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ABSTRACT 

Over the past few years, there have been a rapid development in forensic drug 

testing in biological specimen. Urine and blood are the most commonly used biological 

matrices for detection of cocaine.  However, there are some disadvantages such as 

invasive to the privacy and personal safety of the donor as well as the instability of the 

cocaine in that biological matrix. Therefore, in this study, saliva has been proposed as 

an alternative matrix since the collection of saliva is non-invasive and rapid. In this 

study, the liquid-liquid extraction (LLE) method was utilized to extract cocaine from 

saliva before the analysis was done using optimized conditions of gas chromatography 

and mass selective detector (GC-MSD). Diethylether: isopropanol with volume to 

solvent ratio 3:5 was used in this study. The optimized method was validated by 

evaluating calibration curve, linearity, limit of detection (LOD), limit of quantification 

(LOQ), percentage recovery and intra-assay and inter-assay precision accuracy. From 

the calibration curve (0.5-10 ppm), good coefficient of determination was obtained at 

r² = 0.9994. LOD and LOQ were obtained at 0.29 and 0.97 ppm respectively. From 

the precision and accuracy analysis of intra and inter-day, lower coefficient variance 

(intra: 1.96%; inter: 0.79%) and high accuracy were attained (intra: 102.33%; inter: 

101.20%).  A mean recovery of 85.20% with acceptable coefficient of variance (CV < 

6%) were also acquired. Finally, the stability of cocaine in the saliva were studied for 

13 days. The analysis found that cocaine can be recovered with a mean recovery > 70 

% without addition of any preservatives or buffers. The study showed that the analysis 

of cocaine in saliva is robust, hence it can be used as an alternative matrix for forensic 

drug testing. 
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ABSTRAK 

Sejak beberapa tahun kebelakangan ini terdapat perkembangan yang pesat di 

dalam ujian forensik untuk pengesanan dadah menggunakan spesimen biologi. Air 

kencing dan darah adalah contoh matrik biologi yang paling biasa digunakan untuk 

pengesanan dadah jenis kokain. Walau bagaimanapun, terdapat beberapa kelemahan 

seperti pencerobohan kepada privasi dan keselamatan serta ketidakstabilan kokain di 

dalam matriks biologi tersebut.Oleh itu, dalam kajian ini, spesimen air liur telah 

dicadangkan sebagai matriks alternatif kerana pengambilan sampel air liur adalan tidak 

invasif dan cepat. Dalam kajian ini, kaedah pengekstrakan cecair-cecair telah 

digunakan untuk mengekstrak kokain dari air liur sebelum analisis dilakukan 

menggunakan kaedah kromatografi gas spektrometri jisim (GC-MSD) yang telah 

dioptimumkan. Dietil ether: isopropanol dengan nisbah isipadu pelarut 3:5 telah 

digunakan dalam kajian ini. Kaedah yang optimum ini telah disahkan dengan menilai 

parameter seperti kelinearan, keluk penentukuran, had pengesanan (LOD), had 

anggaran kuantiti (LOQ), peratusan pemulihan, serta ketepatan (precision accuracy) 

intra-cerakin dan inter- cerakin. Daripada penentukuran lengkung (0.5-10 ppm), pekali 

penentuan (r²) yang baik diperoleh dengan kelinearan adalah r² = 0.9994. Untuk had 

pengesanan (LOD) dan had anggaran kuantiti (LOQ),  masing-masing diperoleh pada 

0.29 ppm dan 0.97 ppm. Sementara itu, bagi analisis ketepatan intra- cerakin dan inter- 

cerakin, pekali variasi yang paling rendah (intra: 1.96%; inter: 0.79%) dan ketepatan 

yang paling tinggi telah dicapai (intra: 102.33%; inter: 101.20%). Purata peratus 

pemulihan adalah 85.20% dengan pekali variasi yang boleh terima (CV <6%) juga 

diperolehi.Akhir sekali, kestabilan kokain di dalam air liur telah dikaji selama 13 hari. 

Analisis telah membuktikan bahawa kesan dadah jenis kokain boleh dipulihkan 

dengan purata pemulihan > 70% tanpa penambahan sebarang pengawet atau buffer. 

Kajian ini menunjukkan bahawa analisis dadah jenis kokain di dalam air liur adalah 

sangat berkesan dan ia boleh digunakan sebagai matriks alternatif untuk ujian forensik 

dadah. 
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INTRODUCTION 

1.1 Background of the Study 

Cocaine is a tropane alkaloid that produce powerful stimulating effects on the 

central nervous system. Once administered into the body, it increases dopamine in the 

brain by self-consciousness of addiction (Bhatia et al., 2017). Dopamine is an 

endogenous neurotransmitter that controls movement, critically for cocaine, the 

reward pathway making the drug highly addictive (Adinoff, 2004). It has local 

anesthetic properties and even today it is used within the ears, nose, throat (ENT) 

practice to reduce pain in nose, throat and eye surgeries. However, its medical practice 

adoption has been decreasing as lower addictive alternatives (e.g. barbiturates, 

benzodiazepine) have become available (Johnson, 2010). Besides its medical 

practicality, it is also used as a recreational drug around the world  

Cocaine is mostly inhaled (insufflation) or injected (intravenous) but oral 

intake is also practiced sporadically (NIDA, 2016). When inhaled, the vapour passes 

through the lungs and is absorbed into the bloodstream. When injecting, cocaine is 

dissolved in water and then administered intravenously causing the drug to enter 

directly to the bloodstream before producing high stimulating effect. When it is 

snorted, it passes through the nostrils onto the bare nasal tissues and gets absorbed into 

the bloodstream. Besides of insufflation and intravenous, cocaine is also rubbed on the 

gums for oral administration. 

In common with other abused drugs, cocaine has the characteristics of 

dependency, withdrawal symptoms and tolerance (MacLaren, 2016). It can induce 

serious and debilitating psychological and physiological change. Psychological risks 

include unpredictable behavior, the tendency towards violence, loss of appetite, loss 

of sex drive, depression, paranoia, confusion, anxiety and losing touch with reality. 
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Physiological risks include the increase in blood pressure, heart rate and body 

temperature, brain seizures, hepatitis or acquired immune deficiency syndrome 

(AIDS) when needles are shared and decreased capacity to combat diseases (NIDA, 

2016). 

Determination of parent drug from biological matrices is one of the major 

concerns. The instability of cocaine in biological matrices makes the cocaine to 

degrade to its derivatives (Yoshioka & Stella, 2007). The amphoteric behavior of 

cocaine is highly dependent on the pH in biological matrices makes challenging for 

forensic analysis in toxicology (Baselt, 2004). Since blood and urine required intensive 

sample preservation and preparation. However, specific study of cocaine in saliva is 

limited. Therefore, this study explores the potential of saliva as sample matrix. 

Solid phase extraction (SPE) is proposed method for analysis of cocaine in 

biological fluids (Farina et al., 2002). SPE avoids sample loss through emulsion 

formation during extraction and provides clean extracts however, it is expensive and 

may require derivatization (Valente et al., 2012). In this study, LLE method was 

chosen as it provides simple, rapid and low cost for the analysis of cocaine in saliva. 

Gas chromatography- mass selective detector (GC-MSD) instrument was chosen for 

its versatility for drug analysis. 

1.2 Problem Statement 

Drug addiction is a major threat to all societies in every country in almost every 

single way. It endangers to major health problems, to family as well as to the 

community. Crimes such as drugged driving, violence, child abuse and work problems 

also arise due to abusive drugs. According to statistics reported by Substance Abuse 

Mental Health Service Administration in 2013 (SAMHSA, 2013), among the total 

population of the United States (aged 12 or above), 1.5 million (i.e. 0.1%) people are 

cocaine abusers in all forms. 
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Throughout recent years in history, several methods of drug testing have been 

introduced. Though the testing methods have been advanced, the collection and 

preservation of samples is very challenging. Despite the most generally used specimen 

for drug testing is urine, (Leyton et al., 2011; Marchei et al., 2008), it has drawbacks 

like specific requirement for storage and low window of detection.  The urine specimen 

must be kept at a certain temperature to prevent bacteria forming which will alter the 

result. The collection of specimens will invade privacy of the donor and must be 

required under observation to maintain integrity of sample (Valente et al., 2012). 

During donation of the urine sample, the corresponding gender of the donor must be 

attended to observe during sample collection. This is to protect gender privacy, avoid 

adulteration and sample exchange. 

Blood is another sample matrix; however, blood samples must be handled 

carefully to prevent the hemolization. In matrix such as plasma and whole blood, 

cocaine can easily hydrolyze to its derivates at room temperature (Sun et al., 2002). 

Collection of blood is also invasive technique which requires preventive health 

measure while handling the specimens. Certain precautions must be taken by the 

collection personnel to prevent infection from of diseases. 

Currently in Maldives, Enzyme Multiplied Immuno Assay Technique (EMIT) 

is being used to analyze cocaine and other abusive drugs in urine and plasma. Immuno 

assay technique has become an essential part in screening for abusive drug in forensics. 

Despite many advantages of EMIT such as no pretreatment of samples and rapid 

results, there are drawbacks like false negative results, careful interpretation and less 

sensitivity as compared to GC-MSD. Hence for definite qualitative and quantitative 

analysis, other techniques such gas chromatography, liquid chromatography or 

capillary electrophoresis are highly recommended. 

In Maldives, Drug and Chemical Laboratory of Maldives Police Service have 

made a stand to shorten the total duration for the analysis and issuance of analysis 

report within 5 days to compensate the timeline for the investigation (Rameez, 2015). 

And also, prosecution of detainees will get a maximum period of 30 days in criminal 

procedure code article 94 of 12/2016 of Maldives. Therefore, the evidence requires 
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shorter duration and immediate analysis, hence the study also investigate the stability 

of cocaine in the duration of 13 days.  

1.3 Objectives 

The objectives of the study are as follows: 

i. To perform qualitative and quantitative analysis of cocaine using gas 

chromatography and mass selective detector (GC-MSD). 

ii. To optimize the method of extraction of cocaine from (saliva) using liquid- 

liquid extraction (LLE). 

iii. To study the stability of cocaine in saliva. 

1.4 Scope of the Study 

This research was conducted using drug standards of cocaine and codeine 

purchased Lipomed (USA) company. Drug free saliva of a subject was used as a 

biological matrix. Codeine drug standard was used as an internal standard suggested 

by Yilmaz et al., (2017).  

Known concentration of cocaine was spiked into drug free saliva, which was 

then extracted using LLE. The recovery of cocaine from extracted samples was 

analyzed and quantified using GC-MSD. The responses of cocaine and codeine were 

detected using the method adopted from the journal previous researcher Yilmaz et al., 

(2017). The experiment was repeated with triplicates and the average response of peak 

area ratio (cocaine is to internal standard).  Standard deviation, slope, limit of detection 

and limit of quantification was then calculated. Reproducibility and repeatability were 

conducted by performing intra-day and inter-day analysis before relative standard 

deviation was calculated to measure precision and accuracy of the method. LLE 
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method was optimized for determining the cocaine in saliva. Further, Stability of 

cocaine for consecutive days were then studied. 

1.5 Significance of the Study 

The current study will benefit us to determine the cocaine from saliva as 

compared to blood and urine since the extraction method needed is simple. Selection 

of saliva as the sample matrices required non-invasive sampling techniques which can 

prevent any infection or accidental injuries during the sampling process. The sampling 

method also requires less privacy invasive whereby the observation during the 

sampling process can be done without the need of a close setup room. Moreover, since 

the extraction method requires simple sample preparation, the analysis can be done in 

more rapid manner. The optimized method then will be useful for forensic 

investigation (i.e. Maldives Police Service, Royal Malaysian Police, Jabatan Kimia 

Malaysia) especially for cases involving the abuse of cocaine.  



 

49 

REFERENCES 

Act 17/2011, (2011) Maldivian drug act. Retrieved 05 December 2018, from 

http://www.drugcourt.gov.mv. 

Act 234, (1980) Malaysia dangerous drugs act 1952 (revised 1980). Retrieved 

December 05 2018 from 

http://www.agc.gov.my/agcportal/uploads/files/Publications/LOM/EN/Act%2

0234.pdf. 

Acton, Q. A. (2012). Hydrolases—Advances in Research and Application: Georgia, 

USA, ScholarlyEditions, 2012. 

Adinoff, B. (2004). Neurobiological processes in drug reward and addiction. Harvard 

Review of Psychiatry, 12(6), 305–320. 

https://doi.org/10.1080/10673220490910844. 

Alvarez, I., Bermejo, A. M., Tabernero, M. J., Fernandez, P., & Lopez, P. (2007). 

Determination of cocaine and cocaethylene in plasma by solid-phase 

microextraction and gas chromatography-mass spectrometry. Journal of 

Chromatography. B, Analytical Technologies in the Biomedical and Life 

Sciences, 845(1), 90-94, 1570-0232. 

Aps, J. K. M., & Martens, L. C. (2005). Review: The physiology of saliva and transfer 

of drugs into saliva. Forensic Science International, 150(2–3), 119–131. 

https://doi.org/10.1016/j.forsciint.2004.10.026. 

Article 94, Act 12/2016.  Maldives Criminal procedure code retrieved from 

http://agoffice.gov.mv/english/index.html. 

Avois, L. (2006). Central nervous system stimulants and sport practice. British Journal 

of Sports Medicine, 40(Supplement 1), i16–i20. 

https://doi.org/10.1136/bjsm.2006.027557. 

Badawi, N., Simonsen, K. W., Steentoft, A., Bernhoft, I. M., & Linnet, K. (2009). 

Simultaneous screening and quantification of 29 drugs of abuse in oral fluid by 

solid-phase extraction and ultraperformance LC-MS/MS. Clinical Chemistry, 

55(11), 2004-2018, 1530- 8561. 

Baselt RC. (2004)  Disposition of toxic drugs and chemicals in man 7th Edition, 

Biomedical Publications, Foster City, California, USA 2004. 

https://doi.org/10.1136/bjsm.2006.027557


 

50 

Bermejo, A. M., Lopez, P., Alvarez, I., Tabernero, M. J., & Fernandez, P. (2006). 

Solid-phase microextraction for the determination of cocaine and cocaethylene 

in human hair by gas chromatography-mass spectrometry. Forensic Science 

International, 156(1), 2-8, 0379-0738. 

Bhatia, S. C., Petty, F., & Gabel, T. (2017). Substance and Nonsubstance Related 

Addiction Disorder: Diagnosis and Treatment. Bentham Science Publishers. 

Retrieved from https://books.google.com.my/books?id=y8uZDgAAQBAJ. 

Bjork, M. K., Nielsen, M. K., Markussen, L. O., Klinke, H. B., & Linnet, K. (2010). 

Determination of 19 drugs of abuse and metabolites in whole blood by high 

performance liquid chromatography-tandem mass spectrometry. Analytical 

Bioanalytical Chemistry, 396(7), 2393-2401, 1618-2650. 

Boatto, G., Nieddu, M., Carta, A., Pau, A., Palomba, M., Asproni, B., & Cerri, R. 

(2005). Determination of amphetamine-derived designer drugs in human urine 

by SPE extraction and capillary electrophoresis with mass spectrometry 

detection. Journal of Chromatography B, 814(1), 93–98. 

https://doi.org/https://doi.org/10.1016/j.jchromb.2004.10.010 

Chastain, Z. (2014). Cocaine: The Rush to Destruction. Pennsylvania, USA, Simon 

and Schuster. 

Claustre, M. & Fouilhé, (1993) (I.B.N) Retrieved 05 December 2018 from 

http://www.inchem.org. 

Connors, N. J., & Hoffman, R. S. (2013). Experimental Treatments for Cocaine 

Toxicity: A Difficult Transition to the Bedside. Journal of Pharmacology and 

Experimental Therapeutics, 347(2), 251–257. 

https://doi.org/10.1124/jpet.113.206383. 

Farina, M., Yonamine, M., & Silva, O. A. (2002). One-step liquid-liquid extraction of 

cocaine from urine samples for gas chromatographic analysis. Forensic 

Science International, 127(3), 204–207. 

Fernández, P., Lafuente, N., Bermejo, A. M., López-Rivadulla, M., & Cruz, A. (1996). 

HPLC Determination of Cocaine and Benzoylecgonine in Plasma and Urine 

from Drug Abusers. Journal of Analytical Toxicology, 20, 224–228. 

https://doi.org/10.1093/jat/20.4.224. 

Fernandez, P., Regenjo, M., Bermejo, A. M., Fernandez, A. M., Lorenzo, R. A., & 

Carro, A. M. (2015). Analysis of drugs of abuse in human plasma by dispersive 

liquid-liquid microextraction and high-performance liquid chromatography. 

https://doi.org/10.1124/jpet.113.206383


 

51 

Journal of Applied Toxicology : JAT, 35(4), 418–425. 

https://doi.org/10.1002/jat.3035 

Ferrera, Z. S., Sans, C. P., Santana, C. M., & Rodriguez, J. J. (2004). The use of 

micellar systems in the extraction and pre-concentration of organic pollutants 

in environmental samples. TrAC, 23(7), 469-479. 

Finchsigmate,k., (2015),  liquid-liquid extraction retrieved 5 December 2018  from  

https://chem.libretexts.org. 

Garside, D., Goldberger, B., Preston, K., & Cone, E. (1997). Rapid liquid-liquid 

extraction of cocaine from urine for gas chromatographic mass spectrometric 

analysis. Journal of Chromatography. B, Biomedical Sciences and 

Applications, 692, 61–65. https://doi.org/10.1016/S0378-4347(96)00459-8. 

Gootenberg, Paul (2001). Between Coca and Cocaine: A Century or more of U.S- 

Peruvian Drug Paradoxes, 1860-1990. 

Grabowski, J. (1994). Cocaine: Pharmacology, Effects, and Treatment of Abuse. 

Maryland, USA, DIANE Publishing. 

Harris, D. S., Everhart, E. T., Mendelson, J., & Jones, R. T. (2003). The pharmacology 

of cocaethylene in humans following cocaine and ethanol administration. Drug 

Alcohol Depend, 72(2), 169-182. 

Heller Melina, Luciano Vitali, Mariana A. Siqueira, Alysson V. F. Sako, Marcel 

Piovezan, and Gustavo A. Micke, (2013) “Capillary Electrophoresis with UV 

Detection to Determine Cocaine on Circulated Banknotes,” ISRN Analytical 

Chemistry, vol. 2013, Article ID 489705, 7 pages, 2013. 

https://doi.org/10.1155/2013/489705. 

Johnson, B. A. (2010). Addiction Medicine: Science and Practice. Springer New York. 

Retrieved from https://books.google.com.my/books?id=zvbr4Zn9S9MC. 

Jufer, R. A., Wstadik, A., Walsh, S. L., Levine, B. S. & Cone, E. J. (2000). Elimination 

of cocaine and metabolites in plasma, saliva, and urine following repeated oral 

administration to human volunteers. Journal of Analytical Toxicology, 24(7), 

467–477. 

Karch,S M. D. F. (2005). A Brief History of Cocaine 2nd Edition. Florida, USA.CRC 

Press.  

Kenkel, J. (2013). Analytical Chemistry for Technicians ( 4th  Edition). Florida, USA. 

CRC Press. 



 

52 

Kirchherr, H., & Kühn-Velten, W. N. (2006). Quantitative determination of forty-eight 

antidepressants and antipsychotics in human serum by HPLC tandem mass 

spectrometry: A multi-level, single-sample approach. Journal of 

Chromatography B, 843(1), 100–113. 

https://doi.org/https://doi.org/10.1016/j.jchromb.2006.05.031 

Klingmann, A., Skopp, G. & Aderjan, R. (2001). Analysis of cocaine, 

benzoylecgonine, ecogonine methyl ester, and ecgonine by high-pressure 

liquid chromatography-API mass spectrometry and application to a short-term 

degradation study of cocaine in plasma. Journal of Analytical Toxicology, 

25(6), 425–430. 

Lakshmi HimaBindu, M. R., Angala Parameswari, S., & Gopinath, C. (2013). A 

review on GC-MS and method development and validation. International 

Journal of Pharmaceutical Quality Assurance, 4(3), 42–51. 

Learning, G.C. (2009). Encyclopedia of Drugs, Alcohol & Additive Behaviour (3rd 

edition). New York, USA, Bukupedia. 

Levy, J. V, & Freye, E. (2009). Pharmacology and Abuse of Cocaine, Amphetamines, 

Ecstasy and Related Designer Drugs: A comprehensive review on their mode 

of action, treatment of abuse and intoxication.  California, USA. Springer 

Science & Business Media. 

Leyton, V., Sinagawa, D. M., Oliveira, K. C., Schmitz, W., Andreuccetti, G., De 

Martinis, B. S., Yonamine, M., & Munoz, D. R. (2011). Amphetamine, cocaine 

and cannabinoids use among truck drivers on the roads in the State of Sao 

Paulo, Brazil. Forensic Science International, 1872-6283. 

Li, J., Zhao, F., & Ju, H. (2006). Simultaneous determination of psychotropic drugs in 

human urine by capillary electrophoresis with electrochemiluminescence 

detection. Analytica Chimica Acta, 575(1), 57–61. 

https://doi.org/https://doi.org/10.1016/j.aca.2006.05.067 

Li, Sam. (1992) Capillary Electrophoresis: Principles, Practice, and Applications. 

Journal of Chromatography Library; Elsevier Science Publishers: The 

Netherlands, 1992; Vol 52. 

Lowe, R. H., Barnes, A. J., Lehrmann, E., Freed, W. J., Kleinman, J. E., Hyde, T. M., 

… Huestis, M. A. (2006). A validated positive chemical ionization GC/MS 

method for the identification and quantification of amphetamine, opiates, 



 

53 

cocaine, and metabolites in human postmortem brain. Journal of Mass 

Spectrometry, 41(2), 175–184. https://doi.org/10.1002/jms.975 

MacLaren,E. (2016). Understanding Tolerance, Dependence and Addiction. Retrieved 

05 December 2018, from https://drugabuse.com/addiction. 

Madru, B., Chapuis-hugon, F., & Peyrin, E. (2009). Determination of Cocaine in 

Human Plasma by Selective Solid-Phase Extraction Using an Aptamer-Based 

Sorbent, 81(16), 7081–7086. 

Man, C. N., Gam, L. H., Ismail, S., Lajis, R., & Awang, R. (2006). Simple, rapid and 

sensitive assay method for simultaneous quantification of urinary nicotine and 

cotinine using gas chromatography-mass spectrometry. Journal of 

Chromatography B: Analytical Technologies in the Biomedical and Life 

Sciences, 844(2), 322–327. https://doi.org/10.1016/j.jchromb.2006.07.029. 

Marchei, E., Colone, P., Nastasi, G. G., Calabro, C., Pellegrini, M., Pacifici, R., 

Zuccaro, P., & Pichini, S. (2008). On-site screening and GC-MS analysis of 

cocaine and heroin metabolites in body-packers urine. Journal on 

Pharmaceutical and Biomedical Analysis, 48(2), 383-387, 0731-7085. 

Medical Terms. Info (2014) Salivary glands retrieved 05 December 2018 from 

http://medicalterms.info/anatomy/Salivary-Glands. 

Moeller, M. R., Fey, P., & Wennig, R. (1993). Simultaneous determination of drugs 

of abuse (opiates, cocaine and amphetamine) in human hair by GC-MSD and 

its application to a methadone treatment program. Forensic Science 

International, 63(1), 185–206. https://doi.org/https://doi.org/10.1016/0379-

0738(93)90273-D. 

NIDA. (2016). Cocaine. Retrieved 05 December 2018 from 

https://www.drugabuse.gov/publications/research-reports/cocaine on 2019, 

January 21. 

Novak, S. P., & Kral, A. H. (2011). Comparing injection and non-injection routes of 

administration for heroin, methamphetamine, and cocaine users in the United 

States. Journal of Addictive Diseases, 30(3), 248–257. 

https://doi.org/10.1080/10550887.2011.581989. 

Ohler, N., & Whiteside, S. (2016). Blitzed: Drugs in Nazi Germany. New York, USA. 

Penguin Books Limited. 



 

54 

Pendergrast, M. (2013), For God, Country, and Coca-Cola: The Definitive History of 

the Great American Soft Drink and the Company That Makes It. New York, 

NY: Basic books.  

Platt, J. J. (2000). Cocaine Addiction: Theory, Research, and Treatment. London, 

England. Harvard University Press. 

Rameez, I. (2015) Drug and Chemical Analysis unit. Private communication. January 

2019. 

Riley, C. M., Rosanske, T. W., & Riley, S. R. R. (2013). Specification of drug 

substances and products: Development and validation of analytical methods. 

Specification of Drug Substances and Products: Development and Validation 

of Analytical Methods (pp. 1–380). Elsevier Ltd. 

https://doi.org/10.1016/C2013-0-00323-4. 

Rodriguez-Lafuente, A., Mirnaghi, F. S., & Pawliszyn, J. (2013). Determination of 

cocaine and methadone in urine samples by thin-film solid-phase  

microextraction and direct analysis in real time (DART) coupled with tandem 

mass spectrometry. Analytical and Bioanalytical Chemistry, 405(30), 9723–

9727. https://doi.org/10.1007/s00216-013-6993-z 

Saito, T., Mase, H., Takeichi, S., & Inokuchi, S. (2007). Rapid simultaneous 

determination of ephedrines, amphetamines, cocaine, cocaine metabolites, and 

opiates in human urine by GC–MS. Journal of Pharmaceutical and Biomedical 

Analysis, 43(1), 358–363. 

https://doi.org/https://doi.org/10.1016/j.jpba.2006.06.031 

SAMHSA (2013). Results from the 2013 National Survey on Drug Use and Health: 

Summary of National Findings, NSDUH Series H-48, HHS Publication No. 

(SMA) 14-4863. Rockville, MD: Substance Abuse and Mental Health Services 

Administration, 2014.  

Sanson, A., Rennó, S., Coutinho Gonçalves Martins, M., Giusti-Paiva, A., Maia, P., & 

Martins, I. (2011). Liquid-liquid extraction combined with high performance 

liquid chromatography-diode array-ultra-violet for simultaneous determination 

of antineoplastic drugs in plasma. Brazilian Journal of Pharmaceutical 

Sciences, 47, 363–371. https://doi.org/10.1590/S1984-82502011000200017 

Skoog, D.; Holler, F.; Crouch, S. (2007) Principles of Instrumental Analysis   

Retrieved 05 December 2018 from https://chem.libretexts.org. 

https://doi.org/10.1016/C2013-0-00323-4


 

55 

Soares, M. E., Carvalho, M., Carmo, H., Remião, F., Carvalho, F., & Batos, M. L. 

(2004). Simultaneous determination of amphetamine derivatives in human 

urine after SPE extraction and HPLC-UV analysis. Biomedical 

Chromatography, 18(2), 125–131. https://doi.org/10.1002/bmc.315. 

Sparkman, O.D. (2000). Mass Spectrometry Desk Reference, Global View Pub, ISBN 

0-9660813-2-3, Pittsburgh, USA. 

Sun H, Pang YP, Lockridge O, and Brimijoin S (2002) Re-engineering butyr-

ylcholinesterase as a cocaine hydrolase. Molecular Pharmacology 62:220 –

sun224. 

Takitane, J., Leyton, V., Andreuccetti, G., Gjerde, H., Vindenes, V., & Berg, T. (2018). 

Determination of cocaine, metabolites and a crack cocaine biomarker in whole 

blood by liquid-liquid extraction and UHPLC-MS/MS. Forensic Science 

International, 289. https://doi.org/10.1016/j.forsciint.2018.05.030 

Tosoh   Bioscience GmbH (2019). System suitability calculations. Retrieved 05 

December 2018 from 

https://www.separations.eu.tosohbioscience.com/technical-support/technical-

resources/chromatographic-calculations/system-suitability-calculations. 

UNODC. (2011). World Drug Report 2011. United Nations Publication, Sales No. 

E.10.XI.10, 978-92-1-148262-1. 

USFDA (1994), United States Food and Drug Authority. Validation of 

Chromatographic methods. Retrieved 05 December 2018, from 

https://www.fda.gov. 

Valente, M. J., Carvalho, F., & Bastos, M. D. L. (2012). Chromatographic 

Methodologies for Analysis of Cocaine and Its Metabolites in Biological 

Matrices, 236. 

Wallace, J. E., Hamilton, H. E., King, D. E., Bason, D. J., Schwertner, H. A., & Steven, 

C. (n.d.). Gas-Liquid Chromatographic Determination of Cocaine and 

Benzoylecgonine in Urine, 34–38. 

White, R. M., & Moore, C. M. (2018). Detection of Drugs and Their Metabolites in 

Oral Fluid. Florida, USA. Elsevier Science.  

Yılmaz B, Akba V, Cavus M. Development and Validation of GC-MS Method for 

Cocaine in Human Urine: J Chromatogr Sep Technol. 2017; 1(1):114. 

Correspondence: Dr. Bilal Yılmaz, Department of Analytical Chemistry, 



 

56 

Faculty of Pharmacy, Ataturk University, 25240 Erzurum, Turkey, Tel: +90 

442 2315200; Fax: +90 442 2315201; Email: yilmazb@atauni.edu.tr. 

Yonamine, M., & Saviano, A. M. (2006). Determination of cocaine and cocaethylene 

in urine by solid-phase microextraction and gas chromatography-mass 

spectrometry. Biomed Chromatography, 20(10), 1071-1075, 0269-3879. 

Yoshioka, S., & Stella, V. J. (2007). Stability of Drugs and Dosage Forms. New York, 

USA. Springer. 

Zurutuza, A., Bayoudh, S., Cormack, P. A. G., Dambies, L., Deere, J., Bischoff, R., & 

Sherrington, D. C. (2005). Molecularly imprinted solid-phase extraction of 

cocaine metabolites from aqueous samples, 542, 14–19. 

https://doi.org/10.1016/j.aca.2004.12.019.


