, and hollow fiber membrane solid phase extraction.[20] In concern with dried urine samples
extraction using methanol has been observed to have relatively high extraction efficiency and it is the simple and
cost-effective method of extraction. This technique involves taking a small number of biological fluids on a filter
card and drying the sample. [21]The recent most specific and sensitive method for extraction of cannabinoids
from urine is using a B-glucuronidase enzyme for digestion supported with liquid extraction. [22]

SWEAT: Liquid-liquid extraction [methanol (0.2 mol/L): sodium acetate buffer (pH 5.0) = 3:1] was used for
extracting cannabinoids from sweat patches. Dried eluates were derivatized with trifluoroacetic acid.[16]

SEMEN: The collection of semen is usually done by masturbation, according to WHO guidelines[23], [24]. Every
participant in a study provides written informed permission. After collection of the semen, the semen is left to
liquefy for at least 30 to 60 minutes.[23] [25]. The sperm is then processed to form a percoll gradient before
analysis. The proteins in the semen will be digested to generate peptides.[24] After the liquefaction and processing
follow, the process of semen analysis is done by using high-performance liquid chromatography/tandem mass
spectrometry (LC-MS/MS). This occurs by lipid extraction of the semen with chloroform: methanol (2:1, v/v).
Using a single quadrupole API-150 EX mass spectrometer (Applied Biosystems, Foster City, CA) in conjunction
with a PerkinElmer liquid chromatography system, the organic phase was dried before being examined by liquid
chromatography-electrospray ionization mass spectrometry. [23]

HAIR: Al-Zahrani used a novel derivatizing method to aid in the detection of THC-COOH in the hair matrices,
the FMP-TS derivatizing reagent to form the N-methyl pyridinium ether derivatives of the hydroxyl group of
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cannabinoids (CBN, THC, and THC-COQOH), in combination with esterification of the carboxyl group in THC-
COOH. Strata X-A 33-um polymeric strong anion exchange cartridge is employed for the extraction of the desired
analyte.[26] Heinl mentioned that alkali digestion, mostly by NaOH gives free cannabinoids. The analytes
obtained after digestion can be extracted using liquid-liquid extraction (n-hexane/ethyl acetate (9/1, v/v)) or solid-
phase extraction. Solid-phase microextraction and solid-phase dynamic extraction are also developed.[27] Cobo-
Golpe and his colleagues used solid phase extraction using mixed-mode cation exchange-reversed phase
cartridges Oasis MAX cartridge to extract THC, CBN, CBD, OHTHC, THCCOOH, and diOHTHC. Samples
were reconstituted using MeOH and NaOH. [28] Tobias Kieliba et al. also employed alkali digestion using NaOH,
followed by solid phase extraction (SPE), using a mixed-mode anion exchange sorbent. For THC extraction,
employment of HR-XA extraction cartridge of SPE was done.[29]

NAILS: Various techniques used to detect and quantify substances in nails include gas chromatography, mass-
spectrometry, nuclear activation, x-ray fluorescence and emission, and atomic absorption and emission.[30] The
most commonly used technique is gas chromatography.[31] Nikolaos P. Lemos determined the number of
cannabinoids in nails using radioimmunoassay (RIA) and gas chromatography-mass spectrometry (GC-MS).[32]
Cobo-Golpe Jintroduced a new method with 99.5% to 109.8% accuracy, They did alkaline hydrolysis followed
by solid phase extraction and liquid chromatography with tandem mass spectrometry (LC-MS-MS) to analyse the
Cannabinoids and their primary metabolites.[28]

QUANTIFICATION

BLOOD: Liquid chromatography-tandem mass spectrometry can be employed for the quantification of THC, and
five other cannabinoids.[12] For the quantification of A9-tetrahydrocannabinol (THC), 11-
hydroxytetrahydrocannabinol(THC-OH),11-nor-9-carboxy-tetrahydrocannabinol (THC-COOH), and
cannabidiol (CBD), an extremely sensitive and selective liquid chromatography (LC) method was devised.[15]
To accomplish parallel reaction monitoring (PRM) quantification in positive polarity with a negative polarity
switching for THC-OH and THC-COOH, HRMS on an Orbitrap-based equipment was used.[6] Thirteen
cannabinoids components were quantified using a liquid chromatography-tandem mass spectrometry approach,
including CBD, CBDA, CBDV, CBN, CBG, CBGA, CBC, THC, THCA, THCV, 11-OH-THC, THC-COOH, and
THC-COOH-glu.[33] To quantify THC, CBG, and THCV in whole blood, a liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method was created. It also measures THC, CBN, CBD, 11-OH-THC, THCCOOH,
and THCCOOH-gluc.[34]

SALIVA: A sensitive method was determined for quantifying a wide range of cannabinoids in oral fluid (OF)
using liquid chromatography-tandem mass spectrometry (LC-MS/MS). [18] Laboratory-based cannabinoid
immunoassay screening or chromatographic confirmation was determined that OF can be collected by passive
drool, expectoration, or commercial collection devices. The combined extracts were then purified by liquid-liquid
or solid-phase extraction. [16] Another laboratory-based screening, THC, was identified in OF by thin-layer
chromatography and colorimetric development in early reports.

URINE: The simple, sensitive, cost-effective, rapid, and most commonly used method for the isolation and
quantification of analytes from complex fluids like urine is Gas chromatography-mass spectrometry. [35] The
previously reported analytical methods include Gas Chromatography-Mass Spectrometry [35], Liquid
Chromatography- Mass spectrometry, Solid phase extraction- liquid chromatography-Tandem Mass Spectrometry
[36], Liquid chromatography coupled with quadrupole time of flight Mass Spectrometry [22], Ultra-high pressure
liquid chromatography (more sensitive and rapid) [37], High-performance liquid chromatography-tandem mass
spectrometry. [36]The simple liquid-liquid extraction procedure along with GCMS showed acceptable accuracy
and specificity in comparison with LCMS/MS using solid-phase extraction. [35] The detection and quantification
of several synthetic cannabinoids were done using liquid chromatography coupled with high-resolution mass
spectrometry. [37] Recently for the quantification of identification of the same molecules, the combination of the
LC-MS - MEPS along with molecularly imprinted polymers is used, but this technique of MEPS doesn’t have any
significant impact on the quantification of CBD, CBN, and metabolites. [38,39]

- Journal of Pharmaceutical Negative Results | Volume 14 | Regular Issue 02 | 2023 M




SWEAT: A Hewlett-Packard 6890 gas chromatograph (fused-silica capillary column) with a mass selective
detector (HP 5973) using NICI was used for sample analysis. Methane (99.99% purity) was used as reagent gasgas

[9]

SEMEN: While there are many metabolites of THC, delta-9 THC, THC- COOH, and 11- OH -THC are a few of
them found in the semen. The quantification range of these metabolites is 0.50-50 ng/mL, 5.0— 500 ng/mL, and
1.0-100 ng/mL, respectively. [25]

HAIR: Al-Zahrani, et al. validated LC-MS/MS techniques for the detection of the main cannabinoids such as
CBN, THC, and THC-COOH. [26] Heinl employed alkali digested analyte to derivatization with silylation
reagents employed for GC-MS separation.[27] Cobo-Golpe et al performed quantification y LC-MS/MS after
reconstituting the sample with MeOH and NaOH. [28] Tobias Kieliba et al., the quantification and simultaneous
determination of THC-COOH along with OH-THC, THC, CBD, and CBN in human hair by GC-MS/MS with
electron ionization along with automated sample preparation. Quantification of THC-COOH is done using
fluorinated reagents derivatizing followed by GC-MS with negative chemical ionization (NCI) [29]

NAILS: Mean concentrations of cannabinoid, A9-tetrahydrocannabinol were determined using RIA, 11-nor-Ag-
tetrahydrocannabinol-9- carboxylic acid from fingernails was quantified using GC-MS. [32] Cobo-Golpe
quantified CBN, TCH, and THCCOOH from fingers and toenails.[28]

CONCENTRATION

BLOOD: For five cannabinoids (THC, CBD, CBN, 11-OH-THC, and THC-COOQOH), the Limit Of Detection
(LOD) was estimated to be 0.25 ng/mL.[11] The Lower Limit Of Quantification(LLOQ) for THC, CBN, and 11-
OH-THC was confirmed to be 0.25 ng/mL. Since they did not exhibit adequate accuracy or precision at 0.25
ng/mL, the LLOQ for THC-COOH and CBD was set at 0.5 ng/mL.[11] For cannabinoids extracted by disposable
pipette extraction method, LODs for THC, CBG, THCV, and THCVCOOH were 0.5 g/L, 0.25 g/L for 11-OH-
THC, THCCOOH, CBD, CBN, and THC-glucuronide, and 1.25 g/L for THCCOOH-glucuronide.[12] For THC
and THCCOOH, the linear ranges were 0.5-100 g/L; for 11-OH-THC, CBD, CBN, and THC-glucuronide; for
CBG, THCV, and THCVCOOH; and for THCCOOH-glucuronide, the linear ranges were 0.5-50 g/L. [12] For
THC, THCV, CBG, etc quantified by liquid chromatography-tandem mass spectrometry, the LOQ range was
within 0.5 to 2 ug/L in whole blood.[34]

SALIVA: Delta-9-tetrahydrocannabinol OF concentrations obtained from liquid chromatography-tandem mass
spectroscopy was found to be > 1000 pg/L shortly after smoking.[28] Immuno analysis of Sweat/OF THC Direct
ELISA method (THC cutoff = four pg/L), confirming OF cannabinoids by 2-dimensional GC-MS with a THC
cutoff of 1 pg/L. [18] The level of A9-THC by SPME was found to be 9.54 ng/mL for the saliva sample.[18]

URINE: As per the guidelines of the Substance Abuse and Mental Health Services Administration and European
guidelines for workplace drug testing in urine the range of cannabis metabolites for laboratory screening tests is
50ng/ml and the recommended concentration cut-off for THC-COOH is 15ng/ml and its lower limit of
quantification is from 1ng/ml to 10ng/ml. [38] The recent enzyme extraction method has a significant value of
2ng/ml LLOQ which is very specific compared to all other methods used. [22]

SWEAT: LOD and LOQ for THC in human sweat were 0.2 and 0.4ng/patch, respectively. The concentration of
THC in sweat patches worn for consecutive 24-h periods by a cannabis user during excretion of THC from
previously self-administered cannabis was found in the range of 0.90 to 3.11 ng/patch. Application of the proposed
SAMHSA cutoff of 1 ng/ patch revealed that patches worn for consecutive 24-h intervals were positive up to the
5t day of cannabinoid abstinence. [39]

SEMEN: In an experimental setup consisting of 12 men who were heavy marijuana users, semen assays were
performed for ten men. Two participants ' semen samples could not be assayed because of low sample volume.
These two participants suffered from hypospermia. Of these ten males whose assay was performed, THC was
found in only two samples in concentrations of 0.87 and 0.97 ng/mL. Thus, it is puzzling why all semen samples
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did not contain THC metabolites. So far, only one study was recorded that studied the direct presence of THC and
its metabolites in semen directly. However, it should be noted that experimental setups have allowed for the
identification of endocannabinoid receptors in human testes and sperm.[25]

HAIR: Al-Zahrani, et al. obtained the limit of detection (LOD) for CBN (2pg/mg) and THC20 pg/mg) and the
limit of quantification (LOQ) for CBNO.lpg/mg THCO0.2pg/mg. The obtained concentrations of other
cannabinoids range from CBN (0.022-2.562 ng/mg), THC (0.049-0.431 ng/mg), and THC-COOH (0.222-4.867
pg/mg). [26] Hein et al. obtained the limit of quantification (LOQ) for THC (0.01 ng/mg), CBN (0.06 ng/mg), and
CBD (0.03 ng/mg). These LOQ values obtained are lower than required for THC (0.02 ng/mg), in medical
psychological assessments in Germany, and also for the Society of Hair Testing of THC (0.1 ng/mg). [27] Cobo-
Golpe et al found in the range from LOQ to 20000 pg/mg for all the analytes except diOHTHC. The LOQ of CBN
and THC was found to be 40 pg/mg and 100 pg/mg for the rest of the hair. Except for diOHTHC (100 pg/mg),
LOD was found to be 40 pg/mg for all analytes). [28] Tobias Kieliba et al. found that the limit of detection (LOD)
of THC-COOH and OH-THC was 0.2 pg/mg and for THC, CBD, and CBN 2 pg/mg. [29]

NAILS: 1.03 ng/mg was the mean cannabinoid concentration in fingernails determined using RIA in 6 known
cannabis users, and 1.44 ng/mg was the mean concentration of A9-tetrahydrocannabinol in fingernails of 14
cannabis users. The average 11-nor-Ag-tetrahydrocannabinol-9- carboxylic acid concentration in fingernails from
3 known cannabis users extracted in acidic pH was 19.85 ng/mg using GC-MS. [32] The LOQ was 20 pg/mg for
CBN and THC and 100 pg/mg for the rest of the analytes in the nails. LOD in nails was found to be 10 pg/mg for
THC, 20 pg/mg for CBN, and 50 pg/mg for THCCOQOH. When they compared the concentration obtained between
finger and toenails, fingernails were 8-28.9 times higher than toenails.[28] Toenails treated with antifungal agents
had lower concentrations than those found untreated. CBN was found to be 52 times lower and THC 228 times
lower.[28]

CONCLUSION

This study emphasis various advanced techniques to extract and quantify the illicit drugs from various biological
fluids. These techniques increase the probability to attain recovery at lower detection with quantification
limitations. Above mentioned methods propose an appealing for extraction of drugs due to their quick response
even in a minimal amount of sample and solvents used. As per the best knowledge of authors, these are the
methods for quantification and extraction of cannabinoids present in various biological fluids.
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