University of

Strathclyde

Glasgow

Analytical Method Development and Validation
for Forensic Investigation of Psychoactive
Compounds and Gastrointestinal Fluids
Characterization

"For the attention, this thesis includes standalone chapters;
therefore, the literature review and the introduction will reflect this.
And all include topics that are not related to each other.”

Abdullah Farraj Aldasem

Strathclyde Institute of Pharmacy and Biomedical Sciences
Glasgow- United Kingdom

A thesis presented in fulfilment of the requirements for the degree of
Doctor of Philosophy

July 2024



Declaration of Authenticity and Author’s Rights

‘This thesis is the result of the author’'s original research. It has been
composed by the author and has not been previously submitted for
examination which has led to the award of a degree.’

‘The copyright of this thesis belongs to the author under the terms of the
United Kingdom Copyright Acts as qualified by University of Strathclyde
Regulation 3.50. Due acknowledgement must always be made of the use of

any material contained in, or derived from, this thesis.’

Signed: Abdullah Aldasem

Date: July,2024



Acknowledgements

By the name of Allah
First and foremost, | want to express my deepest gratitude to Allah, the Most
Gracious. His grace has filled my life with opportunities, and | recognize that
without my faith in Him, none of this would have been possible.
| extend my heartfelt thanks to my parents for teaching me resilience and
self-belief. | hope to make them proud. Their unwavering support and
kindness have been instrumental in reaching my goals. | find it difficult to
express my gratitude to my wife and children for their boundless love and
support. | am extremely thankful to my brothers and sisters for always being
there for me and offering invaluable advice.
| am deeply grateful to my first supervisor, lbrahim Khadra, for his
continuous support in my PhD studies and related research. His patience,
inspiration, and extensive knowledge have been invaluable. His guidance
has been crucial throughout the research work of this thesis, and | am
immensely appreciative of his dedication and availability. Dr. Khadra's
advice extended beyond academia, helping me navigate administrative
challenges during my PhD journey. His willingness to listen and offer
counsel created a supportive environment, for which | am profoundly
thankful. | also want to thank my second supervisor, Nicholas Rattray, for his
significant assistance. | am grateful for everything | have learned from you,

for always being present, and for your limitless generosity.



I am profoundly grateful to Major General Eid Al-Owaihan, General Manager
of the General Department of Criminal Evidence in Kuwait, and Dr.
Mohammed Alenezi, Head of the Forensic Lab, for their unwavering support
throughout my PhD journey. Their guidance went beyond academic matters,
providing invaluable assistance in overcoming the administrative challenges
| faced during my doctoral studies. Their advice and support created a
nurturing environment, for which | am deeply thankful. | would also | would
also like to extend my heartfelt thanks to Professor Naser Al Tannak, Dr.
Lina Akil and Dr. Steven Ford for their ultimate support and invaluable
guidance throughout my PhD journey.

Finally, a special thanks goes to all my wonderful colleagues and friends,
including Abdullah AlSultan, Hussien Kamal, Saleh Almarshed and Abdullah
Sagga, for their help, support, and belief in me. Their unwavering presence
and encouragement have been priceless. Each of you has become a
cherished friend, and | am grateful for that. | eagerly anticipate what the

future holds for each of you.

Allah, benefit me by that which you have taught me, and teach me that
which will benefit me, and increase me in knowledge.

Abdullah Aldasem



Table of Contents

AcCKNowledgementS. ..o I
Table of CONtENTS ..c.uniiiii e v
LISt Of FIQUIES ..uuiiii e IX
List Of TADIES evveiie e Xiv
List of AbbreviationSs ..o XVil
ADSTIACT. .. XX
Chapter 1 General Introduction and Literature Review.......... 1
1.1. Synthetic CannabiNOIdsS ........ccciiiiiiiiiiiii e, 2
0 0 R 11 (0T [0 T £ [ I PP 2

I 2 @ o1 =1 o[ o o KSR 3
L1133, HISIOMY e —————— 6
1.1.4. Synthetic cannabinoid and drug market ............ccccccevveeeeeiiiicnnnee, 6
1.1.5. Chemistry of Synthetic Cannabinoids............ccccoiiiiieiiniiiieneenee 7
1.1.6. Pharmacology of Synthetic Cannabinoids............cccccccccoeeinnnnnnee. 10
1.1.7. Toxicity of Synthetic Cannabinoids ...........ccccceiviiiieeiiiiiiee e 11
1.1.8. Synthetic Cannabinoids in Kuwait..............ccccevvvvivviiiiiiiiiiniinnnnnn. 13
1.1.9. Synthetic Cannabinoids in United Kingdom.................ccceeiunnnnee. 14
1.1.10. Analysis and determination of Synthetic Cannabinoids............. 15
1.1.11. Sample preparation for Synthetic Cannabinoids....................... 16

1.2. Drugs Of ADUSE..cciii ittt e e e e e e 21



1.2.1. Analysis of drugs of abUSE .........ccceeveveeeeiiiiicieee e 23

1.3. Gastrointestinal fluids and drug solubility .........ccccocoviieiniiiinns 27
1.3.1. Analysis of intestinal media constituents ...........cccccceeeeeeveeiinnneee, 31
1.4. Chromatographic TeChNIQUES .........cccviiiiiiieie e 31
1.4.1. Liquid chromatography (LC).......ccuuiuimiieiiiiiiiee e 31
1.4.2. Gas chromatography (GC) .....ccccoueiiiieeeee e 33
1.4.3. Hyphenated techniques (GC-MS and LC-MS) .......ccccccvveveennee. 35
1.5. Sample Preparation Methods ... 41
1.5.1. Protein Precipitation (PPT) ..o 42
1.5.2. Liquid-Liquid EXtraction (LLE) ........cccuvvieiiiiiiiiiiiieee e 43
1.5.3. Solid-phase Extraction (SPE)...........ccccciviiiiiiiiiiiiiieiieiiviiiiins 43
1.6. Objectives Of TNESIS ..o 46

Chapter 2 Development and validation of a LC-MS/MS

method for the screening of ten synthetic cannabinoids in

Kuwaiti market during 2021-2022 .........ccccoovveiiiiinieiiiiineeeeninnn, 48
2.1 INTFOAUCTION oo 49
2.2, EXPEIriMENTAl ....ueeiiiiiiiii e 52

2.2.1. Materials and reagentsS..........ccoooeiiiiiiiiiiiie e 52
2.2.2. INSITUMENTS .ottt e e e e e 52
2.2.3. Liquid chromatographic and mass spectrometric conditions ...... 52
2.2.4. Standard SOIULIONS ..........ccviiiiiiieiie e 53
2.2.5. Construction of calibration curves...........ccccocoviiiiiiiiieeeeee 53
2.2.6. ValidatioNn ........ooiiiiiiiiiii e 55



2.2.7. Application to street SaMPpPIes .........cccveeeeeieeeeii e 55

2.2.8. Ethics approval and consent to participate ............ccccceeeviiieeeenne 56
2.3. Results and diCUSSION ......ccoiiiiiiiiiie et 56
2.3.1. Method development and optimization .............ccccccvveeeeeeeeeeeeenne 56
2.3.2. Method Validation ...........c..eviiiiiiiiiiee e 69
2.3.3. Analysis of Kuwaiti street samples by the proposed method...... 74
2.4, CONCIUSTON Lottt 79

Chapter 3 Development and validation of LC-MS/MS method

for analysis of three synthetic cannabinoids in urine samples

From KUWAIT ..o 81
3L INTFOAUCTION e 82
3.2, Experimental ... 84

3.2.1. Materials and reagentsS........cccccceeeveeciiviiieiiee e 84
3.2. 2. INSIUMENTS .ot 84
3.2.3. Liquid chromatographic and mass spectrometric conditions ...... 84
3.2.4. Standard SOIULIONS .........ccuuviiiiiiiiii e 85
3.2.5. Construction of calibration CUrves...........ccccociveeiiiiiiieie e 85
3.2.6. VAlIAtioN ........oviiiiiiiiiete s 87
3.2.7. Application to Urine SamPpIES .........ccoviiiiiiieiiiiiee e 87
3.2.8. Ethics approval and consent to participate ..........cccoeeeeeeeeeeieeennnn. 88
3.3. Results and diCUSSION .......eeiiiiieiiiiee e 88
3.3.1. Method development and optimization ............ccccevcvveveeiniinieeeenne 88
3.3.2. Method Validation .............cceeeiiiiiiiiiiec e 93

Vi



3.3.3. Application to urine samples from Kuwait.............ccccvvvvveeeeeennnn. 97

B, CONCIUSION e e e 103

Chapter 4 Development and validation of LC-MS/MS method

for analysis of six drugs of abuse in urine: Screening of

abused drugs in Kuwait during 2022.........c.cccoeveviiiiiiinnnnennn. 104
72 g O 1 4 o Yo L0 o] 4 o ] o PR ERRTR P 105
4.2. EXPErimental.......cccuuviiiiiiee e 108

4.2.1. Materials and reagents..........cccooiiuiieeeeiiiiiiee e 108
4.2.2. INSITUMENTS ..ottt e e e e e e e e e e e e e e e e e e e aeeeeeeeees 108

4.2.3. Liquid chromatographic and mass spectrometric conditions .... 108

4.2.4. Standard SOIUIONS ........ccooiiiiiiie e 109
4.2.5. Construction of calibration CUrVeS...........cccceeeiiiiiiee i 109
4.2.6. ValIdALION ....oooiiiiiiieie et 111
4.2.7. Application to urine SamMPpIES ........ceeeveiiiiiiiiie e 111
4.2.8. Ethics approval and consent to participate ..............ccccvvvveeeeennnn. 112
4.3. Results and diCUSSION .....cceeiiiiiiiieeiiiiiee et 112
4.3.1. Method development and optimization .............cccooeecevvviieeeennnn. 112
4.3.2. Method Validation ............ccoiiiieiiiieeiiiie e 118
4.3.3. Application to urine samples from Kuwait...............ccccvvvveveennnnn. 123
4.4, CONCIUSION ..ottt 137

Chapter 5 Development and validation of GC-MS method for

intestinal media characterization ........cooeeeveiieeeiiaeiiiaeinanns 139

o8 I [0 1 {0 o 10T o3 £ 1] o PP T U TT OO TP 140

Vii



5.2. EXPEIriMENTAl .....ovviieiiieeei et 143
5.2.1. Materials and reagentsS..........ccueereiiiiiiiieeiniieee e 143
5.2.2. Instruments and operating conditionS..............ccccoeevcvvviveeeeeeennn. 143

5.2.3. Derivatization procedure and preparation of standard solutions

............................................................................................................... 144
5.2.4. Construction of calibration CUrVes..........cccccceeeeeeieiiiciiiiieeeeee. 144
5.2.5. Validation ...ccceeeeiieiieeiiee e 144

5.3. Results and diCUSSION ......ccoiiiiiiiiiiiiii e 146
5.3.1. Derivatization method optimization ...........ccccceeeeeveiiiiiiiiiiieeeeenn. 146
5.3.2. GC-MS method development and optimization..............cc.c...... 150
5.3.3. Method Validation ................eueviiiiiiiiiiiiiiiss e 152

S0 0] o Tox 11 1] [0 o PR 157
Chapter 6 General Conclusion and Future Work................ 158
6.1. General CoNCIUSION ..o 159
6.2, FUTUIE WOIK ..ottt e e e e e e e 161
APPENAICES ..eiiiii e 163
ATTICIES e ——————— 164
(0701 g} (=T 0= T o] =3P 164
Ethical Approval for Chapter 2 ..., 165
Ethical Approval for Chapter 3 ... 166
Ethical Approval for Chapter 4 ... 167
REFEIENCES ... e 168

viii



List of Figures

Figure 1.1 Chemical structure of phytocannabinoids (A°-THC, A8-THC, CBD,

and B-caryophyllene), showing carbon numbering on A°-THC ........... 5
Figure 1.2 Chemical structure of endocannabinoids..............ccccceeeiiiieeeennnee. 5
Figure 1.3 Chemical structures of some known synthetic cannabinoids...... 10
Figure 1.4 Harmful effects Of SCS .......cooiiiiiiiiiiiiee e 12

Figure 1.5 Biopharmaceutical Classification System (BCS) for drug solubility

and permeability ............ueeeiiiiee e ——— 28
Figure 1.6. A typical HPLC SYSIEM .....cccoiiiiiiiiieiiiiieee e 32
Figure 1.7. A typical gas chromatograph............ccccceviviiiiiiiiiiiiiiiiiiiiiins 34
Figure 1.8. Overview of @ mass Spectrometer ........cccccvvveeeeeeeeecccciiiiiieeeeeen 36
Figure 1.9. lllustration of & GC-MS ... 37
Figure 1.10. Overview of an Electrospray lonization (LC-MS) Interface...... 38
Figure 1.11. Schematic representation of LC-MS..........cccccceiiiiiiiiiiiineennnn. 38
Figure 1.12. lllustration of a Quadrupole MS. ... 40

Figure 1.13. lllustration of a triple quadrupole mass spectrometer (QgQ) ... 41
Figure 1.14. Steps of Solid-phase EXtraction..........cccccocvvereiiiiiiiieiiiniiieeeens 44

Figure 2.1. Chemical structures of the ten synthetic cannabinoids under

INVESHIJATION. . e e e e e e s e e e e e e e e e e e snnnrnees 50
Figure 2.2. Mass Spectrum of 5F-AB-PINACA .......oooiieeeec e 58
Figure 2.3. Mass Spectrum of S5SF-ADBICA ... 58
Figure 2.4. Mass Spectrum of AB-PINACA.........cco o 59
Figure 2.5. Mass Spectrum Of 5F-AMB .........cooiiiiiiiieeeeeeeee 59



Figure 2.6. Mass Spectrum of 5F-MDMB-PICA ........cccccieveeeeeieciieeeeeee 60

Figure 2.7. Mass Spectrum of 4F-MDMB-BUTINACA........ccccoieiiieeenieeeene 60
Figure 2.8. Mass Spectrum of FUB-PB-22...........cccooviiiiiieeeeee e 61
Figure 2.9. Mass Spectrum of MDMB-4en-PINACA .......cccccceeiiicciiiieeeeeennn 61
Figure 2.10. Mass Spectrum of SF-APICA ... 62
Figure 2.11. Mass Spectrum Of APICA .........ooo oot 62

Figure 2.12. Mass chromatogram of the ten SCs under investigation at 10 ppb,
5F-AB-PINACA (1), 5F-ADIBICA (2), AB-PINACA (3), 5F-AMB (4), 5F-
MDMB-PICA (5), 4F-MDMB-BUTINACA (6), FUB-PB-22 (7), MDMB-
4en-PINACA (8), 5F-APICA (9) and APICA (10). ......c.ccccoovvvvereernen, 63

Figure 2.13. Linearity of AUC to the corresponding concentrations of 5F-AB-
PIN A C A 64

Figure 2.14. Linearity of AUC to the corresponding concentrations of 5F-
ADBICA . 64

Figure 2.15. Linearity of AUC to the corresponding concentrations of AB-
PIN A C A e 65

Figure 2.16. Linearity of AUC to the corresponding concentrations of 5F-AMB

Figure 2.17. Linearity of AUC to the corresponding concentrations of 5F-
MDMB-PICA .. s 66
Figure 2.18. Linearity of AUC to the corresponding concentrations of 4F-
MDMB-BUTINACA ... 66

Figure 2.19. Linearity of AUC to the corresponding concentrations of FUB-PB-



Figure 2.20. Linearity of AUC to the corresponding concentrations of MDMB-
AeN-PINACA ... 67

Figure 2.21. Linearity of AUC to the corresponding concentrations of 5F-

Figure 2.23. A picture of some of the seized samples from Kuwaiti market 74
Figure 2.24. Concentrations of MDMB-4en-PINACA, FUB-PB-22, and 4F-
MDMB-BUTINACA in the 74 samples collected in Kuwaiti streets. .. 78
Figure 3.1. Chemical structures of the three SCs under investigation. ........ 83
Figure 3.2. Mass chromatogram for 1) ADB-PINACA-COOH (60 ppb), 2) 5F-
AB-PINACA (60 ppb), and 3) 5F-AMB (20 Ppb). ....cvveereeeerrreerenens 90
Figure 3.3. Linearity of AUC to the corresponding concentrations of ADB-
PINACA-COOH ... 91
Figure 3.4. Linearity of AUC to the corresponding concentrations of 5F-AB-
PIN A C A e 91

Figure 3.5. Linearity of AUC to the corresponding concentrations of 5F-AMB

Figure 3.6. Results of analysis of the SCs under investigation in Kuwaiti urine
samples showing the prevalence of each SC...........cccoovvveeeeiens 101
Figure 3.7. Results of analysis of the SCs under investigation in Kuwaiti urine
samples showing concentrations of the SCs in urine samples. ...... 102
Figure 4.1. Chemical structures of the six drugs of abuse under investigation

(PGB, MOR, AMP, MAMP, COD, and DZP). .......ccccoecuvveeiiniiiieeenns 106

Xi



Figure 4.2. Mass chromatogram for PGB (1), MOR (2), AMP (3), MAMP (4),
COD (5), and DZP (6) at 60 pph.........coooiiiiiiieiiee 114

Figure 4.3. Linearity of AUC to the corresponding concentrations of Pregabalin

Figure 4.5. Linearity of AUC to the corresponding concentrations of
AMPNEIAMINE ... 116
Figure 4.6. Linearity of AUC to the corresponding concentrations of
Methamphetaming ... 116

Figure 4.7. Linearity of AUC to the corresponding concentrations of Codeine

Figure 4.9. Results of the analysis of the drugs under investigation in urine
samples from Kuwait revealing the prevalence of each drug
INAIVIAUAILY. ... 133

Figure 4.10. Results of the analysis of the drugs under investigation in urine

samples from Kuwait revealing the prevalence of drug combinations.

Figure 4.11. Results of the analysis of the drugs under investigation in urine

samples from Kuwait revealing the percentage prevalence of each drug

individually, in combinations and its total prevalence. ..................... 135

Xii



Figure 5.1. Structural formulae of sodium oleate, glyceryl monooleate, and
(0] 010 (=] (] (o ] R PRPRRRRR 141
Figure 5.2. Results of optimization of the derivatization reaction showing

AUCs obtained with each reagent mixture for the three compounds.

Figure 5.3. Results of optimization of the derivatization reaction showing
AUCs obtained with different reagent volumes for the three
(070 ] 1] 60 10 5[0 =500 PSP PP 151
Figure 5.4. Results of optimization of the derivatization reaction showing

AUCs obtained with different reaction time for the three compounds.

Figure 5.5. GC-MS chromatogram for 1) O-TMS, 2) GMO-TMS, and 3) CHL-

TMS At 40 PPIM. it a e e e 153
Figure 5.6. Linearity of AUC to the corresponding concentrations of SO .. 153
Figure 5.7. Linearity of AUC to the corresponding concentrations of GMO154

Figure 5.8. Linearity of AUC to the corresponding concentrations of CHL 154

Xiii



List of Tables

Table 1.1 Summary of LC-MS methods used for determination of SCs. ..... 19
Table 1.2. Summary of LC methods used for determination of the drugs of
abUSE UNAEr STUY.......cviiiiiiiiiiie e 25
Table 2.1. chemical names and molecular weights of the ten synthetic
cannabinoids under investigation. ..........ccccccoveeiiiiiiiiieee e 51
Table 2.2. LC-MS/MS parameters selected for the quantification of the ten
synthetic cannNabiNOIdS. ...........ovvviiiiiiiiiie e 54
Table 2.3. Determination of SCs in laboratory prepared mixtures by the
PropoSed MELNOM ........ooiiiiiiiiii e 70
Table 2.4. Accuracy results of the proposed LC-MS/MS method for analysis
OF tNE TEN SCS..eiiii e 71
Table 2.5. Precision results of the proposed LC-MS/MS method for analysis
OF tNE BN ST 72
Table 2.6. Robustness results of the proposed LC-MS/MS method for analysis
OF tNE TEN SCS...iiiee e 73
Table 2.7. Analysis of Kuwaiti street samples using the proposed LC-MS/MS
METNOA. ... 75
Table 3.1. Chemical names and molecular weights of the SCs under
LAY E] 1L F= 1o o 1SR 83
Table 3.2. LC-MS/MS parameters selected for the quantification of the SCs

UNdEer INVESHIGAtION. ......veeiiiee e 86

Xiv



Table 3.3. Determination of the three SCs in laboratory prepared mixtures by
the proposed Method ... 94
Table 3.4. Accuracy results of the proposed LC-MS/MS method for analysis
Of tNE thre@ SCS ..o 95
Table 3.5. Precision results of the proposed LC-MS/MS method for analysis
Of tNE thre@ SCS ... 95
Table 3.6. Robustness results of the proposed LC-MS/MS method for analysis
OF thE thre@ SCS ..o 96

Table 3.7. Recovery study of the SCs under investigation from blank urine.

Table 3.9. Prevalence and concentrations measured for SCs under
investigation in 49 urine SAMPIES .......covvveeeiiiiiiiiiieeee e 101
Table 4.1. Chemical names and molecular weights of the drugs of abuse
UNEr INVESHGATION. ......eeiiiiiiiie e 107
Table 4.2. LC-MS/MS parameters selected for the quantification of the
compounds under INVESHIgAtioN. ..........ooeiiiiiiie e 110
Table 4.3. Determination of the six compounds in laboratory prepared
mixtures by the proposed method ............cccoooeiciiiiiein e, 119
Table 4.4. Accuracy results of the proposed LC-MS/MS method for analysis
Of the SIX COMPOUNGAS .....uuiiiiiiccee e, 120
Table 4.5. Precision results of the proposed LC-MS/MS method for analysis

OF TN 1N S S 121

XV



Table 4.6. Robustness results of the proposed LC-MS/MS method for analysis
Of tNE 1EN SCS..iiiii e 122

Table 4.7. Recovery study of the compounds under investigation from blank

Table 4.9. Prevalence and concentrations measured for drugs under
investigation in 150 urine samples .......ccccceeiiiiii 131
Table 5.1. Chemical names and molecular weights of the compounds under
INVESTIZATION. <..tiiiii it e e e 142
Table 5.2. GC and MS parameters used for quantification of the compounds
UNAEr INVESHIGAtION. ....veeiiieee e e e e e e 145
Table 5.3. GC-MS/MS parameters selected for the quantification of the
derivatized COMPOUNAS. ......coevieeiiiiiiiiiiieee e 145
Table 5.4. Determination of the three compounds in laboratory prepared
mixtures by the proposed method .............cccooviiiiiinni e 155
Table 5.5. Accuracy results of the proposed GC-MS/MS method for analysis
of the three COMPOUNTS .........eviiiiii e 156
Table 5.6. Precision results of the proposed GC-MS/MS method for analysis

of the three COMPOUNTS ......cooevieiiiiiee e 156

XVi



Abbreviation
A8-THC

AAls

AC

ACMD
ADB-PINACA-COOH
ADHD

AMP

APCI

AUCs

BCS

BSTFA

CcAMP

CB1

CB2

CBD

CHL

Cl

CID

CNS

COD

List of Abbreviations

Explanation

A8-tetrahydrocannabinol
Aminoalkylindoles

alternating current

British Advisory Council on the Misuse of Drugs
ADB-PINACA 5-Pentanoic Acid
attention-deficit/hyperactivity disorder
Amphetamine

atmospheric pressure chemical ionization
Areas under the curve

biopharmaceutical classification system
N,O-bis(trimethylsilyl)trifluoroacetamide
cyclic adenosine monophosphate
cannabinoid receptor 1

cannabinoid receptor 2

Cannabidiol

cholesterol

chemical ionization

collision-induced dissociation

central nervous system

codeine

XVii



Abbreviation

CVS

DAG

DC

DEA

DoA

DTE

DzpP

ECS

El

EMCDDA

ESI

FAB

FFA

GABA

GC

GC-MS

GIT

GMO

HER

HGF

HIF

HPLC

IUPAC

Explanation

cardiovascular system

diacylglycerides

direct current

Drug Enforcement Administration

Drugs of abuse

dithioerythritol

Diazepam

endocannabinoid system

electron impact

European Monitoring Centre for Drugs and Drug Addiction
electrospray ionization

fast ion bombardment

free fatty acids

gamma-aminobutyric acid

Gas chromatography

Gas chromatography-mass spectrometry
gastrointestinal tract

glyceryl monooleate

heroin

human gastric fluids

human intestinal fluids
high-performance liquid chromatography

The International Union of Pure and Applied Chemistry

XVviii



Abbreviation
LC
LC-MS
LLE
LOD
MAG
MALDI
MAMP
MENA
MOR
MRM
MS
MS-MS
MSTFA
MTBE
NPS
ODS
O-TMS
PGB
PPT

PTR

Q9Q

RSD%

Explanation

Liquid chromatography

Liquid chromatography-mass spectrometry
liquid—liquid extraction

limit of detection

monoacylglycerides

matrix assisted laser desorption/ionization
methamphetamine

the Middle East and North Africa
morphine

multiple reaction monitoring

mass spectrometry

Tandem mass spectrometry
N-methyl-N-(trimethylsilyl)trifluoroacetamie
Methyl tert-butyl ether

Novel Psychoactive Substances
octadecyl silane

Oleate-TMS

pregabalin

protein precipitation

proton transfer reaction ionization
quadrupole mass analyzer

triple quadrupole mass spectrometer

relative standard deviation

XiX



Abbreviation
SCs
SIM

SO

SPE
SRM
TAG
THC
TMCS
T™MS
TMSDM
TMSI
TOF
TQ-ESI
UGT
UHPLC

UNODC

Explanation

Synthetic cannabinoids

selected ion monitoring

sodium oleate

solid phase extraction

selected reaction monitoring
triacylglycerides
A9-tetrahydrocannabinol
trimethylchlorosilane

trimethylsilyl
Trimethylsilyldiazomethane
N-trimethylsilylimidazole

time-of-flight mass analyzer

triple quadrupole electrospray ionization
UDP-glucuronosyltransferase
ultra-high-performance liquid chromatography

United Nations Office on Drugs and Crime

XX



Abstract

Drugs of abuse (DoA) involve a wide range of substances, including illicit
drugs (Heroin), prescription medications when used non-medically
(benzodiazepines), and even legal substances when misused (alcohol). DoA
pose significant public health challenges and social problems, therefore,
effective strategies are essential to address these concerns. The aim of this
thesis was to screen common DoA in Kuwait and draw a picture on the
common trends in illicit DoA. First, ten synthetic cannabinoids (SCs) were
investigated, and a LC-MS/MS method was developed for their separation and
guantitation. The method was used for screening of these SCs in street
samples in Kuwait (Chapter 2). Another three SCs were screened in urine
samples collected in Kuwait. A solid phase extraction (SPE) procedure was
developed for extraction of the three SCs from urine, followed with a sensitive
and specific LC-MS/MS method for their quantitation. (Chapter 3). Next, a
sensitive and specific LC-MS/MS method was developed for the detection of
six DoA common in Kuwaiti market, namely pregabalin, morphine,
amphetamine, methamphetamine, codeine, and diazepam. The six drugs
were screened in 150 urine samples collected in Kuwait (Chapter 4).

Nowadays, gastrointestinal tract (GIT) media are commonly used to determine
drug solubility and bioavailability in vitro during drug development phase. GIT
media are susceptible to large variability between individuals and to inter-day
fluctuations, in addition to meal intake and biliary and pancreatic secretions.

These facts show the importance of characterization of GIT fluid components

XXi



for accurate determination and prediction of drug bioavailability. The aim of
work in this chapter was to characterize common GIT fluid components such
as sodium oleate (SO), glyceryl monooleate (GMO), and cholesterol (CHL).
An accurate and specific GC-MS method was developed for the determination
of these compounds. A derivatization procedure was optimized for the three
compounds, where silylation reagent mixture was used to produce their silyl

derivatives (Chapter 5).
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Chapter 1 General Introduction and Literature

Review



1.1. Synthetic Cannabinoids

1.1.1. Introduction

Synthetic cannabinoids (SCs) represent the most common group of Novel
Psychoactive Substances (NPS) that is consumed by young people nowadays. NPS
are new compounds that are designed to mimic the psychoactive effects of some
known controlled drugs. The United Nations Office on Drugs and Crime (UNODC) was
the first organization to use the term NPS and defined it as “substances of abuse,
either in a pure form or a preparation, that are not controlled by the 1961 Single
Convention on Narcotic Drugs or the 1961 Convention on Psychotropic Substances,
but which may pose a public health threat” [1]. NPS are new chemicals that are
developed to replace drugs of abuse that are banned, and their chemical structures

are continually changing to stay ahead of the law [2].

During the 2000s, the quality of some well-known illicit drugs such as cocaine was low.
This fact together with drug users being open for new experiences transformed the
consumption behavior of illicit drugs significantly. NPS appeared at this time, as a first
generation, synthetic cathinones [3]. These compounds are usually synthesized in
massive amounts in underground labs mainly in China prior to their shipping to other
countries. NPS are usually mislabeled, to circumvent the law, such as “designer

drugs”, “legal highs”, “bath salts”, “internet drugs”, “research chemicals” and even

“potpourri” [2].

NPS are grouped into several classes such as synthetic cannabinoids, synthetic
cathinones, synthetic opioids, ring substituted amphetamines, novel benzodiazepines,
psychedelic phenethylamines, tryptamine derivatives, aminoindanes, and piperazines
[2, 4]. However, NPS are classified by European Monitoring Centre for Drugs and Drug

Addiction (EMCDDA) into four groups: synthetic cannabinoids (MDMB-CHMICA),
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synthetic stimulants (synthetic cathinones), new opioids (furanylfentanyl) and new
antidepressants [5]. Several reasons have made NPS very common currently among
drug users; such as legality, easy availability and affordability, curiosity, social media

users’ experiences, and the potent psychoactive effects [6].

UNODC have emphasized the risks posed by NPS usage among youths and many
studies have also addressed the use of NPSs by teenagers and young adults [7].
UNODC identify NPS as one of the major health issues worldwide. According to
UNODC, NPS have been emerging at an average rate of one substance per week.
The extent of drug use among people in age range 18-25 remains higher than that
among old people [8]. Many studies have also addressed the use of NPS by teenagers
and young adults this is observed in countries in most regions and for most drug types
[7]. Synthetic cannabinoids and cathinones represent the most common groups of

NPS being monitored globally [9].

1.1.2. Cannabinoids

Cannabinoids are terpeno-phenolic compounds found in Cannabis sativa plant which
are psychoactive in nature. Cannabis sativa, also known as marijuana, is the source
of a large number of pharmacologically active compounds, the most famous one of
these is cannabinoids [10]. According to their source, these compounds are classified
into three groups namely: phytocannabinoids from cannabis plant, endocannabinoids
formed in animals and humans, and synthetic cannabinoids synthesized in
laboratories [11]. Pharmacologically, the term “Cannabinoids” indicates compounds
that can activate cannabinoid receptor 1 (CB1) or cannabinoid receptor 2 (CB2) or
both. Other molecules included under this class of drugs are structurally similar to

cannabinoids, but do not activate CB1 and CB2 receptors. Also, many compounds



found in Cannabis sativa that do not activate these receptors are referred to as

cannabinoids [10].

Phytocannabinoids are lipid-soluble phytochemicals found in Cannabis sativa L. A°-
tetrahydrocannabinol (THC) and AS-tetrahydrocannabinol (A%-THC) are
phytocannabinoids that have affinity for the cannabinoid receptors and elicit a
psychotropic effect, while some others do not exhibit such effects such as Cannabidiol
(CBD) [12], Figure 1.1. Phytocannabinoids are also found in non-cannabis plants such

as B-caryophyllene which is widespread in several plant essential oils [13], Figure 1.1.

Endocannabinoids (endogenous cannabinoids) are a group of naturally occurring
members of eicosanoid super-family, which activate cannabinoid receptors [10].
Anandamide, 2-arachidonoylglycerol and virodhamine (Figure 1.2) are examples for
this class. They are involved in many regulatory functions in animals such as sleep
wakefulness cycle, pain perception, regulation of egg implantation, control of
sensorimotor and motivational aspects and memory function. Endocannabinoids

induce these effects by interacting with either CB1 or CB2 receptors [14-16].

SCs are laboratory generated chemicals that can bind to CB1 and CB2 and produce

psychoactive effects similar to THC e.g. JWH-200, WIN-55, HU-210, and AM-906 [17].



CcBD B-caryophyllene

Figure 1.1 Chemical structure of phytocannabinoids (A°-THC, A8-THC, CBD,

and B-caryophyllene), showing carbon numbering on A°-THC

2-arachidonoylglycerol

o~ M

Virodhamine

Figure 1.2 Chemical structure of endocannabinoids

(anandamide, 2-arachidonoylglycerol, and virodhamine)



1.1.3. History

Since the discovery of natural cannabinoids, novel synthetic analogues with similar
structures have been prepared by different research groups. In 1964, Raphael
Mechoulam and his research group isolated one of the most active compounds from
Cannabis sativa (THC) [18]. The same research group managed to synthesize this
compound chemically, which allowed further biological studies and THC was
confirmed as the major active compound in Cannabis. Subsequently, about 60 other
phytocannabinoids and endogenous cannabinoids have been identified by
Mechoulam’s research group [19, 20]. Several research groups have significantly
contributed to the field of synthetic cannabinoids such as Mechoulam et al. and
Huffman et al., with the later group synthesizing 450 synthetic cannabinoids [21]. SCs
were initially synthesized with the intention of exploring therapeutic effects and to study
cannabinoid receptors and the endocannabinoid system (ECS). However, in the early

2000s, SCs started to be produced commercially and abused [17].

1.1.4. Synthetic cannabinoid and drug market

SCs emerged as common drugs of abuse when preparations branded as “K2” in USA
or “Spice” in Europe became available online and in “head shops”. These products
were advertised as “harmless incense blends”, which lead to the misleading guess
that they were safe products. The SC drug formulations mainly contain plant materials
such as “wild dagga” (Leonotis leonurus) and “Indian warrior” (Pedicularis densiflora)
[22]. This herbal matrix gives the impression that these are natural products, but they
have been intentionally fortified with SC. The SCs are first dissolved in a solvent such
as ethanol, and then added to the herbal material. The solvent evaporates but leaves

a highly variable concentrations of the SCs in the plant material [23].



Products of SCs are relatively cheaper and more available than marijuana, which
make them very tempting for young people who want to try drugs [23]. Additionally,
SCs are not detected in standard drug inspections. These facts caused a rapid
increase in the use of K2 in college and high schools, making it the second most

prevalent illicit drug after marijuana between 2008-2011 [23].

1.1.5. Chemistry of Synthetic Cannabinoids

SCs are either structurally related to THC (Figure 1.1) or have different skeletons that
may or may not contain heterocyclic rings. Most SCs are lipid soluble and non-polar,
consisting of 22—-26 carbons. For optimal pharmacological activity, SCs should have

4-9 saturated carbon atoms [21].

Despite structural diversity, SCs share certain chemical moieties with THC, enabling
them to interact with CB receptors [24]. An aromatic ring system is crucial for the
binding affinity at the CB receptors. This aromatic ring interacts with hydrophobic
regions within the receptor. THC contains a tricyclic structure with an aromatic
phenolic ring, while SCs often include an aromatic or heteroaromatic ring system, such
as a naphthoyl, cyclohexylphenol, or indole ring [25]. THC has a pentyl side chain (Cs)
attached to its aromatic ring. This side chain is essential for binding to the CB1
receptor, as increasing its length has been shown to enhance affinity and activity at
the receptor. Similarly, SCs typically possess an alkyl chain (Cs or longer chains)
attached to their core structures. Terminal fluorination of this alkyl chain generally
enhances potency of CB1 receptor activation [26]. THC has a hydroxyl group attached
to its phenolic ring, which is involved in hydrogen bond interactions with CB receptors,
contributing to its binding affinity and partial agonism. SCs often include a functional
group capable of hydrogen bonding, such as hydroxyl, carbonyl, or amide groups.

These groups can interact with polar regions in the CB1 or CB2 receptors contributing
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to their overall affinity and activity [27]. THC is lipophilic, which enables it to readily
cross the blood-brain barrier and interact with the hydrophobic binding pocket of CB
receptors. SCs are generally designed to be highly lipophilic, often surpassing THC in
this regard [24].

The nomenclature of SCs is not fully systematized, it contains abbreviations and
numbering. Each SC series is usually named with a two- or three-letter abbreviation
for the place where the substance was synthesized, analyzed or tested or the scientist
who synthesized it. This letter abbreviation is followed by a three- or four-figure
number to identify them within that series. The most commonly reported series (their
names’ origin), are JWH (John W. Huffman), HU (Hebrew University), AM (Alexandros
Makriyannis), CP (Pfizer), RCS (Research Chemical Supply), and WIN (Sterling
Winthrop) [28]. Recently, with extensive SC synthesis, the names have more
ambiguous origins to help promote the products. XLR-11, for example, is a type of
rocket engine from the 1960s, and AKB-48 (APINACA) originate from a popular

Japanese girl band [29].

Cannabinoids are now classified with a system that is adopted by UNODC [30] and
the British Advisory Council on the Misuse of Drugs (ACMD) [31]. According to this
classification system, cannabinoids are divided into the following classes [32]:
a) Classical cannabinoids
Derivatives of dibenzopyran (e.g. THC, other constituents of cannabis; and their
structurally related synthetic analogues e. g. HU-210, AM-906, AM-411, O-1184).
b) Non-classical cannabinoids
Cyclohexylphenols or 3-arylcyclohexanols such as CP-47,497-C8, CP-55,940, CP-
55,244.

c) Hybrid cannabinoids



d)

f)

Combinations of structural features of classical and non-classical cannabinoids, e.
g. AM-4030.

Aminoalkylindoles (AAIs)

They can be further divided into naphthoylindoles (e. g. JWH-018, JWH-073, JWH-
398, JWH-015, JWH-122, JWH-210, JWH-081, JWH-200, WIN-55,212);
phenylacetylindoles (e. g. JWH-250, JWH-251); naphthylmethylindoles and
benzoylindoles (e. g. pravadoline, AM-694, RSC-4).

Eicosanoids

Endocannabinoids such as anandamide, and their synthetic analogues e.g.
methanandamide.

Others

Heterocyclic compounds that are not attributed to a specific class based on small
number of compounds prepared or insufficient understanding of activity.
Diarylpyrazoles (selective CB1 antagonist Rimonabant®), naphtoylpyrroles (JWH-
307), naphthylmethylindenes or derivatives of naphthalene-1-yl-(4-

pentyloxynaphthalen-1-yl)methanone (CRA-13).

Examples for the chemical structure for several SCs groups are shown in Figure 1.3.



JWH-175 JWH-018 JWH-030

OH

Qi ¢
OH

JWH-250 JWH-176 CP 47,497

HU-210

Figure 1.3 Chemical structures of some known synthetic cannabinoids

1.1.6. Pharmacology of Synthetic Cannabinoids

The ECS contains two receptors known as CB1 and CB2. CBL1 receptors are found in
the nervous system (central and peripheral), heart, liver, vascular endothelium, lung,
bone and reproductive systems [33]. CB2 receptors are primarily in the immune
system, and can be found in the central nervous system but at lower levels than CB1
[34]. SCs and THC bind to CB1 and CB2 and activate CB1 more than CB2. Activation
of CB1 receptors decreases cellular cyclic adenosine monophosphate (CAMP) levels
and provokes cannabimimetic responses., while CB2 stimulation has

immunomodulatory effects [24].

SCs are strong CB1 receptor agonists, whereas THC is a moderate CB1 receptor

agonist. Therefore, SC bind to the cannabinoid receptors with a higher affinity than
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THC. In animals, CB1 stimulation produces the cannabinoid tetrad of hypothermia,
analgesia, catalepsy and locomotor suppression [35]. SCs can bind to cellular
membranes, opioid and benzodiazepine receptors, prostaglandin synthetic pathways
and protein metabolism. These properties are the reason for complex interactions and

may promote toxicity [36].

These compounds are metabolized via oxidation by cytochrome P450 and then
conjugation with UDP-glucuronosyltransferase (UGT). The metabolites of some SC,
such as JWH-018 and JWH-073, maintain high activity on CB1 receptors, whereas

metabolites of THC have reduced affinity for CB1 receptors [35].

Pharmacologically, SCs can be classified as cannabinomimetics which have
cannabis-like activity (agonists at CB1), antagonists which bind to the CB receptors
and block the effects of other cannabinomimetics, and compounds which do not bind
to the CB receptors significantly and do not have pharmacological effects mediated by

these receptors [30].

1.1.7. Toxicity of Synthetic Cannabinoids

SCs are more potent, toxic and unpredictable than THC, which make them a
substantial health concern. Clinical reports have shown that K2 use can lead to acute
central nervous system (CNS) and cardiovascular system (CVS) toxicity, which makes
SCs a major public health alarm. The reports suggested possible adverse effects of
SC exposure such as tachycardia, anxiety, psychosis, and the addiction potential of
these substances [37]. SCs have been reported to produce a wide range of harmful
effects such as cardiotoxicity, kidney damage, seizure activity, and even death. Other
toxicities related to SCs involve dizziness, irritability, delusions, hypertension, vertigo,
chest pain, nausea, etc. [17]. Figure 1.4 illustrates the harmful effects reported to

occur upon ingestion of SCs.
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Figure 1.4 Harmful effects of SCs
The manufacture of SC products without quality control leads to huge variations in the
SC concentrations in K2 or Spice products. Moreover, K2 or Spice products usually
contain more than one chemical SC compound that can interact in unpredictable ways
[23]. For example, the coadministration of JWH-018 and JWH-073 in mice can
produce additive, synergistic or antagonistic interactions. Similar synergistic effects
occurring among the multiple SCs present in K2 products may increase their relative
potency and contribute to negative side effects commonly associated with these drugs

[38].

Different types of SCs are synthesized regularly, and each type has a unique binding
affinity for cannabinoid receptors. These different classes provoke variable responses

and have unknown contaminants. The structures are different from THC and,
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therefore, are not detected in routine drug screens [39]. These facts highlight the case

for SCs as a very dangerous source for drugs of abuse.

1.1.8. Synthetic Cannabinoids in Kuwait

Despite the increasing interest regarding the use, spread and effects of SCs, there is
little information regarding this in the Middle East countries, and especially Kuwait.
SCs have only been categorized in Kuwait as schedule Il substances by 2016, which

may be the reason for deficiency of information about SCs in Kuwait.

The Middle East and North Africa (MENA) are major areas for illicit substance
trafficking, in terms of production and use. Thanks to its central location and its
widespread borders, the MENA area is a major transit area for illicit substances and
links the major drug producers in Asia to markets in Europe and the Gulf area [40].
Flow through the MENA area include several illicit substances such as opiates (Golden
Crescent to Europe), cocaine (Latin America to Europe), cannabis (Morocco to the
Gulf Countries), and amphetamine-type stimulants (Western Africa to Europe) [40].
Trading, abuse and addiction in the MENA area are relatively high, being highly
important in drugs trafficking. As a result, legislative authorities in the MENA countries
have introduced harsh penalties to restrict and reduce the outbreak of recreational use
of illicit drugs [41].

In 1960, the Kuwaiti government launched the Act for Trading and Using lllicit Drugs.
In 1983, a list of abused drugs and their derivatives were added to the 1960 act.
Products under the name of Spice/Bath Salt have been banned in 2015. Several new
SC have been added to Schedule Il of the 1960 act in 2016, such as CP-47,497, CP-
55,940, CP-55,244, HU-331, HU-308 and AM-356. While AM-2201 and JWH-018

were added to Schedule | in the same year.
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A survey conducted on Kuwaiti male students (n = 1587) concluded that the most
usually used illicit substances were marijuana (11%), stimulants such as
amphetamines (7.1%), cocaine (2.2%), and heroin (1.3%) [42]. Radovanovic et al. [43]
studied the prevalence and trend of different psychoactive substances in Kuwait from
1992 to 1997 by examination of 3781 biological samples. From this report, the most
commonly used materials were cannabinoids, benzodiazepines, opiates, and
amphetamines. Some other substances were also recognized but at minor levels;
which included phencyclidine, methadone and cocaine [43].

1.1.9. Synthetic Cannabinoids in United Kingdom

SCs were not legislated in UK before 2009, this where the name ‘legal highs’ was
invented. Once the presence of SCs in herbal products was monitored and their harm
was established, modifications were made to the legislation to include these
compounds [31]. The main legislation controlling abused or harmful substances in UK
is the Misuse of Drugs Act issued in 1971. Controlled drugs are defined in Schedule II
of this act, and classified into three groups: A, B and C. The act also states the
penalties for possessing and supplying these drugs [44]. Some of SC, including JWH-
018, CP-47,497 and HU-210, were included as Class B substances under the 1971

act in 2009. In the following years more SCs were added.

The Misuse of Drugs Regulations issued in 2001 regulates the use of controlled drugs
in legitimate scenarios, where the drugs are classified into five different schedules [45].
Having no accepted legitimate medical uses, SCs are controlled by Schedule 1 of this,
and have the strongest controls surrounding their use. However, with the escalating
synthesis of SCs and the introduction of new compounds onto the market each year,
it became very difficult to keep the legislation up to date. As a result, the Psychoactive

Substance Act was issued in 2016 [46]. The NPS, which are controlled by the act, are
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defined as “any that is capable of producing a psychoactive effect in a person who
consumes it and is not an exempted substance”. The 2016 act contains two
schedules, the first one listing exempt substances (such as alcohol, caffeine, and

nicotine) and the second is used for exempt activities (such as licensed research).

1.1.10. Analysis and determination of Synthetic Cannabinoids

The speed at which new SCs are emerging poses a significant challenge for forensic
science. While authorities routinely review the legislation and add new substances to
the schedules, manufacturers usually make only slight changes to SC structures to
discriminate them from the listed ones. This challenge necessitates the development

of new analytical methods for identifying of these new substances [47].

Conventional screening tests -such as enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), fluorescence polarization immunoassay (FPIA),
enzyme multiplied immunoassay technique (EMIT) and kinetic interaction of
microparticles in solution (KIMS)- are not suitable, as they are based on
immunoassays which are not specific [48]. The use of highly specific and sensitive

analytical techniques is now required to determine SCs and their metabolites [49].

A suitable selection of the biological samples to be analyzed is important. Urine is one
of the most commonly used biological fluids in forensic analysis, with several studies
reporting analysis of SCs in urine [50-54]. However, analysis of urine samples does
not always provide the best detection of SC, as they are quickly metabolized to a large
number of unknown compounds [55]. Oral fluid is another specimen that can be
applied for the determination of SCs, due to the convenience and speed of collection
and the difficulty of tampering [56, 57]. However, oral detection is only valid after fresh

consumption, and the diffusion rate of SC from blood to the oral fluid is very low [58].
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Several analytical methods were applied for SC detection in serum [58, 59]. This
allows direct detection of SCs such as JWH family instead of their metabolites; which
determines the composition of the SC in the sold herbal mixture [60]. Blood is a widely
used biological sample for detection of SCs [61]. However, having a short half-life in
this particular matrix, makes SC acute intoxication the only possible situation for using
this specimen. Hair is another matrix that can be used for SCs detection [62, 63]. In
this matrix, SCs are less susceptible to changes in metabolism which gives the
advantage of evaluating long-term consumptions. Hair also presents a greater stability
and a wide detection window [55]. However, the assay in hair may show limited
sensitivity to detect some analytes and also some analytes can be incorporated into

the hair by contamination [64].

1.1.11. Sample preparation for Synthetic Cannabinoids

The larger part of laboratory work in SCs determination is related to sample
preparation. Pretreatment is important at initial stages of the analysis process, as it
removes the matrix components that interferes with the analytes. This is especially
noticed in more complex matrices, as whole blood, giving better results with reduced
background noise. Sample preparation allows preconcentration of analytes,
increasing sensitivity and giving a higher limit of detection (LOD) [55]. The sample
pretreatment procedures commonly used in forensic analysis are protein precipitation
(PPT), liquid—liquid extraction (LLE) and solid-phase extraction (SPE). A hydrolysis

step is usually required when analyzing urine specimens.

PPT is usually used with complex matrices, such as whole blood, serum and plasma.
It is a simple and rapid extraction technique, but may not remove all the matrix
interferences [65]. For SCs, the most commonly used solvents for PPT are acetonitrile,

perchloric and trichloroacetic acids. The most effective precipitant in terms of recovery
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is acetonitrile (up to 80% recovery). In acid precipitations, the analyte recoveries show
high variability, which may be due to possible co-precipitation of the analytes with the

proteins [66].

The most commonly used sample pretreatment procedure for SC, regardless of the
biological specimen, is LLE [29, 67]. LLE is usually used with SCs due to their high
hydrophobicity. It works by adding an immiscible organic solvent to the biological
specimen, where the analytes are moved from the sample layer (usually aqueous) to
the organic solvent [55]. Single solvents such as chloroform, tert-butylmethyl and
diethyl ethers have been used for extraction of SCs. However, the most common
procedures involve solvent mixtures such as chlorobutane:isopropanol and
hexane:ethylacetate to cover larger range of polarities of different SCs [68, 69]. For
preparation of hair samples, a washing step should precede the extraction step, to
eliminate possible contaminants [70]. LLE can be recognized as a more efficient
sample pretreatment procedure compared to PPT regarding recovery. Nevertheless,

the need for a concentration step (solvent evaporation) is considered a drawback [55].

Recently, SPE has become more popular as an extraction technique for illicit drugs.
The extraction of SCs using SPE has been used in several biological specimens, with
different types of cartridges [65]. The biological sample passes through the cartridge
to waste, with the analytes being retained. Then, washing steps are applied to remove
matrix interferences, and then the target analytes are eluted from the sorbent using a
suitable solvent and collected in a clean vial [76]. SPE can be considered the only
extraction type that will efficiently remove the endogenous compounds which may
cause matrix effects. However, the high cost and time spent on the method

development and extraction are the main disadvantages of SPE [55].
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The metabolites of SCs are usually glucuronidated, so hydrolysis is often necessary
in case of urine samples. The hydrolysis of these samples results in the cleavage of
glucuronide conjugates, enabling the determination of the free metabolites [71]. The
most widely used procedure for urine samples pretreatment involves hydrolysis with
strong acids, bases or enzymes before extracting the compounds. 3-glucuronidase is
the most common enzyme for hydrolysis. Enzymatic hydrolysis is the most common

procedure for the deconjugation, as it is gentler than chemical hydrolysis [72].

According to the literature survey, LC-MS is the most common technique used for
detection of SCs. This can be attributed to the fact that LC-MS is now one of the most
sensitive and specific techniques. By searching the literature for the work involved LC-
MS for cannabinoids detection, more than 100 articles were retrieved. That's why in
this thesis we will focus on the most recent work done in this field (2018-2024) for
detection of SCs only. The methods were summarized in
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Table 1.1 Summary of LC-MS methods used for determination of SCs.

Detectio

Column Mobile Phase N Application | Ref.

Acquity Gradient

UPLC® HSS | 0.1% (v /v) formic acid in water (A) MS/MS Blood [73]

T3 and acetonitrile (B).

Accucore Gradient

Phenyl-Hexyl | 1 mM ammonium formate and 0.1%
formic acid (A). 70% acetonitrile, 1 MS/MS Urine [74]
mM ammonium formate, and 0.1%
formic acid (B).

Phenomenex | Gradient

Synergy Polar | 20mM ammonium formate buffer in

RP water containing 0.1% (v/v) formic _
acid, pH 3.5 (A) MS/MS Urine [53]
Acetonitrile containing 0.1% (v/v)
formic acid (B).

Hypersyl Gold | Gradient

PFP Formate buffer 2 mM in 0.1% formic | MS/MS Hair [75]
acid (A) and acetonitrile (B)

RP Poroshell | Isocratic Herbal

120 EC-C18 Acetonitrile: 10 mM ammonium MS products/ [76]
formate buffer solution (70:30, v/v) blood

Zorbax Graient

Eclipse Plus 2 mM ammonium formate: 0.2%

C18 RRHD formic acid in distilled water (A). MS/MS Hair [77]
2 mM ammonium formate: 0.2%
formic acid in methanol (B).

Force Gradient

Biphenyl Methanol (A) and 0.1% formic acid MS/MS | Wastewater | [78]

in water (B)
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Table 1.1 Summary of LC-MS methods used for determination of SCs, continued.

) Detectio o
Column Mobile Phase Application | Ref.
n
Kinetex C18 Gradient
5.0 mM ammonium formate in
' _ _ Breath and
water with 0.05% formic acid (A) MS/MS [79]
o whole blood
and acetonitrile
with 0.05% formic acid (B).
BEH Shield Gradient
RP18 0.1% formic acid in water (A) and | MS/MS Food [80]
acetonitrile (B)
ZORBAX Gradient
Eclipse-Plus 5 mM ammonium formate buffer, Uri
rine
C18 adjusted to pH 4 with formic acid (A) | Q-TOF Hai [81]
air
and acetonitrile with 0.01% formic
acid (B).
Kinetex C18 Gradient
water (A) and methanol (B); both Dietary
) ) _ MS/MS [82]
contained 0.1% formic acid and 2 supplements
mM ammonium formate.
Acquity Gradient
UPLC® HSS | 0.1 % aqueous formic acid (A) and )
. o ) MS/MS Hair [83]
T3 acetonitrile containing 0.1 % formic
acid (B)
Acquity UPLC | Gradient
BEH C18 1 mM ammonium formate (pH 3.1)-
_ _ MS/MS Plasma [84]
formic acid, 999:1, v/iv (A) and
methanol-formic acid, 999:1, v/v (B).
ZORBAX 5 mM ammonium formate buffer,
Eclipse Plus adjusted to pH 4 with formic acid (A), Hair
L .| MS/MS _ [85]
C18 and acetonitrile with 0.01% formic Urine

acid (B).
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1.2. Drugs of Abuse

Drugs of abuse (DoA) are substances that alter mental and physical functions and are
commonly misused, leading to negative consequences such as addiction,
dependence, health problems, and social issues. Understanding these substances
and their classifications is crucial for effective prevention, treatment, and regulation
efforts [86]. DOA encompass a wide range of substances, including illicit drugs like
cocaine and heroin (HER), prescription medications like opioids and benzodiazepines
when used non-medically, and even legal substances like alcohol and nicotine when
misused [86]. DOA pose significant public health challenges, contributing to substance
use disorders, overdose deaths, infectious diseases, mental health issues, and social
problems such as crime and family disruption. Effective prevention, treatment, and
harm reduction strategies are essential to address these concerns. Understanding the
classifications of drugs of abuse is vital for healthcare professionals, policymakers,
law enforcement agencies, and the general public to implement evidence-based
interventions and policies aimed at reducing substance misuse and its associated
harms. According to Drug Enforcement Administration (DEA) of USA, drugs of abuse

can be classified into [87]:

1. Narcotics: e.g. morphine, fentanyl, HER, and methadone.

2. Stimulants: e.g. amphetamines, methamphetamine, and cocaine.
3. Depressants: e.g. barbiturates, and benzodiazepines.

4. Hallucinogens: e.g. MDMA, ketamine, and LSD.

5. Steroids: e.g. testosterone, nandrolone, and oxandrolone.

6. Cannabis

7. Inhalants: e.g. glue, lighter fluid, and paint.

8. Designer Drugs: e.g. synthetic cannabinoids and synthetic cathinones.
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In Kuwait, some drugs are known for being commonly abused, among these drugs are
pregabalin (PGB), morphine (MOR), amphetamine (AMP), methamphetamine
(MAMP), codeine (COD), and diazepam (DZP). These six compounds will be the focus

of our study of drugs of abuse in Kuwait.

PGB is a structural analogue of gamma-aminobutyric acid (GABA), however it does
not directly interact with GABA receptors. Instead, it exhibits selective binding to the
a2-0 subunit of voltage-gated calcium channels in the CNS, specifically in the dorsal
horn of the spinal cord. This binding reduces calcium influx and subsequently inhibits
the release of excitatory neurotransmitters [88]. The modulation of calcium channel
function by PGB ultimately results in its anticonvulsant, analgesic, and anxiolytic

effects [89].

MOR is a natural opiate alkaloid derived from the opium poppy plant, Papaver
somniferum. It is classified as a schedule Il controlled substance due to its high
potential for abuse and addiction [87]. MOR is a potent opioid analgesic that primarily
acts as an agonist at the p-opioid receptors in the CNS, resulting in analgesia,
sedation, and euphoria. It also interacts with kappa and delta opioid receptors to a
lesser extent, contributing to its overall pharmacological effects [90]. MOR's analgesic
effects are mediated primarily by its actions in the spinal cord and brainstem, where it
inhibits the transmission of pain signals [90]. COD is an opioid analgesic that acts as
a prodrug, meaning it requires metabolism by the liver enzyme CYP2DG6 to its active
form, MOR, to exert its pharmacological effects [91]. Additionally, COD has antitussive
properties, believed to be mediated by its effects on the cough center in the brainstem

[91].

AMP and MAMP are highly potent psychostimulants that primarily function by

increasing the release of monoamine neurotransmitters, such as dopamine,
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norepinephrine, and serotonin, from presynaptic neurons [92]. This effect is achieved
by reversing the direction of monoamine transporters, which includes the dopamine,
norepinephrine, and serotonin transporters, causing the neurotransmitters to be
expelled into the synaptic cleft. Consequently, there is a notable increase in the
synaptic concentrations of dopamine and norepinephrine, particularly in various brain
regions associated with the mesolimbic reward pathway [93]. AMP and its related
compounds have clinical applications in the treatment of attention-deficit/hyperactivity

disorder (ADHD) and narcolepsy [94].

DZP is a benzodiazepine with anxiolytic, sedative, muscle relaxant, anticonvulsant,
and amnestic properties. It acts by enhancing the effect of GABA, the major inhibitory
neurotransmitter in the CNS, by binding to the benzodiazepine binding site on GABA-
A receptors. This results in increased chloride ion influx through the GABA-A receptor
channel, leading to membrane hyperpolarization and inhibition of neuronal excitability
[95]. DZP's CNS depressant effects contribute to its therapeutic actions in anxiety

disorders, insomnia, muscle spasms, and seizure disorders [96].

1.2.1. Analysis of drugs of abuse

The six drugs under investigation were determined by several analytical techniques
as single compounds or in their mixtures with other drugs. Due to the large number of
reported methods on these drugs, we will focus on the LC methods reported for
analysis of their mixtures only in our literature survey. Also, with large number of
methods reported for the analysis of the binary mixtures of MOR/COD and

AMP/MAMP, our survey will be limited to the last five years (2020-2024).

The liquid chromatographic methods utilized for determination of mixtures of the six
compounds were summarized in
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Table 1.2. No single method is reported for the analysis of these compounds
simultaneously. The six drugs share the fact they are mainly excreted via the kidney,
so their determination in urine presents a potential technique for polydrug abuse

detection.
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Table 1.2. Summary of LC methods used for determination of the drugs of abuse

under study.

Analytes Column Mobile Phase Detection | Application | Ref
KH2PO4 (0.077 M) in water:
. | methanol: acetonitrile: DAD
Supelcosil L . .
MOR, AMP LC-18 DB tetrahydrofuran: triethylamine, Meconium [97]
600: 100: 25: 7: 1.5, by (204 nm)
volume
MOR, DZP, Methanol: 25 mmol/L uv
o C18 Blood [98]
pethidine KH2PO4, 90:10 (254 nm)
MOR, COD, o Gradient elution
) Gemini o uv )
their Acetonitrile and phosphate Urine [99]
_ C18 (210 nm)
metabolites buffer (0.0125 M, pH 7.5)
Acetonitrile: sodium acetate uv )
MOR, COD C18 Urine [100]
(pH 4, 10 mM), 10: 90, v/v. (285 nm)
Gradient elution
10 mM ammonium formate in
MOR, COD C18 water with 0.1% formic acid. MS/MS Urine [100]
Methanol with 0.1% formic
acid.
Postmortem
AMP, MAMP, ) Gradient elution )
) Kinetex ) o Canine
and their ) 0.1% formic acid in water. MS/MS ) [101]
_ Biphenyl _ o Tissues and
metabolites 0.1% formic acid in methanol.
Fluids
Gradient elution
AMP, MAMP, 5 mM ammonium bicarbonate
MDMA, and ) (pH 11). Street
) Chiral Lux MS/MS [102]
their Methanol (for AMP) samples
enantiomers methanol/acetonitrile mixture
(for MDMA)
Gradient elution
AMP, MAMP, | Accucore | Formic acid in water. .
_ o MS Liver [103]
famprofazone | C18 0.015% formic acid in

acetonitrile
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Table 1.2 Summary of LC methods used for determination of the drugs of abuse under

study, continued.

Analytes Column Mobile Phase Detection | Application Ref
MOR, COD, Gradient elution -
_ ) ) Lucilia
methadone, Kinetex Water and 0.1% formic acid. ]
. . ) . MS sericata [104]
their Biphenyl Methanol with 0.1% formic _
_ _ species
metabolites acid.
MOR, COD, Gradient elution
thebaine, Acetonitrile
) BEH C18 ) MS/MS Rat plasma [105]
papaverine, 10 mM ammonium acetate
noscapine (0.05% aqueous ammonia)
MOR, COD, Gradient elution
thebaine, Kinetex Water and 0.1% formic acid. _
_ _ ) _ MS/MS | Seasonings [106]
narcotine, Biphenyl Methanol with 0.1% formic
papaverine acid.
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1.3. Gastrointestinal fluids and drug solubility

Oral administration of drugs is the most popular method for drug therapy, where tablets
and capsules account for about 70% of the marketed medicinal products. It is well-
known that solid dosage forms must dissolve from the medicinal product in the fluids
of the gastrointestinal tract (GIT), remain in solution and then permeate through the
intestinal wall to reach portal and systemic circulation. Inconsistency in drug
bioavailability is often attributed to variations in hepatic first-pass effect, body
distribution, and kidney excretion [107]. FDA’s biopharmaceutical classification system
(BCS) demonstrates that drug solubility and GIT permeability are the main factors
controlling oral bioavailability [108].

A range of factors affect the solubility and dissolution of drug substances, such as the
drug’s pKa, crystal form and particle size, formulation, dissolution medium pH and
presence of surfactants [109]. It was evident that the composition of dissolution media
is a very important factor and influences the solubility, dissolution and therefore
bioavailability of poorly soluble drugs. Also, the physicochemical relationships
between media components and their effect on drug solubility are critical factors [110,
111]. Therefore, it's challenging to predict drug’s biopharmaceutical performance and
relate in vitro drug dissolution to in vivo drug profiles. This challenge is an important
one, since about 40% of new chemicals are rejected in the early drug development
stages because of low aqueous solubility [112]. However, some low water soluble
drugs show higher GIT solubility and hence increased bioavailability [113]. Therefore,
in vitro solubility and dissolution testing of solid oral dosage forms is a key step in drug
development, but it inadequately predicts in vivo performance [114].

In these drugs, variability in bioavailability may be increased by GIT factors, including

motility, gastric emptying rate, and intestinal fluid composition [115]. The main function
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of GIT is to supply nutrition from different food products, together with the elimination
of metabolic waste products. This function is achieved by the secretion of fluids, and
muscular activity to mix food with the residues being pushed forward. Therefore, it is
understood that the complex physiology of GIT influences drug absorption [116].

FDA classify drug substances based on their aqueous solubility and intestinal
permeability in what is known as biopharmaceutical classification system (BCS) [108].
BCS takes into account three major factors that govern the rate and extent of drug
absorption from solid oral dosage forms which are dissolution, solubility and intestinal
permeability. According to the BCS, drug substances are classified into four classes

as shown in Figure 1.5 [108].

"'\
4[ Class 1: High Solubility — High Permeability

J

~
4[ Class 2: Low Solubility — High Permeability

J

—[ Class 3: High Solubility — Low Permeability

./ _ J

‘[ Class 4: Low Solubility — Low Permeability

Figure 1.5 Biopharmaceutical Classification System (BCS) for drug solubility

and permeability
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GIT media composition is highly important for its effect on the dissolution and
permeation of lipophilic drugs with a limited aqueous solubility, i.e. class Il and IV
compounds [117]. Expecting the oral absorption potential of these drugs requires in
vitro tools for dissolution, solubility, and permeability, and pharmacokinetic simulation
models that account for GIT media composition and its variability [118].

Bile salts, pH, phospholipids, lipid degradation products, cholesterol, and enzymatic
secretions are important factors for the absorption of drugs. pH affects drug ionization
behavior [114]. Bile salts and phospholipids have surfactant properties that contribute
to the solubilization of lipophilic drugs [119]. Lipolytic hydrolysis products formed after
enzymatic digestion of meals, form colloidal structures and mixed micelles, which
influence the solubility and permeability of lipophilic drugs. These hydrolytic products
include triacylglycerides (TAG), diacylglycerides (DAG), monoacylglycerides (MAG),
and free fatty acids (FFA) [120]. Recently, cholesterol has been confirmed to affect
solubility of BCS class Il drugs, to improve bilayer stability and to form mixed micelles
[121].

As GIT media is composed of several constituents, its composition is susceptible to
large variability between different individuals leading to inter-subject variability. Day-
to-day fluctuations may also lead to intra-subject variability [118]. Intra- and inter-
subject variability in drug absorption are also affected by physicochemical conditions
within GIT, which may vary with the position along the tract and the ingested food [122,
123]. The dynamic nature of GIT environment, mediated by meal intake and biliary
and pancreatic secretions, further enhances the variability.

Therefore, simple aqueous solubility cannot reflect GIT solubility and to determine
drug solubility in vitro. Therefore, the most obvious solvent for the in vitro study of drug

solubility and dissolution are human gastric (HGF) and intestinal fluids (HIF) [124].
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However, human fluids are not suitable for in vitro solubility studies being expensive,
difficult to sample, variable in composition, unstable in air, difficult to obtain quantities
for large scale studies and dependent upon the volunteer’'s fasted or fed state and
collection technique employed [118, 122]. On the contrary, simulated GIT media are
more easily prepared, and several modifications can be done to change its
composition [125-127]. Systems were designed to reflect the in vivo pH as well as
incorporate biological compounds in GIT such as bile salts and phospholipids to
simulate fasted and fed intestinal fluid [128]. These initial simulated media were
modified in an attempt to optimize the composition and the constituents especially to
mimic the fed state [110, 127]. Among the most common components in simulated
GIT media are bile salts, lecithin, cholesterol, fatty acids and monoglycerides [129-
133].

Sodium oleate (SO) and glycerylmonooleate (GMO) are hydrolytic products from the
digestion of meals. They influence the solubility and permeability of lipophilic drugs
[120]. Cholesterol (CHL) is (3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-[(2R)-6-
methylheptan-2-yl]-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H cyclopentala]
phenanthren-3-ol [134]. It is an important lipid, being a main part of cell membrane
and keeps membrane permeability and fluidity, it is the major sterol synthesized by
animals [135]. CHL is a crucial biomarker for several diseases such as cardiovascular
diseases and a precursor of different biological compounds such as hormones, vitamin
D, and bile acid [136]. CHL is also found in foods from animal origin such as milk,

meat, cheese, egg and seafood [137].
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1.3.1. Analysis of intestinal media constituents
No analytical method was reported for the analysis of these three compounds in GIT
fluids. Therefore, it was important to develop an analytical method for their

guantitation.
1.4. Chromatographic Techniques

The International Union of Pure and Applied Chemistry (IUPAC) defines
chromatography as ‘a physical method of separation in which the components to be
separated are distributed between two phases, one of which is stationary (the
stationary phase), while the other (the mobile phase) moves in a definite direction’. A
mobile phase is described as ‘a fluid which percolates through or along the stationary
bed in a definite direction’. It may be a liquid, a gas or a supercritical fluid, while the
stationary phase may be a solid, a gel or a liquid. If stationary phase is a liquid, it may
be distributed on a solid, which may or may not contribute to the separation process
[138]. A chromatographic system consists of four main parts: a device for sample
introduction (injector), a mobile phase, a stationary phase, and a detector. The
chromatographic separation occurs if the mixture components interact to different
degrees with the mobile and/or stationary phases and therefore take different times to
move from the injector to the detector [138].

1.4.1. Liquid chromatography (LC)

In liquid chromatography (LC), the mobile phase is a liquid. A variety of liquid
chromatographic separation techniques exist for qualitative and quantitative sample
analysis, most notably high-performance liquid chromatography (HPLC) and ultra-
high-performance liquid chromatography (UHPLC) (Figure 1.6) [139]. HPLC uses
high pressure (400 bar) to push the mobile phase through a compact stationary phase.

Stationary phase particles (2-5 um) are packed in a column which is typically 2.0-4.6
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mm in diameter and 20—250 mm in length [140]. UHPLC achieves fast analysis times
using minimal mobile phase solvents compared to HPLC. The crucial characteristic of
UHPLC lies in the sub-2-micron stationary phase particles in contrast to the
conventional particles utilized in HPLC systems [140]. Although the smaller particle
size in UHPLC contributes to its superior efficiency, they demand higher operating

pressures (1500 bar) [139].

Injector
(sample)

Detector Data acquisition
Pump

g » HPLC column
= a @

.

Solvent 1

Separate
mixture
component Waste

Figure 1.6. A typical HPLC system

In LC, it is the interaction of analyte with both the mobile and stationary phases that
determines its retention in the column. Hence, it is the varying degrees of interaction
of different analytes with the mobile and stationary phases which determines whether
they will be separated by a particular LC system. This interaction depends on the
relative polarities of the species involved. The majority of LC separations utilize
reversed phase chromatography, in which the mobile phase is more polar than the
stationary phase. In these systems, the more polar analytes elute more rapidly than

the less polar ones [141]. It is not always possible to achieve an adequate separation
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by using a mobile phase containing a single solvent and often mixtures of solvents are
used. A separation involving a mobile phase of constant composition is termed
isocratic elution, while that in which the composition of the mobile phase is changed
is termed gradient elution [141].

Currently, several types of LC columns are available, such as normal phase and
reversed phase columns. The most widely used LC columns contain a chemically
modified silica stationary phase, with the chemical modification determining the
polarity of the column. Normal phase chromatography employs polar stationary
phases with a mobile phase that is typically a nonpolar solvent (hexane), causing non-
polar analytes to elute earlier. On the contrary, reversed phase chromatography uses
a non-polar stationary phase, paired with a polar mobile phase (methanol or water). A
very popular stationary phase is one in which a C18 alkyl group is bonded to the silica
surface forming the common octadecyl silane (ODS) stationary phase used in
reversed phase chromatography. LC has diverse applications, including the
separation of drugs, metabolites, and bioactive molecules [140].

1.4.2. Gas chromatography (GC)

Gas chromatography (GC) is that form of chromatography in which a gas is the mobile
phase. A gas chromatograph (Figure 1.7) functions as follows, an inert carrier gas
(e.g. helium) flows continuously from a large gas cylinder through the injection port,
the column, and the detector. The sample is injected into the heated injection port,
where it is vaporized and carried into the column. The sample partitions between the
mobile and stationary phases, and it is separated into individual components based
on relative solubility in the stationary phase and relative boiling points. After the

column, the carrier gas and sample pass through a detector [142].
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Figure 1.7. A typical gas chromatograph

The main purpose of the carrier gas is to carry the sample through the column. It is
inert and does not interact with the sample on contrast to LC [142]. A variety of
injectors are used in GC, with the most common, a split-splitless injector that can be
used in two modes [143]. For solutions containing extremely concentrated levels of
analytes, the injector is operated in the split mode where only a small fraction of the
solution injected actually enters the separation column and the majority of the sample
is vented to the atmosphere. For solutions containing lower levels of analytes, the
injector is operated in a dual splitless-split mode. Upon injection of a sample, the
injector is operated in a splitless mode where all of the injected volume is being pushed
onto the column. Then, the split mode is switched on approximately 30-60 seconds
after injection [143].

Separation columns are the heart of the GC and are housed in a temperature
programmable oven. Considerable advances were made in GC columns, where
packed columns were replaced by capillary columns that have dramatically more

theoretical plates [143]. Capillary columns are typically 15 to 100 m long, coated on
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the inside with a thin (0.2 um) film of high boiling liquid (stationary phase) [142]. The
column temperature must be carefully controlled so that a good separation occurs in
a reasonable time. The control of temperature is one of the easiest and most effective
ways to influence the separation in GC [142].

1.4.3. Hyphenated techniques (GC-MS and LC-MS)

The combination of chromatography and mass spectrometry (MS) is a technique that
has drawn much interest over the years. The combination of gas chromatography with
mass spectrometry (GC-MS) was first described in 1958 and was available
commercially in 1967 [141]. Since then, it has become increasingly employed and is
probably the most widely used hyphenated technique.

Mass spectrometer (MS) systems consist of ionization source, mass analyzer, and
detector, and they require a low operating pressure, typically 10° to 10° Torr
throughout the system (Figure 1.8) [142, 143]. The MS works by ionizing each analyte,
accelerating and focusing the ionized compound and its fragments into the mass
analyzer, where they are separated based on mass to charge (m/z) ratios, and finally
fragments are detected, and mass spectrum is obtained. The mass spectrum is a plot
between abundance of the ions (y-axis) and m/z (x-axis). There are a variety of
ionization systems and mass analyzers that achieve these results [143].

Various ionization techniques have been invented to ionize molecules with diverse
characteristics, including field desorption, electron ionization or electron impact (El),
chemical ionization (CI), electrospray ionization (ESI), atmospheric pressure chemical
ionization (APCI), matrix assisted laser desorption/ionization (MALDI), proton transfer

reaction ionization (PTR), and fast ion bombardment (FAB) [143].

36



Sample
inlet

v

lonization Mass Detector

source i analyzers i

Vacuum

Mass spectrum

m/z

Data
< system

Figure 1.8. Overview of a mass spectrometer

The emergence and wide use of GC-MS (Figure 1.9) as a routine technique has been
due to the fact that simple interfaces have been available for efficient transfer of
compounds separated by GC to the mass spectrometer. Compounds liable to analysis
by GC need to be both volatile, and thermally stable at the temperatures used in GC.
These are the same requirements needed by MS using either electron impact (El) or
chemical ionization (CI). Therefore, virtually all compounds that can be separated
through a GC column can be ionized and the full analytical capabilities of MS utilized
[141]. The most common ionization technique in GC-MS is El. This ionization
technique works by forcing the stream of pure analytes exiting the GC through a beam
of high energy electrons which are created by heating a metal filament [143]. El is

referred to as a hard ionization technique, since it causes fragmentation within a
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sample molecule [143]. Another ionization technique in GC-MS is Cl, which is referred
to as a soft ionization technique as less fragmentation occurs. One of the main

purposes of using Cl is to observe the molecular ion [143].
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Figure 1.9. lllustration of a GC-MS

In contrast to GC, LC has incompatibilities with MS that require a special interface.
The prime purpose of this interface is the removal of the chromatographic mobile
phase and the transfer and ionization of non-volatile analyte molecules into the gas
phase [141, 143]. The invention of ESI solved all of the major problems associated
with sample introduction from LC to MS and became the most common form of LC-
MS interfaces. In ESI (Figure 1.10), the eluate from LC is sprayed into a chamber at
atmospheric pressure in the presence of a strong electrostatic field and a drying gas.
The heated drying gas causes the solvent in the droplets to evaporate, and eventually,
the ions are ejected into the gas phase. These ions are attracted to and passed
through a capillary orifice into the mass analyzer [143]. Figure 1.11 represents the

components and steps of work on an LC-MS system.
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Mass analyzer is responsible for sorting the ions and fragments according to their m/z.
It comes in various forms, including quadrupole (Q), time-of-flight (TOF), ion mobility,
magnetic sector, double focusing, ion trap, Fourier transform ion cyclotron, and
orbitrap mass analyzers. Each type poses distinct characteristics in terms of resolution
and mass accuracy that serve as key parameters for selecting the optimum mass
analyzer [143]. TOF analyzer is commonly used in high resolution mass spectrometry
(HRMS), while Q is the most common analyzer used in LC-MS and LC-MS/MS. TOF
has high resolution that allows it to differentiate isobars, while Q has unit resolution
only. Quadrupole mass filters have become the most common type of MS used in
either GC-MS or LC-MS due to their relatively small size, light weight, low cost, and
rapid scan times [143]. It consists of 4 parallel metal rods with different charges & 2
electric fields are applied (Figure 1.12). The applied fields are direct current (DC) and
alternating current (AC) that affect the trajectory of ions. For given DC and AC
voltages, only ions of a certain m/z pass through the quadrupole filter reaching the
detector, while all other ions are thrown out of their original path [143].

The most commonly used detector in MS is electron multiplier, which can be a series
of discrete or continuous dynodes [143]. Another form of MS detector is the Faraday
cup that counts each ion entering the detector zone. It is less expensive but provides
no amplification of the signal and hence has poor detection limits. One of the latest
detectors is the electrooptical ion detector, which has the advantage of high-speed
mass determinations. However, it has not been readily incorporated into instruments

[143].
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Integrating two mass analyzers into a single system is known as Tandem MS and
usually referred to as MS-MS. This configuration offers enhanced capabilities for
increased specificity and for structural analysis [144]. In this technique, parent ions
passing through the first analyzer (MS1) are fragmented via a process known as
collision-induced dissociation (CID) with an inert gas in a collision cell. These
fragments, along with the parent ions, are then separated and measured by a second
mass analyzer (MS2) [144]. This additional fragmentation step provides more detailed
information about the molecule’s structure. The MS-MS technique can be found in a
range of combinations, such as triple quadrupole mass spectrometer (QgQ) that

contains two quadrupole mass filters (Figure 1.13) and QToF which add a TOF
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analyzer to a quadrupole mass filter [141]. Tandem MS systems offer various scanning
modes. The precursor or product ion scan modes in which either the first stage or the
second stage of MS are used to isolate an ion of interest, respectively. In MS-MS,
guantitative determinations are often carried out by a mode known as selected
reaction monitoring (SRM) or multiple reaction monitoring (MRM). In this mode, the
fragmentation of a selected precursor ion to a selected product ion is monitored. This

is achieved by setting each of the stages of mass spectrometry to transmit a single ion

[141].
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Figure 1.13. lllustration of a triple quadrupole mass spectrometer (QQqQ)

1.5. Sample Preparation Methods

In order to ensure adequate selectivity, sensitivity, and reproducibility of the analytical
methods in biological samples, sample preparation (known as sample pretreatment,
sample extraction or sample cleanup) is an integral step of the analytical method.
Sample preparation in hyphenated techniques is considered a pre-analytical

separation process that involves isolation of analyte(s) of interest from the biological
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matrix, minimization or elimination of matrix components, and enrichment of analyte(s)
to achieve assay linearity range [145]. The optimal sample preparation method can
minimize the matrix effect while maintaining a reasonable and consistent extraction
recovery (R%). With many factors affecting matrix removal and analyte recovery,
developing a sample preparation procedure can be difficult, tedious, and time
consuming. Therefore, sample preparation is the most significant part in the
development of a robust bioanalytical method. The most common sample preparation
techniques are protein precipitation (PPT), liquid-liquid extraction (LLE), and solid
phase extraction (SPE) [145].

1.5.1. Protein Precipitation (PPT)

Biological matrix, such as blood, plasma, or serum contains about 8% (w/w) proteins.
Direct injection of these samples onto the analytical system could precipitate these
proteins as a result of the organic solvents and/or buffers used in the mobile phase
[145]. In PPT, a small volume of the sample is mixed with a certain volume of protein
precipitant. As a result of conformation changes of the proteins induced by the
precipitant, the analyte(s) of interest are released into the solution. Upon
centrifugation, the precipitated proteins are separated from the supernatant containing
the analyte(s). The optimization of PPT method includes selection of precipitant and
its amount along with centrifugation. Protein precipitants used for PPT include water-
miscible organic solvents (acetonitrile, acetone, ethanol, and methanol), acids
(trichloroacetic acid and perchloric acid), metal ions, or salts. PPT is a quick and
convenient sample preparation technique operating with low-cost equipment
(centrifuge tubes and a centrifuge). A significant advantage of PPT is its high recovery

as compared to LLE and SPE [145].
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1.5.2. Liquid-Liquid Extraction (LLE)

LLE involves the extraction of the analyte(s) of interest from one aqueous liquid phase
(biological samples) to another immiscible liquid phase (organic solvent). Biological
samples are mixed with additives to adjust pH (buffer, acids, or bases) to ensure
efficient extraction of the target molecules. This is followed by the addition of an
organic solvent (extraction solvent). Then, the two-immiscible phase mixture is shaken
or vortex-mixed in tubes for a certain period to mix the sample with the organic solvent.
During the mixing process, the target molecules are usually transferred from the
aqueous phase to the organic phase. This is followed by centrifugation for phase
separation. After centrifugation, the phase containing the target molecules can be
collected for analysis [146].

LLE is ideal for non-polar to moderately polar analyte(s) having higher affinity to water-
immiscible organic solvents. However, when developing an assay for a drug with its
metabolite, adjusting the LLE conditions may be difficult to achieve acceptable R% for
both compounds as the metabolite is usually more polar than the drug. Therefore,
other sample extractions such as PPT or SPE may be considered in this case [145].
1.5.3. Solid-phase Extraction (SPE)

SPE is an effective sample preparation technique that can be used for the extraction
and enrichment of analyte(s) in various biological samples. It is based on the affinity
between analyte(s) dissolved in a liquid and sorbent materials. The steps for
performing SPE is illustrated in Figure 1.14.The liquid sample is loaded onto a
preconditioned cartridge packed with appropriate sorbent materials. The analyte of
interest is retained by interacting with the sorbent materials (stationary phase); while
the interfering matrix components either directly pass through the cartridge during the

loading step or are washed away during the wash steps with a proper solvent. Finally,
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the analyte is eluted from the cartridge with a suitable elution solvent. SPE shows
advantages over PPT and LLE including little matrix effect compared to PPT and better

recovery compared to LLE [145].
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Figure 1.14. Steps of Solid-phase Extraction
SPE sorbent materials are commonly irregular-shaped rigid particles (8 to 70 um),
which allows for reasonable flow rates of the samples or solutions through the
cartridge. Most SPE materials are fully porous in nature, which results in a higher total
surface area and, consequently, a higher capacity for active adsorption. SPE sorbents

can be broadly divided into silica-based sorbents and polymer-based sorbents [145].
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According to the retention mechanisms, SPE can be classified into reversed-phase,
ion-exchange, and mixed-mode SPE. Reversed-phase SPE employs non-polar
stationary phases, which retain most molecules with any hydrophobic character. The
common functional groups of silica-based non-polar sorbents include C18, C8, C6,
C4, C2, C1, phenyl, cyclohexyl, and cyanopropyl. Being the least selective retention
mechanism when compared to other SPE types, itis very useful for extracting analytes
that are very diverse in their physicochemical properties [145]. lon-exchange SPE
utilizes ionic functional groups (strong or weak organic acids or bases bonded to a
supporting base) of the sorbents and can be further classified as strong/weak
cation/anion ion exchange SPE [145]. Mixed-mode SPE is an extraction approach
involving sorbents that exhibit two or more primary interactions for retaining the
analyte(s) of interest. Mixed-mode sorbents are typically produced by either bonding
the sorbents concurrently with two different functional groups (e.g. C8 and sulfate) or
by blending discrete sorbent chemistries in appropriate ratios to create the
combination of retention properties. The most commonly used mixed-mode sorbents
have a hydrophobic functional group in combination with an ion-exchange functional
group [145].

The collected analyte(s) extract produced from any of the discussed extraction
methods is either directly injected into the analysis instrument or subjected to
evaporation process followed by reconstitution in the mobile phase. In most
applications, especially LLE, evaporation/reconstitution process is recommended.
This is because organic solvents dramatically weaken the analyte retention on the
column. Furthermore, analyte concentrations in the final extract are generally lower
(diluted) than those in the original samples, which impairs the sensitivity of the method

[145].
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1.6. Objectives of Thesis

The aim of work in this thesis was to identify common psychoactive compounds used

in Kuwaiti market and to study the effect of gut media concentrations on drug

bioavailability.

For the first aim, the following objectives were fulfilled:

Ten SCs were investigated, and an LC-MS/MS method was developed to identify
and quantify these SCs. The used SCs were 5F-AB-PINACA, 5F-ADBICA, AB-
PINACA, 5F-AMB, 5F-MDMB-PICA, 4F-MDMB-BUTINACA, FUB-PB-22, MDMB-
4en-PINACA, 5F-APICA and APICA. The developed method was used to analyse
samples seized in the Kuwaiti streets recently, to give a clear picture on SCs sold
in Kuwait.

Three SCs were screened in urine samples, an LC-MS/MS method was developed
and validated for their quantification. The three SCs were ADB-PINACA 5-
Pentanoic Acid (ADB-PINACA-COOH), 5F-AB-PINACA, and 5F-AMB. The method
was successfully utilized to analyze these SCs in urine samples collected in
Kuwait.

Six drugs of abuse were also investigated by developing an LC-MS/MS method for
screening and quantifying them. The drugs were PGB, MOR, AMP, MAMP, COD,
and DZP. The developed method was used to screen 150 urine samples collected
from individuals suspected of drug abuse in Kuwait.

We worked in cooperation with the toxicology department in the general
department of criminal evidence in Kuwait to develop and validate the methods.
The developed methods represented novel ones to determine the mixtures under

iInvestigation, as no reported method was identified for these mixtures.
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For the second aim, the following objectives were fulfilled:

Common constituents of synthetic gut media were investigated to develop a
sensitive and specific GC-MS method. The investigated constituents were SO,
GMO, and CHL.

The method characterized the constituents of synthetic gut media and quantified
them and can be used to study the effect of their concentrations on drug
bioavailability.

The developed method is considered a novel one, with no reported method for

determination of this specific mixture of synthetic gut media constituents.
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Chapter 2 Development and validation of a LC-
MS/MS method for the screening of ten synthetic

cannabinoids in Kuwaiti market during 2021-2022
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2.1. Introduction

Synthetic cannabinoids (SCs) are a heterogeneous group of compounds
synthesized to affect ECS or as therapeutic agents. In 2000s, SC were known
as “legal highs” under several brand names such as Spice and K2, due to their
ability to escape detection by standard cannabinoid screening tests. That
necessitates the development of fast, specific, and sensitive analytical
methods for the screening of such compounds. LC-MS technique offers a very
specific and sensitive way to detect SCs in different matrices, such as powder,
herbal and biological samples. In forensic laboratories in Kuwait, 10 SCs are
commonly detected in the last 5 years. These SCs are usually received as
powder, smoking equipment, blood, and urine samples. The SCs are 5F-AB-
PINACA, 5F-ADBICA, AB-PINACA, 5F-AMB, 5F-MDMB-PICA, 4F-MDMB-
BUTINACA, FUB-PB-22, MDMB-4en-PINACA, 5F-APICA and APICA. The
structures of the 10 compounds are illustrated in Figure 2.1, and their
chemical names and molecular weights are summarized in Table 2.1.

No single method is reported for the analysis of these compounds
simultaneously. The aim of work in this section was to develop a LC-MS/MS
method for screening of 10 different SCs common in street samples in Kuwaiti
market. The method can be used to draw a picture of the SCs use and spread

in Kuwait.
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under investigation.
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Table 2.1. chemical names and molecular weights of the ten synthetic

cannabinoids under investigation.

Synthetic Svnonvms Chemical name Molecular | Molecular
cannabinoid ynony formula weight
N-[(1S)-1-(aminocarbonyl)-
SF-AB- 2-methylpropyl]-1-(5-
PINACA fluoropentyl)-1H-indazole- C18H26FN4O2 348.4
3-carboxamide
N-[1-(aminocarbonyl)-2,2-
dimethylpropyl]-1-(5-
5F-ADBICA | 5F-ADB-PICA fluoropentyl)-1H-indole-3- C20H28FN3O2 361.5
carboxamide
(S)-N-(1-amino-3-methyl-
AB-PINACA proxobutan 2YI-A-PEN | CigHaoNi02 | 330.4
carboxamide
5F-AMB-PINACA | N-[[1-(5-fluoropentyl)-1H-
5F-AMB 5F-MMB-PINACA | indazol-3-yljcarbonyl]-L- | 19H26FNeOs | 554 4
5F-AMP valine, methyl ester
N-[[1-(5-fluoropentyl)-1H-
5F-MDMB- | 5F-MDMB-2201 | indol-3-yl]carbonyl]-3-
PICA MDMB-2201 methyl-L-valine, methyl | ©2tH2oFN20s | 376.5
ester
N-[[1-(4-fluorobutyl)-1H-
4F-MDMB- 4F-MDMB- indazol-3-yljcarbonyl]-3-
BUTINACA | BINACA methyl-L-valine, methyl C1oH26FNsOs | - 3634
ester
1-[(4-fluorophenyl)methyl]-
FUB-PB-22 1H-indole-3-carboxylic C2sH17FN202 396.4
acid, 8-quinolinyl ester
3-methyl-N-[[1-(4-penten-
MDMB-4en- | MDMB- 1-yl)-1H-indazol-3-
PINACA PENINACA ylJcarbonyl]-L-valine, Ca0H2NsOs | 357.5
methyl ester
ETan;LriSantyl-l- 1-(5-fluoropentyl)-N-
5F-APICA f . _| tricyclo[3.3.1.13,7]dec-1-yl- | C24H31FN20 3825
uoropentylindole 1H-indole-3-carboxamide
3-Carboxamide
JWH 018
adamantyl 1-pentyl-N-
APICA carboxamide tricyclo[3.3.1.1%37]dec-1-yl- | C24H32N20 364.5
2NE1 1H-indole-3-carboxamide
SDB-001
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2.2. Experimental

2.2.1. Materials and reagents

The SCs, 5F-AB-PINACA, 5F-ADBICA, AB-PINACA, 5F-AMB, 5F-MDMB-
PICA, 4F-MDMB-BUTINACA, FUB-PB-22, MDMB-4en-PINACA, 5F-APICA,
and APICA, were purchased from Cayman Chemicals (USA). Acetonitrile and
methanol (LC-MS grade) and ammonium formate were purchased from Sigma
Aldrich (USA). Deionized water was obtained from Purite Select Ondeo (Purite

Limited, UK).

2.2.2. Instruments

Chromatographic analysis was conducted using a Nexera-i LC-2040C
ultrahigh-performance liquid chromatography (UHPL) (Shimadzu Corporation,
Japan) connected to a TQ-8050 triple quadrupole electrospray ionization (TQ-
ESI) mass spectrometer (Shimadzu Corporation, Japan) operated in the ESI
positive mode and multiple reaction monitoring (MRM) scan mode. The

analysis was performed using Shimadzu Lab Solution software.

2.2.3. Liquid chromatographic and mass spectrometric conditions

Chromatographic separations were carried out using a Kinetex C18 column
(50 x 3 mm, 2.6 um; Phenomenex Inc., USA). Gradient elution was used,
wherein 5 mM ammonium formate was the mobile phase A, and acetonitrile
was the mobile phase B. The gradient started with 20% B for 1 min, followed
by a linear increase up to 90% within 10 min, held for 1 min, then a return to
20% B at 11.1 min, where it was maintained for 0.9 min for equilibration. The
total run time was 12.0 min. The flow rate was 0.4 mL/min at a column

temperature of 40 °C with an injection volume of 5 uL. Each component of the
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mobile phase was degassed in an ultrasonic bath for 10 min before use. The
interface was in positive ESI mode using nitrogen gas: nebulizing gas flow, 3
L/min; heating gas flow, 10 L/min; and drying gas flow, 10 L/min. The interface
temperature was set to 300 °C, the desolvation line temperature to 300 °C,
and the heat block temperature to 500 °C. The molecular ion transitions are

summarized in Table 2.2.

2.2.4. Standard solutions

Stock solutions of 5F-AB-PINACA, 5F-ADBICA, AB-PINACA, 5F-AMB, 5F-
MDMB-PICA, 4F-MDMB-BUTINACA, FUB-PB-22, MDMB-4en-PINACA, 5F-
APICA, and APICA were prepared at a concentration of 1 ppm in LC-MS grade

methanol.

2.2.5. Construction of calibration curves

Aliquots were taken from the stock solutions and diluted with LC-MS-grade
methanol to prepare solutions in the range of 0.2-100 ppb for the ten SCs.
The area under the curve was plotted against the corresponding

concentrations, and regression equations were computed.
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Table 2.2. LC-MS/MS parameters selected for the quantification of the
ten synthetic cannabinoids.

Compound (,:itn) ?:Inl'\;z/)l CoII|S|?enVI)Energy

349.5 > 145.4 -25

5F-AB-PINACA 5.80 349.5 > 304.1 -16
349.5>233.2* -24

362.5>232.1 * -23

5F-ADIBICA 6.12 362.5 > 345.1 -11
362.5 > 144.1 -40

331.5>215.1* -23

AB-PINACA 6.76 331.5>286.2 -15
331.5 > 145.1 -37

364.1 >233.3* -21

5F-AMB 7.86 364.1>213.3 -15
364.1 > 69.3 -39

377.3>2322* -21

5F-MDMB-PICA 7.87 377.3>144.1 -40
377.3 > 116.1 -55

4AF-MDMB-BUTINACA | 7.99 964.3>219.37 20
364.3 > 55.2 -47

FUB.PB.22 6.3 397.5>251.8 -15
397.5>109.0 * -35

358.3>213.2* -24

MDMB-4en-PINACA 8.96 358.3 > 298.2 -16
358.3 > 145.1 -42

383.6 > 135.2 * -26

5F-APICA 9.18 383.6 > 93.1 -47
383.6 > 232.1 -24

365.5 > 135.1 * -28

APICA 10.11 365.5 > 214.1 -23
365.5 > 107.1 -40

* The ion pair used for quantification
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2.2.6. Validation

The proposed method was validated for specificity, accuracy, precision,
linearity range, and robustness according to ICH guidelines [147]. The
specificity of the method was assessed by analyzing various laboratory-
prepared mixtures of the ten SCs. The accuracy was confirmed by applying
the proposed method to determine three concentrations of each SC (20, 40,
and 60 ppb; n = 3). The repeatability and intermediate precision were
assessed using three concentrations (10, 50, and 100 ppb) of each standard
SC solution (n = 3). The robustness of the proposed method was evaluated
based on the reliability of the analysis concerning small variations in the
experimental conditions. These parameters included oven temperature (45 +
5 °C), and ammonium formate concentration (5 + 1 mM). Three concentrations
(10, 50, and 100 ppb) of standard SCs (n = 3) were analyzed, and only one

parameter was changed for each experiment.

2.2.7. Application to street samples

The Toxicology Department of the General Department of Criminal Evidence
in Kuwait kindly supplied 74 samples seized from Kuwaiti streets between
September 2021 and March 2022. The method reported by UNODC was
employed [148] . 2 mL of methanol as the extraction solvent was added to 20
mg of herbal sample. The mixture was sonicated in a water bath at 37 °C for
10 min and then centrifuged (3000 rpm, 5 min). The supernatant was filtered
through a membrane filter (0.45 ym) and 5 pL of each solution was injected to
LC/MS-MS. The SCs were identified, and their concentrations were calculated

using the corresponding regression equations.
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2.2.8. Ethics approval and consent to participate

Ethical approval for the collection and analysis of the samples has been
granted by the Ministry of Justice and Ministry of Interior Ethical Committee.
Permission to use samples and data was obtained from the General
Department of Criminal Evidence, Ministry of Interior.

2.3. Results and dicussion

2.3.1. Method development and optimization

The detection of SCs is a challenging process as new compounds
continuously evolve to bypass the restrictions on illicit drugs. LC-MS/MS is
highly recommended because of its high specificity resulting from coupling LC
separation with MS/MS detection. In MRM mode, only ions derived from the
target analyte are detected; thus, interference from other compounds and
endogenous matrix components is minimal [149].

Several columns were tried such as Phenomenex C8, ACE C8, Shim-pack
XR-ODS, and Kinetex C18 columns. The optimum performance was obtained
using Kinetex C18 column owing to good shape and symmetry of the obtained
peaks, and reasonable retention time. Both isocratic and gradient elution
methods were tested, but isocratic elution failed to separate the 10 SCs in a
reasonable time, so gradient elution was chosen. Several solvents were
tested as mobile phase combinations. Both methanol and acetonitrile are
compatible with ESI, they were used in different gradient systems with
ammonium formate and formic acid. Several concentrations of formic acid
ranging from 0.01% to 0.1 were tested, also 5 and 10 mM ammonium formate

were both tried. A gradient of acetonitrile and 5 mM ammonium formate was
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found to yield superior results compared to methanol and formic acid
regarding peak shape and run time. Optimal elution was achieved using a
gradient with 5 mM ammonium formate as mobile phase A and acetonitrile as
mobile phase B.

Under the optimal conditions, all SCs were separated except for 5-AMB, 5F-
MDMB-PICA, and 4F-MDMB-BUTINACA. Overlapping of the peaks of 5-AMB
and 5F-MDMB-PICA was not a problem because their mass transitions were
different (364.1 is the parent for 5F-AMB, whereas the parent for 5F-MDMB-
PICA is 377.3), and both compounds could be quantified without interference
despite their coelution. However, 5-AMB and 4F-MDMB-BUTINACA share
close parent peaks (364.1 for 5F-AMB and 364.3 for 4AF-MDMB-BUTINACA)
and similar daughter peaks (304.2 and 145.1, respectively). The gradient
conditions and different mass transitions were optimized to allow their
separation. The mass transitions were 364.1 > 233.3, 364.1 > 213.3, and
364.1 > 69.3 for 5F-AMB, whereas for 4F-MDMB-BUTINACA, the transitions
were 364.3 >219.3 and 364.3 > 55.2. Figure 2.2-2.11 show the mass spectra

of the ten SCs.

The protonated precursor ions [M+H]* of 5F-AB-PINACA, 5F-ADBICA, AB-
PINACA, 5F-AMB, 5F-MDMB-PICA, 4F-MDMB-BUTINACA, FUB-PB-22,
MDMB-4en-PINACA, 5F-APICA, and APICA were detected in the full-scan
mass spectra at m/z values of 349.5, 362.5, 331.5, 364.1, 377.3, 364.3, 397.5,
358.3, 383.6, and 365.5, respectively. The collision energy was optimized, and
MS/MS transitions were selected to determine the ten SCs, as summarized in

Table 2.2.
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The optimized method could quantify the ten compounds despite some
overlapping of the peaks (Figure 2.12). This was attributed to specific MS
transitions, proving that the method was specific for the ten SCs. The method
was linear in the range of 0.2—100 ppb for the ten SCs. Figure 2.13-22 show
the calibration curves for the ten SCs and their regression equations. From
the curves, it appears that the method can be used successfully to determine

these SCs in different matrices.
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Figure 2.12. Mass chromatogram of the ten SCs under investigation at

10 ppb, 5F-AB-PINACA (1), 5F-ADIBICA (2), AB-PINACA (3), 5F-AMB (4),
5F-MDMB-PICA (5), 4F-MDMB-BUTINACA (6), FUB-PB-22 (7), MDMB-

4en-PINACA (8), 5F-APICA (9) and APICA (10).
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2.3.2. Method Validation

The proposed LC-MS/MS method was validated for the ten SCs according to
ICH guidelines [147]. The method was developed and validated in the
Toxicology Department of the General Department of Criminal Evidence in
Kuwait, and it was cross validated in our laboratory at the University of
Strathclyde. In this study, we present the data obtained from the validations in
our laboratory. For specificity, satisfactory recoveries were obtained to
quantify SCs at various ratios in the laboratory-prepared mixtures, as shown
in Table 2.3. For accuracy, good mean percentage recoveries were obtained
to quantify the SCs at concentrations of 20, 40, and 60 ppb, as shown in Table
2.4. For precision, a satisfactory relative standard deviation (RSD%) was
obtained from the analysis of the ten SCs at three concentration levels (10,
50, and 100 ppb), three times on the same day and three different days, as
shown in Table 2.5 indicating reasonable repeatability and intermediate
precision. For robustness, minor variations in the experimental conditions, as
defined in the materials and methods section, showed reasonable RSD of the
responses of the SCs using the proposed method (Table 2.6), indicating that

the method was sufficiently robust.
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Table 2.3. Determination of SCs in laboratory prepared mixtures by the proposed method

SF-AB- SF- AB- 5F-MDMB- | 4F-MDMB- | FUB-PB- | MDMB-4en-

PINACA ADBICA PINACA >F-AMB PICA BUTINACA 22 PINACA SE-APICA | APICA
Conc (ppb) 1 1 1 1 1 1 1 1 1 1
Recovery % 2 87.7 98.9 101.2 99.6 100.0 98.6 98.4 99.4 100.5 101.6
Conc (ppb) 50 50 50 50 50 50 50 50 50 50
Recovery % @ 96.8 100.3 99.3 98.7 99.7 100.1 96.9 99.4 102.0 93.0
Conc (ppb) 100 100 100 100 100 100 100 100 100 100
Recovery % @ 103.3 101.4 101.3 103.4 101.6 102.9 101.5 101.4 100.5 107.2
Conc (ppb) 10 10 10 10 10 50 50 50 50 50
Recovery % @ 79.9 93.9 89.6 89.8 93.5 87.7 100.5 104.0 100.1 90.6
Conc (ppb) 50 50 50 50 50 10 10 10 10 10
Recovery % @ 97.0 109.9 102.2 106.8 103.4 90.0 93.3 96.0 101.0 87.7
Mean = SD 92.9+49.2 | 100.945.8 | 98.7+5.2 | 99.7+6.4 99.6+3.7 95.9+6.6 98.1+3.2 100.0+2.9 100.8+0.7 | 96.0+8.1

aRecovery% = found/claimed conc.*100, n =3.
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Table 2.4. Accuracy results of the proposed LC-MS/MS method for

analysis of the ten SCs

Recovery%? Accuracy
Compound
20 ppb 40 ppb 60 ppb Mean = SD
5F-AB-PINACA 99.3 105.8 96.9 100.7+4.6
5F-ADBICA 101.4 104.3 100.9 102.2+1.8
AB-PINACA 100.8 103.3 99.2 101.1+2.1
5F-AMB 100.3 103.2 99.3 100.9+2.0
5F-MDMB-PICA 101.3 103.1 100.6 101.7£1.3
4F-MDMB-
100.9 104.3 100.0 101.7£2.3
BUTINACA
FUB-PB-22 100.2 105.5 96.2 100.6+4.7
MDMB-4en-
101.2 103.4 100.1 101.6£1.7
PINACA
5F-APICA 102.6 105.1 102.0 103.2+1.6
APICA 98.5 102.4 94.3 98.4+4.1

aRecovery% = found/claimed conc.*100, n =3.
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Table 2.5. Precision results of the proposed LC-MS/MS method for

analysis of the ten SCs

Intra-day Precision 2 Inter-day Precision®
RSD%
Compound
100
10 ppb 50 ppb | 100 ppb | 10 ppb | 50 ppb b
PP
5F-AB-PINACA 1.4 0.4 0.6 2.3 1.8 1.6
5F-ADBICA 0.4 1.3 1.1 2.3 1.4 14
AB-PINACA 0.1 1.3 0.7 1.4 15 1.3
5F-AMB 1.2 0.8 0.8 2.3 15 15
5F-MDMB-PICA 0.4 1.2 14 2.0 1.2 1.2
4F-MDMB-
1.1 0.9 0.9 1.2 1.9 1.3
BUTINACA
FUB-PB-22 1.2 0.2 0.5 2.7 1.5 1.2
MDMB-4en-
1.0 0.4 1.0 2.3 2.0 1.4
PINACA
5F-APICA 15 14 14 1.2 1.8 1.1
APICA 1.4 0.9 0.6 1.7 2.0 1.7
a Intra-day precision (n = 3), RSD of three concentrations repeated three times within
the day.

® Inter-day precision (n = 3), RSD of three concentrations repeated three times in
three different days.
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Table 2.6. Robustness results of the proposed LC-MS/MS method for
analysis of the ten SCs

Ammonium formate
Oven temperature )
concentration
4515 °C
Compound 51 mM
RSD%?
10 ppb 50 ppb 100 ppb | 10 ppb 50 ppb 100 ppb

5F-AB-PINACA 1.4 2.4 2.0 4.1 2.5 0.9
5F-ADBICA 1.4 1.4 0.8 2.3 2.2 1.9
AB-PINACA 2.1 1.2 1.3 2.5 2.5 2.6
5F-AMB 2.3 0.7 1.1 2.5 2.1 2.4
5F-MDMB-PICA 1.4 0.7 0.7 2.7 1.8 2.0
4F-MDMB-

1.3 1.3 1.0 2.8 15 1.9
BUTINACA
FUB-PB-22 1.1 0.9 1.4 2.0 15 0.8
MDMB-4en-

1.1 1.1 1.3 1.8 2.0 1.3
PINACA
5F-APICA 1.4 1.6 1.3 2.2 3.0 2.3
APICA 1.8 2.0 2.5 2.5 0.8 0.9

a Average of three determinations
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2.3.3. Analysis of Kuwaiti street samples by the proposed method

The main aim of this study was to scan the Kuwaiti market, identify the
common SCs used by Kuwaiti youth, and quantify their amounts in products
sold on the streets. For this purpose, 74 samples of SC products were kindly
provided by the Toxicology Department of the General Department of Criminal
Evidence, Kuwait. The samples were collected from September 2021 to
March 2022 (Figure 2.23). The validated LC-MS/MS method was applied to
screen 74 samples to identify the SCs used in the sold products and to
guantify their concentrations. Each sample was analyzed thrice, and the
average concentrations are listed in Table 2.7. Approximately 25-28% of the
samples contained MDMB-4EN-PINACA or FUB-PB-22. Most samples
(approximately 46%) contained 4F-MDMB-BUTINACA. This suggests that the
most common SC in the Kuwaiti market was 4F-MDMB-BUTINACA, followed
by MDMB-4EN-PINACA or FUB-PB-22. The quantitative data of the samples
indicate that the concentrations of these three SCs in the powdered samples

ranged from 528.7 to 1416.2 ng/g (Table 2.7).

Figure 2.23. A picture of some of the seized samples from Kuwaiti market
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Table 2.7. Analysis of Kuwaiti street samples using the proposed LC-
MS/MS method

No. Detected SC Conc (ng/g) @
1 MDMB-4EN-PINACA 1416.2
2 4F-MDMB-BUTINACA 769.2
3 4F-MDMB-BUTINACA 594.5
4 MDMB-4EN-PINACA 889.2
5 FUB-PB-22 793.8
6 MDMB-4EN-PINACA 922.9
7 FUB-PB-22 809.8
8 MDMB-4EN-PINACA 528.7
9 FUB-PB-22 764.6
10 4F-MDMB-BUTINACA 715.2
11 FUB-PB-22 761
12 4F-MDMB-BUTINACA 875.9
13 MDMB-4EN-PINACA 890
14 4F-MDMB-BUTINACA 811.2
15 4F-MDMB-BUTINACA 1023.2
16 MDMB-4EN-PINACA 879.3
17 FUB-PB-22 774.9
18 4F-MDMB-BUTINACA 987.2
19 MDMB-4EN-PINACA 532.1
20 4F-MDMB-BUTINACA 1248.4
21 4F-MDMB-BUTINACA 786.6
22 4F-MDMB-BUTINACA 1000.4
23 MDMB-4EN-PINACA 901.5
24 MDMB-4EN-PINACA 927.7
25 4F-MDMB-BUTINACA 766.3
26 4F-MDMB-BUTINACA 834.5
27 FUB-PB-22 783.5
28 FUB-PB-22 831.9
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Table 2.7. Analysis of Kuwaiti street samples using the
proposed LC-MS/MS method, continued.

No. Detected SC Conc (ng/g) 2
29 MDMB-4EN-PINACA 535.1
30 MDMB-4EN-PINACA 917.2
31 4F-MDMB-BUTINACA 845.6
32 MDMB-4EN-PINACA 889.2
33 MDMB-4EN-PINACA 930.4
34 FUB-PB-22 751.3
35 FUB-PB-22 1246.9
36 FUB-PB-22 772.3
37 4F-MDMB-BUTINACA 818.6
38 FUB-PB-22 763.9
39 FUB-PB-22 756.4
40 MDMB-4EN-PINACA 911.1
41 MDMB-4EN-PINACA 903.1
42 FUB-PB-22 771.3
43 MDMB-4EN-PINACA 536.3
44 FUB-PB-22 795.3
45 MDMB-4EN-PINACA 904.6
46 MDMB-4EN-PINACA 902.4
47 4F-MDMB-BUTINACA 951.9
48 4F-MDMB-BUTINACA 1101.1
49 4F-MDMB-BUTINACA 1269
50 4F-MDMB-BUTINACA 1007
51 FUB-PB-22 755.2
52 MDMB-4EN-PINACA 921.9
53 FUB-PB-22 778.6
54 4F-MDMB-BUTINACA 873.4
55 4F-MDMB-BUTINACA 750.5
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Table 2.7. Analysis of Kuwaiti street samples using the
proposed LC-MS/MS method, continued.

No. Detected SC Conc (ng/g) @
56 FUB-PB-22 1273.6
57 MDMB-4EN-PINACA 900.2
58 4F-MDMB-BUTINACA 1076.8
59 4F-MDMB-BUTINACA 1214.9
60 4F-MDMB-BUTINACA 826.2
61 FUB-PB-22 749.8
62 4F-MDMB-BUTINACA 628.8
63 4F-MDMB-BUTINACA 877.4
64 4F-MDMB-BUTINACA 940.7
65 4F-MDMB-BUTINACA 692
66 4F-MDMB-BUTINACA 806
67 4F-MDMB-BUTINACA 953.6
68 FUB-PB-22 768.5
69 4F-MDMB-BUTINACA 935.7
70 4F-MDMB-BUTINACA 941.9
71 4F-MDMB-BUTINACA 661.5
72 MDMB-4EN-PINACA 903.3
73 4F-MDMB-BUTINACA 1260.9
74 4F-MDMB-BUTINACA 808.9

@ Concentration is expressed as nanogram SC per grams of street sample

(n=3).
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The concentrations of the three SCs in the seized samples varied significantly. As
shown in Figure 2.24, the concentrations of MDMB-4EN-PINACA in the samples were
ranging from 879.3 to 930.4 ng/g, while the concentrations of FUB-PB-22 in the
samples was little lower than MDMB-4EN-PINACA ranging from 749.8 to 831.9 ng/g.
The limited spread in the concentrations of these two SCs indicated that their samples
contain the same concentration in Kuwaiti market. On the contrary, samples of 4F-
MDMB-BUTINACA showed larger distribution of concentration from 594.5 to 1269
ng/g. This indicates the large variations in 4F-MDMB-BUTINACA concentrations in
samples in Kuwaiti market which may indicate more danger from products containing

this SC than other ones.
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Figure 2.24. Concentrations of MDMB-4en-PINACA, FUB-PB-22, and 4F-MDMB-

BUTINACA in the 74 samples collected in Kuwaiti streets.
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In a previous screening study conducted in 2018 [74], 5F-AKB-48, 5CI-AKB-48, 5F-
ADB, FUB-AMB, and UR-144 were the most common SC detected in urine samples
obtained from Kuwait. Another study conducted in 2018 and 2019 [150] revealed that
single SCs and combinations of SCs with other illicit drugs were detected in the
samples. The most commonly identified compounds were 5F-ADB, 5F-MDMB-PICA,
FUB-AMB, and 5CI-AKB-48. These studies were conducted on a larger number of
samples, and they included postmortem urine samples to identify SCs commonly
associated with death. Although we employed a smaller number of samples, our study
had the advantage of SC quantitation. This is important because the level of SC in
products may trigger side effects and, ultimately, death. Our future plans involve
analyzing a larger number of samples, including urine and blood plasma, and
incorporating other illicit drugs that may be combined with SCs to identify the most
common illicit drug combinations in Kuwait. Postmortem samples will also be collected
to investigate SCs associated with death.

2.4. Conclusion

A sensitive and specific LC-MS/MS method was developed to separate the ten SCs—
SF-AB-PINACA, 5F-ADBICA, AB-PINACA, 5F-AMB, 5F-MDMB-PICA, 4F-MDMB-
BUTINACA, FUB-PB-22, MDMB-4en-PINACA, 5F-APICA, and APICA. Further, this
method was used to quantify the SCs, and the linearity range was 0.2—100 ppb. The
method was cross validated by a laboratory at the University of Strathclyde and the
Toxicology Department of the General Department of Criminal Evidence, Kuwait.
Street samples seized from Kuwaiti streets from 2021 to 2022 were provided by the
General Department of Criminal Evidence and screened for SCs. The analysis of the
74 street samples showed an abundance of 4F-MDMB-BUTINACA (46% of the seized

samples) and the detection of MDMB-4EN-PINACA or FUB-PB-22 in less than 30%
80



of the samples. Quantitation of these SCs showed concentrations ranging from 528.7

to 1416.2 ng/g.

81



Chapter 3 Development and validation of LC-MS/MS
method for analysis of three synthetic cannabinoids

in urine samples from Kuwait
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3.1. Introduction

Nowadays, SCs represent the most common group of NPS that is consumed
by youth. SCs are more potent, toxic, and unpredictable than THC, which
make them a substantial health concern. They can lead to acute CNS and
CVS toxicity, which make SC a major public health concern. Also, possible
adverse effects of SC exposure are tachycardia, anxiety, psychosis, and the
their addiction potential [37]. The speed at which new SCs are emerging
poses a significant challenge for forensic science. While authorities routinely
review the legislation and add new substances to the schedules,
manufacturers usually make only slight changes to SC structures to
discriminate them from the listed ones. This challenge necessitates the
development of new analytical methods for identifying of these new

substances [47].

The aim of this work is to screen SCs abuse in Kuwait. For this purpose, urine
samples collected from Kuwait were analyzed via a validated LC-MS/MS
method to detect three of the common SCs abused in Middle East. The
compounds under investigation are ADB-PINACA 5-Pentanoic Acid (ADB-
PINACA-COOH), 5F-AB-PINACA, and 5F-AMB. The structures of the three
SCs are illustrated in Figure 3.1, and their chemical names and molecular

weights are summarized in Table 3.1.
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Figure 3.1. Chemical structures of the three SCs under investigation.
Table 3.1. Chemical names and molecular weights of the SCs under
investigation.
Compound Chemical name Molecular Molecular
formula weight
S)-N-[1-(aminocarbonyl)-2,2-
ADB-PINACA- (_) A 2 _
COOH dimethylpropyl]-1-(5-pentanoic C19H26N404 374.4

acid)-1H-indazole-3-carboxamide

N-[(1S)-1-(aminocarbonyl)-2-
5F-AB-PINACA methylpropyl]-1-(5-fluoropentyl)- C1s8H25FN4O2 348.4
1H-indazole-3-carboxamide

N-[[1-(5-fluoropentyl)-1H-indazol-
5F-AMB 3-yl]carbonyl]-L-valine, methyl C19H26FN3O3 363.4

ester
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3.2. Experimental

3.2.1. Materials and reagents

The analytical Standards of 5F-AB-PINACA, and 5F-AMB were purchased
from Cayman Chemicals (USA). The analytical standard of ADB-PINACA-
COOH was purchased from Merck Life Science (UK). Acetonitrile, methanol
(LC-MS grade) and Ammonium formate were obtained from Merck (UK).
Sigmatrix Urine Diluent was obtained from Merck (UK). Deionized water was
prepared from Purite Select Ondeo (Purite Limited, UK).

3.2.2. Instruments

Chromatographic analysis was conducted using Nexera-i LC-2040C UHPLC
(Shimadzu Corporation, Japan) connected to a TQ-8050 triple quadrupole
electrospray ionization (TQ-ESI) mass spectrometer (Shimadzu Corporation,
Japan) operated in ESI positive mode and multiple reaction monitoring (MRM)
scan mode. The analysis was performed using Shimadzu Lab Solution

software.

3.2.3. Liquid chromatographic and mass spectrometric conditions

Chromatographic separation was carried out using Kinetex C18, (50 x 3 mm,
2.6 um; Phenomenex Inc., USA). Gradient elution was used where mobile
phase A consisted of 5 mM ammonium formate (v/v), and mobile phase B
consisted of acetonitrile. The gradient started with 20% B for 1 min, followed
by a linear increase up to 90% within 6 min, held for 2.5 min, followed by a
return to 20% B at 9.6 min, where it was held for 2.4 min for equilibration. The
total run time was 12.0 min. The flow rate was 0.40 mL/min at a column

temperature of 45 °C with an injection volume of 2 pL. Each component of the
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mobile phase was degassed in an ultrasonic bath for 10 min prior to use. The
interface was on a positive ESI mode using nitrogen gas, nebulizing gas flow
was 3 L/min; heating gas flow was 10 L/min; and drying gas flow was 10 L/min.
The interface temperature was set to 300 °C, the desolvation line temperature
was set to 300 °C, and the heat block temperature to 500 °C. The transitions
of molecular ions are summarized in Table 3.2.

3.2.4. Standard solutions

Stock solutions of ADB-PINACA-COOH, 5F-AB-PINACA, and 5F-AMB were
prepared at concentration 1 ppm in methanol. All solutions were stored at
—-20 °C in amber vials and were allowed to warm to room temperature prior to

use.

3.2.5. Construction of calibration curves

Aliquots were taken from the stock solutions and diluted with methanol to
prepare solutions in the range 1-100 ppb for the three compounds. Areas
under the curve (AUCs) were plotted against the corresponding

concentrations and regression equations were computed.
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Table 3.2. LC-MS/MS parameters selected for the quantification of the

SCs under investigation.

Rt MRM Collision Energy
Compound +/-
(min) (m/z) (eV)
375.1 > 330.2* -17
ADB-PINACA-
1.8 + 375.1>217.1 -32
COOH
375.1>358.2 -11
349.5>145.4 -25
5F-AB-PINACA 5.0 + 349.5>304.1 -16
349.5 > 233.2* -24
364.1 > 233.3* -22
5F-AMB 6.4 + 364.1>213.3 -29
364.1 >69.3 -35

* The ion pair used for quantification.
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3.2.6. Validation

Validation of the proposed method was performed with respect to specificity,
accuracy, precision, and robustness according to the ICH guidelines [147].
Specificity of the method was assessed by the analysis of different laboratory
prepared mixtures of the three compounds. The accuracy was confirmed by
applying the proposed method to determination of three concentrations of
each compound (10, 40 and 60 ppb) in three triplicates. Repeatability and
intermediate precision were assessed using three concentrations (10, 20 and
40 ppb) of standard solutions (n=3). The robustness of the proposed method
was evaluated by the reliability of the analysis with respect to small variations
in the experimental conditions. These parameters included column
temperature (4515 °C), ammonium formate concentration (5+1 mM) and flow
rate (0.40£0.02 mL/min). One concentration (40 ppb) of standard compounds
(n=3) was analyzed and only one parameter was changed in the experiments

at a time.

3.2.7. Application to urine samples

For this purpose, 49 urine samples were kindly received from the toxicology
department in the general department of criminal evidence in Kuwait. These
samples were collected from suspicious persons between December 2023
and January 2024. The samples were prepared and analysed in Kuwait.
Bond Elut C18 cartridges (3 mL, 500 mg bed size) were purchased from
Agilent Technologies (USA). The cartridge was preconditioned with 1 mL of
100% methanol and 1 mL of water. Then, the sample (2 mL) was loaded into

the cartridge and washed with 1 mL water followed by 1 mL of 5% methanol,
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then dried for approximately 2 min. Retained drugs were eluted with 2 mL of
100% methanol and evaporated almost to dryness using nitrogen at about 45
°C. The extraction process was done through a vacuum master. After drying,
the extract was reconstituted with 1 mL of methanol and transfer to an
autosampler vial. The vial was vortexed for 2 min before transferring to the

instrument where a volume of 2 uL was injected into the LC-MS/MS.

3.2.8. Ethics approval and consent to participate

Ethical approval for the collection and analysis of the samples has been
granted by the Ministry of Justice and Ministry of Interior Ethical Committee.
Permission to use samples and data was obtained from the General

Department of Criminal Evidence, Ministry of Interior.
3.3. Results and dicussion

3.3.1. Method development and optimization

The detection of SCs is a challenging process as new compounds
continuously evolve to bypass the restrictions on illicit drugs. LC-MS/MS is
highly recommended because of its high specificity resulting from coupling LC
separation with MS/MS detection. In MRM mode, only ions derived from the
target analyte are detected; thus, interference from other compounds and
endogenous matrix components is minimal [149].

Several columns were tried such as Phenomenex C8, ACE C8, Shim-pack
XR-0ODS, and Kinetex C18 columns. The optimum performance was obtained
using Kinetex C18 column owing to good shape and symmetry of the peaks,

and reasonable retention time.
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Both isocratic and gradient elutions were tested, but isocratic elution failed to
separate the three SCs in a reasonable time, so gradient elution was chosen.
Several solvents were tested as mobile phase combinations. Both methanol
and acetonitrile are compatible with ESI, they were used in different gradient
systems with ammonium formate and formic acid. Several concentrations of
formic acid ranging from 0.01% to 0.1 were tested, also 5 and 10 mM
ammonium formate were both tried. A gradient of acetonitrile and 5 mM
ammonium formate was found to yield superior results compared to methanol
and formic acid regarding peak shape and run time.

Optimum performance was obtained using Kinetex C18 (50 x 3 mm, 2.6 pm)
with mobile phase A consisting of 5 mM ammonium formate, and acetonitrile
as mobile phase B. The gradient started with 20% B for 1 min, followed by a
linear increase up to 90% within 6 min, held for 2.5 min, followed by a return
to 20% B at 9.6 min, where it was held for 2.4 min for equilibration. Different
flow rates were tested and the optimum one regarding run time and resolution
was 0.40 mL/min. various column temperatures and injection volumes were
investigated and best separation was achieved at 45 °C column temperature
with an injection volume of 2 pL. Under the best of these conditions, the three
SCs were separated within a 7 min run time as shown in Figure 3.2.

The protonated precursor ions [M+H]" of ADB-PINACA-COOH, 5F-AB-
PINACA, and 5F-AMB were detected in the full scan mass spectra at m/z
358.2, 304.1, and 233.3, respectively. Three different collision energies and
their corresponding MS/MS transitions were tested for each compound, and

the optimum one regarding sensitivity were selected. The optimum MS/MS
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transitions and collision energy selected for the determination of the three
compounds are summarized in Table 3.2.

The optimized method could quantify the three compounds over the range 1-
100 ppb. Figure 3.3-3.5 show the calibration curves for the compounds and
their regression equations. From the curves, it appears that the method can

be used successfully to determine these compounds in different matrices.
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Figure 3.2. Mass chromatogram for 1) ADB-PINACA-COOH (60 ppb), 2)

5F-AB-PINACA (60 ppb), and 3) 5F-AMB (20 ppb).
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3.3.2. Method Validation

The proposed LC-MS/MS method was validated for the three SCs according
to ICH guidelines [147]. The method was developed and validated in the
toxicology department in the general department of criminal evidence in
Kuwait and was cross validated in our lab in the University of Strathclyde. In
this thesis, we present the data obtained from validation in our lab. For
specificity, satisfactory recoveries were obtained for quantitation of the drugs
in their different ratios in laboratory prepared mixtures as shown in Table 3.3.
For accuracy, reasonable mean percentage recoveries were obtained for
guantitation of the drugs in the three concentrations 10, 40 and 60 ppb as
shown in Table 3.4. For repeatability and intermediate precision, satisfactory
RSD% was obtained from analysis of the three drugs in three concentration
levels (10, 20 and 40 ppb) three times in the same day and on three different
days as shown in Table 3.5, indicating reasonable precision. For robustness,
small changes were imparted in column temperature, ammonium formate
concentration, and flow rate. The method showed reasonable RSD% of the
responses, indicating that the method was robust enough regarding these

factors (Table 3.6).
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Table 3.3. Determination of the three SCs in laboratory prepared

mixtures by the proposed method

ADB-PINACA-COOH 5F-AB-PINACA 5F-AMB

Concentration

10 10 10
(ppb)
Recovery %2 100.9 96.3 97.8
Concentration

60 60 60
(Ppb)
Recovery %? 103.1 101.5 102.8
Concentration

100 100 100
(ppb)
Recovery %? 98.6 101.5 99.6
Concentration

40 60 40
(ppb)
Recovery %? 102.8 101.8 98.0
Concentration

60 40 60
(ppb)
Recovery %? 103.3 103.0 99.1
Mean * SD 100.9+2.6 101.3+2.6 98.7+2.6

a Average of three determinations.
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Table 3.4. Accuracy results of the proposed LC-MS/MS method for

analysis of the three SCs

Recovery% @ Accuracy
Compound
10 ppb 40 ppb 60 ppb Mean + SD
ADB-PINACA-
99.5 101.3 103.1 101.3+1.8
COOH
5F-AB-PINACA 98.3 88.1 101.5 96.0+7.0
5F-AMB 96.8 95.4 102.8 98.3+£3.9

a Average of three determinations

Table 3.5. Precision results of the proposed LC-MS/MS method for

analysis of the three SCs

Intra-day Precision @ Inter-day Precision®
Compound RSD%
10 ppb 20 ppb | 40 ppb 10 ppb 20 ppb 40 ppb

ADB-PINACA-

1.9 1.2 15 2.0 1.6 1.2
COOH
5F-AB-PINACA 2.1 2.1 2.0 2.3 2.0 14
5F-AMB 2.2 1.8 0.5 2.1 15 1.9

a Intra-day precision (n = 3), RSD of three concentrations repeated three times within

the day.

b Inter-day precision (n = 3), RSD of three concentrations repeated three times in three

different days.
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Table 3.6. Robustness results of the proposed LC-MS/MS method for

analysis of the three SCs

Oven temperature

Ammonium formate

concentration

Flow rate

Compound 4545 °C 0.4+0.02 mL/min
51 mM
RSD%?
ADB-PINACA-
COOH 19 1.2 0.8
SF-AB-PINACA 0.9 11 1.0
S5F-AMB 11 11 1.1

a Average of three determinations
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3.3.3. Application to urine samples from Kuwait

The aim of our work was to analyze the market of SCs abuse in Kuwait in the
year 2023-2024. For that purpose, urine samples were received from the
toxicology department in the general department of criminal evidence in
Kuwait. The samples were seized and collected from suspicious persons
between December 2023 and January 2024.

Several extraction procedures were tested by spiking the three SCs in
Sigmatrix urine diluent and applying the extraction procedure. Liquid-liquid
extraction with various solvents was tried, the recovery of the compounds from
blank urine was not satisfactory. Therefore, solid phase extraction (SPE) was
introduced with several cartridges tested. C8 cartridge did not recover the
drugs adequately, so C18 was used. This may be attributed to the high
lipophilicity of SCs, which will be more retained and extracted from the matrix
on a less polar stationary phase as C18. The washing and elution solvents
were also optimized where 5% and 100% methanol were optimum for washing
and elution, respectively. The SPE recovery study showed very acceptable

R% as shown in Table 3.7.

Table 3.7. Recovery study of the SCs under investigation from blank

urine.

Compound R% +£SD?
ADB-PINACA-COOH 99.3+1.7
5F-AB-PINACA 99.1+1.6
SF-AMB 98.5%+1.3

a Average of six determinations.

98



The developed SPE and LC-MS/MS method was applied to screen 49 urine
samples for the presence of SCs. When samples showed high concentrations
of the studied drugs that exceeded our linear range, they were suitably diluted
before injection. The results are shown in Table 3.8. The prevalence of the
three SCs in the samples was investigated as shown in Figure 3.6 and Figure
3.7.

From Figure 3.6, 5F-AMB was the most detected SCs in the samples with 42
of the analyzed 49 samples containing the SC representing 85.7% of the
samples (Table 3.9). ADB-PINACA-COOH and 5F-AB-PINACA were
detected in only 14.3 and 2.0 % of the samples, respectively (Table 3.9). 5F-
AMB also showed higher concentrations in the samples up to 425.0 ng/mL as
shown in Figure 3.7. The dominance of 5F-AMB with its higher concentrations
Is reflected in its inclusion in Schedule 2 drugs act in Kuwait in 2021. 5F-AMB
is reported for its high toxicity and can be a cause of death [151, 152].

While ADB-PINACA-COOH is a known metabolite for the SC ADB-PINACA,
it's also considered one of the metabolites of the SC 5F-ADB-PINACA [153].
Therefore, detection of ADB-PINACA-COOH in urine may indicate ingestion

of either ADB-PINACA or 5F-ADB-PINACA.
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Table 3.8. Analysis of urine samples using the proposed LC-MS/MS
method.

ADB-PINACA-
No. COOH SF-AB-PINACA SF-AMB
Concentration (ng/mL)?

1 - - 107.9

2 - -- 90.6

3 - - 54.8
4 81.4 - -

5 172.4 - -

6 150.5 - -

7 - - 147.1

8 43.2 - 48

9 - - 45.1
10 -- - 24.6
11 - - 57.5
12 19.1 - -
13 = - 223.1
14 - - 155.2
15 -- - 345.8
16 - - 71.6
17 -- - 155.2
18 -- -- 292.3
19 -- - 240.6
20 - -- 141.3
21 -- - 14
22 -- - 390.7
23 -- -- 125.6
24 - -- 116.5
25 - - 63.8
26 -- - 153.7
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Table 3.8. Analysis of urine samples using the proposed LC-MS/MS
method, continued.

ADB-PINACA-

No. COOH 5F-AB-PINACA 5F-AMB
Concentration (ng/mL)?

27 - - 19.9
28 -- -- 77
29 -- -- 403.8
30 -- -- 377.5
31 -- -- 193.6
32 - - 425
33 -- -- 285.7
34 - - 246.2
35 -- -- 140.7
36 -- 12.6 --
37 89 -- -
38 67 - --
39 -- -- 393.7
40 - - 129.7
41 -- -- 112.2
42 -- -- 63.1
43 - - 152.2
44 - -- 14.8
45 - - 75.7
46 -- -- 393
47 - - 327.7
48 -- -- 183.2
49 -- -- 421.1

a Average of three determinations
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Table 3.9. Prevalence and concentrations measured for SCs under

investigation in 49 urine samples

ADB-PINACA-COOH 5F-AB-PINACA 5F-AMB
Positive
7 (14.3%) 1 (2.0%) 42 (85.7%)
samples (%)
Range
19.1-172.4 12.6 1.4-425.0
(ng/mL)
Mean = SD
88.9 £ 55.2 NA 178.3 +130.2
(ng/mL)
Median
81.4 12.6 144.2
(ng/mL)
50
40
= 30
g
=
N
3
2’ 20
10
0 . E—
ADB-PINACA  5F-AB-PINACA SF-AMB
COOH

Figure 3.6. Results of analysis of the SCs under investigation in

Kuwaiti urine samples showing the prevalence of each SC.
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Figure 3.7. Results of analysis of the SCs under investigation in

Kuwaiti urine samples showing concentrations of the SCs in urine

samples.
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3.4. Conclusion

A sensitive and specific LC-MS/MS method was developed for the detection
of three SCs common in Kuwaiti market namely ADB-PINACA-COOH, 5F-AB-
PINACA, and 5F-AMB. The method was cross validated between the lab in
University of Strathclyde and the toxicology department in the general
department of criminal evidence in Kuwait according to ICH guidelines and
was found to be accurate, precise, sensitive, and robust. A SPE procedure
was developed for extraction of the three SCs from urine, and satisfactory
recoveries were obtained. The method was used for screening and
guantification of the SCs in 49 urine samples collected from suspicious people
in Kuwait in 2023-2024 to draw a picture of the market of SCs. By analyzing
the results, it was found that 5F-AMB was the most common SC detected in

the collected samples, and also showed the highest concentrations in urine.

104



Chapter 4 Development and validation of LC-MS/MS
method for analysis of six drugs of abuse in urine:

Screening of abused drugs in Kuwait during 2022
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4.1. Introduction

Individuals with substance use disorders often engage in polydrug abuse,
where they combine multiple substances to enhance or alter their effects. In
cases of polydrug abuse, it is common to encounter mixtures of pregabalin
(PGB), morphine (MOR), amphetamine (AMP), methamphetamine (MAMP),
codeine (COD), and diazepam (DZP), which can lead to increased risks of
addiction, overdose, and other negative outcomes. When different substances
are combined, there can be synergistic effects, meaning that the combined
effect is greater than the sum of the individual effects. For instance, if PGB is
mixed with opioids like MOR or COD, it can intensify sedation, respiratory
depression, and CNS depression, which in turn raises the risk of overdose
and death [154]. The structures of the six compounds are illustrated in Figure
4.1, and their chemical names and molecular weights are summarized in
Table 4.1.

The aim of work in this chapter was to identify the polydrug abuse patterns in
Kuwait. Six compounds known for their abuse and addiction tendency were
investigated, and a LC-MS/MS method was developed to identify and quantify
these drugs. The used drugs are PGB, MOR, AMP, MAMP, COD, and DZP.
This work was done in cooperation with the toxicology department in
the general department of criminal evidence in Kuwait to develop and validate
the method. The developed method was used to analyse urine samples
collected from suspicious persons in the Kuwaiti streets recently, to give a

clear picture on polydrug abuse in Kuwait.
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NH.
AR
OH

Pregabalin

Methamphetamine Codeine Diazepam

Figure 4.1. Chemical structures of the six drugs of abuse under

investigation (PGB, MOR, AMP, MAMP, COD, and DZP).
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Table 4.1. Chemical names and molecular weights of the drugs of abuse

under investigation.

_ Molecular Molecular
Compound Chemical name .
formula weight
_ (S)-3-(Aminomethyl)-5-

Pregabalin . . CsH17NO2 159.23

methylhexanoic acid
_ 7,8-Didehydro-4,5a-epoxy-17-

Morphine . . C17H19NO3 285.34
methylmorphinan-3,6a-diol

Amphetamine (x)-a-Methylphenethylamine CoHisN 135.21

Methamphetamine | (+)-(S)-N,a-Dimethylphenethylamine

P (-5) _ yP Y CioH1sN 185.69

HCI hydrochloride

. 7,8-Didehydro-4,5a-epoxy-3-

Codeine _ C18H21NOs3 299.36
methoxy-17-methylmorphinan-6a-ol
7-Chloro-1,3-dihydro-1-methyl-5-

Diazepam phenyl-2H-1,4- C16H13CIN20 284.74

benzodiazepin-2-one
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4.2. Experimental

4.2.1. Materials and reagents

The drug Standards were all purchased from LGC standards (UK), with PGB
and AMP as 1.0 mg/mL solution in methanol, while MOR, MAMP, COD, and
DZP as 0.1 mg/mL solution in methanol. Acetonitrile and methanol (LC-MS
grade) and ammonium formate were obtained from Merck (UK). Sigmatrix
Urine Diluent was obtained from Merck (UK). Deionized water was prepared
from Purite Select Ondeo (Purite Limited, UK). Bond Elut C18 cartridges

(3 mL, 500 mg bed size) were purchased from Agilent Technologies (USA).

4.2.2. Instruments

Chromatographic analysis was conducted using Nexera-i LC-2040C UHPLC
(Shimadzu Corporation, Japan) connected to a TQ-8050 triple quadrupole
electrospray ionization (TQ-ESI) mass spectrometer (Shimadzu Corporation,
Japan) operated in ESI positive mode and MRM scan mode. The analysis was

performed using Shimadzu Lab Solution software.

4.2.3. Liquid chromatographic and mass spectrometric conditions
Chromatographic separation was carried out using Kinetex C18, (50 x 3 mm,
2.6 um; Phenomenex Inc., USA). Gradient elution was used where mobile
phase A consisted of 5 mM ammonium formate (v/v), and mobile phase B
consisted of acetonitrile.

The gradient started with 10% B for 4.5 mins, followed by a linear increase up
to 90% within 1.5 min, held for 2.8 min, followed by a return to 10% B at 9 min,

where it was held for 5 min for equilibration. The total run time was 14.0 min.
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Different flow rates were tested starting from 3 mL/min to 0.6 mL/min and the
best separation and peak shape were obtained on 0.47 mL/min. The
separation was performed at 50 °C column temperature with an injection
volume of 5 pL. Each component of the mobile phase was degassed in an
ultrasonic bath for 10 min prior to use. The interface was on a positive ESI
mode using nitrogen gas, nebulizing gas flow was 2.5 L/min, heating gas flow
was 5 L/min and drying gas flow was 10 L/min. Interface temperature was set
at 300 °C, DL temperature was 280 °C and heat block temperature was 500

°C. The transitions of molecular ions are summarized in Table 4.2.

4.2.4. Standard solutions

Stock solutions of PGB, MOR, COD, and DZP were prepared at a
concentration of 1 ppm, whereas AMP was prepared at a concentration of 1
mg/mL and MAMP at a concentration of 0.1 mg/mL. All solutions were
prepared using LC-MS grade methanol and stored at a temperature of -20 °C
in amber vials. Prior to usage, the solutions were thawed to a temperature of

25 °C.

4.2.5. Construction of calibration curves

Aliquots were taken from the stock solutions and diluted with methanol to
prepare solutions in the range 0.5-100 ppb for the six compounds. AUCs were
plotted against the corresponding concentrations and regression equations

were computed.
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Table 4.2. LC-MS/MS parameters selected for the quantification of the

compounds under investigation.

Rt MRM Collision Energy
Compound +/-
(min) (m/z) (eV)
. 160.3 > 54.9* -23
Pregabalin
1.1 + 160.3 > 142.1 -14
160.3 > 82.9 -16
286.2 > 200.9 -23
Morphine 2.3 + 286.2 > 165.0* -38
286.2>152.0 -50
_ 136.2 > 91.0* -21
Amphetamine
3.6 + 136.2 > 65.1 =37
136.2 > 119.1 -13
150.3 > 90.9* -21
Methamphetamine 4.7 + 150.3 > 64.9 -40
150.3 > 119.1 -13
300.2 > 165.1* -40
Codeine 6.3 + 300.2>215.0 -25
300.2>199.0 -28
285.2 > 193.0* -31
Diazepam 71 + 285.2>154.0 -25
285.2>221.9 =27

* The ion pair used for quantification.
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4.2.6. Validation

The proposed method was validated following the guidelines set by the ICH
[147]. The specificity of the method was evaluated by analyzing different
laboratory-prepared mixtures containing the six compounds. To confirm
accuracy, the proposed method was applied to determine three
concentrations (10, 20, and 40 ppb) of each compound in triplicate.
Repeatability and intermediate precision were assessed by analyzing three
concentrations (10, 20, and 40 ppb) of standard solutions (n=3). The
robustness of the method was evaluated by analyzing three concentrations
(10, 20, and 40 ppb) of standard compounds (n=3) while introducing small
variations in experimental conditions. The parameters tested included column
temperature (50+5 °C), ammonium formate concentration (5+1 mM), and flow
rate (0.47+0.1 mL/min). In each experiment, only one parameter was altered

while the others remained constant.

4.2.7. Application to urine samples

For this study, a total of 150 urine samples were obtained from the toxicology
department within the general department of criminal evidence in Kuwait.
These samples were collected from individuals deemed suspicious between
the months of March and May 2022. The subsequent sample preparation and
analysis were conducted within Kuwait.

To carry out the extraction process, SPE was applied using Bond Elut C18
cartridges (3 mL, 500 mg bed size). Prior to use, each cartridge was pre-
conditioned with 1 mL of 100% methanol followed by 1 mL of water.

Subsequently, a sample size of 2 mL was loaded into the cartridge and
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subjected to a washing step involving 1 mL of water followed by 1 mL of 5%
methanol. The cartridge was then allowed to dry for approximately 2 minutes.
The retained drugs were subsequently eluted using 2 mL of 100% methanol
and subsequently evaporated almost to dryness using nitrogen at a
temperature of approximately 45 °C. The extraction process was performed
utilizing a vacuum master system. Once dried, the resultant extract was
reconstituted with 1 mL of methanol and transferred to an autosampler vial.
The vial was vortexed for 2 minutes before being transferred to the instrument,

where a volume of 5 uL was subsequently injected into the LC-MS/MS system.

4.2.8. Ethics approval and consent to participate

Ethical approval for the collection and analysis of the samples has been
granted by the Ministry of Justice and Ministry of Interior Ethical Committee.
Permission to use samples and data was obtained from the General

Department of Criminal Evidence, Ministry of Interior.
4.3. Results and dicussion

4.3.1. Method development and optimization

The detection of the six compounds PGB, MOR, AMP, MAMP, COD, and DZP
in urine samples presents a considerable challenge due to their significant
variation in physicochemical properties. For this reason, it is highly
recommended to employ LC-MS/MS, which offers a high level of specificity
resulting from the coupling of LC with MS/MS detection. The MRM mode
enables the detection of only ions derived from the target analyte, thereby
minimizing interference from other compounds and endogenous matrix

components [149].
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To achieve optimum performance, Kinetex C18 (50 x 3 mm, 2.6 um) was
utilized. Various mobile phases were employed under both isocratic and
gradient conditions. The most favorable elution, characterized by high
resolution, desirable peak shapes, and reasonable run time, was attained
through a gradient with mobile phase A composed of 5 mM ammonium
formate, while acetonitrile was used as mobile phase B. The gradient
commenced with 10% B for 4.5 minutes, followed by a linear increase up to
90% within 1.5 minutes. This composition was maintained for 2.8 minutes
before returning to 10% B at the 9-minute mark, where it was held for 5
minutes to ensure adequate equilibration. Different flow rates were tested, and
the optimal flow rate of 0.47 mL/min was determined based on considerations
of run time and resolution. Furthermore, various column temperatures and
injection volumes were investigated, with the most effective separation
achieved at a column temperature of 50°C and an injection volume of 5 L.
Under these optimal conditions, all six compounds were successfully

separated, with a total run time of 14.0 min, as depicted in Figure 4.2.

The protonated precursor ions [M+H]* of PGB, MOR, AMP, MAMP, COD, and
DZP were detected in the full scan mass spectra at m/z 160.25, 286.20,
136.20, 150.25, 300.20, and 285.20, respectively. Three different collision
energies and their corresponding MS/MS transitions were tested for each
compound, and the optimum one regarding sensitivity were selected. The
optimum MS/MS transitions and collision energy selected for the

determination of the six compounds are summarized in Table 4.2.
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The optimized method could quantify the six compounds over the range 0.5-
100 ppb. Figure 4.3-4.8. show the calibration curves for the compounds and
their regression equations. Form the curves, it appears that the method can

be used successfully to determine these compounds in different matrices.
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Figure 4.2. Mass chromatogram for PGB (1), MOR (2), AMP (3), MAMP

(4), COD (5), and DZP (6) at 60 ppb.
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Figure 4.6. Linearity of AUC to the corresponding concentrations of
Methamphetamine
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Figure 4.8. Linearity of AUC to the corresponding concentrations of
Diazepam
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4.3.2. Method Validation

The proposed LC-MS/MS method was validated for the six compounds in
accordance with the guidelines set forth by ICH [147]. The method was
developed and validated by the toxicology department in the general
department of criminal evidence in Kuwait, and it was further cross-validated
in our laboratory at the University of Strathclyde. In terms of specificity,
satisfactory recoveries were achieved for the quantitation of the drugs in
various ratios within laboratory-prepared mixtures, as presented in Table 4.3.
Accuracy was assessed by obtaining reasonable mean percentage
recoveries for the quantitation of the drugs at three concentrations (10, 20,
and 40 ppb), as shown in Table 4.4.Repeatability and intermediate precision
were evaluated by analyzing the six drugs at three concentration levels (10,
20, and 40 ppb) on three separate occasions within the same day and on three
different days, as indicated in Table 4.5.The obtained RSD% values indicated
a satisfactory level of precision. To assess robustness, minor alterations were
made to the column temperature, ammonium formate concentration, and flow
rate. The method demonstrated reasonable RSD% values for the responses,
suggesting that it exhibited sufficient robustness with respect to these factors

(Table 4.6).
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Table 4.3. Determination of the six compounds in laboratory prepared

mixtures by the proposed method

PGB MOR AMP MAMP COD DzP

Concentration

10 10 10 10 10 10
(ppb)
Recovery %2 100.5 98.3 101.5 97.3 106.4 98.3
Concentration

20 20 20 20 20 20
(ppb)
Recovery %2 104.3 100.6 96.5 101.1 98.9 100.3
Concentration

40 40 40 40 40 40
(ppb)
Recovery %2 101.2 102.0 100.5 99.1 99.1 102.4
Concentration

100 100 100 100 100 100
(ppb)
Recovery %2 91.0 90.4 98.2 98.3 93.6 94.0
Concentration

40 20 40 20 40 20
(ppb)
Recovery %2 98.1 100.7 93.7 91.6 95.8 98.0
Concentration

20 40 20 40 20 40
(ppb)
Recovery %2 97.3 97.9 93.4 90.7 88.2 94.2
Mean = SD 08.7+45 | 98.3x4.2 | 97.3+3.4 | 96.4+4.2 | 97.0+6.1 | 97.9+3.3

a Average of three determinations.

120




Table 4.4. Accuracy results of the proposed LC-MS/MS method for

analysis of the six compounds

Compound Recovery% @ Accuracy
10 ppb 20 ppb 40 ppb Mean + SD
PGB 96.9 101.1 107.3 101.845.2
MOR 102.1 101.0 105.7 102.9+2.5
AMP 103.5 97.2 102.0 100.9+3.3
MAMP 97.6 99.9 102.3 99.9+2.4
COD 105.6 103.8 104.6 104.7+0.9
DzP 99.8 101.8 104.2 101.9+2.2

a Average of three determinations
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Table 4.5. Precision results of the proposed LC-MS/MS method for

analysis of the ten SCs

Intra-day Precision 2 Inter-day Precision®
Compound RSD%
10 ppb | 20 ppb | 40 ppb | 10 ppb | 20 ppb | 40 ppb

PGB 0.9 0.9 0.3 2.0 1.8 2.1
MOR 0.6 0.5 0.4 2.3 1.7 15
AMP 0.9 0.9 0.1 2.5 1.3 15
MAMP 0.7 0.3 0.3 11 1.4 11
COD 0.8 0.3 0.4 1.6 1.5 1.6
DzP 0.9 0.7 0.6 1.3 1.4 1.2

a Intra-day precision (n = 3), RSD of three concentrations repeated three times within
the day.

® Inter-day precision (n = 3), RSD of three concentrations repeated three times in
three different days.
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Table 4.6. Robustness results of the proposed LC-MS/MS method for analysis of the ten SCs

Oven temperature

Ammonium formate

concentration

Flow rate

Compound 505 °C 541 mM 0.47£0.1 mL/min
RSD%?
10 ppb | 20 ppb | 40 ppb 10 ppb 20 ppb 40 ppb | 10 ppb | 20 ppb | 40 ppb

PGB 1.8 1.7 19 1.8 1.9 0.6 1.8 1.7 1.5
MOR 1.8 19 0.9 1.8 1.3 1.6 0.8 0.9 1.0
AMP 14 1.2 1.8 0.6 11 2.0 0.9 14 1.2
MAMP 1.6 0.8 19 1.7 2 2.4 2.0 1.8 1.9
COD 1.2 14 1.6 1.3 1.1 2.0 2.1 0.9 0.9
DzP 1.6 1.1 19 0.8 1.4 1.0 0.8 1.0 0.8

a Average of three determinations
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4.3.3. Application to urine samples from Kuwait

The aim of our work was to analyze the market of drugs of abuse in Kuwait in
the year 2022. For that purpose, urine samples were received from the
toxicology department in the general department of criminal evidence in
Kuwait. A total of 150 urine samples were collected from subjects under
investigation for suspected drug abuse violations during 2022.

Different methods of extraction were tested by spiking the six drugs in blank
urine and applying the extraction procedure. Liquid-liquid extraction with
various solvents was tried, the recovery of the compounds from blank urine
was not satisfactory. Therefore, SPE was introduced with several cartridges
tested. C8 cartridge did not recover the drugs adequately, so C18 cartridge
was used. This may be due to the high lipophilicity of the studied drugs, which
allowed them more retention on C18 than C8 and hence better separation
from the matrix components. The washing and elution solvents were also
optimized where 5% and 100% methanol were optimum for washing and
elution, respectively. The SPE recovery study showed very acceptable R% as
shown in Table 4.7.

The developed SPE and LC-MS/MS method was applied to screen 150 urine
samples for the presence of the six drugs. When samples showed high
concentrations of the studied drugs that exceeded our linear range, they were
suitably diluted before injection. The results are shown in Table 4.8. From the
analysis of the samples, only one sample (No. 34) gave no indication of any

of the drugs under study, while all the other 149 samples gave a positive
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indication of one or more of the drugs. The individual and in combination

prevalence of each drug in the samples was also analyzed (Table 4.9).

Table 4.7. Recovery study of the compounds under investigation from

blank urine.

Compound R%+SD @
PGB 98.8+2.0
MOR 98.7+2.1
AMP 100.7+0.9
MAMP 99.9+1.2
COD 98.4+2.2
DzP 97.8+0.6

a Average of three determinations
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Table 4.8. Analysis of urine samples using the proposed LC-MS/MS

method.
Sample PGB MOR AMP MAMP COD DzP
Concentration (ng/mL)?
1 217.4 -- 1257 1693.2 -- --
2 -- -- 309.8 864.8 -- --
3 -- 20913 -- -- 3105 --
4 6408.2 -- 7063.8 -- -- --
5 9453.2 -- 6981.4 | 17546.6 -- --
6 -- 1600 -- -- - -
7 160162 -- 11552.4 11804 -- --
8 -- -- 1475.4 | 13564.2 -- --
9 -- -- 1631.6 14978 -- --
10 19364.6 -- -- -- - -
11 - - 1116 7807 - -
12 391062 -- 8270 -- - -
13 27129 -- 1912.2 9307.6 -- --
14 396050 -- 13386 114654 -- --
15 -- -- 13254 87216 -- --
16 29860 8064 13720 66370 -- --
17 76847.6 | 1601.4 980.6 3459 -- --
18 -- -- 4753.6 35790 -- --
19 - - 898.8 22558.4 -- --
20 250444 -- -- -- - -
21 1545.2 -- -- -- -- -
22 -- -- 1657.2 3707.4 -- --
23 16050.2 -- -- -- - -
24 828.6 -- -- -- - -
25 -- -- 7342 54008 -- --
26 243010 -- 7060 -- -- -
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Table 4.8. Analysis of urine samples using the proposed LC-MS/MS

method, continued.

Sample PGB MOR AMP MAMP COD DzP
Concentration (ng/mL)?
27 16030.4 -- 12597.8 | 25752.4 -- --
28 59266.8 -- -- -- - -
29 -- -- 18243 22801.4 -- --
30 353.2 -- -- - - -
31 -- -- 13432 60114 -- --
32 782.6 -- 3413.8 29222 -- --
33 - - 851.1 | 3254.8 - -
34 - - - - - -
35 304438 -- -- -- - -
36 52350.4 -- 1589.5 4960.2 -- --
37 809.7 -- 1407.1 -- - -
38 1241.1 3736.2 467.2 997.2 381.3 --
39 437 6382.2 949.6 6127.4 100.9 --
40 28518.6 -- -- 22186.4 - -
41 16010.4 680.6 220.8 1175.5 112 --
42 299354 -- -- -- - -
43 653.9 -- -- -- - -
44 - - - 2713.7 - -
45 327.9 -- 2799.6 46112 -- --
46 164.5 -- -- -- -- -
47 290.8 -- 3408 34416.8 -- --
48 -- -- 22441 14725.8 -- --
49 15626 -- 8306 64808 -- --
50 343.7 -- 11282.6 | 55747.6 -- --
51 724 -- -- 613.3 - --
52 34057.2 -- -- -- - -
53 355.1 12614 75842 -- - -
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Table 4.8. Analysis of urine samples using the proposed LC-MS/MS

method, continued.

Sample PGB MOR AMP MAMP COD DZP
Concentration (ng/mL)?
54 -- 11314.6 | 41836.6 -- - -
55 -- -- 554.7 -- -- --
56 3607.8 - 3628.2 -- - -
57 -- -- 2852.1 -- -- --
58 417.8 -- 12544 59070 -- --
39 - -- 3960.9 | 10368.2 -- -
60 513.4 784.2 6224.2 | 34417.4 -- -
61 294.2 -- - - - -
62 3484.9 -- 7902 74120 -- -
63 3678.4 -- 17306 75290 -- -
64 54022 -- -- 440.5 - -
65 -- 166.3 -- -- - -
66 277 -- - -- - -
67 - - - 1044.3 - -
68 340.7 -- -- - - -
69 142470 -- -- - - -
70 86080 -- 2585.6 -- - -
71 - - 11034.4 - - -
72 222788 -- 3670 -- - -
73 242630 -- 2905.5 30804 -- --
74 63549.6 - 2657.4 | 39663.4 -- -
75 1354.9 -- -- - - -
76 9266 - 14170 61110 -- -
77 -- 886.6 3685.5 | 13045.2 -- -
78 854.6 - -- - - -
79 46.6 -- 11688 114444 -- -
80 19846.4 - - - - -
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Table 4.8. Analysis of urine samples using the proposed LC-MS/MS

method, continued.

Sample PGB MOR AMP MAMP COD DzP
Concentration (ng/mL)?
81 915.4 -- 10142 52374 -- --
82 1437.6 -- 2054.3 468.9 -- --
83 -- -- 1047.7 2740.4 -- --
84 1093.6 -- 6949 22452.2 -- --
85 2138.6 -- -- -- - -
86 130.7 -- 8519.2 | 27236.2 -- --
87 67250 -- -- -- - -
88 - - 2308.2 | 9479.8 - -
89 3610.9 -- 6323 42666 -- --
90 659.4 -- -- -- - -
91 - - 18329 | 5167.6 -- --
92 -- -- 89.1 577.6 -- --
93 -- -- 2766.5 15952.4 -- --
94 285.3 -- 2727.1 12042.6 -- --
95 -- -- 791.6 5757.4 -- --
96 8666 -- 2591.5 24366 -- --
97 -- -- 287.7 -- -- --
98 - -- 1106.9 | 3558.8 -- --
99 47726 -- 10228 72254 -- --
100 1121 -- 8500.4 -- -- --
101 84935 -- -- -- - -
102 -- -- 1932 6509 -- --
103 -- -- -- 4089 -- --
104 69743 -- -- -- - -
105 268910 -- -- -- - -
106 -- -- 4529 23215 -- --
107 86.4 -- -- -- - -

129




Table 4.8. Analysis of urine samples using the proposed LC-MS/MS

method, continued.

Sample PGB MOR AMP MAMP COD DzP
Concentration (ng/mL)?
108 348010 -- 1445 3706 -- --
109 69289 -- -- -- - -
110 96676 -- -- -- - -
111 -- -- 3558 11202 -- --
112 - -- 3435 18609 -- --
113 40.7 -- -- -- - -
114 - - 4519 16872 -~ -
115 6034 -- -- 3817 - -
116 -- -- 1738 7736 -- --
117 1356.6 -- -- -- - -
118 - - - 3766 -- --
119 -- -- 581.8 967 -- --
120 -- -- 2666 -- -- -
121 -- -- 6785 8787 -- --
122 2.7 -- 101.9 1096.7 -- --
123 38181 -- 9114 78804 -- --
124 -- -- 4050 -- -- --
125 - - 6494 43663 -- --
126 9706 -- 6173 8742 -- --
127 -- -- 3379 -- -- --
128 64639 -- 3566 33558 -- --
129 11746 -- 6761 9620 -- --
130 54 -- 397.6 657.8 -- --
131 33599 -- -- -- - -
132 124549 -- 11021 5771 -- --
133 3223 -- 5485 4641 -- --
134 - - 2094 7878 - -
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Table 4.8. Analysis of urine samples using the proposed LC-MS/MS

method, continued.

Sample PGB MOR AMP MAMP COD DzP
Concentration (ng/mL)?
135 -- -- -- 1408.8 -- --
136 299.2 -- 4616 3660 -- --
137 -- -- 74331 105569 -- --
138 -- -- 6510 -- -- --
139 -- -- 5867 69549 -- --
140 51001 -- 2724 14670 -- --
141 - - 4155 5203 - -
142 - - - 3902 - -
143 209369 -- 1476 4040 -- --
144 199.8 -- -- -- - -
145 736240 -- -- 4049 - -
146 - - 2417 5227 - -
147 137853 -- 3319 24155 -- --
148 49073 -- 30417 5285 -- --
149 1519 -- 1971 5415 -- --
150 573.2 -- 546.3 1148.8 -- --

a Average of three determinations.
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Table 4.9. Prevalence and concentrations measured for drugs under investigation in 150 urine samples

PGB MOR AMP MAMP COD DzZP
Positive samples
%) 95 (63.3%) 12 (8%) 103 (68.7%) 96 (64%) 4 (2.7%) 0 (0%)

0
Range
2.7-736240 166.3-20913 89.1-75842 440.5-114654 100.9-3105 NA

(ng/mL)
Mean = SD
(ng/mL) 61757.6 +117471.6 | 5728.6 + 6448.6 | 6867.2 £ 11398.9 | 23218.3 £ 27508.8 | 924.8 + 1459.2 NA
ng/m
Median

8666 2668.8 3558 10785.1 246.7 NA
(ng/mL)
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AMP, MAMP, and PGB are the most detected drugs in the samples either
individually (Figure 4.9) or in combination (Figure 4.10) with 67.3, 64.7, and
62.7% of the analyzed 150 samples, respectively. Accordingly, they showed
the highest total prevalence of the six drugs as shown in Figure 4.11. The
most widely detected individual drug is PGB (20.7%) followed by MAMP
(4.7%), AMP (4%), and MOR (2.7%). This agrees with the literature that PGB
IS a major cause of concern in Kuwait due to its abuse potential [155]. This
was shown in its inclusion in Schedule 4 drugs act in Kuwait in 2021.

The mixture of AMP and MAMP was detected in 85 samples, which represents
75.2% of the total samples containing AMP and/or MAMP (113). AMP alone
was detected in 16 samples (14.2%), and MAMP alone was detected in 12
samples (10.6%). The interpretation of samples containing AMP and/or
MAMP is closely related to their metabolic pathway. Since MAMP is converted
to AMP by cytochrome P450, it is often challenging to determine whether the
detected AMP came from the ingestion of the drug itself or from the ingestion
of MAMP metabolized into AMP [156].

Both drugs were detected in the majority of their samples (75.2%), which may
indicate that they are commonly used together in addictive preparations.
Another possibility is that the preparations containing only MAMP were
ingested, and urine was collected shortly after ingestion. This may have
allowed metabolism of some MAMP into AMP, resulting in detection of both
AMP and MAMP in the urine. The situation is more complex with the samples
containing only AMP. This could indicate ingestion of AMP preparations, but

it could also mean that the samples were collected long after the ingestion of

133



either single MAMP or AMP/MAMP preparations, allowing all MAMP to be
metabolized and excreted in urine as AMP. The detection time for AMP in
urine ranges from 1 day to 4.8 days, while the detection time for MAMP ranges

from 42.7-87.2 hr [157].
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Figure 4.9. Results of the analysis of the drugs under investigation in
urine samples from Kuwait revealing the prevalence of each drug

individually.
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Figure 4.10. Results of the analysis of the drugs under investigation in
urine samples from Kuwait revealing the prevalence of drug

combinations.
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Figure 4.11. Results of the analysis of the drugs under investigation in
urine samples from Kuwait revealing the percentage prevalence of

each drug individually, in combinations and its total prevalence.
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MOR was only detected in fewer samples, 14 (9.3%) of the total 150 samples.
Of that number, in only 4 cases it was detected on its own. In the other 10
cases it was detected in combination with PGB, AMP/MAMP or COD. The
interpretation of samples with MOR is complicated as it depends on the
manufacturing process of MOR and HER, and it is also largely influenced by
metabolism.

MOR shares the same metabolic pathway with several heroin related drugs
[158, 159]. HER (diacetylmorphine) is rapidly metabolized to 6-
acetylmorphine which is then converted to MOR. Ethylmorphine and COD
also are converted to MOR by cytochrome P-450 [159]. Therefore, the
detection of MOR can indicate the ingestion of MOR itself, COD,
ethylmorphine, or HER which is more readily available on the drugs market
than MOR.

Opium contains several alkaloids including MOR and COD, therefore
pharmaceutical grade MOR purified from opium contains low level
contamination of COD, where up to 0.5% is allowed [160, 161]. HER is a semi
synthetic drug obtained by the acetylation of MOR, and this process typically
utilizes opium as its main source of MOR. Therefore, street HER can contain
significantly more COD as a contaminant than medical MOR due to less
stringent purification processes. This results in the formation of acetylcodeine,
which has been suggested as an indicator of HER abuse. Upon ingestion,
acetylcodeine similarly undergoes rapid metabolism by cytochrome P-450 to

produce COD.
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Therefore, it is likely that the presence of MOR detected in the samples could
be a result of HER ingestion. This is supported by the data shown in samples
3, 38, and 41, where the percentage of COD to MOR is significantly higher
(14.8%, 10.2%, and 16.5%, respectively) compared to the expected
percentage in pharmaceutical grade MOR (0.5%). In contrast, sample 39 may
indicate ingestion of medical MOR, as the percentage of COD was 1.6%. This
result could also suggest that the sample was taken a long time after HER
ingestion, allowing COD to be metabolized into MOR. It is worth noting that
HER and opium have been reported as some of the top drugs of abuse seized
by Kuwait authorities [162].

4.4. Conclusion

A sensitive and specific LC-MS/MS method was developed for the separation
of six drugs of abuse common in Kuwaiti market namely PGB, MOR, AMP,
MAMP, COD, and DZP. The method was cross-validated between our
laboratory at the University of Strathclyde and the toxicology department
within the general department of criminal evidence in Kuwait, following the
ICH guidelines. The validation results demonstrated that the method is
accurate, precise, sensitive, and robust. A SPE procedure was developed for
extraction of the six drugs from urine, and satisfactory recoveries were
obtained. The method was used for screening and quantification of the six
drugs in 150 urine samples collected from subjects under investigation for
suspected drug abuse violations in Kuwait in 2022 to draw a picture of the
market of drugs of abuse. Through the analysis of the screening results, it was

determined that PGB, AMP, and MAMP were the most frequently detected
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drugs in the collected samples, either individually or in combination. Notably,
PGB emerged as the most prevalent individual drug. MOR was detected in
9.3% of the total samples, indicating that the ingestion of HER was the primary

cause in the majority of these samples.
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Chapter 5 Development and validation of GC-MS

method for intestinal media characterization
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5.1. Introduction

Simple aqueous solubility cannot reflect GIT solubility anymore and to
determine drug solubility in vitro, human gastric (HGF) and intestinal fluids
(HIF) should be used [124]. Due to the disadvantages of human fluids,
simulated GIT media are taking more role in solubility studies [127]. Bile salts,
lecithin, cholesterol, fatty acids and monoglycerides are very common
components in simulated GIT media [130]. GIT media is susceptible to large
variability between individuals and day-to-day fluctuations, in addition to meal
intake and biliary and pancreatic secretions. These facts shows the
importance of characterization of GIT fluid components for accurate

determination of drug bioavailability [118].

The aim of work in this chapter was to develop accurate and specific GC-MS
method for the determination of common GIT fluid components. A simulated
GIT media was used for the method development, it contained sodium oleate
(SO), glyceryl monooleate (GMO), and cholesterol (CHL). The structures of
the three compounds are illustrated in Figure 5.1, and their chemical names
and molecular weights are summarized in

Table 5.1.
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Figure 5.1. Structural formulae of sodium oleate, glyceryl monooleate,

and cholesterol
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Table 5.1. Chemical names and molecular weights of the compounds

under investigation.

_ Molecular Molecular
Compound Chemical name .
formula weight

Sodium Oleate Oleic acid sodium salt CisHssNaO2 304.4
Glycerol .

2,3-dihydroxypropyl octadec-9-enoate C21H4004 356.5
monooleate

(3S,8S,9S,10R,13R,14S,17R)-10,13-

dimethyl-17-[(2R)-6-methylheptan-2-yl]-
Cholesterol 2,3,4,7,8,9,11,12,14,15,16,17- C27H460 386.7

dodecahydro-1H cyclopentala]

phenanthren-3-ol
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5.2. Experimental

5.2.1. Materials and reagents

Chloroform was of LC-MS grade. Methyl tert-butyl ether (MTBE) was an ACS
reagent. Trimethylsilyldiazomethane (TMSDM) was approximately 10%
hexane solution. The previous chemicals were purchased from Merck (UK),
in addition to benzene, pyridine, trimethylchlorosilane (TMCS), N-
trimethylsilylimidazole (TMSI), CHL, and SO. GMO was purchased from
Croda (UK). N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA), N-methyl-N-
(trimethylsilyl)trifluoroacetamie (MSTFA), ammonium iodide (NHa4l), and
dithioerythritol (DTE) were supplied by Fluorochem (UK). Deionized water was
prepared from Purite Select Ondeo (Purite Limited, UK).

5.2.2. Instruments and operating conditions

GC-MS analyses were carried out with Shimadzu Nexis GC-2030, equipped
with an AOC-20i Plus auto-sampler, and coupled to a mass spectrometer
(GCMS-TQ8040NX). LabSolutions GCMS (version 4.53SP1) was used for
instrument control, and data acquisition and processing.

The separation was performed on SH-1-5MS, 30 m x 0.25 mm, 0.25 um,
(Shimadzu, UK). Helium was used as carrier gas at a constant pressure flow
rate of 1.30 mL/min. The injector temperature was set at 280 °C. Split mode
injection was applied with an injection volume of 1 uL the purge flow rate was
3.0 mL/min. The column oven temperature program was as follows: the initial

temperature was set at 180 °C and maintained for 2 min, then it was increased
to 320 °C at a rate of 24 °C/min and held for 5 min. The total run time was 12

144



min. The ion source temperature was set at 220 °C. GC operating conditions
are summarized in

Table 5.2. The electron impact (El) ionization mode was used, and all the
ions were monitored in the selected ion monitoring (SIM) mode. Mass
spectrometric conditions are given in

Table 5.2 and Table 5.3.

5.2.3. Derivatization procedure and preparation of standard solutions
An aliquot of 160 pL of the derivatization reagent MSTFA: NH4l: DTE (500: 4:
2, viw/w) was added to the 2 mg of each standard, and incubated for 60 min
at 60 °C. The mixture was cooled and diluted with MTBE to prepare the stock
solutions (1 mg/mL).

5.2.4. Construction of calibration curves

Aliquots were taken from the stock solutions and diluted with MTBE to prepare
solutions in the range 2 - 100 pg/mL for the three compounds. AUCs were

plotted against the corresponding concentrations and regression equations

were computed.

5.2.5. Validation

Validation of the proposed method was performed with respect to specificity,
accuracy, and precision according to the ICH guidelines [147]. Specificity of
the method was assessed by the analysis of different laboratory prepared
mixtures of the three compounds. The accuracy was confirmed by applying
the proposed method to determination of three concentrations of each
compound (20, 40 and 100 ppm) in triplicates. Repeatability and intermediate
precision were assessed using three concentrations (10, 20 and 40 ppm) of

standard solutions (n=3).
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Table 5.2. GC and MS parameters used for quantification of the

compounds under investigation.

Parameter Conditions
GC
Injection mode Split
Injector temp 280 °C
Column oven temp. 180 °C (2min) — (24 °C/min) — 320 °C (5min)
Control mode Linear velocity (43.7 cm/s)
Purge flow rate 3.0 mL/min
Injection pressure 100 kPa
MS
Measurement mode Scan or SIM (Scan range: m/z 45-600)
lon source temp. 220 °C
Interface temp. 300 °C
Event time 03s
Voltage 0.1 kv

Table 5.3. GC-MS/MS parameters selected for the quantification of the

derivatized compounds.

Rt Daughter ions SIM

Derivative ] [M]
(min) lon-1 lon-2 (m/z)
O-TMS 6.01 | 354.3 | 339.2 264.2 339.2
GMO-TMS 8.01 | 500.3 | 4853 397.3 397.3
CHL-TMS 9.83 | 458.3 | 368.3 329.3 368.3
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5.3. Results and dicussion

The detection of SO, GMO, and CHL is a challenging process as they all show
similar lipophilic properties. GC is a common technigue used for determination
of fatty compounds such as fatty acids and sterols. The main disadvantage of
GC technique is the derivatization step essential for non-volatile compounds.
5.3.1. Derivatization method optimization

Among the common derivatization techniques in GC are alkylation and
silylation. Both methods depend on the reaction between the free hydroxyl
group in the target molecules with the derivatizing agents. The two methods
were tested while the derivatization step was carefully optimized before the
GC-MS analysis. Different derivatization reagents were tested to find the
optimal one. The derivatization reagents were used to produce derivatized
compounds and their performance was compared using GC-MS. The
reagents were compared regarding the appearance of the peaks on GC-MS,
which meant a successful derivatization step with this reagent. Another point
of comparison was the AUCs of the peaks, which can be used to assess the
reaction yields and sensitivity of the detector to the produced derivatives.
Firstly, a mixed methylation and silylation derivatization protocol developed by
Shimadzu was tested [147]. This protocol involved successive derivatization
with TMSDM and TMSI to act on both carboxylic and hydroxylic hydrogens of
the three compounds. The derivatization process was not successful, as none
of the three compounds was derivatized and no peaks were observed on GC-

MS. Then, either single methylation or silylation processes were tested. A
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methylation reagent (TMSDM) was tried and failed to produce satisfactory
results, as no GC-MS were observed.

Silylation process usually involves introduction of a trimethylsilyl group (TMS)
to a free hydroxyl group via various reagents such as BSTFA, TMCS, MSTFA
or TMSI which are used either individually or as combinations (Scheme 1).
Several reports on using these reagents were reported in literature including
Kunz et al. [163], Castellaneta et al. [164], Kumar et al. [165], and Lian et al.

[166] among others.

Some silylation reagents suggested by Kumar et al. [165] were tested. The
first reagent was BSTFA: TMCS (100: 1, v/v), but this reagent failed to
derivatize any of the three compounds and no peaks were observed on GC-
MS. Other reagent mixtures such as MSTFA: TMCS (100: 1, v/v) and MSTFA:
TMSI: TMCS (100: 2: 5, viviv) were also used. Both SO and CHL were
successfully derivatized by these two reagents, and it was observed that
MSTFA: TMSI: TMCS resulted in a better reaction yield giving higher peaks
than MSTFA: TMCS. Finally, MSTFA: NH4l: DTE (500: 4: 2, v/iw/w) was used.
The three compounds were successfully derivatized by this reagent, with even
higher reaction yield than the previous reagents (Figure 5.2). Therefore,
MSTFA: NH4l: DTE was the derivatization reagent of choice for the three

compounds.
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HO “170

Scheme 1. General reaction of Cholesterol with silylating reagents

(Mes-Si-X), where X is the leaving group to form TMS-Cholesterol.
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Figure 5.2. Results of optimization of the derivatization reaction

showing AUCs obtained with each reagent mixture for the three

compounds.

149



The type of solvent represented a significant factor affecting the success of
derivatization reactions. The majority of the derivatization protocols mentioned
above used alcohols in their work, therefore, methanol, ethanol, and
isopropanol were all tested with different derivatizing reagents. No GC-MS
peaks were observed upon using alcohols as solvents. Therefore, different
solvent mixtures were introduced such as chloroform: methanol (2:1) and
dichloromethane: isopropanol (4:1), but they also failed in the derivatization
reactions. The solvent that showed successful derivatization with several
derivatizing reagents was MTBE. The failure of alcohols or mixtures
containing alcohols may be attributed to the interference of their free hydroxyls
in the derivatization reaction (Scheme 1). MTBE is also a suitable solvent for
extraction of the three compounds from aqueous samples, so it would help
simplify the extraction process of more complex biological samples such as
gut media or blood.

The volume of derivatization reagent added to the compounds was also
optimized. For every 2 mg of analyte, different reagent volumes were tried (40,
80, 160, and 200 pL), the volume 160 uL was the best regarding peak area in
GC-MS (Figure 5.3). The derivatization incubation time was also considered,
as 30, 40, and 60 min were allowed for the reaction between the analytes and
the reagent mixture. The best reaction time with the highest abundance was
60 min (Figure 5.4).

Therefore, the best result based on the presence of peaks and highest
intensity was observed with the reagent mixture MSTFA: NHal: DTE, from

which 160 pL were added to each 2 mg analyte and incubated at 60 °C for 60
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min, and then diluting the product with MTBE. The target analytes SO, GMO,
and CHL were successfully derivatized using the mentioned conditions into
new silyl derivatives, Oleate-TMS (O-TMS), GMO-TMS, and CHL-TMS.
5.3.2. GC-MS method development and optimization

The silyl derivatives were separated using GC and detected with MS detector.
GC conditions were optimized. The separation was achieved on SH-1-5MS,
30 m x 0.25 mm, 0.25 um, with helium as the carrier gas. The injector
parameters were optimized, where the best temperature regarding resolution
and peak shape was 280 °C, and the injection mode was a split mode with a
split ratio of 10. The injection volume was 1 pL with a purge flow rate of 3.0
mL/min and injection pressure of 100 kPa. The column temperature was also
optimized, where isothermal program did not achieve satisfactory results; so,
temperature programming was applied. The best temperature program was
as follows: initial temperature was set at 180 °C (for 2 min), then it was
increased to 320 °C (at a rate of 24 °C/min) and then it was held for 5 min.

The total run time was 12 min. GC best operating conditions are
summarized in

Table 5.2.

The mass spectrometry parameters were also optimized. The best ion source
temperature was 220 °C. The El ionization mode was used, and all the ions
were monitored in the SIM mode. Mass spectrometric conditions are given in
Table 5.3. The quantification of the derivatized compounds was optimized by
comparing three characteristic ions for each derivative (the parention and two

daughter ions), as shown in Table 5.3. Among them, the ion that had the
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highest intensity or stability was selected for SIM as the quantitative ion for

this derivative (Table 5.3).
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Figure 5.3. Results of optimization of the derivatization reaction

showing AUCs obtained with different reagent volumes for the three

compounds.
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Figure 5.4. Results of optimization of the derivatization reaction
showing AUCs obtained with different reaction time for the three

compounds.
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With the optimized derivatization, GC, and MS conditions, the three
compounds were separated successfully with retention times of 6.01, 8.01,
and 9.83 min for O-TMS, GMO-TMS, and CHL-TMS, respectively (Figure
5.5). The method was linear over the concentration range 2-100 pg/mL as
shown in Figure 5.6-5.8.

5.3.3. Method Validation

The proposed GC-MS method was validated for the three compounds
according to ICH guidelines [147]. For specificity, satisfactory recoveries were

obtained for quantitation of the drugs in their different ratios in laboratory
prepared mixtures as shown in

Table 5.4. For accuracy, reasonable mean percentage recoveries were
obtained for quantitation of the drugs in three concentrations levels (10, 40
and 60 ppm) as shown in

Table 5.5. For repeatability and intermediate precision, satisfactory RSD%
was obtained from analysis of the three drugs in the three concentration levels
10, 20 and 40 ppm, three times in the same day and on three different days

as shown in Table 5.6, indicating reasonable precision.
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Figure 5.5. GC-MS chromatogram for 1) O-TMS, 2) GMO-TMS, and 3)

CHL-TMS at 40 ppm.
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Figure 5.6. Linearity of AUC to the corresponding concentrations of SO
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Table 5.4. Determination of the three compounds in laboratory prepared

mixtures by the proposed method

SO GMO CHL

Concentration
2 2 2

(ppm)
Recovery %2 95.3 101.6 101.3
Concentration

20 20 20
(ppm)
Recovery %2 101.6 103.4 101.7
Concentration

100 100 100
(ppm)
Recovery %2 99.8 99.8 99.8
Concentration

90 40 90
(ppm)
Recovery %? 101 104 102
Mean + SD 99.4+2.9 102.2+1.9 101.2+1.0

a Average of three determinations
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Table 5.5. Accuracy results of the proposed GC-MS/MS method for

analysis of the three compounds

Recovery% 2 Accuracy

Compound
20 ppm 40 ppm 100 ppm Mean + SD
SO 101.6 103.4 101.7 100.9+0.8
GMO 100.9 101.1 101.1 100.7+2.9
CHL 100.1 97.6 97.3 100.0£2.4

a Average of three determinations

Table 5.6. Precision results of the proposed GC-MS/MS method for

analysis of the three compounds

Intra-day Precision? Inter-day Precision®
Compound RSD%
10 ppm | 20 ppm | 40 ppm | 10 ppm | 20 ppm | 40 ppm
SO 14 0.1 1.3 1.3 1.5 1.7
GMO 1.4 1.0 15 11 1.7 1.3
CHL 0.9 0.7 15 1.6 14 1.3

a Intra-day precision (n = 3), RSD of three concentrations repeated three times within

the day.

® Inter-day precision (n = 3), RSD of three concentrations repeated three times in
three different days.
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5.4. Conclusion

A specific and simple GC-MS method was developed for the detection of three
compounds common in simulated GIT media, namely sodium oleate (SO),
glyceryl monooleate (GMO), and cholesterol (CHL). The method was
validated according to ICH guidelines and was found to be accurate, specific,
precise, and sensitive. The method can be used for screening and
guantification of the GIT media used in bioavailability studies for
pharmaceuticals. This can help understand and consider the variability

between individuals and day-to-day fluctuations in these studies.
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Chapter 6 General Conclusion and Future Work
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6.1. General Conclusion

Three sensitive and specific LC-MS/MS methods have been developed for the
screening and quantitation of illicit drugs in Kuwait. The three methods were
cross-validated between our laboratory at the University of Strathclyde and
the toxicology department within the general department of criminal evidence
in Kuwait, following the ICH guidelines. The methods were used successfully
for determination of the target drugs of abuse either in street samples or in
urine samples collected from subjects under investigation for suspected drug

abuse violations in Kuwait.

The first method has successfully separated ten SCs—5F-AB-PINACA, 5F-
ADBICA, AB-PINACA, 5F-AMB, 5F-MDMB-PICA, 4F-MDMB-BUTINACA,
FUB-PB-22, MDMB-4en-PINACA, 5F-APICA, and APICA. The developed
method can quantify the SCs within a linearity range of 0.2-100 ppb. The
method was applied for the analysis of 74 street samples collected in Kuwait
between September 2021 and March 2022. The samples showed an
abundance of 4F-MDMB-BUTINACA (46% of the seized samples) and the
detection of MDMB-4EN-PINACA or FUB-PB-22 in less than 30% of the
samples. Quantitation of these SCs showed concentrations ranging from
528.7 to 1416.2 ng/g. The concentrations of the three SCs in the seized
samples varied significantly, where MDMB-4EN-PINACA and FUB-PB-22
showed limited spread in their concentrations. On the contrary, samples
containing 4F-MDMB-BUTINACA showed larger distribution of its
concentration indicating more danger from products containing this SC than

the other two.
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Another sensitive and specific LC-MS/MS method was developed for the
detection of three SCs, namely ADB-PINACA-COOH, 5F-AB-PINACA, and
5F-AMB. A SPE procedure was developed for extraction of the three SCs from
urine, and satisfactory recoveries were obtained. The method was used for
screening and quantification of the target SCs in 49 urine samples collected
in Kuwait between December 2023 and January 2024. By evaluating the
analysis results, it was found that 5F-AMB was the most common SC detected
showing the highest concentrations in urine.

Six drugs of abuse common in Kuwaiti market, namely PGB, MOR, AMP,
MAMP, COD, and DZP, were separated by a sensitive and specific LC-
MS/MS method. The six drugs were successfully extracted from urine by a
SPE procedure showing satisfactory recoveries. The method was used for
screening and quantification of the six drugs in 150 urine samples collected in
Kuwait between the months of March and May 2022. Through the analysis of
the screening results, it was determined that PGB, AMP, and MAMP were the
most frequently detected drugs in the collected samples, either individually or
in combination. Notably, PGB emerged as the most prevalent individual drug.
MOR was detected in 9.3% of the total samples, indicating that the ingestion
of HER was the primary cause in the majority of these samples.

SO, GMO, and CHL, common surfactants in simulated GIT media, were
successfully separated by a specific and simple GC-MS method. Being non-
volatile, a derivatization step was essential for GC separation of the three
compounds. An optimized derivatization procedure was developed for the

silylation of the three compounds using a reagent mixture consisting of
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MSTFA: NH4l: DTE (500: 4: 2, v/iw/w). The procedure involved the addition of
160 pL of the reagent to each 2 mg analyte and incubation at 60 °C for 60
min, and then diluting the product with MTBE. The silyl derivatives, O-TMS,
GMO-TMS, and CHL-TMS showed good linearity with the developed GC-MS
method over the concentration range 2-100 pug/mL. The method was validated
according to ICH guidelines and was found to be accurate, specific, precise,

and sensitive.
6.2. Future Work

The developed LC-MS/MS methods for screening of illicit drugs will be
extended to analysis of the target drugs in biological matrices such as blood,
saliva, and hair. The methods will be used for analysis of samples collected in
Kuwait to draw an idea of the evolution of illicit drugs abuse in Kuwait.
Complete bioanalytical procedures will be developed including internal
standards to compensate analytes loss in extraction procedures. Full
bioanalytical validation will be applied following the new ICH guideline M10
[167].

Future work will also include possible metabolites in addition to parent
compounds to present a general method that can be used to detect drugs
and/or their metabolites. Furthermore, we will screen drugs of abuse emerging
everyday to develop new methods for their detection. For the novel drugs,
metabolic studies will be conducted for detection of possible metabolites for

these drugs.
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In future work, the GC-MS method developed for gut media constituents will
be further optimized and more media constituents will be included in the
method such as lecithin and sodium taurocholate.

The optimized and validated method will be used for the analysis of GIT fluids’
components in different synthetic media purchased from different sources and
in real samples from volunteers. The method will be used to measure the intra-
and inter-subject variability in gut media, to assist in the in vitro determination

of drug GIT solubility and the subsequent effect on drug efficacy.

163



Appendices

164



Articles

1. Abdullah F. Aldasem, Lina Akil, Abdullah Al-Matrouk and Ibrahim Khadra,
Development and validation of a LC-MS/MS method for the screening of
ten synthetic cannabinoids in Kuwaiti market during 2021-2022, Under
Review in BMC Chemistry.

2. Abdullah F. Aldasem, Mohammad H. Al-Hasan, Abdullah Al Sultan and
Ibrahim Khadra, Development and validation of LC-MS/MS method for
analysis of six drugs of abuse in urine: Screening of abused drugs in
Kuwait during 2022, Under Review in Journal of Pharmaceutical and
Biomedical Analysis.

Conferences

1. 19" World Congress of Basic & Clinical Pharmacology, Glasgow,
Scotland, July 2023. (attendance)

2. Strathclyde Institute of Pharmacy & Biomedical Sciences (SIPBS)
Research Day, February 2023. (Poster presentation)

Abdullah F. Aldasem, Lina AKkil, Nicholas Rattray, Ibrahim Khadra.
Development and Validation of LC-MS/MS Method for Analysis of Ten

Synthetic Cannabinoids in Kuwaiti lllicit Drugs Market.

165



Ethical Approval for Chapter 2

i -
é 4 A1 3159
"‘“‘ Aot AT olalt 3yl
: = Ministry of Interior
L‘/E\)mm” General Department of Criminal Evidence CedgSliatys
newkuwait.'gov.kw tate of Kuwait

\Z_|H 1202.[ 3,21 Subject: Grant of Ethical Approval 0‘" / ) Z / ZDZ J syl
(" Dear Abdullah Aldasem, Rk

The General Department of Criminal Evidence is pleased to inform you that your application
for ethical approval to use a narcotic drug and biological samples in your research titled
""Development and Validation of a LC-MS/MS Method for the Screening of Ten
Synthetic Cannabinoids in the Kuwaiti Market" has been reviewed and approved.

The approval is granted under the following conditions:

1. Ethical Conduct: The research must be conducted in accordance with the highest ethical
standards. All participants must provide informed consent, and their identities must remain
confidential.

2. Safety Protocols: The handling of the narcotic drug must adhere to all prescribed safety
guidelines to prevent any misuse or diversion. Qualified personnel must conduct all analyses
in a secure laboratory environment.

3. Compliance with Regulations: The study must comply with all relevant local and
international regulations regarding the use of narcotic drugs and biological samples in
research.

4. ICH Guidelines: The research protocol has been reviewed and approved by our committee in
accordance with the International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) guidelines, ensuring the highest standards of ethical
and scientific quality.

5. Periodic Reporting: Regular progress reports must be submitted to the General Department
of Criminal Evidence, detailing the status of the research and any issues encountered.

6. Final Report: Upon completion of the study, a comprehensive report of the findings must be
submitted to our department.

We trust that you will conduct your research with the utmost responsibility and integrity. We
wish you all the best in your project and request you to keep the committee informed of the
progress on a regular basis.

Should you require any further assistance or have any queries, please do not hesitate to
contact us.

he General Manager of the General Department of Criminal Evidence
ffice: +965 — 2554888
il: ALOWAITHANE@GMAIL.C

general director of the
General Dept of criminal Evideng

24339423_:.,.5& - 24346102 :s5ls

E-mail: gdce@moi.gov.kw )

166



Ethical Approval for Chapter 3

a 'g"" é rWERNUE
y KLy

T’ ASUat AT aDU Aalal! 311
<y ” Ministry of Interior Y
WASAS O = < _
NEWKUWAIT General Department of Criminal Evidence CuSIIATgs
newkuwait.gov.kw State of Kuwait

| B /

L7304 7073w _ Subiect: Grant of Ethical Approval 09 ] 1] | L0231

/

Dear Abdullah Aldasem,

The General Department of Criminal Evidence is pleased to inform you that your application
for ethical approval to use a narcotic drug and biological samples in your research titled
"Development and Validation of LC-MS/MS method for analysis of three Synthetic
Cannabinoids in urine samples from Kuwait" has been reviewed and approved.

The approval is granted under the following conditions:

1. Ethical Conduct: The research must be conducted in accordance with the highest ethical
standards. All participants must provide informed consent, and their identities must remain
confidential.

Safety Protocols: The handling of the narcotic drug must adhere to all prescribed safety

guidelines to prevent any misuse or diversion. Qualified personnel must conduct all analyses

in a secure laboratory environment.

3. Compliance with Regulations: The study must comply with all relevant local and
international regulations regarding the use of narcotic drugs and biological samples in
research.

4. ICH Guidelines: The research protocol has been reviewed and approved by our committee in
accordance with the International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) guidelines, ensuring the highest standards of ethical
and scientific quality.

5. Periodic Reporting: Regular progress reports must be submitted to the General Department
of Criminal Evidence, detailing the status of the research and any issues encountered.

6. Final Report: Upon completion of the study, a comprehensive report of the findings must be
submitted to our department.
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We trust that you will conduct your research with the utmost responsibility and integrity. We
wish you all the best in your project and request you to keep the committee informed of the
progress on a regular basis.

Should you require any further assistance or have any queries, please do not hesitate to
contact us.

Yours sincerely,

Major General/ Eid Rashed Al-Owaihan

The General Manager of the General Department of Criminal Evidence
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Dear Abdullah Aldasem,

The General Department of Criminal Evidence is pleased to inform you that your application
for ethical approval to use a narcotic drug and biological samples in your research titled
"Development and Validation of LC-MS/MS method for analysis of six drugs of abuse
in urine: Screening of abused drugs in Kuwait during 2022" has been reviewed and
approved.

The approval is granted under the following conditions:

1. Ethical Conduct: The research must be conducted in accordance with the highest ethical
standards. All participants must provide informed consent, and their identities must remain
confidential.

2. Safety Protocols: The handling of the narcotic drug must adhere to all prescribed safety
guidelines to prevent any misuse or diversion. Qualified personnel must conduct all analyses
in a secure laboratory environment.

3. Compliance with Regulations: The study must comply with all relevant local and
international regulations regarding the use of narcotic drugs and biological samples in
research,

4. ICH Guidelines: The research protocol has been reviewed and approved by our committee in
accordance with the International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) guidelines, ensuring the highest standards of ethical
and scientific quality.

5. Periodic Reporting: Regular progress reports must be submitted to the General Department
of Criminal Evidence, detailing the status of the research and any issues encountered.

6. Final Report: Upon completion of the study, a comprehensive report of the findings must be
submitted to our department.

We trust that you will conduct your research with the utmost responsibility and integrity. We
wish you all the best in your project and request you to keep the committee informed of the
progress on a regular basis.

Should you require any further assistance or have any queries, please do not hesitate to
contact us.
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The General Manager of the General Department of Criminal Evidence
Office: +965 — 2554888
Email: ALOWAIHANE@G

gl}.’}ﬂ‘dl director of L
General Dept of crimina] bvdem@e———— >

\

24339423 1S 243461 0}’: -aila
E-mail: gd moi.gov.kw

168



References

169



Early warning advisory on new psychoactive substances, United
Nations Office for Drugs and Crime (UNODC),

Liechti, M.E., Novel psychoactive substances (designer drugs):
overview and pharmacology of modulators of monoamine signalling.
Swiss Medical Weekly, 2015. 145: w14043.

Schmid, M.G. and J.S. Hagele, Separation of enantiomers and
positional isomers of Novel Psychoactive Substances in solid
samples by chromatographic and electrophoretic techniques—A
selective review. Journal of Chromatography A, 2020: 461256.
Schifano, F., L. Orsolini, G. Duccio Papanti, and J.M. Corkery, Novel
psychoactive substances of interest for psychiatry. World Psychiatry,
2015. 14(1): 15-26.

European Drug Market 2019, European Monitoring Centre for Drugs
and Drug Addiction (EMCDDA), 2019

Soussan, C. and A. Kjellgren, The users of novel psychoactive
substances: online survey about their characteristics, attitudes and
motivations. International Journal of Drug Policy, 2016. 32: 77-84.
Bae, K., N. ji Kwon, and E. Han, A review on the abuse of three NPS
(synthetic cannabinoids, kratom, poppers) among youths in Asia.
Forensic science international, 2018. 292: 45-49.

World Drug Report, United Nations Office on Drugs and Crime
(UNODC), 2018

Understanding the synthetic drug market: the NPS factor, United

Nations Office on Drugs and Crime (UNODC), 2018

170



10.

11.

12.

13.

14.

15.

16.

Burstein, S.H. and R.B. Zurier, Cannabinoids, endocannabinoids, and
related analogs in inflammation. The AAPS journal, 2009. 11(1): 109—-
1109.

Patil, K., S. Goyal, C. Sharma, C. Patil, and S. Ojha,
Phytocannabinoids for cancer therapeutics: Recent updates and
future prospects. Current medicinal chemistry, 2015. 22(30): 3472-
3501.

Mechoulam, R. and Y. Gaoni, The absolute configuration of 51-
tetrahydrocannabinol, the major active constituent of hashish.
Tetrahedron letters, 1967. 8(12): 1109-1111.

Gertsch, J., R.G. Pertwee, and V. Di Marzo, Phytocannabinoids
beyond the Cannabis plant—do they exist? British journal of
pharmacology, 2010. 160(3): 523-529.

Howlett, A.C. and S. Mukhopadhyay, Cellular signal transduction by
anandamide and 2-arachidonoylglycerol. Chemistry physics of lipids,
2000. 108(1-2): 53-70.

Murillo-Rodriguez, E., M. Sanchez-Alavez, L. Navarro, D. Martinez-
Gonzalez, R. Drucker-Colin, and O. Prospero-Garcia, Anandamide
modulates sleep and memory in rats. Brain research, 1998. 812(1-2):
270-274.

Giuffrida, A. and D. Piomelli, The endocannabinoid system: a
physiological perspective on its role in psychomotor control.

Chemistry physics of lipids, 2000. 108(1-2): 151-158.

171



17.

18.

19.

20.

21.

22.

23.

Mills, B., A. Yepes, and K. Nugent, Synthetic cannabinoids. American
journal of the medical sciences, 2015. 350(1): 59-62.

Gaoni, Y. and R. Mechoulam, Isolation, structure, and partial
synthesis of an active constituent of hashish. Journal of the American
chemical society, 1964. 86(8): 1646-1647.

Devane, W.A., L. Hanus, A. Breuer, R.G. Pertwee, L.A. Stevenson,
G. Griffin, D. Gibson, A. Mandelbaum, A. Etinger, and R. Mechoulam,
Isolation and structure of a brain constituent that binds to the
cannabinoid receptor. Science, 1992. 258(5090): 1946-1949.
Mechoulam, R., S. Ben-Shabat, L. Hanus, M. Ligumsky, N.E.
Kaminski, A.R. Schatz, A. Gopher, S. Almog, B.R. Martin, and D.R.
Compton, Identification of an endogenous 2-monoglyceride, present
in canine gut, that binds to cannabinoid receptors. Biochemical
pharmacology, 1995. 50(1): 83-90.

| Khan, M., A. Soboci¥, A. M Czarnecka, M. Krdl, B. Botta, and C.
Szczylik, The therapeutic aspects of the endocannabinoid system
(ECS) for cancer and their development: from nature to laboratory.
Current pharmaceutical design, 2016. 22(12): 1756-1766.

Zuba, D., B. Byrska, and M. Maciow, Comparison of “herbal highs”
composition. Analytical and Bioanalytical Chemistry, 2011. 400(1):
119-126.

Fattore, L. and W. Fratta, Beyond THC: the new generation of
cannabinoid designer drugs. Frontiers in behavioral neuroscience,

2011. 5: 60.

172



24.

25.

26.

27.

28.

29.

Castaneto, M.S., D.A. Gorelick, N.A. Desrosiers, R.L. Hartman, S.
Pirard, and M.A. Huestis, Synthetic cannabinoids: epidemiology,
pharmacodynamics, and clinical implications. Drug and Alcohol
Dependence, 2014. 144: 12-41.

Bow, E.W. and J.M. Rimoldi, The Structure—Function Relationships of
Classical Cannabinoids: CB1/CB2 Modulation. Perspectives in
Medicinal Chemistry, 2016. 8: PMC.S32171.

Banister, S.D., J. Stuart, R.C. Kevin, A. Edington, M. Longworth, S.M.
Wilkinson, C. Beinat, A.S. Buchanan, D.E. Hibbs, M. Glass, M.
Connor, I.S. McGregor, and M. Kassiou, Effects of Bioisosteric
Fluorine in Synthetic Cannabinoid Designer Drugs JWH-018, AM-
2201, UR-144, XLR-11, PB-22, 5F-PB-22, APICA, and STS-135. ACS
Chemical Neuroscience, 2015. 6(8): 1445-1458.

Pertwee, R.G., The diverse CB1 and CB2 receptor pharmacology of
three plant cannabinoids: A9-tetrahydrocannabinol, cannabidiol and
A9-tetrahydrocannabivarin. British Journal of Pharmacology, 2008.
153(2): 199-215.

Presley, B., S. Jansen-Varnum, and B. Logan, Analysis of synthetic
cannabinoids in botanical material: a review of analytical methods and
findings. Forensic Science Review, 2013. 25(1-2): 27-46.

Znaleziona, J., P. Ginterova, J. Petr, P. Ondra, . Valka, J. Sev¢ik, J.
Chrastina, and V. Maier, Determination and identification of synthetic

cannabinoids and their metabolites in different matrices by modern

173



30.

31.

32.

33.

34.

35.

analytical techniques—a review. Analytica Chimica Acta, 2015. 874:
11-25.

Synthetic Cannabinoids in herbal products, United Nations Office on
Drugs and Crime (UNODC), 2011

Consideration of the Major Cannabinoid Agonists, Advisory Council
on the Misuse of Drugs (ACMD), 2009

Shevyrin, V., V. Melkozerov, G.W. Endres, Y. Shafran, and Y.
Morzherin, On a new cannabinoid classification system: a sight on the
illegal market of novel psychoactive substances. Cannabis and
Cannabinoid Research, 2016. 1(1): 186-194.

Howlett, A., F. Barth, T. Bonner, G. Cabral, P. Casellas, W. Devane,
C. Felder, M. Herkenham, K. Mackie, and B. Martin, International
Union of Pharmacology. XXVII. Classification of cannabinoid
receptors. Pharmacological reviews, 2002. 54(2): 161-202.

Ashton, J.C., D. Friberg, C.L. Darlington, and P.F. Smith, Expression
of the cannabinoid CB2 receptor in the rat cerebellum: an
immunohistochemical study. Neuroscience letters, 2006. 396(2): 113-
116.

Fantegrossi, W.E., J.H. Moran, A. Radominska-Pandya, and P.L.
Prather, Distinct pharmacology and metabolism of K2 synthetic
cannabinoids compared to A9-THC: mechanism underlying greater

toxicity? Life sciences, 2014. 97(1): 45-54.

174



36.

37.

38.

39.

40.

41.

Sharma, P., P. Murthy, and M.S. Bharath, Chemistry, metabolism,
and toxicology of cannabis: clinical implications. Iranian Journal of
Psychiatry, 2012. 7(4): 149.

Gunderson, E.W., H.M. Haughey, N. Ait-Daoud, A.S. Joshi, and C.L.
Hart, “Spice” and “K2” herbal highs: a case series and systematic
review of the clinical effects and biopsychosocial implications of
synthetic cannabinoid use in humans. The American journal on
addictions, 2012. 21(4): 320-326.

Brents, L.K., S.M. Zimmerman, A.R. Saffell, P.L. Prather, and W.E.
Fantegrossi, Differential drug—drug interactions of the synthetic
cannabinoids JWH-018 and JWH-073: implications for drug abuse
liability and pain therapy. Journal of Pharmacology and Experimental
Therapeutics, 2013. 346(3): 350-361.

Uchiyama, N., R. Kikura-Hanajiri, and Y. Goda, Identification of a
novel cannabimimetic phenylacetylindole, cannabipiperidiethanone,
as a designer drug in a herbal product and its affinity for cannabinoid
CB1 and CB2 receptors. Chemical and Pharmaceutical Bulletin,
2011. 59(9): 1203-1205.

Al-Shazly, F. and K. Tinasti, Incarceration or mandatory treatment:
Drug use and the law in the Middle East and North Africa.
International Journal of Drug Policy, 2016. 31: 172-177.

Barzoukas, G., Drug trafficking in the MENA: the economics and the

politics. EU Institute for Security Studies, 2017.

175



42.

43.

44.

45.

46.

47.

48.

49.

El-Anzey, F.O. and A.-H.M.A. Moneim, Use of psychoactive
substances among university students in Kuwait: an epidemiological
study. Annals of Arts Social Sciences, 2003. 24: 8-118.
Radovanovic, Z., C.W. Pilcher, T. Al-Nakib, and A. Shihab-Eldeen,
On substance abuse in Kuwait (1992-1997): evidence from
toxicological screening of patients. Journal of Substance Abuse,
2000. 12(4): 363-371.

Dargan, P.I., S. Hudson, J. Ramsey, and D.M. Wood, The impact of
changes in UK classification of the synthetic cannabinoid receptor
agonists in ‘Spice’. International Journal of Drug Policy, 2011. 22(4):
274-277.

The Misuse of Drugs Regulations 2001. The National Archives 2001
[cited 21 July 2020; Available from:

https://www.leqgislation.gov.uk/uksi/2001/3998/contents/made.

Psychoactive Substances Act 2016. The National Archives 2016
[cited 21 July 2020; Available from:

https://www.leqgislation.gov.uk/ukpga/2016/2/contents/enacted.

Tettey, J. and C. Crean, New psychoactive substances: catalysing a
shift in forensic science practice? Philosophical Transactions of the
Royal Society B: Biological Sciences, 2015. 370(1674): 20140265.
ElSohly, M.A., Marijuana and the Cannabinoids. 2007, New Jersey:
Springer Science & Business Media.

Mazzarino, M., X. de la Torre, and F. Botre, A liquid chromatography—

mass spectrometry method based on class characteristic

176


https://www.legislation.gov.uk/uksi/2001/3998/contents/made
https://www.legislation.gov.uk/ukpga/2016/2/contents/enacted

50.

51.

52.

53.

54.

fragmentation pathways to detect the class of indole-derivative
synthetic cannabinoids in biological samples. Analytica Chimica Acta,
2014. 837: 70-82.

Favretto, D., J.P. Pascali, and F. Tagliaro, New challenges and
innovation in forensic toxicology: focus on the “New Psychoactive
Substances”. Journal of chromatography A, 2013. 1287: 84-95.
Penefsky, H.S., The Development and Optimization of a Two-
Dimensional LC-QqQ-MS-Method for the Combined Analysis of
Synthetic Cannabinoids and Designer Cathinones in Urine. 2021,
Duquesne University: United States -- Pennsylvania. p. 121.
Vikingsson, S., M. Josefsson, and H. Gréen, Identification of AKB-48
and 5F-AKB-48 Metabolites in Authentic Human Urine Samples Using
Human Liver Microsomes and Time of Flight Mass Spectrometry.
Journal of Analytical Toxicology, 2015. 39(6): 426-435.

Staeheli, S.N., V.P. Veloso, M. Bovens, C. Bissig, T. Kraemer, and M.
Poetzsch, Liquid chromatography—tandem mass spectrometry
screening method using information-dependent acquisition of
enhanced product ion mass spectra for synthetic cannabinoids
including metabolites in urine. Drug testing and analysis, 2019. 11(9):
1369-1376.

Holm, N.B., A.J. Pedersen, P.W. Dalsgaard, and K. Linnet,
Metabolites of 5F-AKB-48, a synthetic cannabinoid receptor agonist,

identified in human urine and liver microsomal preparations using

177



55.

56.

S57.

58.

59.

liquid chromatography high-resolution mass spectrometry. Drug
Testing and Analysis, 2015. 7(3): 199-206.

Rosado, T., J. Goncalves, A. Luis, S. Malaca, S. Soares, D.N. Vieira,
M. Barroso, and E. Gallardo, Synthetic cannabinoids in biological
specimens: a review of current analytical methods and sample
preparation techniques. Bioanalysis, 2018. 10(19): 1609-1623.
Rodrigues, W.C., P. Catbagan, S. Rana, G. Wang, and C. Moore,
Detection of synthetic cannabinoids in oral fluid using ELISA and LC—-
MS-MS. Journal of analytical toxicology, 2013. 37(8): 526-533.
Kneisel, S., M. Speck, B. Moosmann, T.M. Corneillie, N.G. Butlin, and
V. Auwarter, LC/ESI-MS/MS method for quantification of 28 synthetic
cannabinoids in neat oral fluid and its application to preliminary
studies on their detection windows. Analytical and Bioanalytical
Chemistry, 2013. 405(14): 4691-4706.

ElSohly, M.A., W. Gul, A.S. Wanas, and M.M. Radwan, Synthetic
cannabinoids: analysis and metabolites. Life sciences, 2014. 97(1):
78-90.

Dresen, S., S. Kneisel, W. Weinmann, R. Zimmermann, and V.
Auwarter, Development and validation of a liquid chromatography—
tandem mass spectrometry method for the quantitation of synthetic
cannabinoids of the aminoalkylindole type and methanandamide in
serum and its application to forensic samples. Journal of mass

spectrometry, 2011. 46(2): 163-171.

178



60.

61.

62.

63.

64.

65.

de Jager, A.D., J.V. Warner, M. Henman, W. Ferguson, and A. Hall,
LC-MS/MS method for the quantitation of metabolites of eight
commonly-used synthetic cannabinoids in human urine—an Australian
perspective. Journal of Chromatography B, 2012. 897: 22-31.
Ammann, J., J.M. McLaren, D. Gerostamoulos, and J. Beyer,
Detection and quantification of new designer drugs in human blood:
part 1-synthetic cannabinoids. Journal of analytical toxicology, 2012.
36(6): 372-380.

Salomone, A., E. Gerace, F. D'Urso, D. Di Corcia, and M. Vincenti,
Simultaneous analysis of several synthetic cannabinoids, THC, CBD
and CBN, in hair by ultra-high performance liquid chromatography
tandem mass spectrometry. Method validation and application to real
samples. Journal of Mass Spectrometry, 2012. 47(5): 604-610.
Gottardo, R., D. Sorio, G. Musile, E. Trapani, C. Seri, G. Serpelloni,
and F. Tagliaro, Screening for synthetic cannabinoids in hair by using
LC-QTOF MS: a new and powerful approach to study the penetration
of these new psychoactive substances in the population. Medicine,
Science and the Law, 2014. 54(1): 22-27.

Musshoff, F. and B. Madea, Review of biologic matrices (urine, blood,
hair) as indicators of recent or ongoing cannabis use. Therapeutic
drug monitoring, 2006. 28(2): 155-163.

Aldlgan, A.A. and H.J. Torrance, Bioanalytical methods for the
determination of synthetic cannabinoids and metabolites in biological

specimens. TrAC Trends in Analytical Chemistry, 2016. 80: 444-457.

179



66.

67.

68.

69.

70.

71.

Polson, C., P. Sarkar, B. Incledon, V. Raguvaran, and R. Grant,
Optimization of protein precipitation based upon effectiveness of
protein removal and ionization effect in liquid chromatography—
tandem mass spectrometry. Journal of Chromatography B, 2003.
785(2): 263-275.

@Diestad, E.L., U. Johansen, A.S. Christophersen, and R. Karinen,
Screening of synthetic cannabinoids in preserved oral fluid by UPLC—
MS/MS. Bioanalysis, 2013. 5(18): 2257-2268.

Kneisel, S., V. Auwarter, and J. Kempf, Analysis of 30 synthetic
cannabinoids in oral fluid using liquid chromatography -electrospray
ionization tandem mass spectrometry. Drug testing and analysis,
2013. 5(8): 657-669.

ElSohly, M.A., W. Gul, K.M. EISohly, T.P. Murphy, V.L. Madgula, and
S.I. Khan, Liquid chromatography-tandem mass spectrometry
analysis of urine specimens for K2 (JWH-018) metabolites. Journal of
analytical toxicology, 2011. 35(7): 487-495.

Salomone, A., C. Luciano, D. Di Corcia, E. Gerace, and M. Vincenti,
Hair analysis as a tool to evaluate the prevalence of synthetic
cannabinoids in different populations of drug consumers. Drug testing
and analysis, 2014. 6(1-2): 126-134.

Simdes, S.S., I. Silva, A.C. Ajenjo, and M.J. Dias, Validation and
application of an UPLC-MS/MS method for the quantification of

synthetic cannabinoids in urine samples and analysis of seized

180



72.

73.

74.

75.

76.

materials from the Portuguese market. Forensic Science
International, 2014. 243: 117-125.

Yanes, E.G. and D.P. Lovett, High-throughput bioanalytical method
for analysis of synthetic cannabinoid metabolites in urine using
salting-out sample preparation and LC—MS/MS. Journal of
Chromatography B, 2012. 909: 42-50.

Li, J., C. Liu, T. Li, and Z. Hua, UPLC-HR-MS/MS -based
determination study on the metabolism of four synthetic cannabinoids,
ADB-FUBICA, AB-FUBICA, AB-BICA and ADB-BICA, by human liver
microsomes. Biomedical Chromatography, 2018. 32(3): e4113.
Al-Matrouk, A., M. Algallaf, A. AIShemmeri, and H. Bojbarah,
Identification of synthetic cannabinoids that were seized, consumed,
or associated with deaths in Kuwait in 2018 using GC-MS and LC—
MS-MS analysis. Forensic science international, 2019. 303: 109960.
Larabi, I.A., M. Riffi, N. Fabresse, I. Etting, and J.-C. Alvarez,
Validation of an UPLC-MS/MS method for the determination of
sixteen synthetic cannabinoids in human hair. Application to
document chronic use of JWH-122 following a non-fatal overdose.
Toxicologie Analytique et Clinique, 2019. 31(4): 283-292.

Saito, K., Y. Kokaji, Y. Muranaka, and R. Ito, Simultaneous
determination of synthetic cannabinoids in illegal herbal products and
blood by LC/TOF-MS, and linear regression analysis of retention time

using log Pow. Forensic Chemistry, 2020. 17: 100202.

181



7.

78.

79.

80.

81.

82.

Cho, B., H.S. Cho, J. Kim, J. Sim, I. Seol, S.K. Baeck, S. In, D.H.
Shin, and E. Kim, Simultaneous determination of synthetic
cannabinoids and their metabolites in human hair using LC-MS/MS
and application to human hair. Forensic science international, 2020.
306: 110058.

ORourke, C.E. and B. Subedi, Occurrence and Mass Loading of
Synthetic Opioids, Synthetic Cathinones, and Synthetic Cannabinoids
in Wastewater Treatment Plants in Four US Communities.
Environmental Science Technology, 2020. 54: 6661-6670.

Luo, Y.R., C. Yun, and K.L. Lynch, Quantitation of cannabinoids in
breath samples using a novel derivatization LC-MS/MS assay with
ultra-high sensitivity. Journal of Analytical Toxicology, 2019. 43(5):
331-339.

Christinat, N., M.-C. Savoy, and P. Mottier, Development, validation
and application of a LC-MS/MS method for quantification of 15
cannabinoids in food. Food Chemistry, 2020. 318: 1264609.

Polettini, A.E., J. Kutzler, C. Sauer, S. Guber, and W. Schultis, LC—
QTOF-MS Presumptive Identification of Synthetic Cannabinoids
without Reference Chromatographic Retention/Mass Spectral
Information. Il. Evaluation of a Computational Approach for Predicting
and Identifying Unknown High-Resolution Product lon Mass Spectra.
Journal of analytical toxicology, 2021. 45(5): 440-461.

Galant, N., J. Czarny, J. Powierska-Czarny, and A. Piotrowska-Cyplik,

Development and Validation of the LC—MS/MS Method for

182



83.

84.

85.

86.

87.

88.

Determination of 130 Natural and Synthetic Cannabinoids in
Cannabis Oil. Molecules, 2022. 27(23): 8601.

Yang, Y., B. Xu, D. Li, Q. Zhang, J. Zhang, L. Yang, and Y. Ye, A
comprehensive LC-MS/MS method for simultaneous analysis of 65
synthetic cannabinoids in human hair samples and application to
forensic investigations. Journal of Forensic and Legal Medicine, 2024.
101: 102636.

Fabris, A.L., A.F. Martins, J.L. Costa, and M. Yonamine, A new
application of the switchable hydrophilicity solvent-based
homogenous liquid—liquid microextraction to analyze synthetic
cannabinoids in plasma by LC-MS/MS. Journal of Pharmaceutical
and Biomedical Analysis, 2023. 234: 115588.

Polettini, A.E., J. Kutzler, C. Sauer, S. Guber, and W. Schultis, LC—
QTOF-MS Presumptive Identification of Synthetic Cannabinoids
without Reference Chromatographic Retention/Mass Spectral
Information. 1l. Evaluation of a Computational Approach for Predicting
and ldentifying Unknown High-Resolution Product lon Mass Spectra.
Journal of Analytical Toxicology, 2020. 45(5): 440-461.

Drugs and the Brain. 2020 [cited 2024 April]; Available from:

https://nida.nih.gov/publications/drugs-brains-behavior-science-

addiction/drugs-brain.

Drugs of Abuse. 2020, Boston: DEA.
Dooley, D.J., C.M. Donovan, and T.A. Pugsley, Stimulus-Dependent

Modulation of [3H]Norepinephrine Release from Rat Neocortical

183


https://nida.nih.gov/publications/drugs-brains-behavior-science-addiction/drugs-brain
https://nida.nih.gov/publications/drugs-brains-behavior-science-addiction/drugs-brain

89.

90.

91.

92.

93.

94.

95.

96.

Slices by Gabapentin and Pregabalin. Journal of Pharmacology and
Experimental Therapeutics, 2000. 295(3): 1086-1093.

Fink, K., D.J. Dooley, W.P. Meder, N. Suman-Chauhan, S. Duffy, H.
Clusmann, and M. Gdthert, Inhibition of neuronal Ca2+ influx by
gabapentin and pregabalin in the human neocortex.
Neuropharmacology, 2002. 42(2): 229-236.

Inturrisi, C.E., Clinical Pharmacology of Opioids for Pain. The Clinical
Journal of Pain, 2002. 18(4): 3-13.

Leppert, W., CYP2D6 in the Metabolism of Opioids for Mild to
Moderate Pain. Pharmacology, 2011. 87(5-6): 274-285.

Sulzer, D., M.S. Sonders, N.W. Poulsen, and A. Galli, Mechanisms of
neurotransmitter release by amphetamines: A review. Progress in
Neurobiology, 2005. 75(6): 406-433.

Kuczenski, R. and D.S. Segal, Effects of Methylphenidate on
Extracellular Dopamine, Serotonin, and Norepinephrine: Comparison
with Amphetamine. 1997. 68(5): 2032-2037.

Faraone, S. and J. Biederman, Pathophysiology of attention-
deficit/hyperactivity disorder. Neuropsychopharmacology: The Fifth
Generation of Progress, 2002: 577-596.

Mohler, H., The GABA system in anxiety and depression and its
therapeutic potential. Neuropharmacology, 2012. 62(1): 42-53.
Rudolph, U. and F. Knoflach, Beyond classical benzodiazepines:
novel therapeutic potential of GABAA receptor subtypes. Nature

Reviews Drug Discovery, 2011. 10(9): 685-697.

184



97.

98.

99.

100.

101.

102.

Franssen, R.M., L.M. Stolk, W. van den Brand, and B.J. Smit,
Analysis of Morphine and Amphetamine in Meconium with
Immunoassay and HPLC-Diode-Array Detection. Journal of Analytical
Toxicology, 1994. 18(5): 294-295.

Wang, Y., W. Tian, and F. Huang, Separation and determination of
morphine, pethidine and diazepam by high performance liquid
chromatography. Chinese journal of chromatography, 1999. 17(4):
399-400.

Almoterie, A.A., M.S. Alshugeer, A.S. Binbaz, W.A. Alangari, S.H.
Alsakran, T.A. Almutairi, A.A. Alblaihi, and M.M. Alenzi, Analysis of
morphine, morphine-3-glucuronide, morphine-6-glucuronide, codeine
and codeine-6-glucuronide using HPLC. Journal of Medical &
Pharmaceutical Sciences, 2020. 4(1): 83-110.

Ghorani-Azam, A., M. Balali-Mood, S.-M. Khatami, A. Asoodeh, Z.
Es’haghi, and B. Riahi-Zanjani, Plant Extract and Herbal Products as
Potential Source of Sorbent for Analytical Purpose: An Experimental
Study of Morphine and Codeine Determination Using HPLC and LC—
MSMS. Journal of Chromatographic Science, 2021. 59(5): 482-489.
Buchweitz, J.P., M. Johnson, M. Wixson, and B. Puschner,
Quantitation of Methamphetamine and Amphetamine in Postmortem
Canine Tissues and Fluids. Journal of Analytical Toxicology, 2021.
46(2): 92-96.

Losacker, M., S. Zérntlein, B. Schwarze, S. Staudt, J. Roéhrich, and C.

Hess, Determination of the enantiomeric composition of

185



103.

104.

105.

106.

107.

amphetamine, methamphetamine and 3,4-methylendioxy-N-
methylamphetamine (MDMA) in seized street drug samples from
southern Germany. Drug Testing and Analysis, 2022. 14(3): 557-566.
da Silva, C.M.L., E. Spinelli, and S.V. Rodrigues, Determination of
famprofazone, amphetamine and methamphetamine in liver samples
using enzymatic cell dispersion and SPE-LC-ESI-MS. Journal of
Pharmaceutical and Biomedical Analysis, 2022. 217: 114821.

Buratti, E., G. Mietti, M. Cippitelli, A. Cerioni, R. Froldi, M. Cingolani,
and R. Scendoni, Detection of Three Opioids (Morphine, Codeine and
Methadone) and Their Metabolites (6-Monoacetylmorphine and 2-
Ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine) in Larvae of Lucilia
sericata Species by UHPLC-TF-MS and Validation. Molecules, 2023.
28(12): 4649,

Wang, Y., Y. He, X. Wang, C. Wen, and J. Cao, Determination of
morphine, codeine, thebaine, papaverine and noscapine in rat plasma
by UPLC-MS/MS. Acta Chromatographica, 2023. 10: 1556.

Zhang, Z., Y. Zhang, T. Zhao, L.-Z. Zhao, J.-P. Shen, S.-K. Wang,
and S.-Y. Li, Determination of morphine, codeine, thebaine, narcotine
and papaverine residues in seasonings by ultra-high performance
liquid chromatography-tandem mass spectrometry. China Condiment,
2023. 48(3): 161-169.

Kostewicz, E.S., L. Aarons, M. Bergstrand, M.B. Bolger, A. Galetin, O.
Hatley, M. Jamei, R. Lloyd, X. Pepin, and A. Rostami-Hodjegan,

PBPK models for the prediction of in vivo performance of oral dosage

186



108.

109.

110.

111.

112.

113.

114.

forms. European Journal of Pharmaceutical Sciences, 2014. 57: 300-
321.

Waiver of In Vivo Bioavailability and Bioequivalence Studies for
Immediate-Release Solid Oral Dosage Forms Based on a
Biopharmaceutics Classification System, FDA, 2017

Wurster, D.E. and P.W. Taylor, Dissolution Rates. Journal of
Pharmaceutical Sciences, 1965. 54(2): 169-175.

Reppas, C. and M. Vertzoni, Biorelevant in-vitro performance testing
of orally administered dosage forms. Journal of Pharmacy and
Pharmacology, 2012. 64(7): 919-930.

Kleberg, K., J. Jacobsen, and A. Miillertz, Characterising the
behaviour of poorly water soluble drugs in the intestine: application of
biorelevant media for solubility, dissolution and transport studies.
Journal of Pharmacy and Pharmacology, 2010. 62(11): 1656-1668.
Gowthamarajan, K. and S.K. Singh, Dissolution testing for poorly
soluble drugs: a continuing perspective. Dissolution Technologies,
2010. 17(3): 24-32.

Persson, E.M., A.-S. Gustafsson, A.S. Carlsson, R.G. Nilsson, L.
Knutson, P. Forsell, G. Hanisch, H. Lennernas, and B. Abrahamsson,
The Effects of Food on the Dissolution of Poorly Soluble Drugs in
Human and in Model Small Intestinal Fluids. Pharmaceutical
Research, 2005. 22(12): 2141-2151.

Khadra, I., Z. Zhou, C. Dunn, C.G. Wilson, and G. Halbert, Statistical

investigation of simulated intestinal fluid composition on the

187



115.

116.

117.

118.

119.

120.

equilibrium solubility of biopharmaceutics classification system class |l
drugs. European Journal of Pharmaceutical Sciences, 2015. 67: 65-
75.

Hens, B., J. Brouwers, B. Anneveld, M. Corsetti, M. Symillides, M.
Vertzoni, C. Reppas, D.B. Turner, and P. Augustijns, Gastrointestinal
transfer: in vivo evaluation and implementation in in vitro and in silico
predictive tools. European journal of pharmaceutical sciences, 2014.
63: 233-242.

Varum, F., G. Hatton, and A. Basit, Food, physiology and drug
delivery. International journal of pharmaceutics, 2013. 457(2): 446-
460.

Augustijns, P., B. Wuyts, B. Hens, P. Annaert, J. Butler, and J.
Brouwers, A review of drug solubility in human intestinal fluids:
implications for the prediction of oral absorption. European Journal of
Pharmaceutical Sciences, 2014. 57: 322-332.

Riethorst, D., R. Mols, G. Duchateau, J. Tack, J. Brouwers, and P.
Augustijns, Characterization of human duodenal fluids in fasted and
fed state conditions. Journal of pharmaceutical sciences, 2016.
105(2): 673-681.

Holm, R., A. MUllertz, and H. Mu, Bile salts and their importance for
drug absorption. International Journal of Pharmaceutics, 2013.
453(1): 44-55.

Christensen, J.@., K. Schultz, B. Mollgaard, H.G. Kristensen, and A.

Mullertz, Solubilisation of poorly water-soluble drugs during in vitro

188



121.

122.

123.

124.

125.

126.

lipolysis of medium-and long-chain triacylglycerols. European Journal
of Pharmaceutical Sciences, 2004. 23(3): 287-296.

Khoshakhlagh, P., R. Johnson, P. Langguth, T. Nawroth, L.
Schmueser, N. Hellmann, H. Decker, and N.K. Szekely, Fasted-state
simulated intestinal fluid" FaSSIF-C", a cholesterol containing
intestinal model medium for in vitro drug delivery development.
Journal of pharmaceutical sciences, 2015. 104(7): 2213-2224.
Bergstrom, C.A., R. Holm, S.A. Jgrgensen, S.B. Andersson, P.
Artursson, S. Beato, A. Borde, K. Box, M. Brewster, and J. Dressman,
Early pharmaceutical profiling to predict oral drug absorption: current
status and unmet needs. European Journal of Pharmaceutical
Sciences, 2014. 57: 173-199.

Yasuji, T., H. Kondo, and K. Sako, The effect of food on the oral
bioavailability of drugs: a review of current developments and
pharmaceutical technologies for pharmacokinetic control. Therapeutic
delivery, 2012. 3(1): 81-90.

Dressman, J.B., M. Vertzoni, K. Goumas, and C. Reppas, Estimating
drug solubility in the gastrointestinal tract. Advanced Drug Delivery
Reviews, 2007. 59(7): 591-602.

Dressman, J.B., G.L. Amidon, C. Reppas, and V.P. Shah, Dissolution
testing as a prognostic tool for oral drug absorption: immediate
release dosage forms. Pharmaceutical research, 1998. 15(1): 11-22.
Jantratid, E., N. Janssen, C. Reppas, and J.B. Dressman, Dissolution

Media Simulating Conditions in the Proximal Human Gastrointestinal

189



127.

128.

129.

130.

131.

132.

Tract: An Update. Pharmaceutical Research, 2008. 25(7): 1663—
1676.

Kleberg, K., F. Jacobsen, D.G. Fatouros, and A. Mlllertz, Biorelevant
Media Simulating Fed State Intestinal Fluids: Colloid Phase
Characterization and Impact on Solubilization Capacity. Journal of
Pharmaceutical Sciences, 2010. 99(8): 3522-3532.

Diakidou, A., M. Vertzoni, K. Goumas, E. Soderlind, B. Abrahamsson,
J. Dressman, and C. Reppas, Characterization of the Contents of
Ascending Colon to Which Drugs are Exposed After Oral
Administration to Healthy Adults. Pharmaceutical Research, 2009.
26(9): 2141-2151.

Fagerberg, J.H., O. Tsinman, N. Sun, K. Tsinman, A. Avdeef, and
C.A.S. Bergstrom, Dissolution Rate and Apparent Solubility of Poorly
Soluble Drugs in Biorelevant Dissolution Media. Molecular
Pharmaceutics, 2010. 7(5): 1419-1430.

Marques, M.R., R. Loebenberg, and M. Almukainzi, Simulated
biological fluids with possible application in dissolution testing.
Dissolution Technol, 2011. 18(3): 15-28.

Soderlind, E., E. Karlsson, A. Carlsson, R. Kong, A. Lenz, S.
Lindborg, and J.J. Sheng, Simulating Fasted Human Intestinal Fluids:
Understanding the Roles of Lecithin and Bile Acids. Molecular
Pharmaceutics, 2010. 7(5): 1498-1507.

Persson, E., L. Lofgren, G. Hansson, B. Abrahamsson, H. Lennernas,

and R. Nilsson, Simultaneous assessment of lipid classes and bile

190



133.

134.

135.

136.

137.

138.

acids in human intestinal fluid by solid-phase extraction and HPLC
methods. Journal of Lipid Research, 2007. 48(1): 242-251.

Sunesen, V.H., B.L. Pedersen, H.G. Kristensen, and A. Millertz, In
Vivo in vitro correlations for a poorly soluble drug, danazol, using the
flow-through dissolution method with biorelevant dissolution media.
European Journal of Pharmaceutical Sciences, 2005. 24(4): 305-313.
Naviglio, D., M. Gallo, L. Le Grottaglie, C. Scala, L. Ferrara, and A.
Santini, Determination of cholesterol in Italian chicken eggs. Food
chemistry, 2012. 132(2): 701-708.

Devadoss, A. and J.D. Burgess, Steady-state detection of cholesterol
contained in the plasma membrane of a single cell using lipid bilayer-
modified microelectrodes incorporating cholesterol oxidase. Journal of
the American Chemical Society, 2004. 126(33): 10214-10215.
Huang, S., E. Yang, J. Yao, X. Chu, Y. Liu, Y. Zhang, and Q. Xiao,
Nitrogen, cobalt co-doped fluorescent magnetic carbon dots as
ratiometric fluorescent probes for cholesterol and uric acid in human
blood serum. ACS omega, 2019. 4(5): 9333-9342.

Li, Y., J. Cai, F. Liu, H. Yang, Y. Lin, S. Li, X. Huang, and L. Lin,
Construction of a turn off-on fluorescent nanosensor for cholesterol
based on fluorescence resonance energy transfer and competitive
host-guest recognition. Talanta, 2019. 201: 82-89.

Ettre, L.S., Nomenclature for chromatography (IUPAC
Recommendations 1993). Pure Applied Chemistry, 1993. 65(4): 819-

872.

191



139.

140.

141.

142.

143.

144.

145.

146.

147.

Robards, K. and D. Ryan, Principles and practice of modern
chromatographic methods. 2021: Academic Press.

Nahar, L., A. Onder, and S.D. Sarker, A review on the recent
advances in HPLC, UHPLC and UPLC analyses of naturally occurring
cannabinoids (2010-2019). Phytochemical Analysis, 2020. 31(4):
413-457.

Ardrey, R.E., Liquid chromatography-mass spectrometry: an
introduction. Vol. 2. 2003: John Wiley & Sons.

McNair, H.M., J.M. Miller, and N.H. Snow, Basic gas chromatography.
2019: John Wiley & Sons.

Dunnivant, F., Gas Chromatography, Liquid Chromatography, and
Capillary Electrophoresis-Mass Spectrometry: A Basic Introduction.
2011: Whitman College.

Sui, X., Q. Wu, X. Cui, X. Wang, L. Zhang, N. Deng, Y. Bian, R. Xu,
and R. Tian, Robust Capillary- and Micro-Flow Liquid
Chromatography—Tandem Mass Spectrometry Methods for High-
Throughput Proteome Profiling. Journal of Proteome Research, 2022.
21(10): 2472-2480.

Li, W., W. Jian, and Y. Fu, Sample preparation in LC-MS bioanalysis.
2019: John Wiley & Sons.

Li, W., J. Zhang, and L. Francis, Handbook of LC-MS bioanalysis:
best practices, experimental protocols, and regulations. 2013: Wiley.
Analysis of Bile Acid by GC-MS (Application News No. M283),

Shimadzu, 2019

192



148.

149.

150.

151.

152.

153.

Recommended methods for the Identification and Analysis of
Synthetic Cannabinoid Receptor Agonists in Seized Materials
(ST/NAR/48 Rev.1), UNODC, 2020

Matuszewski, B., M. Constanzer, and C. Chavez-Eng, Strategies for
the assessment of matrix effect in quantitative bioanalytical methods
based on HPLC-MS/MS. Analytical chemistry, 2003. 75(13): 3019-
3030.

Al-Matrouk, A., M. Algallaf, A. AIShemmeri, D. AlIShemmeri, and H.
Bojbarah, Identification of Novel Psychoactive Substances seized,
consumed, and associated with deaths in Kuwait during 2018 and
2019 using GC-MS and LC-MS-MS. Journal of Emergency Medicine,
2020. 58(5): 849.

Shanks, K.G. and G.S. Behonick, Death after use of the synthetic
cannabinoid 5F-AMB. Forensic Science International, 2016. 262: e21-
e24.

Sutlovi¢, D., I. Prkacin, F. Vaiano, E. Bertol, M. Versic¢ Bratin€evic,
and M. Definis-Gojanovi¢, A case of synthetic cannabinoid poisoning
in Croatia. Archives for occupational hygiene and toxicology, 2018.
69(2): 186-190.

Carlier, J., X. Diao, K.B. Scheidweiler, and M.A. Huestis,
Distinguishing Intake of New Synthetic Cannabinoids ADB-PINACA
and 5F-ADB-PINACA with Human Hepatocyte Metabolites and High-
Resolution Mass Spectrometry. Clinical Chemistry, 2017. 63(5): 1008-

1021.

193



154.

155.

156.

157.

158.

159.

160.

161.

Preti, E., A. Prunas, F. Ravera, and F. Madeddu, Polydrug abuse and
personality disorders in a sample of substance-abusing inpatients.
Mental health and substance Use, 2011. 4(3): 256-266.

Al Qallaf, M., Statistical Review: Abuse Potential of Pregabalin.
Journal of Forensic Sciences & Criminal Investigation, 2021. 15(1):
555901.

De La Torre, R., S. Yubero-Lahoz, R. Pardo-Lozano, and M. Farre,
MDMA, methamphetamine, and CYP2D6 pharmacogenetics: what is
clinically relevant? Frontiers in Genetics, 2012. 3: 235.

Verstraete, A.G., Detection Times of Drugs of Abuse in Blood, Urine,
and Oral Fluid. Therapeutic Drug Monitoring, 2004. 26(2): 200-205.
Milella, M.S., G. D’Ottavio, S. De Pirro, M. Barra, D. Caprioli, and A.
Badiani, Heroin and its metabolites: relevance to heroin use disorder.
Translational Psychiatry, 2023. 13(1): 120.

Jakobsson, G., M.T. Truver, S.A. Wrobel, H. Gréen, and R.
Kronstrand, Heroin-Related Compounds and Metabolic Ratios in
Postmortem Samples Using LC-MS-MS. Journal of Analytical
Toxicology, 2021. 45(3): 215-225.

Colby, J.M., A.H.B. Wu, and K.L. Lynch, Analysis of Codeine
Positivity in Urine of Pain Management Patients. Journal of Analytical
Toxicology, 2015. 39(5): 407-410.

British Pharmacopoeia. 2023, London: Medicines and Healthcare

Products Regulatory Agency (MHRA).

194



162.

163.

164.

165.

166.

167.

Al-Matrouk, A., M. Al-Hasan, H. Naqi, N. Al-Abkal, H. Mohammed, M.
Haider, D. Al-Shammeri, and H. Bojbarah, Snapshot of narcotic drugs
and psychoactive substances in Kuwait: analysis of illicit drugs use in
Kuwait from 2015 to 2018. BMC public health, 2021. 21: 1-14.

Kunz, S. and S. Matysik, A comprehensive method to determine
sterol species in human faeces by GC-triple quadrupole MS. The
Journal of Steroid Biochemistry and Molecular Biology, 2019. 190: 99-
103.

Castellaneta, A., I. Losito, B. Leoni, M. Renna, C. Mininni, P.
Santamaria, C.D. Calvano, T.R.l. Cataldi, G. Liebisch, and S. Matysik,
A targeted GC-MS/MS approach for the determination of eight sterols
in microgreen and mature plant material. The Journal of Steroid
Biochemistry and Molecular Biology, 2023. 232: 106361.

Kumar, B.S., B.C. Chung, Y.-J. Lee, H.J. Yi, B.-H. Lee, and B.H.
Jung, Gas chromatography—mass spectrometry-based simultaneous
quantitative analytical method for urinary oxysterols and bile acids in
rats. Analytical Biochemistry, 2011. 408(2): 242-252.

Lian, K., P. Zhang, W. Wang, T. Dai, and L. Li, Determination of Total
Cholesterol in Serum by Gas Chromatography-Mass Spectrometry.
Asian Journal of Chemistry, 2014. 26(9).

Bioanalytical Method Validation and Study Sample Analysis M10,

ICH, 2022

195



	Chapter 1 General Introduction and Literature Review
	1.1. Synthetic Cannabinoids
	1.1.1. Introduction
	1.1.2. Cannabinoids
	1.1.3. History
	1.1.4. Synthetic cannabinoid and drug market
	1.1.5. Chemistry of Synthetic Cannabinoids
	1.1.6. Pharmacology of Synthetic Cannabinoids
	1.1.7. Toxicity of Synthetic Cannabinoids
	1.1.8. Synthetic Cannabinoids in Kuwait
	1.1.9. Synthetic Cannabinoids in United Kingdom
	1.1.10. Analysis and determination of Synthetic Cannabinoids
	1.1.11. Sample preparation for Synthetic Cannabinoids

	1.2. Drugs of Abuse
	1.2.1. Analysis of drugs of abuse

	1.3. Gastrointestinal fluids and drug solubility
	1.3.1. Analysis of intestinal media constituents

	1.4. Chromatographic Techniques
	1.4.1. Liquid chromatography (LC)
	1.4.2. Gas chromatography (GC)
	1.4.3. Hyphenated techniques (GC-MS and LC-MS)

	1.5. Sample Preparation Methods
	1.5.1. Protein Precipitation (PPT)
	1.5.2. Liquid-Liquid Extraction (LLE)
	1.5.3. Solid-phase Extraction (SPE)

	1.6. Objectives of Thesis

	Chapter 2 Development and validation of a LC-MS/MS method for the screening of ten synthetic cannabinoids in Kuwaiti market during 2021-2022
	2.1. Introduction
	2.2. Experimental
	2.2.1. Materials and reagents
	2.2.2. Instruments
	2.2.3. Liquid chromatographic and mass spectrometric conditions
	2.2.4. Standard solutions
	2.2.5. Construction of calibration curves
	2.2.6. Validation
	2.2.7. Application to street samples
	2.2.8. Ethics approval and consent to participate

	2.3. Results and dicussion
	2.3.1. Method development and optimization
	2.3.2. Method Validation
	2.3.3. Analysis of Kuwaiti street samples by the proposed method

	2.4. Conclusion

	Chapter 3 Development and validation of LC-MS/MS method for analysis of three synthetic cannabinoids in urine samples from Kuwait
	3.1. Introduction
	3.2. Experimental
	3.2.1. Materials and reagents
	3.2.2. Instruments
	3.2.3. Liquid chromatographic and mass spectrometric conditions
	3.2.4. Standard solutions
	3.2.5. Construction of calibration curves
	3.2.6. Validation
	3.2.7. Application to urine samples
	3.2.8. Ethics approval and consent to participate

	3.3. Results and dicussion
	3.3.1. Method development and optimization
	3.3.2. Method Validation
	3.3.3. Application to urine samples from Kuwait

	3.4. Conclusion

	Chapter 4 Development and validation of LC-MS/MS method for analysis of six drugs of abuse in urine: Screening of abused drugs in Kuwait during 2022
	4.1. Introduction
	4.2. Experimental
	4.2.1. Materials and reagents
	4.2.2. Instruments
	4.2.3. Liquid chromatographic and mass spectrometric conditions
	4.2.4. Standard solutions
	4.2.5. Construction of calibration curves
	4.2.6. Validation
	4.2.7. Application to urine samples
	4.2.8. Ethics approval and consent to participate

	4.3. Results and dicussion
	4.3.1. Method development and optimization
	4.3.2. Method Validation
	4.3.3. Application to urine samples from Kuwait

	4.4. Conclusion

	Chapter 5 Development and validation of GC-MS method for intestinal media characterization
	5.1. Introduction
	5.2. Experimental
	5.2.1. Materials and reagents
	5.2.2. Instruments and operating conditions
	5.2.3. Derivatization procedure and preparation of standard solutions
	5.2.4. Construction of calibration curves
	5.2.5. Validation

	5.3. Results and dicussion
	5.3.1. Derivatization method optimization
	5.3.2. GC-MS method development and optimization
	5.3.3. Method Validation

	5.4. Conclusion

	Chapter 6 General Conclusion and Future Work
	6.1. General Conclusion
	6.2. Future Work
	Articles
	Conferences
	Ethical Approval for Chapter 2
	Ethical Approval for Chapter 3
	Ethical Approval for Chapter 4


