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Abstract 
Thiafentanil oxalate is a synthetic opioid commonly used for chemically immobilizing South African 

wildlife species. There is however, no data available on the withdrawal time of this drug in wildlife 

species. Failure to compensate for already established or expected drug withdrawal times can result 

in the presence of drug residues in animal food products. Ensuring that game meat is safe for human 

consumption is becoming increasingly important as we face an ever growing challenge of feeding the 

growing human population and the demand for game meat increases. This work established an 

extraction protocol to extract 98 ± 3.3% (n=3) of thiafentanil residue from spiked beef muscle 

samples. Furthermore, this extraction protocol was applied to spiked blesbok muscle and venison 

liver and kidney samples resulting in an extraction efficiency of 107 ± 1.9% (n=2), 99 ± 4.0% (n=2) 

and 77 ± 30% (n=2) for each matrix respectively. This protocol was further applied to blesbok muscle 

(n=12), liver (n=12) and kidney (n=12) samples which had been collected 72-74 hours after the 

animals had been injected with thiafentanil. The drug was only found in 3 of the blesbok liver 

samples and the concentrations ranged from 287 pg/g to 413 pg/g. This study also investigated the 

presence of a suspected thiafentanil metabolite, methyl 4-phenylamino-4-piperidine carboxylate, in 

the blesbok matrices and found that this compound was present in 11 of the muscle, 9 of the kidney 

and 7 of the liver matrices. This study provided a starting point for future thiafentanil meat residue 

limit investigations. 
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1 Introduction and project aim  
Fentanyl derivatives are widely used in human and animal medicine, for example as anaesthetics. 

They are however also easily misused, not only as a recreational drug but there is evidence to 

suggest that they have also been used as chemical weapons (Riches et al., 2012). Fentanyl 

derivatives are being synthesised at a rapid rate and hence there is a need to be able to positively 

identify and quantify as many of these derivatives as possible. This chapter discusses the relevant 

literature surrounding fentanyl and it’s derivatives in order to give a broader understanding of the 

applications of a project such as this.  

The main focus of this work is to detect and quantify a specific fentanyl derivative, thiafentanil 

oxalate in biological tissue. Potent opioids such as thiafentanil oxalate are commonly used to 

chemically immobilize African wildlife species. This is to ensure safe handling of the animal and the 

safety of the personnel involved while procedures such as the fitment of tracking devices, transport, 

medical treatments as well as physiology and disease studies are implemented (Haigh, 1990; Cattet, 

2003). Withdrawal times of drugs in certain wildlife species can be particularly difficult to establish 

especially for species which are difficult to keep in enclosures. Consequently, while drug half-lives, 

dosages and tissue residues have been well-established for domestic species the same cannot be 

said for many South African wildlife species (Cook et al., 2016).  

Failure to comply with already established drug withdrawal times or at least compensate for 

expected withdrawal times can result in the presence of drug residues in animal food products 

(Mainero Rocca et al., 2017). While there are laws governing the use of these various drugs, their 

maximum residue limits and withdrawal times, part of the problem is that these times are largely 

unknown or just extrapolated for wildlife species. Consequently the use of drugs on wildlife makes 

drug residue in wild animal meat an important and often overlooked public health concern (Cattet, 

2003; Cook et al., 2016). Veterinary immobilizing agents in particular could have an effect on the 

activity of the human nervous system, therefore evaluating the duration and concentrations of 

parent drug residues as well as those of the drug metabolites is particularly important in order to 

comply with regulations and also necessary to ensure that meat is safe for human consumption (Oca 

et al., 2016; Wolfe et al., 2018).  

Ensuring that meat is safe for human consumption is becoming increasingly important as we face an 

ever increasing challenge of feeding the growing human population (Cooper, 1995). This puts 

pressure on the traditional livestock sector as the demands for animal protein increase (Cawthorn 

and Hoffman, 2014). Consequently it is necessary to consider that harvesting species as natural 

wildlife is becoming increasingly necessary in order to meet the spiralling demand for protein 

(Cawthorn and Hoffman, 2014).  

We are specifically interested in thiafentanil oxalate as it is commonly used in many of the South 

African antelope species which are consumed locally or exported for consumption. To the best of 

our knowledge there is currently no extraction or detection protocol for this drug, hence without 

this protocol we cannot establish drug withdrawal times or maximum residue levels (MRLs). 
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1.1 Fentanyl derivatives  

For the last few thousand years opiates have had a firm place in medicine, treating a broad variety of 

medical conditions (Wilde et al., 2019). Early semi-synthetic opioids were derived from the opium 

alkaloid morphine, but with more in-depth investigation and understanding of opioid receptors, a 

variety of structurally different synthetic opioids have since been developed (Concheiro et al., 2018; 

Wilde et al., 2019).  

The chemical structure of fentanyl and its analogues consist of four main parts, namely a phenethyl 

group, a benzene ring and a propionyl group all substituted into a piperidine ring (Figure 1.1; 

Concheiro et al., 2018). Analogues of fentanyl are generally made from modifying or substituting the 

propionyl moiety (e.g. acetylfentanyl), changing the length of the chain on the arylalkylpiperidinyl 

group (e.g. ocfentanil), altering the aromatic substituents on the phenethyl group (e.g. 

ohmefentanyl) and adding substituents at the 4-piperidinyl position (e.g. carfentanil; United Nations 

Office on Drugs and Crime, 2017b; Concheiro et al., 2018).  

Fentanyl and its analogues are known as synthetic opioids, which belong to the class of 4-

anilidopiperidines (Figure 1.2; United Nations Office on Drugs and Crime, 2017a). The fentanyl family 

has an extremely high affinity for the µ-opioid receptor, the same receptor that is activated by 

morphine (United Nations Office on Drugs and Crime, 2017a, 2017b). The high affinity for µ-

receptors results in central nervous system (CNS) depression and is therefore responsible for making 

these synthetic opioids highly effective analgesics and anaesthetics (United Nations Office on Drugs 

and Crime, 2017a; Armenian et al., 2018). 

Consequently the high affinity for the µ-receptors 

also accounts for the high morbidity and mortality 

associated with these drugs as a result of CNS and 

respiratory depression (Armenian et al., 2018). 

This strong affinity also enhances the dependence 

producing properties of these drugs and gives 

them a high potential for abuse (United Nations 

Figure 1.1 The four building blocks of a fentanyl molecule. The phenethyl moiety (orange), 
benzene moiety (green) and propionyl moiety (blue) are all substituted into the piperidine ring.  

Figure 1.2 Structure of 4-anilinopiperidine. 
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Office on Drugs and Crime, 2017a). The use of fentanyl and fentanyl analogues for nonmedicinal use 

can have severe consequences to human health (United Nations Office on Drugs and Crime, 2017a). 

There are many known side effects of these drugs including respiratory depression, nausea as well as 

an increased perception of pain (Kang et al., 2002). Tolerance and dependence to these drugs can be 

quickly developed, increasing the risk of overdose from each non-medicinal use (United Nations 

Office on Drugs and Crime, 2017a). It has been shown through animal studies that high lipophilicity 

and receptor affinity are responsible for the increased potency in many of the analogues (Armenian 

et al., 2018). Due to the extreme potencies these drugs can prove fatal in incredibly small doses 

(United Nations Office on Drugs and Crime, 2017a).  

Although opioids play a major role in medicine, the misuse of opioids is also of concern (Wilde et al., 

2019). In the past few years the market of new psychoactive substances has seen an influx of highly 

potent synthetic opioids (Wilde et al., 2019). This can be seen in a positive light for prescription 

opioids which are legally administered. For example the development of remifentanil for the 

treatment of acute to moderate pain has helped to minimize pain for a large numbers of patients 

(Deeks, 2019). Another example is the synthesis of sufentanil, a powerful analgesic, sedative and 

anaesthetic, which is renowned for having minimal cardiovascular effects and stable 

haemodynamics with a short onset and duration of action (Van Bever et al., 1976; Liu, Sun and Hu, 

2012; Chen et al., 2014; Deeks, 2019). However fentanyl derivatives have become widely available 

on the illicit drug market and are responsible for hundreds of analytically confirmed deaths each 

year (Roda et al., 2019). These new synthetic opioids can pose a risk to recreational consumers and it 

is suggested that the availability of these compounds on the illicit drug market and related 

intoxications from these drugs is underestimated due to the analytical challenges for detecting the 

drugs (Marchei et al., 2018). The root of the analytical detection challenges stems from the high 

potency of these materials, resulting in low ng to µg pharmacologically active concentrations in 

biological material, making these drugs difficult to detect (Marchei et al., 2018). Additionally there 

may not always be parent drugs present in biological tissue but rather metabolites. The lack of data 

for the metabolic pathways and metabolites of fentanyl analogues further adds to the difficulty in 

identifying the parent compounds. Adding to the challenges of analytical detection is that new 

unclassified analogues quickly appear on the market (Armenian et al., 2018). Consequently, even 

characterising and identifying an unknown compound can become a fundamental problem. The 

relative potencies of a number of fentanyl analogues along with examples of the uses of these 

derivatives and their methods of detection have been described in Table 1.1.  

Fentanyl analogues have been suspected to be used as chemical weapons due to the fact that they 

can be aerosolized. For example in 2002 the Russian Federal Security Services used a chemical 

aerosol against terrorists in an attempt to rescue hostages from the Dubrovka theatre (Riches et al., 

2012). Unfortunately the release of this aerosol caused the death of 33 terrorists and 129 hostages 

(Riches et al., 2012). As the Russian government did not disclose the chemicals used in the aerosol, 

the treatment of casualties became complicated (Riches et al., 2012). However, it was later revealed 

that the aerosol contained a fentanyl derivative and it is suspected that the aerosol consisted of a 

mixture of more than one fentanyl derived component (Riches et al., 2012). Following liquid 

chromatography with tandem mass spectrometry (LC-MS/MS) analysis it was found that both 

carfentanil and remifentanil (Table 1.1) were identified from clothing worn by people in the theatre 

(Riches et al., 2012). Hence it is likely that at least these two derivatives, if not more, were present in 
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the aerosol which was administered. Cases like this highlight the danger and potency of synthetic 

opioids and their potential for abuse as well as the need for analytical techniques which offer 

accurate and rapid identification. Additionally this highlights the need to characterize, identify and 

store as much analytical information about synthetic opioid as possible in order to aid rapid 

identification of uncharacterized compounds.  

Table 1.1 Fentanyl analogues, their relative potencies to morphine, their uses and their method of detection. 

Fentanyl derivative Relative 
potency to 
morphine 

Uses Method of 
detection 

Fentanyl 

 

100-200 
(Chodoff, 
Domino and 
Arbour, 1965) 

Analgesic (Moore et al., 
2008), anaesthetic 
(Armenian et al., 2018), 
recreational use (Wang 
et al., 2011), 
immobilizing agent 
(West, Heard and 
Caulkett, 2007) 

ELISAa (Moore et 
al., 2008), GC-
MSb (Moore et 
al., 2008) 

Carfentanil 

 

Up to 10 000 
(Lust et al., 
2011) 

Chemical weapon 
(Riches et al., 2012), 
wildlife immobilizing 
agent (Chhabra and Aks, 
2017), euthanizing 
agent (Kearns, Swenson 
and Ramsay, 1999) 

LC-MS/MSc 
(Riches et al., 
2012) 

Remifentanil 

 

4.2 (Buerkle 
and Yaksh, 
1998) 

Counter terrorist tool 
(Riches et al., 2012), 
analgesic (Deeks, 2019) 

LC-MS/MS 
(Riches et al., 
2012) 

Sufentanil 

 

4520 (Chen et 
al., 2014) 

Anaesthetic (Liu, Sun 
and Hu, 2012), analgesic 
(Deeks, 2019), sedative 
(Chen et al., 2014), 
immobilizing agent 
(Kreeger, 1990; Kreeger 
et al., 2011; Kreeger 
and Kellie, 2012) 

LC-MS/MS 
(Thevis et al., 
2005) 

Thiafentanil 

 

6000 (West, 
Heard and 
Caulkett, 2007) 

Immobilizing agent 
(Lance and Kenny, 
2012) 

Developed in this 
study 

a Enzyme-linked immunosorbent assay 
b Gas chromatography mass spectrometry 
c Liquid chromatography with tandem mass spectrometry 
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Figure 1.3 Structure of fentanyl. 

Figure 1.4 The major hepatic metabolic pathway for fentanyl. Fentanyl (A) is metabolised via N-dealkylation to 

norfentanyl (B).  

1.1.1 History, legal status and applications 

Derived from the synthetic opioid meperidine, 

fentanyl was first developed in 1960 by Paul Janseen 

as an analgesic (Figure 1.3; Armenian et al., 2018; 

Wilde et al., 2019). Later in 1972, fentanyl was 

approved under the trade name Sublimaze® to be 

administered intravenously as an anaesthetic 

(Armenian et al., 2018). With comparable effects to 

morphine and a potency of 100-200 times greater, 

fentanyl is one of the most potent opioids in human 

medicine (Chodoff, Domino and Arbour, 1965; Moore 

et al., 2008; Vardanya and Hruby, 2014).  This highly effective analgesic narcotic is widely used for 

the management of severe pain and can be administered via a variety of routes (Moore et al., 2008; 

Gecici, Gokmen and Nebioglu, 2010; Chhabra and Aks, 2017; United Nations Office on Drugs and 

Crime, 2017a). Fentanyl can also be used in combination with α-2 agonists for the capture of wildlife 

(West, Heard and Caulkett, 2007).  

Fentanyl is known to have a wide safety margin, however the minimum lethal dose is reported to be 

only 250 µg resulting in a significant number of recorded overdose accidents and deaths associated 

with the use of this drug (Moore et al., 2008; Vardanya and Hruby, 2014). Fentanyl is highly lipophilic 

making it highly efficient at crossing cellular membranes including the blood-brain barrier (Armenian 

et al., 2018). Similarly to other synthetic opioids, the high potency of fentanyl allows for very low 

doses being required for therapeutic purposes which in turn can make monitoring of fentanyl in 

biological samples challenging, hence analytical techniques to quantify fentanyl need to be 

extremely sensitive (Peer et al., 2007; Wang et al., 2011).  

Fentanyl is metabolised by the liver and excreted via the kidney where one of the major hepatic 

metabolites of fentanyl has been identified as norfentanyl (Figure 1.4; Peer et al., 2007; Vardanya 

and Hruby, 2014; Feasel et al., 2016). Norfentanyl can be used to identify fentanyl in the post-

mortem urine of drug-overdose cases (Peer et al., 2007).  

Since fentanyl was first synthesized in 1960 there have been a large number of additional fentanyl 

analogues developed for use in human and veterinary medicine (Armenian et al., 2018). Some of 

these analogues included sufentanil, alfentanil, carfentanil and remifentanil (Table 1.1; Armenian et 
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al., 2018). Subsequently the Drug Enforcement Administration (DEA) classified all prescription 

fentanyl analogues which are used as analgesics or veterinary medicines as Schedule II Narcotics 

(Armenian et al., 2018). In 1986 the Federal Analogue Act was included in the US Controlled 

Substances Act which meant that consequentially if compounds are intended for human use and are 

considered to be ‘substantially similar’ to a compound already listed as Scheduled I or II they should 

be treated as if they are listed in that Schedule (Armenian et al., 2018). Similarly ‘fentanyls, their 

salts, derivatives and analogues and salts of derivatives and analogues’ are classified as Schedule I 

drugs in Canada, according to the Controlled Drug and Substance Act (CDSA) of 1996 (Armenian et 

al., 2018). In South Africa fentanyl, its analogues and salts are scheduled as Schedule 6 drugs (South 

African Health Products Regulatory Authority, 2012). 

The commonly used fentanyl analogue known as carfentanil (Figure 1.5, Table 1.1), is registered 

under the name ‘Wildnil’ and is used 

by veterinarians as an immobilizing 

agent for large game animals (Chhabra 

and Aks, 2017). With this intention 

carfentanil was first synthesised in 

1974 by Janseen Pharmaceutica 

(Armenian et al., 2018). Animals can 

be safely immobilized with this drug 

and it is usually delivered remotely via 

a dart, however it has also been orally 

administered (Kearns, Swenson and 

Ramsay, 1999; Lust et al., 2011).  

Unlike fentanyl, carfentanil is not approved for medicinal use in humans and poses an enormous 

hazard to human health (Lust et al., 2011; United Nations Office on Drugs and Crime, 2017a). This 

particularly potent opioid is up to 10 000 times more potent than morphine and 100 times more 

potent than fentanyl (Table 1.1; Lust et al., 2011). Due to this incredibly high potency and health 

hazard, veterinarians are required to wear protective clothing when working with carfentanil (Lust et 

al., 2011; Chhabra and Aks, 2017). Similarly to other opioids, human exposure to carfentanil will 

induce respiratory depression (Lust et al., 2011). Further health hazards of carfentanil are 

highlighted by Kearns, Swenson and Ramsay (1999). In their study chimpanzees (Pan troglodytes) 

were exposed to 0.02-0.03 mL of a 3 mg/mL carfentanil citrate solution via absorption through their 

mucous membranes. After exposure the chimpanzees displayed clinical signs of respiratory 

depression. The respiratory depression was severe enough for the authors to advise against the use 

of carfentanil as a sole immobilizing agent for these animals. Furthermore, the same researchers 

administered carfentanil to successfully euthanized two sickly lowland gorillas (Gorilla gorilla). This 

was done via an oral transmucosal administration of droperidol followed by a high dose of 

carfentanil. The administration of carfentanil induced respiratory depression in both gorillas and 

resulted in respiratory arrest 10 and 12 minutes after administration after which both gorillas went 

into cardiac arrest.  

As carfentanil is not approved for use in human medicine, there is little information regarding the 

pharmokinetic, pharmodynamic and toxicological properties of this drug in humans (Feasel et al., 

2016; Armenian et al., 2018). However, there has been an in vitro metabolism study which incubated 

Figure 1.5 Structure of carfentanil. 
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carfentanil with human hepatocytes to identify potential carfentanil metabolites (Feasel et al., 

2016). Additionally, as a result of exposure due to the recreational use of carfentanil, an 

opportunistic study has provided more information regarding the effects of this drug in humans. This 

study described the half-life of carfentanil to be 5.7 hours in human plasma (Uddayasankar et al., 

2018). To the best of our knowledge, apart from these two studies and evidence of carfentanil being 

using as a counter terrorist tool in the Dubrovka theatre (Riches et al., 2012) there is one other 

recorded case of carfentanil toxicity in humans. This case involved a veterinarian who accidentally 

splashed himself in the eyes and mouth from a dart containing carfentanil (George et al., 2010). The 

veterinarian was treated with 100 mg of naltrexone in the field and transported to hospital where he 

was observed for 24 hours. Fortunately he made a full recovery with no complications (George et al., 

2010).  

Another synthetic opioid, sufentanil (Figure 

1.6, Table 1.1) is a powerful analgesic, sedative 

and anaesthetic (Liu, Sun and Hu, 2012; Chen 

et al., 2014; Deeks, 2019). Sufentanil has a 

potency which is roughly 10 times more than 

fentanyl and 4520 times more potent than that 

of morphine (Chen et al., 2014; United Nations 

Office on Drugs and Crime, 2017b). Although 

sufentanil is more potent than fentanyl it is 

however, shorter acting and known for 

having minimal cardiovascular effects and 

stable haemodynamics with a short onset and duration of action (Van Bever et al., 1976; Wax, 

Becker and Curry, 2003; Liu, Sun and Hu, 2012; Chen et al., 2014). Sufentanil is somewhat versatile 

being used as both an analgesic as well as an anaesthetic in human medicine and the availability of 

sufentanil in powder form allows for high concentrations to be made, making sufentanil potent 

enough to be used as an immobilization agent for wildlife (Kreeger et al., 2011; Liu, Sun and Hu, 

2012; Deeks, 2019). One of the benefits of sufentanil as a wildlife immobilizing agent is that it has a 

high safety margin (Kreeger, 1990). However, because of the large volume of sufentanil required to 

immobilize wildlife there is a relatively high cost involved (Kreeger, 1990). Sufentanil has been 

successfully used as a wildlife immobilizing agent and has been used to immobilize grey wolves 

(Canis lupus), rocky mountain elk (Cervus elaphus nelsoni) and Alaskan moose calves (Alces alces 

gigas; Kreeger, 1990; Kreeger et al., 2011; Kreeger and Kellie, 2012).  

1.1.2 Risks during and after use as well as after fentanyl encounters 

Other than medical health care professionals, responders such as emergency medical services, law 

enforcement, investigators and decontamination workers who enter areas contaminated with 

fentanyl and/or its analogues are exposed to a potential drug hazard (National Institute for 

Occupational Safety and Health, 2017). Furthermore, working dogs such as police K-9 units could 

also be potentially exposed to these synthetic opioids when performing their detection duties 

(National Institute for Occupational Safety and Health, 2017). 

As previously mentioned, synthetic opioids can easily be absorbed through the skin or mucus 

membranes, inhaled or ingested. This makes it necessary to use adequate precautions when 

handling these substances to prevent an unintended exposure or even overdose (National Institute 

Figure 1.6 Structure of sufentanil. 
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for Occupational Safety and Health, 2017; United Nations Office on Drugs and Crime, 2017a). In the 

case of working dogs it is recommended in areas where suspected synthetic opioids are encountered 

that the dogs should be removed from the area (National Institute for Occupational Safety and 

Health, 2017).  

For immobilizing agents such as carfentanil and thiafentanil, the risk of exposure to humans 

becomes significant due to their availability as 3 mg/ml and 10 mg/ml solutions respectively (West, 

Heard and Caulkett, 2007). Exposure to even a small quantity of these concentrated drugs can cause 

significant human intoxication (West, Heard and Caulkett, 2007). Although literature surrounding 

human intoxication from thiafentanil and carfentanil is scarce, there is literature on human 

intoxication caused by other wildlife immobilizing agents such as etorphine (West, Heard and 

Caulkett, 2007). A survey on 181 zoo veterinarians in the United States of America (USA) showed 

that 86.7% of veterinarians using immobilizing agents (including carfentanil and fentanyl amongst 

others) had written emergency protocols and when handling these drugs; 92.3% wore gloves and 

76.2% wore eye protection (Hill et al., 1998). Surprisingly 8.3% of the survey responders did not use 

any protective equipment while handling immobilizing agents (Hill et al., 1998). Best practice for 

avoiding intoxication by immobilizing agents is generally preventing exposure through good 

standards of practice such as protective clothing, gloves and eye protection (West, Heard and 

Caulkett, 2007). In addition, full face shields can also be used as an additional preventative measure 

to prevent oral, ocular and nasal exposure (West, Heard and Caulkett, 2007). People who are 

working with or close to these drugs should know how to identify symptoms of intoxication. These 

symptoms can include nausea, vomiting, dizziness, respiratory depression or a coma (West, Heard 

and Caulkett, 2007). Due to the fact that an intoxicated person is likely to experience respiratory 

depression, personnel should work in teams and be trained in cardiopulmonary resuscitation (CPR; 

West, Heard and Caulkett, 2007). Specific antagonists should be administered quickly when human 

intoxication is experienced (West, Heard and Caulkett, 2007). 

Furthermore as mentioned, metabolites may also be present in biological matrices together with the 

parent drug. The lack of data for the metabolic pathways and metabolites of fentanyl analogues 

adds to the difficulty in identifying the parent compounds. Hence, the more analytical procedures 

available for these analogues the greater the chance of correct identification of a compound. If these 

drugs are correctly identified, treatment for exposure or overdose casualties can become more 

specific. A definitive method of detection which is commonly used throughout literature as seen in 

Table 1.1 is liquid chromatography tandem mass spectrometry (LC-MS/MS). LC-MS/MS protocols can 

be particularly useful due to their ability to definitively detect more than one compound at a time. 

However, if the compound characteristics such as m/z transitions, molecular weight, fragmentation 

pattern or retention times are not previously known the identification process will be delayed. By 

characterising and developing protocol for as many of these compounds as possible, crime scenes 

could be better monitored and intoxicated casualties could be better treated.  

1.2 The South African meat industry  

We face an ever-increasing challenge of feeding the growing human population, where even as 

recently as 25 years ago some form of malnutrition was seen in 66% of the population (Cooper, 

1995). As the ever-growing population continues to put pressure on the traditional livestock sector 

and the demands for animal protein increase it is becoming necessary to consider that harvesting 

species such as natural wildlife, which have the ability to thrive in non-ideal environmental 
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conditions and could increasingly contribute to meeting the ever-growing demand for protein 

(Cawthorn and Hoffman, 2014).  

Despite the large demographic diversity in South Africa both domestic and wild animal meat 

comprises a considerably large part of the South African cuisine (Erasmus and Hoffman, 2017). In 

South Africa the regulatory organisations responsible for the legislation surrounding food are the 

Department of Health (DoH), the Department of Agriculture (DoA) and the Department of Trade and 

Industry (DTI) (Erasmus and Hoffman, 2017). However, implementation of food safety controls for 

meat that is exported from South Africa is generally governed by the regulations of importing 

countries.  

Recent meat export figures for South Africa are difficult to find due to the recent listeriosis and foot 

and mouth disease outbreaks. Even though the listeriosis outbreak halted red meat exports in 2018 

earlier figures from Taylor, Lindsey and Davies-Mostert (2015) suggest that the possible range of 

game meat consumed in South Africa during the 5 month wildlife hunting season can be anywhere 

between 44 360 and 118 500 tonnes.  

1.2.1 Game meat 

The term ‘game meat’ is used in South Africa 

to refer to free-roaming wild animals 

(Hoffman et al., 2005; Hoffman and Wiklund, 

2006). As described in Figure 1.7, game meat 

is mainly a product of trophy hunting, biltong 

hunting or culling (Taylor, Lindsey and Davies-

Mostert, 2015). Trophy hunting and culling 

activities resulted in 23 700 tonnes of game 

meat being produced in 2014 and it has been 

extrapolated that between these three 

activities around 40 000 tonnes of carcass 

biomass (trophy hunting: 11 520 tonnes; 

biltong hunting: 18 930 tonnes; culling: 9 700 

tonnes) is collectively harvested from wildlife 

ranches in South Africa (Taylor, Lindsey and 

Davies-Mostert, 2015). Game meat in South 

Africa is either sold domestically, making up 

10-20% of the red meat utilized in South Africa, or exported (Dry, 2013; Taylor, Lindsey and Davies-

Mostert, 2015). Annually, between 600 to 2 000 tonnes of game meat exported and are estimated to 

be worth somewhere between R60 million and R200 million (Dry, 2013).  

According to a study done by Taylor, Lindsey and Davies-Mostert (2015) who surveyed 71 wildlife 

ranches, the different uses of game meat harvested from trophy and biltong hunting as well as 

culling are shown in Figure 1.8. While most game meat was sold domestically, a large proportion was 

given to farm workers and a combination of 18% of meat was either used at the farmers’ 

guesthouses or personally consumed by ranchers. Furthermore 1% of harvested meat was taken by 

the professional hunter (PH) and only one rancher indicated that he had an export arrangement. 

Figure 1.7 Summary of the South African meat industry. 
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As of 2012, the harvesting of game meat for export complied with the guidelines set out by the 

Veterinary Procedural Notices (VPN) which are issued and amended annually by both the 

Department of Agriculture, Forestry and Fisheries (DAFF) and the European Union (EU; Van der 

Merwe, Jooste and Hoffman, 2012). In contrast the game meat harvested for the local market which, 

as of 2012, lacked control and regulations as the approval of game slaughter facilities and the 

legislation surrounding meat inspections was not enforced (Van der Merwe, Jooste and Hoffman, 

2012). Consequentially if something like a zoonotic disease or food poisoning could be directly linked 

to the consumption of game meat, the local market for game meat would be negatively affected 

(Van der Merwe, Jooste and Hoffman, 2012). The Meat Safety Act 2000 (Act 40 of 2000) which 

regulates animal meat harvested from production animals lacked legislation specific to wildlife which 

resulted in the legal production of domestic game meat being hindered (Taylor, Lindsey and Davies-

Mostert, 2015). However this has since been rectified by Wildlife Ranching South Africa (WRSA) 

through the development of an international standard guiding the production of game meat from 

ranch to consumer, which was registered by the International Standards Certification (Taylor, 

Lindsey and Davies-Mostert, 2015; Zerbst, 2015). The international standard guiding the production 

of game meat developed by WRSA specifies benchmarks for environmental, food safety and meat 

quality standards which ensure meat is safe for consumption (Taylor, Lindsey and Davies-Mostert, 

2015).  

1.3 Veterinary drugs and food-producing species 

Veterinary drugs are essential for maintaining and ensuring animal health and welfare. This makes 

them widely administered to both domestic and wildlife species. Veterinary drugs have a number of 

uses in animals from being used for preventative and therapeutic purposes to having important 

benefits for farmers such as improving breeding efficiency and promoting growth as well as 

increasing the lean to fat ratio of the animal (Toldrá and Reig, 2006).  

Antibiotics, anthelmintics and sedatives are some of the common drugs which are frequently used in 

animals and for the most part the withdrawal times have been established for most of these drugs in 

domestic species. However there is still a lot of uncertainty with regards to the use of drugs on 

wildlife species. 

Figure 1.8 Uses of game meat harvested from trophy and culling 
(adapted from: Taylor, Lindsey and Mostert 2015). 
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One of the most concerning issues associated with administering veterinary drugs to food-producing 

animals is that food products such as milk, meat and eggs could contain residual concentrations of 

non-altered parent compounds, metabolites or conjugates of drugs (Toldrá and Reig, 2006; Baynes 

et al., 2016; Mainero Rocca et al., 2017). These residual concentrations could have toxicological 

consequences for consumers, which could include inmunotoxic, genotoxic, endocrine, allergic or 

carcinogenic effects (Toldrá and Reig, 2006; Shankar et al., 2010; Baynes et al., 2016). Even in low 

concentrations these residues may have both indirect or direct toxic effects on consumers resulting 

in health problems (Mainero Rocca et al., 2017). Indirect effects could include bacterial resistance as 

seen as a consequence of antibiotic residues in animal food products which can result in an increase 

of antibiotic-resistant pathogens (Toldrá and Reig, 2006), while direct effects could include allergic 

reactions or pharmacological effects as was the case for an Australian Shepherd dog. The dog 

consumed what had been suspected to be remaining tissue from a juvenile humpback whale 

(Megaptera novaeangliae) which was euthanized earlier with pentobarbital on the beach (Bischoff, 

Jaeger and Ebel, 2011). The dog presented comatose after ingesting contaminated tissue and luckily 

made a full recovery 60 hours after the incident (Bischoff, Jaeger and Ebel, 2011). Although this dog 

recovered, drugs with potentially life-threatening repercussions could cause serious alarm for 

unsuspecting consumers. While toxicological consequences are broadly discussed in literature, 

Cattet (2003) highlights that alongside these concerns for domestic meat consumers, drug residues 

in wildlife can become a particularly important health concern for wild meat consumers. 

1.3.1 Use of tranquilizers  

Tranquilizers are commonly used to prevent stress while transporting both game and livestock 

animals. This common practice of using immobilizing drugs on animals to minimize stress and 

fatalities while transporting them has led to many studies which have looked at drug withdrawal 

times as well as residual drug and metabolite concentrations in domestic species, namely swine 

(Aoki et al., 2009; Mestorino et al., 2013), bovine and poultry (Aoki et al., 2009). Using tranquilizers 

on food-producing animals introduces a significant problem of drug residue in animal products 

which, as mentioned, could have toxicological consequences for potential consumers (Rauws and 

Olling, 1978; Yamada et al., 2006).  

In food-producing species, swine are particularly vulnerable to stress during transport which can 

lead to mortality as well as a condition called Pale Soft Exudative meat, which results in poor quality 

meat (Rauws and Olling, 1978; Aoki et al., 2009). Tranquilizers such as acepromizine, azaperone, 

propionylpromazine, xylazine and chlorpromazine as well as β-blockers such as carazolol are 

common examples of drugs used to transport swine and bulls to abattoirs (Keukens and Aerts, 1989; 

Meenagh, McEvoy and Elliott, 2002; Aoki et al., 2009). Likewise, wildlife species can also be 

particularly vulnerable to stress during handling and transport resulting in the need for immobilizing 

drugs. 

1.3.2 Use of tranquilizers for game species 

Immobilizing drugs have been used on wildlife since the 1950’s (Alford, Burkhart and Johnson, 1974; 

Miller et al., 2009). Before this, wildlife was captured by physical capturing or trapping methods 

which was not only more dangerous to the target animal but also to the personnel involved in the 

capture procedure, hence animals suffering from sickness or injuries were often unable to be 

properly examined and treated (Alford, Burkhart and Johnson, 1974).  
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These days, wildlife species are chemically immobilized not only for translocation purposes but also 

for procedures such as the fitment of tracking devices, medical treatments as well as physiology and 

disease studies (Haigh, 1990; Cattet, 2003). Based on figures from 2014 between 205 500 and 

225 500 animals were translocated in South Africa, however it seems that there are a significant 

number or translocations which are untraceable (Taylor, Lindsey and Davies-Mostert, 2015). In 

addition to the translocations many surgical procedures have successfully been undertaken while 

animals are immobilized. Some of these procedures include dehorning, tail docking, radiography, 

blood sampling and orthopaedic surgery (Alford, Burkhart and Johnson, 1974). Researchers have 

successfully immobilized species such as African buffalo (Syncerus caffer) using a combination of 

thiafentanil oxalate and azaperone in order to implant microchips, place ear tags, perform blood 

tests as well as take morphometric measurements (Szabó et al., 2015). Other species such as greater 

(Tragelaphus strepsiceros) and lesser kudu (Tragelaphys imberbis) have been immobilized for 

examination using radiographs and treatment due to lameness in both front limbs (Rivas et al., 

2017).  

Immobilizing drug combinations administered are species-specific as some species are more 

sensitive to certain tranquilizers than other species. Drug combinations need to be tested in a 

captive environment before they are applied in the field (Miller et al., 2009). Keeping wild animals in 

captivity can make it difficult to establish the withdrawal time of drugs in certain wildlife species, 

particularly those which are difficult to keep in enclosures. This means that while drug half-lives, 

dosages and residues in tissues are well-established for domestic species, in contrast, there is a lot of 

ambiguity for the use on these drugs on many South African wildlife species (Cook et al., 2016).  

For some wildlife species such as rocky mountain elk tissue residue levels of immobilization drugs 

have been established. Rocky mountain elk can be sedated with a combination of immobilizing drugs 

comprised of nalbuphine, medetomidine and azaperone antagonised with naltrexone, atipamezole 

and tolazoline (Wolfe et al., 2018). After three days no tissue residues for nalbuphine, medetomidine 

and azaperone greater than 0.01 ppm were detected (Wolfe et al., 2018). This apparent absence of 

these drugs indicates that they are rapidly cleared from the tissues of rocky mountain elk (Wolfe et 

al., 2018). In contrast the antagonist naltrexone, was still detected six days post administration 

(Wolfe et al., 2018).  

1.3.3 Risks associated with administering tranquilizers to food-producing animals 

As previously mentioned, tissue residues from immobilizing agents can have a negative effect on the 

health of consumers. For example researchers suspected a case of secondary thiafentanil oxalate 

intoxication in a captive mountain lion (Puma concolor) after it had been fed a deer which had been 

killed less than 10 minutes after being immobilized with a drug mixture containing 10 mg of 

thiafentanil oxalate (Wolfe and Miller, 2005). The mountain lion appeared frightened and agitated 

while making abnormal vocalizations and displaying symptoms including hind limb ataxia, excessive 

drooling and enlarged pupils (Wolfe and Miller, 2005). The mountain lion was treated about 4 hours 

after the symptoms were first observed with the opioid antagonist naltrexone HCl and within 

minutes it had stopped drooling, the pupils returned to normal and its coordination had improved 

(Wolfe and Miller, 2005). However, the following day symptoms including depression, muscle 

tension, sedation, myopathy and sedation re-presented, as a result over the next 15 days the 

mountain lion was treated with supportive therapy and its condition improved, making a full 

recovery (Wolfe and Miller, 2005).  
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This suspected secondary intoxication highlights firstly that humans are not the only species at risk 

for toxicological consequences resulting from drug residues in animal food products but that natural 

predators and carrion eaters are also vulnerable to these consequences (Wolfe and Miller, 2005; 

Cook et al., 2016). Secondly this case highlights that animal carcasses injected with chemical 

immobilization agents should be properly identified, marked and disposed of in order to prevent 

inadvertent exposure to any potential consumers (Wolfe and Miller, 2005).  

In Canada, the USA, Greenland and Svalbard free-ranging polar bears are commonly immobilized 

with Telazol for various management and research programs (Semple et al., 2000). Research into the 

residency time of Telazol in polar bears is particularly important to local people due to the fact that 

more than 600 polar bears a year are hunted by native people in the Canadian arctic for 

consumption (Semple et al., 2000). A study analysed polar bear tissue and serum for residual 

concentrations of the components of Telazol (tiletamine and zolazepam) between 0.5 and 11 days 

after being immobilized with the drug (Semple et al., 2000). It was concluded that the residue and 

metabolites were quickly cleared from kidney and fat tissue (Semple et al., 2000). However, 

tiletamine was retained in muscle tissue at low concentrations up to 11 days post administration for 

some individuals (Semple et al., 2000). As a result meat consumed within this 11 day period after 

immobilization could still have drug or metabolites present. Due to the extremely low 

concentrations of residue present 11 days post administration, it would be highly unlikely that the 

concentration consumed would have a pharmacological effect on the consumer (Semple et al., 

2000).  

In a study focussed on tissue residues in white tailed deer (Odocoileus virginianus) no residues 

greater than 0.01 ppm were detected for the agonists butorphanol, azaperone and medetomidine 

nor for the antagonists atipamezole and naltrexone in liver or muscle samples 11 days post 

administration (Cook et al., 2016). This indicated that there would be no pharmacological effects in 

humans if they were to consume the meat more than 11 days post administration (Cook et al., 

2016).  

As demonstrated throughout literature, irresponsible or illegal use of drugs in food animals as well 

as failure to comply with drug withdrawal times can all result in the presence of drug residues in 

animal food products (Mainero Rocca et al., 2017). Part of this problem as mentioned is that while 

withdrawal times are well-established for many of the domestic species, they are sometimes 

completely unknown or just extrapolated for wildlife species. The use of drugs on wildlife makes 

drug residue in wild animal meat an important and often overlooked public health concern (Cattet, 

2003; Cook et al., 2016). Veterinary sedatives and immobilizing agents in particular could have an 

effect on the activity of the human nervous system, therefore evaluating the duration and 

concentrations of drug metabolites and of drug residues for tranquilizers and antagonists in game 

animals is not only necessary in order to comply with regulations but also critically important to 

ensure that meat is safe for human consumption (Oca et al., 2016; Wolfe et al., 2018). This 

constitutes a need for analytical controls (Oca et al., 2016) and laws defining the limits of these 

drugs.  

1.4 Requirements for exporting game meat from South Africa 

Venison exports have been suspended a number of times to the EU, mainly due to disease outbreaks 

(Department of Agriculture Forestry and Fisheries, 2015). It has been made clear that ongoing 
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exports to various markets including the EU will not be continued if the concerns of these markets 

are not satisfactorily addressed (Department of Agriculture Forestry and Fisheries, 2015).  

The EU is a major importer of South Africa’s game meat (Van der Merwe et al., 2013). Consequently 

DAFF developed and has implemented the VPN which meet the requirements of the EU and the 

export of game meat from South Africa must adhere to these VPN guidelines (Department of 

Agriculture Forestry and Fisheries, 2007, 2010a, 2010b) issued by DAFF (Van der Merwe et al., 2013).  

Requirements for export include maximum residue levels (MRLs) for residues in animal food 

products according to the regulations which govern the maximum limits for veterinary medicine in 

South Africa (Act No. 54 of 1972; Ramatla et al., 2017). Thus in order to export meat to these 

countries, the MRLs specific to the importing country need to be met.  

1.4.1 Maximum residue levels  

Maximum residue levels (MRLs) for certain veterinary drugs are defined by laws in order to protect 

consumer safety. There are different agencies consisting of both governmental and independent risk 

assessment bodies that are responsible for defining these limits. In the USA the FDA is responsible 

while in the EU the European Medicines Agency (EMA) is responsible for these limits or tolerances 

(Baynes et al., 2016).  

An MRL defines the level at which food is safe to consume on a permanent daily basis (Baynes et al., 

2016). These limits are determined by algorithms using toxicological, microbiological and 

pharmacological data (Baynes et al., 2016). Risk assessments are done either on animals and/or 

humans to determine an acceptable daily intake (ADI) which is determined from the level where no-

observable-adverse effect (NOAEL) is observed (Baynes et al., 2016). In order to extrapolate data for 

human exposures, the NOAEL can be adjusted to account for uncertainties due to species 

differences as well as adjusted for population variations (Baynes et al., 2016).  

Limits differ between different drugs as well as for different matrices (World Health Organization 

and Food and Agriculture Organization of the United Nations, 2009) and detecting drug residue 

levels accurately is critical in order to comply with these MRLs and ensure consumer safety. This 

makes it important to consider MRLs when choosing an analysis technique. The technique of choice 

must therefore have a detection limit below that of the drug’s specific MRL. One of the more 

popular methods to analyse residue of tranquilizers in meat is LC-MS/MS. This method has a 

detection limit of between 0.2 and 5 ppb (0.2 µg/kg to 5 µg/kg) and has been used to detect 

propiopromazine tranquilizers in pork and bovine kidneys (Kaufmann and Ryser, 2001).  

MRLs have been established for some widely used tranquilizers such as propiopromazine and 

azaperone. The MRL established for azaperone determines that the concentration of azaperone in 

swine muscle and fat must not exceed 60 µg/kg and in swine liver and kidney it must not exceed 100 

µg/kg (Food and Agriculture Organization of the United Nations and World Health Organization, 

2018). However for other tranquilizers such as chlorpromazine, where there is insufficient data to 

establish safe residue levels, the recommendation is that preventions should be taken to avoid these 

residues in food-producing animals and hence the drug should not be used in these animals (Food 

and Agriculture Organization of the United Nations and World Health Organization, 2018). To our 

knowledge there is no MRL established for thiafentanil oxalate and no validated extraction and 

analysis protocol.  
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1.5 Details about the anaesthetics under investigation  

Synthetic opioids are commonly used for capturing wild ungulates (Wolfe, Lance and Miller, 2004) 

and as previously mentioned some of the synthetic opioids used on wildlife include fentanyl, 

carfentanil, sufentanil and thiafentanil.  

Thiafentanil oxalate is commonly referred to by the trade name Thianil but it is also known as A3080. 

The white crystalline salt, thiafentanil oxalate, has a molecular mass of 506.57 g/mol (Figure 1.9; 

Department of Justice Drug Enforcement Administration, 2016). In comparison the thiafentanil free-

base, 4-(methoxycarbonyl)-4-(N-phenylmethoxyacetamido)-1-[2-(2-thienyl)ethyl]piperidine has a 

molecular weight of 416.52 g/mol (Department of Justice Drug Enforcement Administration, 2016).  

Currently, Thianil is indicated as an immobilizing agent for non-domestic, non-food-producing minor 

species hoofstock (Department of Justice Drug Enforcement Administration, 2016). Thiafentanil has 

been registered as of August 2016 as a Schedule II narcotic by the DEA, however it is not scheduled 

in the UN (Armenian et al., 2018; Rue, 2018). In South Africa thiafentanil is listed as a Schedule 6 

drug (South African Health Products Regulatory Authority, 2012) and it is clearly stated by the 

Department of Justice Drug Enforcement Administration (2016) that thiafentanil is not intended for 

human or animal consumption nor for use on food-producing animals or animals likely to be 

consumed. Introducing thiafentanil into the human or animal food chain should be avoided (Lance 

and Kenny, 2012) especially considering as MRLs haven’t been established.  

Thiafentanil should be used with caution in certain animals due to the significant risk it could pose to 

public health as animals previously immobilized with thiafentanil can prove to be a toxicological risk 

if their food products are consumed (Department of Justice Drug Enforcement Administration, 

2016). Furthermore, thiafentanil should only be used by personnel who are trained and supervised 

by veterinarians, teams should consist of at least two people who are knowledgeable about µ-

agonists and personal protective (PPE) equipment should be used (Department of Justice Drug 

Enforcement Administration, 2016).  

In South Africa thiafentanil oxalate is an approved, registered and marketed drug for immobilization 

and there is increasing knowledge about the use of this drug in African species (Lance and Kenny, 

2012; Department of Justice Drug Enforcement Administration, 2016). Thiafentanil oxalate, like 

other fentanyl analogues, has a rapid agonist action against the μ-receptor and although it is a 

morphine-like analgesic compared to morphine, thiafentanil oxalate is 6 000 times more potent 

Figure 1.9 Structure of thiafentanil oxalate salt (506.57 g/mol). 
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(Cooper et al., 2005; West, Heard and Caulkett, 2007; Szabó et al., 2015). It has a relatively short 

duration of action and is reversible with opioid antagonists such as naltrexone (West, Heard and 

Caulkett, 2007).  

Thiafentanil oxalate appears to provide a more rapid immobilization than other analogues such as 

carfentanil (Lance and Kenny, 2012). This means that the immobilization procedure becomes safer 

by decreasing the potential for overheating, escape and trauma (Lance and Kenny, 2012). 

Thiafentanil also appears to be more rapidly metabolised compared to carfentanil in certain species 

(Lance and Kenny, 2012). The short half-life associated with thiafentanil oxalate, approximately 50% 

of carfentanil, avoids re-narcotization (Stanley et al., 1988; Lance and Kenny, 2012). When working 

with free-ranging wildlife it is this feature that can prevent a life-threatening consequences, for 

example if an animal experiences re-narcotization it could consequentially experience capture 

myopathy, hyperthermia, trauma and predation (Lance and Kenny, 2012).  

As a reminder of the high potency of fentanyl derivatives, thiafentanil requires very low dosage 

concentrations during administration. The need for high analytical sensitivity in order to be able to 

detect these low concentrations of drug in toxicological specimens is thus of the utmost importance 

(United Nations Office on Drugs and Crime, 2017b). 

Furthermore, thiafentanil oxalate has been used independently as an immobilizing agent, for 

example in rocky mountain elk (Stanley et al., 1988), but it is more commonly used in conjunction 

with other drugs to form a balanced anaesthesia (Lance and Kenny, 2012). By using a combination of 

drugs the amount of each drug administered is lessened resulting in greater desired effects, 

minimized undesirable side effects and ultimately a more balanced anaesthesia (Lance and Kenny, 

2012). For example thiafentanil oxalate has been used in combination with medetomidine and 

ketamine to anesthetize Lichtenstein’s hartebeest (Sigmoceros lichtensteinii; Citino et al., 2013), 

nyala (Tragelaphus angasi; Cooper et al., 2005) and male axis deer (Axis axis; Smith et al., 2006). 

Thiafentanil combinations have also been successfully used in eland (Taurotragus oryx), greater 

kudu, waterbuck (Kobus ellipsiprymnus) and African buffalo (West, Heard and Caulkett, 2014; Szabó 

et al., 2015). Applications like these where drugs are used in combination allows for lower dosages 

of each drug and reiterates the importance of extremely sensitive analytical detection test methods. 

1.6 Aim of this study 

Thiafentanil oxalate (under the registered trade name Thianil) is a popular wildlife immobilizing drug 

in South Africa and is consequentially used on a wide variety of game animals. With the South 

African game industry growing, the drug is increasingly used to ensure wildlife is safely transported 

and handled.  

Since the game industry contributes significantly to the meat consumed in South Africa as well as the 

large quantity of game meat exported from South Africa it is essential that this meat is deemed safe 

for consumption and that exported meat complies with regulatory safety criteria. Additionally as 

seen in Figure 1.8 there is a substantial amount of unofficial game meat trade in South Africa. It is 

thus essential that the wildlife ranchers know whether their meat is safe for human or animal 

consumption. This is particularly important in poorer communities where meat is obtained from 

uncontrolled sources (Van der Merwe and Michel, 2010).  
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Figure 1.10 Schematic diagram of the aims 

of this study. 

Demonstrated by the literature cited previously, animals previously immobilized with thiafentanil 

can pose a toxicological risk if their food products are consumed and while there is literature 

surrounding the use and dosages of thiafentanil for African species, as far as we are aware there is 

no literature surrounding the withdrawal times of this drug and hence the residue concentrations in 

animal tissue post administration. Therefore there is a need to quantify the concentration of this 

drug post administration in African species. 

The main aim of this study is to develop a method to 

quantify the concentration of thiafentanil residue in 

blesbok (Damaliscus pygargus phillipsi) muscle, kidney and 

liver tissues 72-74 hours post administration. Although a 

method such as this will have other applications, it will 

allow us to determine whether there is thiafentanil still 

present in tissues after this time period. The schematic 

diagram outlining our aims can be seen in Figure 1.10. 

At the time of this study as far as we were aware there was 

no protocol for extracting thiafentanil oxalate residue from 

animal tissue. Therefore we will need to develop an 

efficient protocol that can extract thiafentanil from animal 

samples independent of matrix and species. This will be 

done by developing an extraction method using beef 

samples spiked with thiafentanil. This protocol will then be validated for blesbok samples from 

various tissue matrices.  

In order to quantify the efficiency of the protocol we will also need to develop a quantification 

method. Due to the low concentrations we are expecting to find 72-74 hours post administration the 

analytical method which we select must have the capability of detecting low concentrations and 

offer sufficient sensitivity, accuracy and precision. As far as we are aware based on the literature 

searches conducted there is also no validated protocol for analysing thiafentanil, other than quality 

control methods for the release of the registered finished pharmaceutical product, Thianil. Our aim 

is to develop a protocol that is able to quantify thiafentanil with sensitivity in the ng range.  
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2 Analytical considerations  
The chances of relevant findings is primarily based on the quantity, quality and type of sample 

collected (Dinis-Oliveira, Vieira and Magalhães, 2016). Hence sample considerations can be vital for a 

relevant outcome. In this section we discuss specific sample considerations such as ethical, storage 

transportation and extraction considerations. Furthermore, this section also considers analytical 

instrument considerations, the handling of dangerous powders and the evaluation of matrix effects. 

2.1 Selecting sample material 

The choice of matrix can have a significant impact on the results of the study as different matrices 

can result in different matrix effects as demonstrated by a number of studies (Dams et al., 2003; 

Becker, Zittlau and Petz, 2004). Table 2.1 demonstrates the wide variety of different matrices used 

for a variety of drugs and the different detection methods used for analysis. Different matrices will 

also have different concentrations of drugs at various sampling times which is, again, highlighted by 

tiletamine administered to polar bears where tiletamine cleared faster from kidney and fat tissues in 

comparison with muscle tissues (Semple et al., 2000).  

While blood harvested from the femoral or peripheral arteries provide a good matrix for toxicology 

studies, the quality of these samples can be questionable when harvested from post-mortem 

specimens (United Nations Office on Drugs and Crime, 2017b). Urine is another matrix which can 

offer higher concentrations of drugs and metabolites than in blood samples for example, fentanyl 

and its metabolite norfentanyl have been identified in urine using direct-injection mass 

spectrometry (MS; Peer et al., 2007). Unfortunately, for this study both urine and blood sampling 

will be inappropriate due to the blesbok being euthanized before sampling and furthermore, these 

are not matrices which are likely to be consumed and hence the concentration of thiafentanil in 

these matrices is not a primary concern for this study.  

Tissue matrices including brains, kidney, muscles and liver can also be used to quantify drug 

concentrations (United Nations Office on Drugs and Crime, 2017b). The advantage of muscle tissue is 

that it can be used to identify multiple residues simultaneously. For example researchers were able 

to detect 130 veterinary residues from muscle tissue of pigs, bovine and chicken (Yamada et al., 

2006). Muscle and liver tissues are some of the commonly selected matrices for determining 

veterinary drug residue concentrations (Cheng et al., 2010; Wolfe et al., 2018). We have selected 

muscle matrices as sample materials as these matrices are generally consumed or exported. 

Furthermore there are a number of studies which have successfully quantified drugs from these 

matrices as seen in Table 2.1. 

Fentanyl is metabolised in the liver and excreted through the kidney and the metabolism mechanism 

typically holds true for fentanyl analogues (Vardanya and Hruby, 2014; Wilde et al., 2019). This 

metabolism has been confirmed through studies of various fentanyl analogues which show that they 

are metabolised in the liver (Feasel et al., 2016). In this study if thiafentanil is still being metabolised 

we should be able to identify it in the liver and if it is being excreted in its un-metabolised form it 

should be found in the kidney. Therefore the distribution of thiafentanil between liver and kidney 

samples should give us a better understanding of the metabolism of thiafentanil.   
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Table 2.1 Different matrices and detection methods used for the analysis of different drugs. 

Drug Matrix Detection method Reference 

Fentanyl Hair GC-MSa (Moore et al., 2008) 

 Urine MS direct-injection (Peer et al., 2007) 

 Urine Homogenous 
immunoassay 

(Wang et al., 2011) 

 Breast milk HPLC-MSb  

Tiletamine Kidney, fat and muscle HPLC- UVc (Semple et al., 2000) 

Nalbuphine Plasma HPLC-UV-fluorescence (Pao et al., 2000) 

Diazepam, 
Methaqualone, 
Chlorpromazine and 
Promethazine 

Muscle  GC-MS (Cheng et al., 2010) 

Azaperone, Nalbuphine 
Metetomine, 
Naltrexone, Tolazoline, 
Atipamezole 

Liver and muscle LC-MSd (Wolfe et al., 2018) 

Carazolol Muscle and kidney Immunological  (Meenagh, McEvoy 
and Elliott, 2002) 

Acetylfentanyl Urine Homogenous 
immunoassay 

(Wang et al., 2014) 

a Gas chromatography mass spectrometry  
b High-performance liquid chromatography mass spectrometry 
c High-performance liquid chromatography ultra-violet spectroscopy 
d Liquid chromatography mass spectrometry 

  

We have sampled site-specific meat cuts, notably important meat cuts close to the injection sites, as 

these sites and should be free from any residues before consumption. The selected meat cuts along 

with organs such as the kidney and liver are likely to be harvested for consumption from animals 

such as these and therefore need to be free from drug and metabolites in order to be safely 

consumed or exported. We have highlighted in Chapter 1 that thiafentanil oxalate should be 

administered with caution due to the significant toxicological risk it could post to public health if 

food products from animals previously administered the drug were consumed (Department of 

Justice Drug Enforcement Administration, 2016). Depending on the ratio of concentration between 

muscle, liver and kidney samples we can develop a better understanding of the withdrawal and 

metabolism time of thiafentanil oxalate in blesbok.  

2.1.1 Ethics and considerations 

Ethical approval was obtained for the samples collected through a primary study. Ethics were 

approved by the University of Cape Town Faculty of Health Sciences Animal Ethics Committee (FHS 

AEC ref no: 015/033), as for the primary study. The samples for this study were obtained as a result 

of opportunistic sampling.  

2.1.2 Sample storage 

Due to the lag time between sample collection and the extraction step of the analysis, sample 

storage and preservation need to be considered. There are a number of physio-chemical factors 

along with a number of biological factors which could affect the quality of the sample (Kinsella et al., 

2009). For long term storage biological samples should be stored at -20°C or preferably -80°C (Dinis-
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Oliveira, Vieira and Magalhães, 2016). As samples used in a residue study of rocky mountain elk 

were stored at -70°C (Wolfe et al., 2018) we have decided that it will be necessary to keep our 

samples at below -70°C in order to maintain their integrity. 

2.1.3 Transporting biological samples 

Within South Africa transportation of biological samples are regulated by the DAFF (Department of 

Agriculture Forestry and Fisheries, 2019). One of the reasons for such regulation is due to disease 

control. As such, one of the future aims leading on from this work is to validate (and obtain approval 

from DAFF) that the final sample, after extraction and filtration through a 0.2 micron filter will 

render a chemical sample free from any biological material. That in turn will eliminate any biological 

risk during sample transportation. This biological evaluation on the status of the sample after 

workup is however beyond the scope of this study. 

2.2  Analytical approaches to quantifying anaesthetics in meat.  

When selecting a screening method factors to consider include the ease of analysis, running costs, 

throughput and automation, sensitivity, specificity, detection capability and robustness (Shankar et 

al., 2010). Drugs have been quantified in biological matrices using a number of different methods 

such as radioimmunoassay, gas or liquid chromatography, mass spectrometry or chromatographic 

methods paired with mass spectrometry and/or UV-VIS detectors (Table 2.1; Peer et al., 2007). In 

the following section we will discuss various analytical approaches and techniques that can be, and 

will be used for the detection of thiafentanil in biological samples.  

2.2.1 Immunological techniques 

The principle of immunological techniques is based on the target compound (antigen) binding to the 

antibody which results in a colour change (United Nations Office on Drugs and Crime, 2017b). These 

techniques usually use an enzyme-linked immunosorbent assay (ELISA), enzyme immunoassay (EIA) 

or a radioimmunoassay (RIA) detection system. Immunological techniques are highly specific due to 

being based on the interaction between a specific antigen and antibody (Shankar et al., 2010). While 

these techniques can offer high specificity, positive reactions with undesired antigens can also occur 

depending on the specificity of the antibody and similarity of compounds to the antigen (United 

Nations Office on Drugs and Crime, 2017b). Possible cross-reactions can be highly disadvantageous 

resulting in questionable specificity (Shankar et al., 2010; Delatour et al., 2018). Therefore the 

specificity of these techniques can be both advantageous and limiting. However, the biggest 

limitation of these methods is their scope with regards to analytes and matrices (Delatour et al., 

2018). These methods need to be tailored to bind to target compounds as well as validated in 

specific matrices. However, these methods can be advantageous when analysing large numbers of 

samples due to their simple nature and quick analysis time, delivering results within a few hours 

(Shankar et al., 2010; Delatour et al., 2018).  

While immunological techniques have been applied to various biological matrices (Wang et al., 

2011) and RIA or EIA methods have been developed for some drugs such as carazolol. These 

methods are generally unsuitable for multi-analyte screening due to their compound-specific nature 

(Meenagh, McEvoy and Elliott, 2002). ELISA methods are exceptionally good at determining 

antibiotic residues in meat matrices, providing good selectivity and sensitivity (Ramatla et al., 2017). 

However, unfortunately cross-reactivity can provide inflated results (Ramatla et al., 2017). For 

example, researchers have experienced concentration dissimilarity between HPLC and ELSIA analysis 
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likely because of cross-reactivity with buffers in the system or inability to distinguish between two 

different compounds (Ramatla et al., 2017). Although these immunological methods have been 

successful in screening for analytes, their often unspecific nature can lead to cross-reactivity and 

leave doubt in their results.  

The FDA has approved urine toxicological immunoassays and these are available for detection of 

opiates. These assays do however, not cross-react with synthetic opioids due to their dissimilarity in 

structures compared to morphine (Armenian et al., 2018). Another research group have developed a 

homogenous immunoassay (HEIA) which offers high sensitivity for fentanyl and has little to no cross 

reactivity with fentanyl metabolites or other drugs (Wang et al., 2011). This HEIA has been validated 

and has successfully been used to quantify fentanyl at low concentrations in urine (Wang et al., 

2011). In addition to this immunoassay, another homogenous immunoassay (DRI® Fentanyl Assay, 

Thermo Scientific) has been used to detect acetylfentanyl in urine (Wang et al., 2014). While other 

immunoassay such as specific enzyme-linked immunosorbent assays (ELSIAs) which are specific to 

fentanyl have also been developed by Randox Toxicology (Armenian et al., 2018). ELISAs have also 

been used to screen for fentanyl extracted from hair samples (Moore et al., 2008). Even though 

ELSIAs provide a valuable screening tool for fentanyl, positive results still need to be quantified 

through additional testing using instrumentation such as an MS (Moore et al., 2008; Armenian et al., 

2018).  

These techniques offer quick, cost effective screening resulting in a fast turnaround time and a 

simple procedure which can be automatized (Liu et al., 2017; United Nations Office on Drugs and 

Crime, 2017b). However, there are major disadvantages such as limited specificity and sensitivity 

which could result in false positive or negative results (Liu et al., 2018). Generally these techniques 

are used for screening and results are considered unconfirmed until further analysis is completed 

(Liu et al., 2018). 

Although immunological techniques offer promising application for the screening and quantification 

of thiafentanil, results would still need confirmatory testing using additional analysis such as liquid 

chromatography mass spectrometry (LC-MS). Thus it would be more applicable for us to use a 

different technique such as LC-MS. Additionally, immunological applications are limited as they are 

generally unsuited to detect more than one drug simultaneously. Further application of detecting 

thiafentanil, for example in overdose cases or substance identification, would thus be limited with 

sole use of immunological techniques.  

2.2.2 Chromatographic and mass spectrometry techniques 

Coupling chromatographic techniques, particularly gas chromatography with MS was initiated in the 

1950’s with commercial instruments being available in the 1970’s (Maurer, 1992; Pitt, 2009). 

Coupling these techniques offered increased sensitivity and specificity especially for complex 

compositions of compounds while still offering unambiguous identification of compounds (Maurer, 

1992; Pitt, 2009). The tandem techniques are incredibly popular in both toxicological analysis and in 

food safety analysis.  

Gas chromatography mass spectrometry (GC-MS) or liquid chromatography mass spectrometry (LC-

MS) techniques are considered definitive techniques which have been proven to provide highly 

selective and sensitive quantification (Peer et al., 2007; Liu et al., 2018). As their name suggests 
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these methods comprise of two components, namely a chromatographic component and an MS 

component. The chromatographic component is where mixtures of compounds are separated 

before entering the MS component (Liu et al., 2018). Separating compounds before they enter the 

MS component allows for the analyte of interest to be separated from background interference thus 

allowing for the identification and quantification of a target analyte through specific retention times 

and intensity of a signal (Peer et al., 2007). The MS component determines an accurate molecular 

mass from which the elemental composition of a compound can be calculated (Maurer, 1992). 

Additionally, reproducible fragment ions from tandem mass spectrometry (MS/MS) can be formed 

which are typical substructures of compounds (Maurer, 1992).  

For chromatographic separation to be beneficial, complex matrices generally need to be thoroughly 

prepared via an intensive sample preparation step (Peer et al., 2007). When samples are not 

effectively prepared, matrix components can co-elute with target analytes during chromatographic 

separation compromising the reproducibility, efficiency, precision and accuracy of the data (Fu, 

Woolf and Matuszewski, 1998; Dams et al., 2003; Chambers et al., 2007; Wang, Cyronak and Yang, 

2007; Mainero Rocca et al., 2017). In combination chromatographic techniques paired with mass 

spectrometry are well suited for large-scale analysis and would be useful for determination of 

veterinary drug residues in food products (Mainero Rocca et al., 2017). GC-MS has been successfully 

used by Cheng et al., (2010) to quantify sedatives in swine tissue and provided robust and reliable 

results in their study.  

The main criteria for GC-MS analysis to be successful is that compounds of interest need to be 

thermostable and volatile (Liu et al., 2018). In order to overcome the mentioned volatility and 

thermostability challenges, LC-MS techniques were developed and became popular in the mid-

1990’s (Pitt, 2009; Liu et al., 2018). This technique offers more versatility than the GC-MS approach, 

being more applicable to a wider range of compounds including larger molecules which are neither 

non-volatile nor thermostable (Pitt, 2009; Liu et al., 2018). This combination (LC-MS) is known for 

high selectivity, specificity and sensitivity even in complex mixtures (Dams et al., 2003; Mestorino et 

al., 2013). LC-MS is also favourable because unlike many other techniques it is able to test for 

multiple drugs, in some cases for more than 100 drug compounds in a single run (Delatour et al., 

2018). Along with the ability to detect the tolerances or MRLs defined by regulatory organisations 

(often between 0.2 and 5 ppb), the LC-MS instrument can also identify compounds with great 

certainty (Kaufmann and Ryser, 2001; Delatour et al., 2018). The LC-MS offers versatility in the sense 

that it can be used as both a quantitative and qualitative tool (Delatour et al., 2018). Another 

advantage of this method is the capability of high sample through-put as a result of quick analysis 

times (Fu, Woolf and Matuszewski, 1998).  

Unfortunately, one of the major downfalls of this LC-MS combination is its susceptibility to matrix 

effects (Becker, Zittlau and Petz, 2004; Chambers et al., 2007; Mainero Rocca et al., 2017). Despite 

these limitations this technique is incredibly popular having been used for trace analysis of 

tranquilizers in complex matrices such as kidneys (Kaufmann and Ryser, 2001).  

The LC component has also been modified to a high-performance liquid chromatography (HPLC) 

approach. This approach offers more advanced analyte separation and faster run times. HPLC 

coupled with MS is regarded as the leading technique used for analysing residue in food matrices, 
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due to the advanced analyte separation and structural information which this technique offers 

(Mainero Rocca et al., 2017).  

Further improvements were made to this method, pairing LC with two quadrupole detectors in 

tandem (LC-MS/MS; Liu et al., 2018). In this setup the first detector was responsible for generating 

parent ions, while the second selectively allowed these parent ions to enter the detector and 

undergo further fragmentation to form ions known as daughter ions (Liu et al., 2018). This 

application of mass spectrometry is commonly referred to as MS/MS or tandem mass spectrometry. 

Fragmentation occurs by increasing the internal activation energy of fragments in a cell known as 

the collision cell, a process known as collision-induced dissociation (CID) where ions are fragmented 

using an inert gas (Pitt, 2009; Niessen and Falck, 2015). Ultimately LC-MS/MS techniques have 

provided a powerful tool for detecting the presence of fentanyls at trace levels in a variety of 

different matrices (Riches et al., 2012). 

The MS/MS approach allows for the quantification and identification of compounds by selectively 

measuring and analysing the daughter ions (Niessen and Falck, 2015). The further fragmenting of 

parent ions provides unambiguous identification of residues in food products and has therefore 

become a very useful and favoured technique (Mainero Rocca et al., 2017). Antibiotics and 

antimicrobials in meat have been successfully quantified using LC-MS/MS techniques (Shankar et al., 

2010).  

Mass spectrometry techniques can also be used singularly. Direct-injection into the mass 

spectrometer with an electrospray ionisation source (ESI) has successfully been used to determine 

fentanyl and norfentanyl in urine (Peer et al., 2007). Although direct-injection did not give the 

sensitivity that accompanies chromatographic techniques, this approach was quick and accurately 

quantified the target drugs (Peer et al., 2007). Direct-injection can therefore compete with ELISA-

type approaches for detection, offering the same preliminary quantification results. Due to the 

nature of MS/MS techniques, they can be used to avoid interferences resulting from matrix effects 

for example, the concentration of norfentanyl in urine samples was quantified using a characteristic 

ion, as there were a number of interfering compounds found in the mass range of the parent ion 

that caused ion suppression (Peer et al., 2007). This interference was most likely the result of the 

lack of a purification step in sample preparation in combination with the fact that a direct-injection 

method was used as opposed to a chromatographic technique prior to the MS analysis. This study 

shows the versatility of MS techniques. The research group of Peer et al., (2007), suggests that 

MS/MS ions are more specific to the target compound leading to better structural identification and 

better signal-to-noise-ratios, resulting in these ions being more prominent and quantifiable. Since it 

is incredibly unlikely that a non-target compound and target compound with identical masses have 

fragments with identical masses, using the MS/MS characteristic fragments to quantify the target 

compound allows for an exceptionally high confidence level that the correct compound has been 

quantified (Peer et al., 2007).  

Although there are other techniques to analyse, screen for and quantify fentanyl and its analogues, 

the MS instrument is commonly used for definitive detection (Armenian et al., 2018). One of the 

downfalls is that for unknown compounds this approach can be limited by the availability of data in 

mass spectral libraries, which can make identifying these compounds particularly difficult (Armenian 

et al., 2018). 



24 
 

2.2.2.1 Mass spectrometry 

MS instruments are based on mass to charge ratios (m/z) hence they must convert analytes to an 

ionized state (Pitt, 2009) which is achieved within the instrument’s source. There are a number of 

different sources available, each with their own advantages and disadvantages making them more 

applicable towards certain applications. We will only be discussing two sources, namely electrospray 

ionization (ESI) and atmospheric pressure chemical ionization (APCI) due to their availability in our 

laboratory.  

Ionized states can be either positive (M+H+) or negative (M-H+) depending on whether the ion source 

is working in positive or negative mode (Pitt, 2009). In addition to the ion (M±H+) occurring if there 

are salts present in the compound mixture additional adducts (M+Na+ or M+formate-) could, for 

example, occur (Pitt, 2009). Furthermore, a limited number of odd-electron ions can also be 

produced forming M∙+ or M∙-. 

A commonly used mass analyser is a quadrupole analyser. A quadrupole analyser is comprised of 4 

parallel rods which allows selected ranges of m/z values through them by varying the voltage across 

them (Pitt, 2009). Scan rates of up to 1000 m/z per second are expected allowing for a range of m/z 

values to be scanned to provide a mass spectrum (Pitt, 2009). As an alternative mode to scanning, 

the quadrupoles can be set to monitor selected mass values by stepping voltage, a mode that can 

offer better limits of detection (Pitt, 2009). Quadrupoles can also be configured differently in 

different instruments, but Pitt (2009) suggests single or triple quadrupole configurations are most 

common. In triple quadrupole configurations the first and third quadrupoles filter out selected m/z 

values while the second quadrupole acts as a collision cell where analytes are fragmented into 

MS/MS ions (Figure 2.1).  

 

ESI and APCI are two of the main ionization approaches used. ESI is designed to deal with flow rates 

between 300 and 500 µL/min, while APCI can operate with flow rates of up to 2 mL/min (Titato, 

Bicudo and Lancas, 2007). Different compounds can be more sensitive to either ESI or APCI 

(Thurman, Ferrer and Barceló, 2001). The ESI approach is however, specifically vulnerable to matrix 

effects which can affect the ionization efficiency of the analyte and result in ion suppression or 

enhancement affecting the reproducibility and accuracy of measurements (Becker, Zittlau and Petz, 

2004; Chambers et al., 2007; Peer et al., 2007). Although matrix effects can often be resolved or 

minimized by an initial chromatography step or thorough sample preparation (Peer et al., 2007), an 

alternative approach is to use an APCI source. APCI has an advantage over ESI as sample matrix 

Figure 2.1 Schematic diagram of a triple quadrupole configuration for a mass spectrometer 
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components are less interfering which can provide better quantification data (Dams et al., 2003; 

Titato, Bicudo and Lancas, 2007).  

The ESI approach has become increasingly popular for forensic analysis due to its soft ionization 

nature, ionizing analytes in solution before nebulizing into a gaseous phase, preventing degradation 

or denaturing of the target compound (Peer et al., 2007). Additionally ESI offers versatility to analyse 

a range of hydrophobic to hydrophilic compounds from small to relatively large sizes, making it 

highly applicable for the analysis of veterinary drug residues (Shankar et al., 2010). Additionally ESI is 

the source of choice for most biological molecules (Pitt, 2009). APCI has however, also been widely 

used to quantify small molecule drugs offering high selectivity and high sensitivity making it another 

powerful analytical tool (Chambers et al., 2007; Wang, Cyronak and Yang, 2007).  

There are a number of different run modes that the MS can execute which depend on the software 

and hardware of the individual instrument. Two of these modes include multiple-reaction 

monitoring (MRM) and selective-reaction monitoring (SRM). These two modes are limited by the 

number of compounds they are able to run during an analysis as well as their inability to screen for 

unknown compounds (Hird et al., 2014). MRM can be set up to confirm the identity of a compound 

by monitoring the fragmentation of parent ions into daughter ions which is a particularly useful 

setting for confirming a compound’s identity (especially for illicit drugs) with great certainty (Pitt, 

2009). 

Just as there are a number of sources, there are a number of different detectors. The time-of-flight 

(ToF) detector works by accelerating ions through a flight tube to reach the detector and by 

converting the output as a function of time provides a mass spectrum (Pitt, 2009). ToF instruments 

are sensitive and acquire data quickly (Pitt, 2009). Due to the nature of ToF, these instruments are 

able to provide higher sensitivity than scanning instruments (Hird et al., 2014). The m/z of an ion is 

determined from accelerating the ion through an electric field to reach a detector (Pitt, 2009). 

2.2.3 Choice of analytical instrument 

Since HPLC-MS or HPLC-MS/MS has been consistently used throughout recent literature for 

detecting fentanyl analogues we have decided to quantify thiafentanil using an HPLC-MS instrument. 

This instrument offers the specificity and selectivity that we require and it should also be able to 

offer high sensitivity which we will need to quantify the small concentrations which we are 

anticipating. Additionally we will be able to confirm the identity of our target analyte using MRM or 

MS/MS scan settings. Furthermore the HPLC-MS method for thiafentanil could have other 

applications such as confirming the identity of an unknown compound as thiafentanil. It would be 

likely that a method developed for analysing thiafentanil in blesbok tissue could be applicable for 

human tissue or general drug identification and adjustments might be minor.  

2.2.3.1  Sample state 

As we will be using an HPLC-MS to quantify the concentration on thiafentanil residues our samples 

will need to be in a liquid form with a concentration below 1 mg/mL. It will also be important that 

there are no solid particles in the samples, hence they will need to be filtered. In order to obtain a 

liquid sample state one needs to extract the drug residues from the meat samples. The extraction 

process will need to be carefully considered to avoid matrix effects as well as to obtain a high drug 

recovery. 
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2.3 Evaluation of matrix effects 

The evaluation of matrix effects for residue analysis is advised by the US Food and Drug 

Administration and Office of Foods and Veterinary Medicine (2015) and tends to commonly make up 

part of a method development. Matrix effects are known to affect the reproducibility and accuracy 

of quantitative analysis (Cappiello et al., 2010). An HPLC-MS technique is particularly vulnerable to 

matrix effects. For example buffers and salts (K+ and phosphate) can result in ion suppression 

particularly when using an ESI source (Pitt, 2009). These non-volatile salts can leave deposits in the 

source and hence interfere with the sensitivity and accuracy of the results (Pitt, 2009).  

There are generally two methods used to assess matrix effects namely, the post-column infusion 

method and the post-extraction spike method (Chambers et al., 2007). One of the main differences 

between these two methods is that the first only provides a qualitative assessment while the latter 

provides a quantitative assessment (Chambers et al., 2007). 

The post-column infusion approach can be used to qualitatively assess which chromatographic 

regions are most likely to experience matrix effects such as ion suppression or enhancement 

(Chambers et al., 2007). Although this approach can be time consuming, the elution time of the 

target analyte can be modified as to avoid the chromatographic regions where it is more likely to 

experience these effects (Chambers et al., 2007). This approach is however limited as not all 

instruments allow a post-column infusion to take place and the HPLC-MS in our laboratory will for 

example not allow for this approach.  

The second approach, known as the post-extraction spike method, compares the expected 

chromatographic response for the target compound to the response of an extraction prepared from 

a blank sample matrix spiked post-extraction (Chambers et al., 2007). As the analytical method is 

modified, the matrix effects can be measured as a response offering a quantitative approach 

(Chambers et al., 2007). 

Following the evaluation of matrix affects two approaches are generally taken to minimize their 

effects on the analytical response. The first approach is that sample preparation can be optimized, 

for example including a clean-up step (Chambers et al., 2007). While the second approach is that 

chromatographic parameters can be optimized to avoid these affects by eluting target compounds in 

regions of the chromatogram where there are no co-eluting matrix compounds (Chambers et al., 

2007).  

In cases where the matrix effects are too great, these effects can be minimized by using an LC-

MS/MS fitted with an APCI source as opposed to with an ESI source since the APCI approach is more 

efficient at ionization and less prone to matrix effects (Liang et al., 2005; Chambers et al., 2007). 

2.4 Dangerous powder handling 

2.4.1 High potency active pharmaceutical ingredients  

Synthesis and handling of dangerous powders, drug substances and/or active pharmaceutical 

ingredients must be executed by trained personnel while adhering to rules and regulation of among 

others, the medicines regulatory as well as health and safety authorities.  
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Figure 2.2 A few popular extraction methods discussed in recent literature. 

As mentioned in section 1.5, thiafentanil oxalate is classified as a Schedule 6 substance in South 

Africa and due to its high anaesthetic potency it is considered as a high potency active 

pharmaceutical ingredients (HPAPI). 

During handling of HPAPI’s one should always take into account control and protection of the HPAPI 

material, the environment and the operator. Important concepts will only be briefly discussed as it is 

beyond the scope of this study. The major controls we had in place were firstly engineering controls 

and secondly reliance on personal protective equipment (PPE). 

The engineering controls we had in place were keeping the HPAPI in a safe monitored by a 

responsible pharmacist in order to protect the HPAPI material and prevent inadvertent exposure. In 

conjunction with this while weighing out the HPAPI we wore PPE including a laboratory coat, safety 

glasses, double gloves and a half mask respirator. We made sure that the laboratory coat worn while 

working with thiafentanil oxalate was of a different colour to the general laboratory coats used in 

the laboratory so that the other laboratory members were aware that we were working with the 

HPAPI. We had written out emergency protocol which was visible on the laboratory bench where we 

were working and contained emergency numbers. Naltrexone was kept on hand when working with 

the HPAPI and there was at least one person in the laboratory willing to administer it should they 

need to. We also had personal trained in CPR should there have been a problem. 

2.5 Sample preparation 

Although analytical techniques have advanced rapidly over the past couple of years, becoming very 

sensitive and reliable, sample preparation seems to still be a major hurdle (Lopes et al., 2011). 

Sample preparation is generally the most laborious task within the analytical process, however it is a 

crucial step in order to maintain instrument performance and achieve reliable results (Kinsella et al., 

2009; Mainero Rocca et al., 2017). The sample preparation step should include a clean-up and if 

necessary an additional pre-concentration step (Mainero Rocca et al., 2017). The clean-up step is 

critical for removing matrix interference which could have an influence on the performance on the 

detection instrumentation (Kinsella et al., 2009; Lopes et al., 2011). Muscle samples in particular can 

contain unwanted substances which are soluble in organic solvents resulting in matrix effects being 

observed in analysis (Yamada et al., 2006). In order to minimize these matrix effects and avoid ion 

suppression, the clean-up step is often necessary (Yamada et al., 2006). When selecting a sample 

preparation method there are a number of factors to consider, most importantly the nature of the 

matrix and the compound of interest (Regal et al., 2012).  
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There are a number of popular sample preparation techniques, namely liquid-liquid extraction (LLE), 

solid phase extraction (SPE), the quick, easy, cheap, effective, rugged and safe (QuEChERS) approach 

and acid-base extraction which are summarized in Figure 2.2 (Mainero Rocca et al., 2017). These 

techniques, amongst others, are further discussed in this chapter.  

2.5.1 Liquid-liquid extraction (LLE) 

Liquid-liquid extraction (LLE) is a process based on extracting compounds based on their relative 

solubilities in the extraction solvents. Extraction solvents generally are selected as a polar and a non-

polar solvent, in order to provide immiscibility. In one study 130 veterinary drugs were sufficiently 

extracted from bovine, porcine and chicken muscle using an acetonitrile extraction in combination 

with methanol (Yamada et al., 2006). This method in this study was comprised of two extractions. 

The first extraction consisted of a homogenised sample being further homogenised using sodium 

sulfate and an acetonitrile-methanol mix (95/5, v/v) followed by centrifugation (Yamada et al., 

2006). The supernatant was collected and the same extraction step was repeated a second time on 

the remaining muscle sample (Yamada et al., 2006). Drawbacks of this method could include 

suspension formation and incomplete phase separation between the organic and aqueous phases 

resulting in poor reproducibility (Maquille et al., 2009; Mainero Rocca et al., 2017). The large 

amount of solvent that this technique used can also make it environmentally unfriendly (Moyo and 

Tavengwa, 2019). Additionally LLE is generally done at room temperature and many drugs are 

unstable in these conditions. Furthermore, this method leaves little room for automation hence it 

can become very labour intensive and time consuming (Maquille et al., 2009). 

2.5.1.1 Liquid-liquid extraction with partition at low temperature (LLE-PLT) 

Liquid-liquid extraction with partition at low temperature is an advancement of LLE and has 

effectively been applied to extract veterinary drugs from porcine muscle (Lopes et al., 2011). This 

method incorporates homogenising a matrix with acetonitrile, followed by centrifuging and filtering 

the sample (Lopes et al., 2011). The supernatant comprised of a water and acetonitrile mix is cooled 

to below -20°C, until the water freezes (Lopes et al., 2011). Once the water component is frozen the 

unfrozen organic acetonitrile layer containing the analytes can be filtered off and evaporated to 

concentrate the analytes (Lopes et al., 2011). This method uses very small quantities of solvent 

which gives this method an advantage by reducing costs and saving time (Lopes et al., 2011). The 

small quantities of solvent also fit in with green chemistry principles and give this approach an edge 

over general LLE. Additionally the low temperatures used in this technique may contribute to the 

stability of the target compound in comparison to standard LLE practice which is executed at room 

temperature. This method is however labour intensive and prone to matrix effects.  

2.5.1.2 Supported liquid-liquid extraction (SLE) 

Supported liquid extraction (SLE) is a variation of LLE. While compounds are still extracted based on 

their relative solubilities, this method uses a solid sorbent such as inert diatomaceous earth to retain 

the aqueous phase and allow the extraction of analyte into an organic solvent (Maquille et al., 2009; 

Kaufmann et al., 2014). This method has been used by researchers to extract drugs of abuse in urine, 

including opioids such as fentanyl (Maquille et al., 2009; Kaufmann et al., 2014). This technique can 

be faster than more traditional LLE methods however, it can result in poorer recoveries compared to 

more popular extraction methods due to the nature of the solvents (Maquille et al., 2009; Kaufmann 

et al., 2014). In more popular LLE approaches the aqueous solvent can prove to be inadequate when 

extracting apolar analytes from a matrix while the immiscible organic phase might be too apolar to 
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in turn extract polar analytes from the aqueous phase (Kaufmann et al., 2014). This downfall has 

however been addressed by using an adapted method - salting out supported liquid extraction 

(SOSLE; Kaufmann et al., 2014). Instead of using an aqueous solvent, an acetonitrile-water solvent is 

used (Kaufmann et al., 2014). This extraction solvent mixture has greater capacity to extract 

compounds from a broader range of polarities due to its intermediate polarity (Kaufmann et al., 

2014). Following centrifugation the mixture is separated back into an organic and aqueous phase 

using a salt (Kaufmann et al., 2014). This approach is very similar to the QuEChERS approach which 

will be discussed further on in this section. 

2.5.2 Solid phase extraction (SPE) 

Solid phase extraction (SPE) is based on chemical and physical properties of target compounds. This 

technique uses a mobile and stationary phase. The target analytes in the mobile phase are passed 

through the solid stationary phase where they interact with the solids. The target compounds are 

then eluted from the solid phase and collected for analysis. There are a number of SPE cartridges 

suited for different matrices (Díaz-Bao et al., 2012; Regal et al., 2012). 

SPE has the benefit of being a versatile and cost effective technique offering high reproducibility and 

more complete phase separations (Mainero Rocca et al., 2017). SPE is also a very effective approach 

when it comes to sample purification due to its high selectivity (Mainero Rocca et al., 2017). One of 

the added benefits of SPE is that it has been automated, increasing the accuracy and decreasing the 

time needed for the extraction (Mestorino et al., 2013). 

However if solid or oily components of a sample surround the sorption centres, it prevents the 

interaction of these centres with the analyte of interest resulting in poor recovery (Mainero Rocca et 

al., 2017). Matrix compounds are usually extracted along with target compounds for biological 

samples (Becker, Zittlau and Petz, 2004). The more traditional cartridge-based SPE methods can be 

extremely labour intensive and time consuming especially when dealing with large numbers of 

samples (Delatour et al., 2018). In addition these methods can be both economically and 

environmentally demanding (Delatour et al., 2018). Sorbents can also lack selectivity which can 

result in the need to optimize the extraction by performing additional steps such as column 

conditioning, loading, washing and eluting (Regal et al., 2012). Apart from cartridges being costly, 

the large amount of solvents used in these techniques can have a negative environmental impact 

(Moyo and Tavengwa, 2019).  

Mestorino et al. (2013) reported that they have used an automated SPE system to extract azaperone 

from meat tissues using acetonitrile as the extraction solvent. Furthermore SPE has also been 

successfully used to extract veterinary residues from porcine tissues (Cheng et al., 2010; Xie et al., 

2012). 

2.5.2.1 Matrix solid phase dispersion (MSDPE) 

There are a number of modified ‘SPE’ techniques, including dispersive solid phase extraction (dSPE; 

used in QuEChERS), molecularly imprinted polymers (MIPs) and matrix solid phase dispersion 

extraction (MSPDE). These techniques are all based on the SPE principle which relies on the 

interactions between the sample matrix and the solid stationary phase.  

MSPDE is a technique designed to be used for biological sample preparation and extraction of 

samples which are semi-solid, solid or highly viscous (Barker, 2007). MSPDE combines a number of 
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general steps used for SPE and directly combines a pulverised biological sample mixed with a 

bonded-phase to a stationary phase column (Barker, 2007). This technique requires less manual 

labour and is less time consuming (Capriotti et al., 2010) than a conventional SPE approach.  

2.5.2.2 Molecularly imprinted polymers (MIPS) 

Molecularly imprinted polymers (MIPs) can be incorporated for sample preparation. These polymers 

are used for molecularly imprinted solid phase extraction (MISPE) and could be promising especially 

for generic SPE sorbents which lack sensitivity. MISPE is a modification of SPE where the solid phase 

is made from synthetic materials which are designed to recognise and interact with specific target 

compounds preferentially; MIPs are highly selective (Díaz-Bao et al., 2012; Regal et al., 2012; 

Mainero Rocca et al., 2017). The high selectivity of these cartridges allows for very few co-extracted 

compounds other than the analyte of interest to be eluted (Díaz-Bao et al., 2012; Mainero Rocca et 

al., 2017).  

Despite this technique offering higher recovery than traditional SPE techniques for compounds such 

as corticosteroids (Díaz-Bao et al., 2012), the challenge of designing and preparing MIPs can be a 

major drawback to using this sample preparation technique (Regal et al., 2012). MIPs have however 

been successfully used as SPE sorbents to extract β-agonists from porcine liver and muscle tissues 

(Hu et al., 2011).  

2.5.3 Quick, easy, cheap, effective, rugged and safe (QuEChERS) extraction 

As its name suggests the QuEChERS approach is one of the more popular extraction approaches due 

to its quick, easy, cheap, effective, rugged and safe nature (Mainero Rocca et al., 2017). There are a 

number of different commercially available QuEChERS kits which are pre-weighed making the 

procedure quick, simple, more accurate and repeatable. One of the major advantages of this method 

is that it requires little to no training, making it highly applicable to be used in the field.  

QuEChERS is an extraction method which uses organic solvents to extract residue from samples 

(Cooper, Kennedy and Danaher, 2012). Adding salts to the extraction solution forces a phase 

separation between the organic solvent and water (Cooper, Kennedy and Danaher, 2012). Following 

this the organic layer is subjected to a clean-up step which is usually done using dispersive solid 

phase extraction (dSPE) using a C₁₈ sorbent (Cooper, Kennedy and Danaher, 2012). The dSPE clean-

up step is a quick clean-up procedure (Mainero Rocca et al., 2017). Commonly used organic solvents 

in this technique include acetonitrile, ethyl acetate and acetone and the salts used are often MgSO₄ 

and NaCl with or without the addition of buffering agents (Cooper, Kennedy and Danaher, 2012). 

The QuEChERS technique is advantageous due to its quick nature offering high throughput (Rejczak 

and Tuzimski, 2015). One of the weakness of this approach is that with complex sample matrices 

there can still be a matrix effect due to the solvents not being as effective in dissolving lipids 

compared to other techniques (Mainero Rocca et al., 2017). In addition there can be some loss of 

the extract (Mainero Rocca et al., 2017). However, both of these drawbacks can be overcome by in-

laboratory processing or additional sample preparation steps such as pre-concentrating extracts or 

implementing a clean-up protocol.  

Despite these drawbacks the QuEChERS technique has successfully been adapted for the extraction 

of veterinary drugs from animal tissue by a number of different researchers followed by 

quantification using ultra-high pressure liquid chromatography mass spectrometry (UHPLC-MS/MS) 
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analysis (Kinsella et al., 2010, 2011; Cooper, Kennedy and Danaher, 2012; Mainero Rocca et al., 

2017). Some of the compounds extracted included benzimidazoles, salicylanidlides, 

benzenesulfonamides, macrocylic lactones, organophosphates and halogenated phenols as well as 

anthelmintics (Kinsella et al., 2010, 2011; Cooper, Kennedy and Danaher, 2012). The QuEChERS 

method has also been used to analyse residues in both raw and cooked meat samples (Cooper et al., 

2011). Furthermore, a QuEChERS approach has been successfully used to extract a fentanyl 

analogue, acetylfentanyl from blood, urine and gastric contents (Yonemitsu et al., 2016).  

2.5.4 Acid-base extraction 

An acid-base extraction is based on the pKa or pKb properties of target compounds. This extraction 

procedure was successfully used by Aoki et al., (2009). In this work NaOH was added to a 

homogenised animal tissue sample, followed by NaCl and an n-hexane-isoamylalcohol mixture. After 

being shaken and subsequently centrifuged, the upper organic layer was collected and the lower 

aqueous layer was re-extracted. The process was repeated again and all the upper organic layers 

were combined. The analyte of interest (azaperone) was then forced into the aqueous layer by 

adding H₂SO₄ and this layer was collected. The same extraction procedure using the n-hexane-

isoamylalcohol mixture was repeated three times on this aqueous phase, collecting all the upper 

layers. Following the evaporation of the upper layer and re-dissolving it in an acetonitrile and 

aqueous diethyalamine mixture this solution was filtered and then analysed. In theory the organic 

layer is where neutral and uncharged bases are expected to be found (Aoki et al., 2009). 

2.6 Conclusion 

In conclusion, for this study we decided to quantify thiafentanil using an HPLC-MS instrument. This 

instrument will offer the specificity and selectivity we are looking for. It should also be able to offer 

high sensitivity which we will need to quantify the low concentrations we are anticipating. 

Additionally we will be able to confirm the identity of our target analyte using MRM or MS/MS scan 

settings. A HPLC-MS method for thiafentanil could also have other applications such as confirming 

the identity of an unknown compound as thiafentanil. As we mentioned, it would be likely that a 

method developed for analysing thiafentanil in blesbok tissue could be applicable for human tissue 

or general drug identification and adjustments might be minor.  

As for the sample workup, extraction and clean-up, many suitable approaches were discussed. With 

the aim to develop a method that could be adapted to become applicable in the field the two 

approaches we felt were best suited as starting points to this project were QuEChERS and LLE as we 

wanted an approach that did not use hazardous chemicals, would be simple to perform without the 

need for complex equipment and wouldn’t use excessive quantities of solvent. Most importantly we 

needed a method that could produce high extraction yields to provide a high level of confidence 

whether there was thiafentanil residue, even at low concentrations, in the samples or not. 
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3 Sample preparation and analytical method development 

3.1 Introduction 

The following chapter will explain the approach we took for developing and optimizing an extraction 

protocol for extracting thiafentanil from beef samples. All the steps we took in developing this 

protocol from extraction to analysis to data processing have been discussed in detail. We have also 

discussed the approach as to how these respective steps have been optimized.  

Initially we developed an analytical method for thiafentanil from standards. This was followed by 

developing a data processing method so as we could analytically quantify respective concentrations. 

Finally we developed the extraction protocol using two fundamentally different approaches, namely 

LLE and QuEChERS. The results from these methods were then compared to determine the best 

approach. 

3.2 Solvents and reagents 

Thiafentanil oxalate was kindly donated by Wildlife Pharmaceuticals (Pty) Ltd. (White River, South 

Africa. Stored and controlled at Rhodes University by Pharmacist Dr Carmen Oltmann). The 

QuEChERS extraction pouches “AOAC”, “EN” and “Original” were purchased from Anatech 

(Johannesburg, South Africa). Water was prepared from a Type 1 MilliQ filtration system (Merck 

Millipore, Johannesburg, South Africa) or was purchased as LC-MS grade, along with HPLC-MS grade 

acetonitrile from Merck Millipore (Johannesburg, South Africa). The formic acid (FA) was sourced 

from Sigma-Aldrich (Johannesburg, South Africa). Other general chemicals and washing solvents 

were also purchased from Sigma-Aldrich (Johannesburg, South Africa). Beef steak was bought from a 

well-known supermarket in Grahamstown, South Africa. 

3.3 Quantification method development 

3.3.1 Instrumentation  

The analysis of the prepared extractions was carried out using an HPLC-MS. The MS component was 

a Bruker Compact QToF mass spectrometer fitted with an ESI probe (Bruker, Bremen, Germany). The 

Dionex HPLC (Thermo Fisher Scientific, Sunnyvale, CA, USA) was equipped with a Kinetex EVO C-18 

column (2.1 x 150 mm, 5 µm particle size, 100 Å pore size; Phenomenex, Torrance, CA, USA).  

3.3.2 HPLC-MS optimization  

Target analyte:   

The aim of developing the HPLC-MS method was to quantify thiafentanil oxalate from extracts. Since 

thiafentanil oxalate is made up of two components, namely the thiafentanil component and the 

oxalate component, we decided to quantify the concentration of this salt using the thiafentanil 

component (m/z 416.52). As the oxalate component is a salt, we expected that this would deionize 

as soon as it came into contact with the blood of the animal. While our MS instrument was capable 

of ESI in positive and negative mode, the majority of the time the instrument was set in the positive 

mode. We found that it required approximately 24 hours for the instrument to be able to reliably 

quantify compounds using the negative mode, hence using this mode became impractical and we 

chose to use the positive mode. While we expected to find thiafentanil using the ESI positive mode, 

we did not expect to find the oxalate as the oxalate is generally found using the ESI negative mode 

(Keevil and Thornton, 2006). As expected the oxalate was not evident in the positive mode and while 
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oxalate was identified in the negative mode, we did not attempt to quantify the concentration of 

thiafentanil oxalate using the oxalate component due to the practicality aspect. We therefore 

focused on developing the HPLC-MS ESI method in positive mode only, to quantify thiafentanil 

oxalate using the thiafentanil component.  

Mobile phases:   

We tested 2 mobile phase combinations, a methanol and water (both adjusted with 0. 1% FA) and an 

acetonitrile and water (both adjusted with 0. 1% FA) combination. This was done in order to find the 

solvents that gave the best peak response for thiafentanil. Exploratory work deemed that the 

acetonitrile and water combination provided the better results. These mobile phases were 

suggested by United Nations Office on Drugs and Crime (2017b) for the detection of fentanyl and its 

analogues in biological specimens using LC-MS/MS. A number fentanyl analogues have been 

analysed using LC-MS/MS with all the retention times for the analogues they analysed being under 7 

minutes (United Nations Office on Drugs and Crime, 2017b). The method which we developed in this 

study was a modification of this method, hence we expected retention times to be under 7 minutes. 

The ratios of mobile phase followed a step gradient with constant ramping between time intervals. 

This program was as follows: 0.000 minutes (water-acetonitrile-FA, 80:20:0.1, v/v/v), 1.000 minutes 

(water-acetonitrile-FA, 60:40:0.1, v/v/v), 2.000 minutes (water-acetonitrile-FA, 50:50:0.1, v/v/v), 

3.000 minutes (water-acetonitrile-FA, 20:80:0.1, v/v/v), 4.000 minutes (water-acetonitrile-FA, 

20:80:0.1, v/v/v), 4.100 minutes (water-acetonitrile-FA, 50:50:0.1, v/v/v), 6.500 minutes (water-

acetonitrile-FA, 20:80:0.1, v/v/v), 15.000 minutes (water-acetonitrile-FA, 80:20:0.1, v/v/v).     

Flow rate:  

As a flow rate of 0.500 mL/min has been previously used for LC-MS/MS analysis (United Nations 

Office on Drugs and Crime, 2017b) we explored a flow rate between 0.200 mL/min and 0.500 

mL/min. However, due to the pressure limits on our column and the insignificant difference between 

the retention times as well as the similar signal intensities for the two flow rates, we decided on 

using a 0.200 mL/min flow rate.  

Temperature:  

We compared the effect of temperature on the retention time and maximum peak height by using 

the same general chromatographic conditions (Figure 3.1). These general HPLC conditions were: 

Kinetex EVO C-18 column; injection volume, 5.0 uL; mobile phase, acetonitrile and water both 

adjusted with 0. 1% FA combined in the ratio as described in Table 3.1; flow rate 0.200 mL/min. The 

temperatures compared were 30.0, 40.0 and 50.0°C however, due to the temperature restrictions 

on our column (60.0°C) we decided not to go above 50.0°C in order to maintain the column’s 

integrity.  

While one of the concerns about high column temperatures is the thermal degradation of the target 

compound, the advantages of higher temperatures include reduced backpressure and decreased 

retention times (Vanhoenacker and Sandra, 2006). Decreased retention times lead to a decreased 

run time and consequently reduce the amount of mobile phase used for analysis hence saving time, 

money and complying with green chemistry principles. In addition, reduced backpressure could 

allow for the potential substitution of mobile phase for example replacing acetonitrile with ethanol, 

a nontoxic liquid which would allow the analysis to be considered as “green chromatography” 

(Vanhoenacker and Sandra, 2006). The selectivity of a HPLC method and peak symmetry can also be 
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modified and improved through temperature changes (Vanhoenacker and Sandra, 2006). Ultimately 

all of these factors indicate that increasing the temperature of a HPLC method can be an incredibly 

powerful tool for increasing the resolution of the analysis (Vanhoenacker and Sandra, 2006). We did 

not fully explore these options, but they remain useful points for further research. 

We found that although there was no obvious difference between the retention times of the first 

peak (1.3 minutes) at 30.0, 40.0 and 50.0°C, the temperature did have an effect on this peak’s height 

(Figure 3.1). The peak height ratio between the two peaks was quite similar at 30.0 and 40.0°C 

(1:2.4) however, at 50.0°C the ratio between the height of the first peak and the second peak was 

much lower (1:1.4). While temperature did not have an effect on the retention time of the first peak, 

it did affect the retention time of the second peak where we noticed a decrease in the time it took 

for the compound to elute (30.0°C, 2.2 minutes; 40.0°C, 2.15 minutes; 50.0°C, 2.1 minutes). 

Consequently, the retention time between the two peaks also decreased as the temperature 

increased. As a result we decided to run the analysis at 50.0°C where we minimized the retention 

time of the second peak and still maintained the integrity of our column.  

Injection volume:   

As we were looking for very low concentrations, we experimented with injecting different volumes 

for analysis (Figure 3.2). Injection volume is another commonly overlooked parameter, however this 

can have a significant effect on quantitative chromatograms (Boonen et al., 2013). Injecting larger 

volumes of samples can improve the sensitivity and limit of detection (LOD) in LC-MS applications 

(Karger, Martin and Guiochon, 1974; Li et al., 2005). However, volumes of sample which are too 

Figure 3.1 The response chromatograms for thiafentanil (m/z 417.17) for three temperatures, 30.0 (blue), 

40.0 (red) and 50.0°C (green) showing the retention time of first peak (at all temperatures, 1.3 min) and the 

initial retention time of the second peak (30.0°C, 2.2 min; 40.0°C, 2.15 min; 50.0°C, 2.1 min). The HPLC 

conditions used were: Kinetex EVO C-18 column; injection volume, 5.0 uL; mobile phase, acetonitrile and 

water both adjusted with 0. 1% FA and combined in the ratio as described in Table 3.1; flow rate 0.200 

mL/min. 
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large can negatively affect the elution of the target analyte (Karger, Martin and Guiochon, 1974), 

cause unnecessary deposits in the ESI source and cause a plateau effect in the chromatograms. 

Signal suppression, peak broadening and decrease chromatographic separation efficiency can 

additionally be some of the major potential downfalls of injecting high volumes of complex matrix 

extracts due to the increase signal from co-eluted compounds (Li et al., 2005). Nevertheless, if these 

problems arise, sample clean-up using SPE can be used to still allow for the injection of large sample 

volumes (Li et al., 2005). In order to improve the signal-to-noise-ratio (S/N) and the LOD, the peak 

area needs to be increased while still maintaining a low noise level (Li et al., 2005). Researchers have 

shown that by increasing the injection volume, this can be achieved (Li et al., 2005). 

As expected, using the same general chromatographic conditions, higher injection volumes resulted 

in more intense peaks without plateauing (Figure 3.2). We thus decided to inject 7.0 uL of sample for 

analysis. This relatively high injection volume will allow us to more accurately detect lower 

concentrations as the peak response will be higher.  

3.3.3 Final chromatographic conditions 

We adjusted the operating conditions to tailor the HPLC method for thiafentanil through optimizing 

the mobile phase selection and gradient, the column temperature, flow rate and injection volume. 

While the main objective was to optimize the conditions to give a consistent peak response and 

retention time as well as a high resolution with the ability to detect low concentrations of 

thiafentanil we also aimed to minimize the elution time, consequently minimizing solvent use. One 

of our main considerations when optimizing these conditions was to ensure that the conditions 

Figure 3.2 Response chromatogram for thiafentanil (m/z 417.17) at three different injection volumes, specifically 

2.0 (blue), 5.0 (red) and 7.0 µL (green). The HPLC conditions used were: Kinetex EVO C-18 column; column 

temperature 50.0°C; mobile phase, acetonitrile and water both adjusted with 0. 1% FA and combined in the ratio 

as described in Table 3.1; flow rate 0.200 mL/min. 
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would maintain our column’s integrity. Thus we also included a wash step towards the end of the 

run in order to maintain our column’s integrity and ensure the column was prepared for the 

consecutive run.  

The final HPLC conditions which we developed summarised in Table 3.1. These conditions were used 

throughout the project in order to develop a calibration curve for thiafentanil, quantify the extracts 

of thiafentanil from beef muscle and later other samples.  

Table 3.1 HPLC mobile phase gradient, flow rate, injection 
volume and column and autosampler temperature. 

Mobile phase A: 0.1% FA in water 

Mobile phase B: 0.1% FA in acetonitrile 

Gradient: Time 
(minutes) 

% A 

 0.000 80.0 

 1.000 60.0 

 2.000 50.0 

 3.000 20.0 

 4.000 20.0 

 4.100 50.0 

 6.500 20.0 

 15.000 80.0 

Flow rate: 0.200 mL/min 

Injection volume: 7.0 uL 

Column temperature: 50.0°C 

Autosampler temperature: 10.0°C 

 

Connected in tandem, the MS instrument was set in positive mode with the following parameters as 

presented in Table 3.2.  

Table 3.2 Parameters for the MS including end plate offset, 
capillary voltage, nebulizer pressure, dry gas flow, dry 
temperature, funnel 1 and 2 RF, hexapole RF, quadrupole ion 
energy, transfer time and spectra rate.  

End plate offset: 500 V 

Capillary voltage: 4500 V 

Nebulizer pressure: 3.0 bars 

Dry gas flow: 9.0 L/minutes 

Dry temperature: 200°C 

Funnel 1 RF: 150.0 Vpp 

Funnel 2 RF: 200.0 Vpp 

Hexapole RF: 50.0 Vpp 

Quadrupole ion energy: 4.0 eV 

Transfer time: 80.0 µs 

Spectra rate: 12.00 Hz 
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Figure 3.3 Extracted ion chromatogram for thiafentanil (m/z 417.17) by HPLC-MS. Both peaks 

(retention time of 1.3 and 2.1 minutes) correspond to the same m/z value.

The final chromatographic response from the methods described in Table 3.1 and Table 3.2 can be 

seen in Figure 3.3. Although this chromatographic response has two peaks, we confirmed using MS 

and MS/MS data presented in Figure 3.4 that both the peaks corresponded to thiafentanil (m/z 

417.17, retention time of 1.3 and 2.1 minutes).  

 

  

Figure 3.4 MS/MS spectra for m/z 417.17. Showing spectra for the first peak at 1.3 minutes (A) and for the 

second peak at 2.1 minutes (B). Collision energy of 40 eV. 

A B 
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3.3.4 Chromatographic response and discussion 

Our final method resulted in two chromatographic response peaks for thiafentanil as presented in 

Figure 3.3 and an intense spectra with little noise for m/z 417.17 (M+H+) as presented in Figure 3.5. 

Although the chromatographic peak for thiafentanil is comprised of two peaks both peaks offer an 

intense signal as well as acceptable peak symmetry. We suspect that the two peaks seen in the 

chromatograms in Figure 3.3 are possibly as a result of thiafentanil producing a conformer or a 

geometric isomer in the acetonitrile mixture. Fentanyl analogues have been known to produce 

isomers with exactly the same mass and molecular formula but with slight structural differences 

(United Nations Office on Drugs and Crime, 2017b). The identification of isomers can be difficult 

using only mass spectrometry usually because isomers have the same base peak, same 

fragmentation patterns and the same molecular ion (United Nations Office on Drugs and Crime, 

2017b). This can potentially be resolved chromatographically (United Nations Office on Drugs and 

Crime, 2017b). By coupling HPLC and MS we have used chromatographic methods to separate the 

two isomers – due to different structures the retention times are slightly different. Nonetheless the 

two masses are consistent between the two peaks and the fragment patterns are identical for both 

peaks (Figure 3.4).  

By adjusting the temperatures as presented in Figure 3.1 we noticed that the ratio of the two 

isomers changed. As we discussed earlier in section 3.3.2 for the two lower temperatures (30.0 and 

40.0°C) based on peak height there is a higher abundance of the first isomer compared to the 

second (ratio, 1:2.4) while for the higher temperature (50.0°C) the ratio between the two isomers is 

lower (1:1.4). This could be due to the increased temperature giving the compound sufficient energy 

to overcome an energy maxima and conform to a slightly different structure ultimately 

corresponding to the second peak, hence this peak becomes more prominent. 

Figure 3.5 MS spectra for thiafentanil (m/z 417.17) acquired at 1.7 minutes and the structure 

of thiafentanil.  
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Figure 3.6 Potential adduct formation of thiafentanil. The expected m/z value corresponded to M+H+ on 

the left and the adduct with an m/z value potentially corresponded to M+K-2H+ on the right. 

 

It is well known that the m/z value for small molecules determined from LC/MS tends to correspond 

to the addition of a proton (M+H+) when run in positive mode (Pitt, 2009). Consequently, as the 

monoisotopic mass for thiafentanil is 416.176979 g/mol we were looking for an m/z value of 

417.1769 g/mol. As expected in reality the value from the standards for thiafentanil was 417.17 ± 

0.01 (Figure 3.5). While this was the only peak in the standard, we also confirmed that this peak 

corresponded to a fentanyl derivative due to its fragment pattern further discussed in section 3.3.5. 

Thus, we concluded with high degree of certainty that the mass corresponded to thiafentanil. 

In one of the analysis batches, instead of a chromatographic peak for the expected mass of 

thiafentanil (m/z 417.17) we found that the extracts produced a chromatographic peak for m/z 

453.00. While we generally expect a m/z value corresponding to M+H+, we were aware that the 

presence of salts in the compound mixture can result in additional adducts such as M+Na+ as 

opposed to M+H+ occurring (Pitt, 2009). So, we further inspected the mass spectra corresponding to 

m/z 453.00 as we suspect that this mass could correspond to an adduct as the extract likely had salts 

which could have formed adducts with thiafentanil. On further investigation we found that the 

MS/MS spectra matched and the fragments had similar intensities for thiafentanil and the potential 

adduct (Figure 3.6). We thus suspect that it was likely we were looking at a thiafentanil adduct. From 

the common adducts we suspect that the m/z 453.0000 adduct formed is likely to be M+K+-2H+ 

furthermore, we suspect that the presence of potassium in the meat matrix could have been 

responsible for forming this adduct. 
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Figure 3.7 Extracted MS/MS ion spectra for 

thiafentanil (m/z 417.00 ± 0.20). 

3.3.5  MS/MS proposed fragments 

We used collision energy of 30.0 eV to fragment thiafentanil. We chose this voltage because 

sufentanil, which is similar in structure to thiafentanil, was fragmented with this cone voltage to 

produce characteristic ions used to quantify it (United Nations Office on Drugs and Crime, 2017b). 

The proposed fragment structures for thiafentanil based on the fragments from Figure 3.7 can be 

seen in Table 3.3. These proposed fragments are formulated from fragments of well documented 

fentanyl analogues.  

Researchers have demonstrated that provided compounds contain the same core structure, some of 

the fragments have little to no variation in their m/z values regardless of their alterations to the core 

structure (Klingberg et al., 2019). Hence the predicted structure of thiafentanil fragments seems 

highly likely.  
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Table 3.3 Proposed fragment structures for thiafentanil from the m/z values obtained from MS/MS spectra. The 
proposed fragments are based on well-documented fragments from fentanyl analogues.  

Fragment m/z 
determined from the 
MS/MS thiafentanil 
spectra  

Proposed structure based 
on obtained m/z value. 

Published fragment for 
fentanyl analogue 
corresponding to the same 
mass. 

Fragment 
m/z 

Reference 

113.0530a  

Sufentanil 

111 (Thevis et 
al., 2005) 

 
Fentanyl 

105 
 

(Thevis et 
al., 2005). 

158.0886 

  
Carfentanil 

158.0964 
 

(Feasel et 
al., 2016) 

192.0756 

  
Carfentanil 

186.1277 (Feasel et 
al., 2016) 

 

 
Fentanyl 

188 (Thevis et 
al., 2005) 

 253.0986b  

Carfentanil 

246.1494 
 
 

(Feasel et 
al., 2016).  

357.1519 

 
Carfentanil 

335.2126 
 

(Feasel et 
al., 2016) 

417.17 
Thiafentanil structure 

  Carfentanil 

395.2337 
 
 
 
 

(Feasel et 
al., 2016) 

Note: 
a charged version = 111.0196 and b charged version = 252.0954 
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3.3.6 Data processing 

Although there are many approaches for using the resulting HPLC-MS data for quantification we 

decided to quantify thiafentanil from the peak area, as this was the most common approach 

throughout literature (Procházková et al., 2000; Peer et al., 2007; Kohler, Schappler and Rudaz, 

2013; Grapp et al., 2018). Other approaches quantify analytes using peak height (Procházková et al., 

2000; Semple et al., 2000; Cerkvenik-Flajs, 2007; Ramatla et al., 2017). 

Once the data was acquired from the HPLC-MS run it was pre-processed and converted into mzXML 

format using the Bruker Compass software (Bruker, Bremen, Germany). The file format mzXML is an 

extensible mark-up language which is an open data format and one of the “pioneering” formats for 

sharing and comparing mass spectrometry based data collection across instruments (Pedrioli et al., 

2004). Using MZmine 2 (ver. 2.32) the data was further processed to create deconvoluted 

chromatograms. For each mzMXL file, we first created a mass lists using the mass detection module. 

The centroid algorithm was selected with a noise level of 100 and using the chromatogram builder 

we put together peak lists with a minimum time span of 0.25 minutes, a m/z tolerance of 0.1 ppm 

and a minimum peak height of 100. We then smoothed the chromatograms using the smoothing 

module and a filter width setting of 25. Once the chromatograms were smoothed, we deconvoluted 

them using the base-line cut off algorithm with a minimum peak height of 50, peak duration range of 

10 minutes and a baseline level of 20. After obtaining the deconvoluted chromatogram peak lists we 

could filter out the masses of interest, namely m/z 417.17 ± 0.01. From here we recorded the area 

under the peak for these masses and summed peak area if there was more than one peak for the 

data file. These peak areas were then used to construct calibration curves or were used to quantify 

the concentration of thiafentanil using the calibration curves.  

3.3.7 Analytical standards and calibration 

Primary stock standards were prepared by dissolving the pure thiafentanil oxalate in acetonitrile to 

obtain a stock solution with a concentration as close to 10 µg/mL as possible. As we were expecting 

to find the concentration of thiafentanil in blesbok samples to be less than 0.05 µg/mL we found it 

necessary to serial dilute our concentrations to 0.001 µg/mL. The higher concentrations were also 

found to be necessary due to the difficulty of weighing out such small masses. We found that we 

could get accurate and repeatable masses when weighing out 2-3 mg of thiafentanil, if we weighed 

out smaller amounts we found that our mass error became too large and that the masses were not 

accurate enough. The precautionary measures we discussed in 2.4.1 were used at this point in the 

process.  

Standard solutions were prepared from the stock solutions to give concentrations of 10, 5, 2.5, 1, 

0.5, 0.25, 0.1, 0.05, 0.025, 0.01, 0.005, 0025 and 0.001 µg/mL solutions. The standard solutions were 

kept at 5°C and serial dilutions were only conducted when the solution reached room temperature. 

The standard solutions were kept for a period of no longer than five days before new standards were 

made in order to avoid the degradation of thiafentanil in solution. Along with the other samples, the 

standards were kept at 10.0°C in the auto-sampler during analysis.  

Fourteen-point calibration curves were prepared from the standards as can be seen in Figure 3.8. 

These were constructed using the extracted ion chromatogram by summing the peak area of the 

response from the product ion (m/z 417.17) for each concentration. The relationship between peak 

area and concentration is presented in Figure 3.9. As later mentioned in section 3.3.9, we accounted 
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for instrument variability by constructing a calibration curve for each batch of extractions. The batch 

of extractions would consist of the extractions and standards we had prepared on the same day we 

performed the analysis. The results from the standards would be used to construct a new standard 

calibration curve each time so as to make sure the relative concentrations were determined 

irrespective of variability in the MS sensitivity, or slight variations in the concentration of the 

standards. Ultimately all these calibration points were combined to give us an average calibration 

curve used further on to calculate the concentrations in the analytical samples which were not 

spiked. 

Figure 3.9 The general calibration curve for thiafentanil oxalate ranging from 0.001 
µg/mL to 10 µg/mL. The line was forced through the origin and gave the equation y = 
991756x which had an R2 value of 0.9984. 

Figure 3.8 Extracted ion chromatograms for m/z 417.17 at standard concentrations. Standard 
response curves were from a concentration range of 0.001 µg/mL to 15 µg/mL. All 
concentrations eluted at the same retention time and the relationship between peak area and 
concentration was linear. 
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Figure 3.10. Box-and-whiskers plot representing 

the precision of the area response of thiafentanil. 

This plot represents data from the 10 µg/mL 

standard which was analysed routinely with each 

batch of samples to assess the instrument's 

performance (n=6, min=7.20E6, Q1=8.95E6, 

median=9.68E6, Q3=9.99E6, max=1.00E7). 

3.3.8 Concentration determination 

The concentration of thiafentanil in an analytical sample was calculated using the equation from the 

constructed calibration curve (Figure 3.9). We used Equation 1 to determine the concentration 

thiafentanil in the analytical samples.  

Equation 1. Concentration determination for analytical samples: 

 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒

𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑢𝑟𝑣𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
 

 

3.3.9 Considerations  

In order to accurately quantify responses from HPLC-

MS instrumentation there are a number of factors to 

consider. Factors such as the cleanliness of the ion 

source, the ion source flow rates, the collision cell 

pressure and even the overall vacuum of the 

instrument can all affect the MS response (Pitt, 

2009). Additionally we also had to consider that there 

were a number of users operating the MS during this 

study resulting in a large sample throughput with a 

range of materials that in turn resulted in quite a bit 

of instrument down time due to technical instrument 

difficulties and general maintenance issues.  

The condition of the instrument was taken into 

account to ensure the response of the instrument 

was of a sufficient standard by running standards 

each time we ran a batch of extractions (adapted 

from Grapp et al., 2018). The response of the 

standards was then used to construct a calibration 

curve used to quantify the extracts, accounting for 

the variation of the MS instrument. However, if the 

response area of the 10 µg/mL standard was not 

above 7.20E6 we would troubleshoot the instrument 

in order to ensure the response area of the 10 µg/mL standard was above this cut off. The main 

concern about the response for the 10 µg/mL standard falling below 7.20E6 was that the lower 

concentrations would then not be present in the chromatogram. Figure 3.10 shows the box-and-

whiskers plot representing the precision of the area response of thiafentanil 10 µg/mL standards 

during the extraction phase of the project. 

3.3.9.1 Limit of detection (LOD) and limit of quantification (LOQ) 

From the calibration curves, the peak area response was linearly related to the concentration over 

the range selected. This allowed us to use a linear calibration curve in the form 𝑦 = 𝑎 + 𝑏𝑥. 

Additionally we assumed that when there was no drug in the sample the peak area response would 
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be zero, while this is not always the case it was appropriate to make this assumption in this study. In 

order to assess the limit of detection and the limit of quantification for our HPLC-MS method we 

calculated these values as show in Equation 2 (Shrivastava and Gupta, 2011). 

Equation 2. LOD and LOQ calculation: 

 

𝐿𝑂𝐷 𝑜𝑟 𝐿𝑂𝑄 =
𝐹 × 𝑆𝐷

𝑏
 

 

Where  

F: the factor of LOD or LOQ, 3.3 and 10 respectively  

SD:  the residual standard deviation of the linear regression  

b: the slope of the regression curve  

We calculated the residual standard deviation of the linear regression values to be 9444.89 with 6 

degrees of freedom for the mean peak area responses for the concentrations 0.001 to 0.1 µg/mL. 

We chose these critical values as they corresponded to the low concentrations we would be 

quantifying (Shrivastava and Gupta, 2011).  

From the calibration curve we used in section 3.3.7, we obtained the following LOD and LOQ values.  

𝐿𝑂𝐷 =
3.3×9444.89

991756
= 0.0314 µg/mL 

𝐿𝑂𝑄 =
10×9444.89

991756
= 0.0952 µg/mL 

The LOD value of 0.0314 µg/mL represents the lowest concentration of analyte that can be detected, 

however not quantified. The LOQ value of 0.0952 µg/mL represents the lowest concentration of 

thiafentanil in the sample which can be reliably quantified. These values should be acceptable as the 

concentrations we were potentially expecting in the blesbok tissue were less than 0.25 µg/mL.  

There are a number of different approaches for determining the LOD and LOQ for an analytical 

method. Some methods for determining these values can include visual inspection of the 

chromatogram, calculating the signal-to-noise-ratio (S/N), a precision based approach, calculating 

the standard deviation of extracted blank analytical samples or calculation from the standard 

deviation of the linear regression values at low concentrations (Yamada et al., 2006; Lopes et al., 

2011; Shrivastava and Gupta, 2011).  

We decided on performing a calculation based on the standard deviation of the linear regression 

values at low concentrations as this is an approach can be applied for all cases irrespective of the 

type of matrix we are trying to quantify and a more homogenous distribution of regression values 

will reflect as a more valid assessment (Shrivastava and Gupta, 2011). Additionally we chose the 

factors for the LOD and LOQ to be 3.3 and 10 respectively as these were commonly used values for 

these limits (Yamada et al., 2006). 
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3.3.9.2 Linearity 

This was assessed using the correlation coefficient. Thiafentanil showed good linearity for the HPLC-

MS analysis (R²=0.9984) as seen in Figure 3.9.  

3.4 Extraction method development 

All the samples for which we performed an extraction followed the same general procedure as 

presented in Figure 3.11. This procedure consisted of first homogenising the sample tissue, followed 

by spiking the tissue with thiafentanil, performing the extraction and then analysing the extract to 

quantify the concentration. These steps are described further in detail in this chapter.  

3.4.1 Spiking procedure  

Approximately 100 g of beef steak was homogenised in a home blender. From this 4.00 ± 0.20 g 

samples were weighed out into 50 mL centrifuged tubes and spiked with 1.0 mL of 10 ug/mL 

thiafentanil oxalate stock solution (adapted from Yamada et al., (2006) and Al-Thaiban, Al-Tamimi 

and Helaleh, (2018)). After a 5 minute rest period where the thiafentanil oxalate was left to be 

absorbed into the meat sample (adapted from Guo et al., (2014) and Zhao et al., (2018)), one of the 

following extraction methods was performed.  

3.4.2 Extraction development 

Our aim was to develop an extraction method which provided a consistent extraction each time with 

little deviation between samples, as well as a method that would be robust and could be performed 

fairly quickly. Part of the motivation for these requirements was that we are seeking to expand on 

these data using data collected in the field in the future. Therefore, a method that could potentially 

be executed in the field without support of advanced laboratory equipment and chemicals would be 

an advantage. Likewise the procedure should consider green chemistry principles such as preventing 

waste, using safer solvents and practicing safer chemistry. Following the literature review on 

extraction approaches in Chapter 2 we chose two main approaches that matched our criteria, LLE 

and QuEChERS.  

3.4.2.1 Liquid-liquid extractions  

There were two liquid-liquid extractions which we performed. These were executed as described in 

the following procedures after the 5 minute waiting period post spiking as mentioned in section 

3.4.1. 

LLEn:  

After being spiked, 0.5 mL of 10% NaOH solution was added to the sample in a centrifuge tube and 

mixed with the tissue. After 2 minutes 20 mL of acetonitrile was added to the sample and then the 

sample was shaken vigorously. The sample was then left to stand for 20 minutes after which it was 

centrifuged for 20 minutes at 4000 rpm (Mestorino et al., 2013). The extract was filtered and 

transferred into a vial for analysis. 

Figure 3.11 The general procedure followed for developing the extraction methods. 
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LLEc: 

This method was adapted from Mestorino et al., (2013). 

Following being spiked, 20 mL of acetonitrile was added and the 

centrifuge tube was shaken vigorously for about a minute. The 

sample was vortexed for 10 minutes, left to stand for 30 minutes 

and then centrifuged for 20 minutes at 4000 rpm. The extract 

filtered was transferred into a vial for analysis.  

3.4.2.1 Quick, easy, cheap, effective, rugged and safe 

(QuEChERS)  

This extraction approach was originally developed to extract 

pesticides from fruit and vegetables containing a high 

percentage of water (Anastassiades et al., 2003; Rejczak and 

Tuzimski, 2015). It has since been developed to extract a wide 

range of compounds from a number of different food matrices 

(Rejczak and Tuzimski, 2015; Al-Thaiban, Al-Tamimi and Helaleh, 

2018). The QuEChERS procedure is easy to carry out as it consists 

of only a few simple steps (Rejczak and Tuzimski, 2015). The 

procedure is outlined in Figure 3.13 and is based on using an organic solvent such as acetonitrile to 

extract an analyte from an aqueous matrix and then partitioning the resultant mixture using salts 

(Al-Thaiban, Al-Tamimi and Helaleh, 2018; Restek, 2018). There should be four layers present in the 

resulting extraction to ensure that the extraction was correctly 

performed (Restek, 2018). These layers include the organic 

extract in the top layer, the layer of homogenized solid, a layer 

of water and lastly a layer of the salt at the bottom.  

As previously mentioned, QuEChERS was originally developed 

for samples that contained a high percentage of water 

(Anastassiades et al., 2003; Rejczak and Tuzimski, 2015). As our 

meat samples were not > 80% water we found it necessary to 

add water to our samples in order to increase the water 

content of the sample (Al-Thaiban, Al-Tamimi and Helaleh, 

2018; Restek, 2018).  

Our extractions follow a general methodology outlined in Figure 

3.12 where the specifics for each method are highlighted in 

Table 3.4. The general method we followed was as follows: 

after weighing out 4.00 g of spiked homogenised sample we 

added solvent 1. Following this addition the sample was shaken 

vigorously for 1 minute. We then left the sample to stand for a 

between 5 minutes and 3 hours followed by the addition of 

solvent 2. The sample was then left to stand for another set 

amount of time (between 20 minutes and 24 hours) where it 

was intermittently shaken. The extraction salts were added and 

the samples were shaken vigorously again for 2 minutes. It was 

critical that here, the samples were immediately shaken with 

 

Figure 3.12 The QuEChERS protocol 

which was applied for the extraction 

of the spiked analytical samples. 

Details for solvent 1, solvent 2 and 

the extraction salts can be found in 

Table 3.4. 

Figure 3.13 The typical protocol 

followed for QuEChERS application. 
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force to avoid the formation of MgSO4 conglomerates (Anastassiades et al., 2003). This hurdle was 

later overcome as described in Chapter 4 by the addition of ceramic homogenisers. The contents of 

the centrifuge tube were then centrifuged for 20 minutes at 4000 rpm (Mestorino et al., 2013) and 

the upper layer was filtered and analysed.  

There were five different salt combinations which we investigated, namely “AOAC” (6.0 g MgSO4, 1.5 

g NaOAc), “EN” (4.0 g MgSO4, 1.0 g NaCl, 0.5 g Na-citrate sesquihydrate, 1.0 g Na- citrate) and 

“Original” (6.0 g MgSO4, 1.5 g NaC) which were purchased as pre-weighed pouches under these 

names from Anatech (Johannesburg, South Africa). Furthermore we used an adjusted “Original” (4.0 

g MgSO4, 1.0 g NaCl) and an adjusted “EN” (4.0 g Na2SO4, 1.0 g NaCl) combination which we made-

up in the laboratory. 

There are a number of factors that can be considered for the optimisation of the QuEChERS 

procedure. These factors include solvent-to-sample-ratio, homogenisation of the sample, efficiency 

of solvent partitioning, ratio or type of salts (Anastassiades et al., 2003; Rejczak and Tuzimski, 2015). 

The first step which we took in trying to optimize our extraction efficiency was by investigating the 

efficiency based on the type of salts followed by investigating the efficiency based on the solvent-to-

sample-ratio as suggested by Anastassiades et al., (2003). The specifics of our approach are 

described in Table 3.4. 

The method label definitions in Table 3.4 are described as follows. The Q corresponds to the type of 

extraction approach, in this case QuEChERS. The ‘A’, ‘O’ or ‘E’ in the label corresponds to the salt 

pouch which was added where ‘A’ corresponds to the AOAC pouch, ‘O’ corresponds to the Original 

pouch and ‘E’ corresponds to the EN pouch. An ‘n’ corresponded to a modification of the salt ratio, 

for example the modifications to the Original and EN salt combinations which we made up in the 

laboratory, the exception to this is for ‘Qn’ where it corresponds to no addition of water. Lastly the 

‘a’, ’b’, ’c’, ’d’ or ‘e’ corresponds to a variation in the ratio of acetonitrile to water.  
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Table 3.4 Specifics for each QuEChERS method. 

Method 
label 

Solvent 1  Shaken 
for 1 
minute 

Standing 
time 

Solvent 2  Standing 
time with 
intermittent 
shaking 

Salt added 

Qn 
 

20 mL 
acetonitrile 

5 minutes - - AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QA 20 mL 
acetonitrile 

5 minutes 10 mL 
water 

20 minutes AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QA24 20 mL 
acetonitrile 

5 minutes 10 mL 
water 

24 hours AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QE 20 mL 
acetonitrile 

5 minutes 10 mL 
water 

20 minutes EN salts (4.0 g 
MgSO4, 1.0 g NaCl, 
0.5 g Na-citrate 
sesquihydrate, 1.0 g 
Na-citrate), 

QEn 20 mL 
acetonitrile 

5 minutes 10 mL 
water 

20 minutes Adjusted EN salts 
with no buffer (4.0 g 
Na2SO4 and 1.0 g 
NaCl) 

QO 20 mL 
acetonitrile 

5 minutes 10 mL 
water 

20 minutes Original salts (6.0 g 
MgSO4 and 1.5 g 
NaCl) 

QOn 20 mL 
acetonitrile 

5 minutes 10 mL 
water 

20 minutes Adjusted Original 
salts (4.0 g MgSO4 
and 1.0 g NaCl) 

QAb 20 mL 
acetonitrile 

Vortexed 
for 1 hour 
then left 
to stand 
for 3 
hours 

8 mL 
acetonitrile 

- 
 
 
 

AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QAc 10 mL 
acetonitrile 

20 
minutes 

10 mL 
water 

40 minutes AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QAd 5 mL 
acetonitrile 

40 
minutes 

8mL of 
water 

40 minutes AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QAe 10 mL 
water 

20 
minutes 

20 mL 
acetonitrile 

40 minutes AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 

QAa 5 mL water 20 
minutes 

20 mL 
acetonitrile 

40 minutes  AOAC salts (6.0 g 
MgSO4, 1.5 g 
NaOAc) 
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3.4.3 Extraction efficiency  

The extraction efficiency or percentage recovery refers to the concentration of thiafentanil which 

was recovered after the extraction procedure. In order to calculate the extraction efficiency, the 

concentration of thiafentanil in the extract was quantified using the equation determined from the 

calibration curve as described in Equation 1. The calculated concentration of the extract was then 

compared to the expected concentration determined by the amount of thiafentanil the sample was 

spiked with in order to give a recovery percentage. The extraction efficiency is further described in 

Equation 3.  

Equation 3. Extraction efficiency (%): 

 

% 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝑠𝑝𝑖𝑘𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
 𝑥100 

 

3.4.4 Extraction results  

 

 

Figure 3.14 Bar-plot of percentage recovery for different extraction methods (QAe, QAb, QAa, QAc, QOn, QA, QA24, 

QAd, LLEn, QEn, QE, QO and Qn). Percentage recovery is expressed as a mean percentage ± standard deviation for 

each extraction method (n = 4 for each extraction approach).  
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As shown in Figure 3.14, it is clear that the QuEChERS approach QAe was the most efficient at 

extracting thiafentanil from the spiked analytical samples. This approach had a mean percentage 

recovery of 90.21 ± 3.21% in contrast the lowest percentage recovery which was for the QuEChERS 

approach Qn, where the mean percentage recovery was 0.5791 ± 0.67%. The two LLE extractions, 

LLEc and LLEn, only had recoveries of 59.75 ± 2.22% and 53.145 ± 3.15% respectively.  

3.4.5 Discussion 

In the following section we will discuss the differences between the two extraction approaches, LLE 

versus QuEChERS. As well as the influence from planned variations within the chosen extraction 

method namely variations in extraction solvent, extraction time, order of solvents, effect of water, 

ratio of solvents, effect of salts, clean up step considerations, sample size, homogenisation of the 

meat, evaporating the extract and considerations for spiking the sample .  

LLE versus QuEChERS:  

Generally the QuEChERS approach resulted in better extraction efficiency than the LLE approaches. 

Ultimately the better recoveries from the QuEChERS approach could have been due to the addition 

of water to the extraction solvent. While acetonitrile has been used to extract tranquilizers from 

meat tissue sample without the addition of water (Mestorino et al., 2013), thiafentanil has a 

different polarity to these compounds. Acetonitrile is known for its poor solubility of highly polar 

compounds, which can be managed through an acetonitrile-water mixture (Kaufmann et al., 2014). 

The presence of water in the sample can have an effect on the extraction ability of the chosen 

solvent (Kaufmann et al., 2014). Hence by increasing the ratio of water to acetonitrile, as we did in 

the QuEChERS approach, we likely increased the extraction efficiency of the solvent by increasing its 

polarity and hence the solubility of thiafentanil.  

QuEChERS:  

Apart from the increased extraction efficiency which we achieved through the QuEChERS approach 

this method meets some of the green chemistry principles which was one of our requirements. The 

principles met include reducing the amount of solvent use and hazardous waste. Additionally 

QuEChERS approach is also more appropriate to apply in the field compared to LLE. 

Extraction solvent:   

In the extractions we performed, we chose to use acetonitrile as our extraction solvent for a number 

of reasons. The first being that acetonitrile has a chemically inert nature and has been commonly 

used for meat tissue extractions (Stubbings and Bigwood, 2009; Kaufmann et al., 2014; Zhao et al., 

2018). It is also a commonly used mobile phase for HPLC-MS, hence we know that this solvent is 

compatible with our analysis technique. Additionally we know that acetonitrile has limited lipid 

solubility, hence we should get less lipid co-extraction (Schenck et al., 2002; Rejczak and Tuzimski, 

2015). The limited lipid solubility as well as the limited solubility of proteins which acetonitrile has 

can result in a more selective extraction (Schenck et al., 2002).  

Acetonitrile is also the recommended solvent for QuEChERS approach because it is easily separated 

from water upon the addition of salts (Schenck et al., 2002; Rejczak and Tuzimski, 2015). While 

water and acetonitrile are easily miscible, they are also easily separated by addition of inorganic salts 

(Kaufmann et al., 2014). An acetonitrile-water solvent mixture has greater capacity to extract 

compounds from a broader range of polarities due to its more intermediate polarity (Kaufmann et 
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al., 2014) in comparison to just an organic solvent such as acetonitrile, which as we mentioned might 

be too apolar to extract polar analytes from the aqueous phase (Kaufmann et al., 2014). Because of 

this, the low extraction efficiency and high standard deviation of the Qn approach is likely due to the 

lack of water in the extraction solvent and hence the acetonitrile being too apolar to extract 

thiafentanil. Furthermore, in the case of the Qn extraction, as we previously mentioned thiafentanil 

is known for its high lipophilicity and the limited lipid solubility of acetonitrile could have potentially 

left the thiafentanil in the lipid deposits found in the meat thus resulting in a low extraction 

efficiency. In contrast and as previously mentioned the high extraction efficiency of the QAe 

approach is likely due to the acetonitrile-water ratio being a more appropriate similarity to the 

polarity of thiafentanil.  

Effect of water:   

As we previously mentioned the Qn method, where no water was added provided us with extremely 

poor recoveries and this extraction method was unsuccessful as it resulted in 3 and not 4 layers after 

centrifugation (Restek, 2018). As we deemed this low recovery to probably be as a result of the low 

water content in the meat samples we modified this approach and added water to the meat sample 

before proceeding with adding the acetonitrile. We added 5-10 ml of deionized water to the meat 

samples to account for their low water content (Kao et al., 2012). This resulted in better recoveries 

demonstrated by the 90.21 ± 3.21% extraction efficiency for the QAe and 85.59 ± 3.80% for the QAa 

approaches. We thus concluded that the addition of water is absolutely necessary to meet the 

matrix water percentage requirements.  

More so, the addition of water to the sample could reduce the amount of lipids extracted from the 

sample and consequently reduce the potential for lipids to interfere and reduce the extraction 

efficiency (Al-Thaiban, Al-Tamimi and Helaleh, 2018).  

Ratio of solvent:  

We added 5-10 ml of deionized water to meat samples to compensate for the lack of water content 

(Kao et al., 2012). Additionally, a lower acetonitrile-water ratio improved extraction efficiency as this 

ratio was 2:1 for QAe which recovered 90.21 ± 3.21% compared to 4:1 for QAa which only recovered 

85.59 ± 3.80%. 

Extraction time:   

We investigated the effect of the extraction time. This was the time the sample remained in the 

solvent mixture before we added salts to initiate the phase separation. This hardly had an effect as 

the extraction efficiency for the QA approach which was left to stand for 20 minutes was on average 

 0̴.40% higher compared to the QA24 approach which was left to stand for 24 hours. 

Order of solvent addition:   

We investigated the ideal stage at which we should add the water quantity to the sample. Initially, as 

seen in the QA approach, we tried the QuEChERS extraction by adding acetonitrile first followed by 

adding water in a later step as suggested by Stubbings and Bigwood (2009). While there were other 

papers that followed this approach adding acetonitrile as solvent 1, this did not result in the best of 

our recoveries only recovering 70.75 ± 4.26%. As QuEChERS was initially developed for extracting 

pesticides from plant material which characteristically contain a higher water content than muscle 

tissue, we decided to follow a different approach and add water before adding acetonitrile (Rejczak 
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and Tuzimski, 2015). This sequence of solvents 

was also quite common throughout the 

literature and has been investigated by a 

number of researchers (Kao et al., 2012; Zhao 

and Stevens, 2012). In contrast to the 

extraction efficiency from QA, the QAe 

approach which added water as solvent 1 

offered a mean extraction recovery of 90.21 ± 

3.21%. We thus concluded that the order in 

which solvents were added made a significant 

impact on our mean extraction efficiency. 

We noticed that the addition of water first 

resulted in the homogenized meat particles 

becoming even finer, in comparison to when 

acetonitrile was added first and the 

homogenized meat particles formed 

conglomerates as seen in Figure 3.15. In 

addition to this we observed that there was a 

lot more blood from the sample in the solvent 

when we added water first, in comparison to no 

blood in the solvent when we added 

acetonitrile first. As biological cells are 

predominately water, the addition of water first 

could have contributed more to breaking down 

more of the cell structure when being shaken 

compared to acetonitrile and thus could be why 

we observed more blood in the extract along 

with higher recoveries when adding water first.  

Effect of salts:   

The choice of salts and their ratios are important considerations for the degree of phase separation 

(Rejczak and Tuzimski, 2015). Adding salts to the extraction solution forces a phase separation 

between the organic solvent and water (Cooper, Kennedy and Danaher, 2012). While an increase in 

the amount of salt added can improve phase separation, it can also negatively affect the 

effectiveness of the extraction (Al-Thaiban, Al-Tamimi and Helaleh, 2018). Salts can severely 

decrease the recovery of the target analyte due to metal chelation, polar analyte degradation or 

limited solubility of the target compound in the organic phase (Zhao et al., 2018). This makes the 

choice and quantity of salts added to the extract particularly important considerations when trying 

to improve the analyte extraction efficiency (Rejczak and Tuzimski, 2015).  

Initially we only had 3 different types of QuEChERS pouches which we could use, these were the 

“AOAC”, “EN” and “Original” salts. After investigating we found that between these three salt types 

the AOAC salts gave the best recovery of 70.75 ± 4.26% as seen in QA. The QE extraction using the 

EN pouch and QO extraction using the original pouch gave subsequent recoveries of 27.72 ± 0.56% 

Figure 3.15 Effect of adding water as solvent 1 (A) 

compared to the effect of adding acetonitrile as solvent 

1 (B) and water as solvent 2 (C).  

A

  

B  C  
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and 27.55 ± 0.84% respectively. We expected the AOAC salts to give the best recovery as these salts 

tended to be much more widely used in literature, especially for meat samples (Kao et al., 2012).  

After investigating the traditional salts we tried to modify the EN and Original salt combinations. 

These modified combinations were QOn an adjusted version of the Original combination (4.0 g 

MgSO4, 1.0 g NaCl) and QEn an adjusted version of the EN combination (4.0 g Na2SO4, 1.0 g NaCl). 

These modified combinations gave us 72.90 ± 4.26% and 51.89 ± 1.86% respectively. This proved to 

be a significant improvement from the 27.55 ± 0.84% and the 27.72 ± 0.56% that we recovered using 

the Original salt combinations.  

MgSO4 is a strong drying agent used to remove water from extracts producing an exothermic 

reaction where the generation of heat can be used as an indication that water is being removed 

from the extraction (Schenck et al., 2002). The hydration of MgSO4 could however, be problematic 

for certain extractions due to its exothermic nature that could denature compounds. However, this 

exothermic reaction increases the speed of the extraction and can improve the extraction efficiency 

(Anastassiades et al., 2003; Al-Thaiban, Al-Tamimi and Helaleh, 2018). Additionally although MgSO4 

is commonly used for phase separation magnesium ions can form complexes with analytes 

decreasing the extraction efficiency (Kaufmann et al., 2014). In cases like this, partitioning of 

solvents could be done through physical means such as applying a low temperature to the extract 

(Kaufmann et al., 2014).  

Clean up step:  

Throughout literature matrix clean-up steps commonly followed the extraction protocol. There are a 

number of approaches to cleaning up the co-extracted matrix components, one of these approaches 

being SPE which also has an application as an extraction approach as already discussed in section 

2.5.2.  

SPE cartridges retain the target analyte while the matrix compounds are washing out before eluting 

the target analyte (Zhao et al., 2018). The downfall with this approach is that compounds can have 

different affinity to the sorbent and thus are not retained (Zhao et al., 2018). Additionally while 

traditional SPE can be performed with very little equipment, this results in poor repeatability. More 

automated versions are extremely time consuming and can require extensive equipment. This 

approach requires the use of a SPE manifold and vacuum device as well as large quantities of 

solvent. Additionally flow rates through the SPE cartridges needs to be meticulously controlled in 

order for the compounds to have sufficient time to interact with the sorbent. 

Another clean-up approach more specifically used after a QuEChERS extraction is dispersive solid 

phase extraction (dSPE). This approach is somewhat of a modification of the traditional SPE 

approach. However the sorbent, which is selected based on its ability to retain undesired 

compounds, is added to a small aliquot of the organic layer from the QuEChERS extraction (Rejczak 

and Tuzimski, 2015). The extraction portion and the sorbent are shaken vigorously and subsequently 

centrifuged, after which the undesired compounds are retained and the target analyte is ready for 

analysis (Rejczak and Tuzimski, 2015).  

Due to the matrix differences in our beef and blesbok samples we anticipated that this protocol 

could have varied between the two matrices and due to the time constraints of having to develop, 

optimize and further validate protocol for a clean-up step this did not make up part of our work. 
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Additionally, these clean-up steps are quite demanding regarding necessary equipment and solvents. 

As part of our goal was to develop a protocol which we could implement in the field, we reflected on 

these protocols and decided that they would not be viable to implement in the field. Additionally the 

extra step would leave more room for error. However, a clean-up step could be an important 

consideration when looking at further optimizing the extraction protocol. It is likely that this step 

could be performed post field extraction in a more formal laboratory setting where personnel are 

better trained and there is easier access to laboratory equipment and solvents.  

Sample size:   

The weight of the analytical sample can be an important consideration when trying to improve the 

efficiency of the analytical method. Smaller analytical sample quantities improve the extraction 

efficiency of QuEChERS procedure as well as reduce the amount of solvent needed (Anastassiades et 

al., 2003; Rejczak and Tuzimski, 2015). While we did not explore the effect of different sized 

analytical samples, researchers do suggest that this can be an important component to consider 

(Anastassiades et al., 2003).  

Homogenisation of meat:   

The homogenisation of the samples is an important consideration when developing an extraction 

protocol. By homogenising samples the surface area is increased and the homogenization procedure 

can help to break down the cell structure and ensure that the sample is a true representation of the 

whole sample (Al-Thaiban, Al-Tamimi and Helaleh, 2018). Other extraction approaches have used 

ceramic homogenizers (Chen et al., 2013), cryogrinding (Wong et al., 2010) or bead mill 

homogenizers (Garrett and Atwood, 2014) to further homogenize their samples.  

Optimizing the homogenization of the meat can be an important to ensure the efficiency of the 

QuEChERS approach (Rejczak and Tuzimski, 2015). In this study, homogenising small samples posed 

a few practical challenges. We found that small samples (<50 g) were not large enough to be 

blended in a motorized blender as the blades did not intercept such a small quantity. Additionally 

these samples were difficult to blend in a mortar and pester due to their high water content. We 

thus decided to blend larger quantities of beef sample (around 100 g) so that we could use a 

motorized blender. However, for the blesbok samples we needed to consider an alternative 

homogenisation approach due to the small (4.00 g) sample quantities we developed for the 

extraction protocol.  

Solvent evaporation:  

Although evaporating the extract and reconstituting it in a smaller volume may have resulted in a 

higher analytical sensitivity due to analysing a higher concentration extract. We decided against 

evaporating the samples. Evaporating samples leaves room for error and cannot be performed 

under controlled conditions in the field, thus making it difficult to be repeated accurately. This could 

however be a significant consideration as could possibly contribute to the long-term stability of 

extracts. 

Instrumentation: 

As we used MS data to quantify the concentration of thiafentanil and not MS/MS data, we fitted the 

mass spectrometer with an ESI source. This offered a soft ionization nature and we thus managed to 

avoid fragmenting the target molecule on ionization. We considered that despite being greatly 
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affected by matrix effects as discussed in section 2.3 throughout our literature search the ESI source 

was the most commonly used source for drug residue analysis. The MS in combination with the HPLC 

allowed for the separation of our compounds from the co-eluting matrix compounds and allowed us 

to definitively detect thiafentanil in the extracts.  

3.5 Final extraction method 

As discussed in section 3.4 we concluded that the best method for the extraction of thiafentanil from 

beef samples was that developed through the QAe approach. The extraction efficiency of the 

protocol for this approach was 90.21 ± 3.2%. We thus further evaluated and validated this method in 

Chapter 4.  

In summary the best extraction protocol followed the following procedure. After homogenising 4.00 

± 0.20 g of analytical muscle sample 10 mL of distilled water was added to this sample in a centrifuge 

tube. This mixture was shaken vigorously for 1 minute and left to stand for 20 minutes. Following 

this 20 mL of acetonitrile was added to the centrifuge tube and the sample was again, shaken 

vigorously for 1 minute. Following a rest period where the mixture was left to stand while being 

intermittently shaken for the following 40 minutes. The QuEChERS AOAC salts (6.0 g MgSO4, 1.5 g 

NaOAc) were then added to the mixture and the centrifuge tube was shaken once more for 1 

minute. Once the sample had cooled it was centrifuged at 4000 rpm for 20 minutes. The top layer 

was then collected, filtered using a 0.2 µm filter and analysed using the HPLC-MS method which we 

developed in section 3.3.3. After analysis the samples were quantified using the protocol and 

parameters discussed in section 3.3.6. 

  



57 
 

4 Interlaboratory comparison and final extraction protocol  

4.1 Introduction 

In this chapter we further modified the best extraction protocol from Chapter 3 to be suited to the 

laboratory where the final extractions would take place as well as suited to be performed in the 

field. Thus we accounted for two major challenges which we needed to overcome. The first being 

that we would need to homogenize small samples (4.00 g) and would therefore need to modify the 

homogenization step. While the second challenge was that in order for this extraction to be 

applicable in the field, the use of equipment such as a centrifuge would be inappropriate thus we 

would need a different approach to separate the four QuEChERS layers.  

Additionally we applied the final protocol to blesbok muscle and venison1 liver and kidney samples 

to investigate potential differences in extraction efficiencies between different species as well as 

between different matrices (muscle, liver and kidney). 

4.2 Interlaboratory comparison and final extraction protocol for beef muscle 

samples  

4.2.1 Beef extraction method finalization and comparison  

In order to finalize the extraction method for the beef samples we performed an interlaboratory 

extraction comparison which was done by Wildlife Pharmaceuticals (Pty) Ltd. Furthermore, in order 

to accommodate for some equipment differences, we had to modify the extraction protocol slightly. 

Using beef steak bought form a local supermarket in 

White River (South Africa) we used the protocol for the 

QAe extraction (discussed in section 3.4), with 

modification to the homogenisation and centrifuging 

steps. For the homogenisation step, we modified an 

attachment to fit onto a Kenwood hand blender which 

can be seen in Figure 4.1. This enabled us to homogenise 

smaller, 4.00 g samples compared to the 100 g samples 

previously homogenised in section 3.3.1. In addition to 

this we used ceramic homogenisers (Anatech, 

Johannesburg. South Africa) which allowed us to 

homogenise the particulates even finer. Due to the 

absence of a centrifuge in the field, we substituted this 

step with a standing period. Samples were left to stand 

overnight and the top layer was then collected and 

filtered and set for analysis.  

Thus, the final extraction protocol for the beef samples 

was as follows. We weighed out and spiked 4.00 ± 0.20 g 

of beef muscle tissue with thiafentanil oxalate. The 

 
1 Unfortunately we were unable to source blank blesbok liver and kidney samples and the butchery we 
sourced the blank samples from were uncertain what species the venison kidneys and livers had come from.  

Figure 4.1 Kenwood hand blender with a 

modified attachment to fit in a 50 mL 

centrifuge tube. This was used to 

homogenize the analytical samples. 
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Figure 4.2 Comparison of the QAe extraction protocol (n=4) and the final 

modified protocol (n=3) for the extraction of thiafentanil from beef 

muscle samples.  

sample was homogenized using the modified Kenwood hand blender and 10 mL of distilled water 

was added to this sample in a centrifuge tube. This mixture was homogenised again using the 

blender. Following this 20 mL of acetonitrile was added to the centrifuge tube and the sample was 

again, briefly blended. The QuEChERS AOAC salts (6.0 g MgSO4, 1.5 g NaOAc) were then added, 

followed by the ceramic homogenizers and the centrifuge tube was shaken for 1 minute. The sample 

was then left to cool and allow for the separation of the extraction layers. Once all the layers had 

formed and the solid particulates had settled, the top extraction layer was collected, filtered using a 

0.2 µm syringe filter and couriered to Rhodes University for analysis.  

Generally samples arrived within 4 days of being extracted. On arrival samples were immediately 

analysed using the HPLC-MS protocol outlined in section 3.3.3. Following the analysis, the data was 

analysed using the data analysis protocol outlined in section 3.3.6. 

4.2.2 Interlaboratory comparison results 

The modified extraction protocol improved the 90 ± 3.2% QAe extraction recovery of thiafentanil 

from beef muscle samples (discussed in Chapter 3) to 98 ± 3.3% as seen in Figure 4.2. 

 

 

 

 

 

 

 

 

 

 

4.2.3 Final beef extraction protocol discussion 

From the modifications we made to the QAe protocol, it is clear that the homogenization of the 

samples had a significant effect on the extraction efficiency. As discussed in section 3.4.5, thorough 

homogenisation of the sample can increase the extraction efficiency by increasing the surface area 

and breaking down the cell structure (Rejczak and Tuzimski, 2015; Al-Thaiban, Al-Tamimi and 

Helaleh, 2018). By including 3 homogenisation steps in the final extraction protocol compared to 1 

homogenization step in the QAe protocol, we not only managed to homogenise smaller sample 

quantities, but also managed to improve the recovery of thiafentanil by   8̴%. This is likely to be due 

to the increased surface area and efficiency of breaking down the cell structure allowing for the 

extraction to take place. Additionally, by shaking the mixture with the ceramic homogenizers we 

improved the homogeneity of the acetonitrile-water mixture. In turn, this improved the efficiency of 

the liquid-liquid extraction.  
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The final protocol developed in section 4.2.1 gave us a sufficiently high recovery of thiafentanil 

which has provided us with a high level of confidence that even at low concentrations thiafentanil 

will be recovered.  

Furthermore we assessed the spiking of the sample, as it is necessary to ensure that the spiking 

process suitably mimicked the effect of injecting a live animal with the drug. In hindsight we should 

have spiked the samples so that the sample would contain a concentration similar to what we were 

expecting to find in the blesbok samples. Ultimately the concentration at which we spiked our beef 

samples was 2.5 µg per gram of sample in contrast to the maximum concentration of thiafentanil 

expected in the blesbok samples which was 0.05 µg per gram of sample. 

We did however compare the effect of spiking already homogenized muscle sample, as was done in 

section 3.4.1, to spiking a piece of muscle and subsequently homogenising it, as was done in section 

4.2.2. The difference in spiking methods was negligible as we had similar extraction efficiency for 

both batches of samples which were spiked using the two different modes of spiking. We thus 

concluded that both spiking processes were applicable for developing an extraction. It has been 

reported that for certain drugs that the time between when the sample was spiked and when the 

sample was extracted, known as spike contact time has no effect on the recovery of the drug 

(Cooper et al., 1998). The effect of the spiking time could be better understood specifically for 

thiafentanil by further evaluation. While we did not further evaluate this, it should be considered in 

further work.  

4.2.4 Further considerations for beef muscle samples 

4.2.4.1 Sample stability for beef samples 

Due to the logistics of transporting biological samples as mentioned in section 2.1.3, samples were 

extracted and filtered through a 0.2 µm filter on site at Wildlife Pharmaceuticals (Pty) Ltd., and then 

the extracts were shipped to Rhodes University where they were analysed. This resulted in a time 

delay between extracting the samples and analysing them.  

To assess the stability of the extract, we extracted spiked beef samples off-site and then shipped 

them to Rhodes University so that we could see how long the shipment process took, along with 

accounting for the shipping conditions. While we did not know the exact shipping conditions, we 

assumed that this process is likely to be consistent as we used the same courier company 

throughout the study. We analysed samples on arrival which was 96 hours post-extraction and 

subsequently at 128 and 170 hours post-extraction. Samples were kept at 10.0° C in the HPLC-MS 

autosampler for the duration of the experiment. We assessed the stability by comparing the signal 

of the compounds to the original run at 96 hours post-extraction (Shoff et al., 2017).  

As the relative change in the thiafentanil signal between 96 and 128 hours was not significant (1%), 

we took the signal at 96 hours post-extraction as 100% of the signal. At 170 hours post-extraction a 

substantial decrease to  6̴0% of the original signal was observed as presented in Figure 4.3. 

We did not assess the stability of samples which had been thawed and refrozen due to time 

constraints but assessing the stability of samples through these conditions could provide useful 

information.  
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Figure 4.3 Relative change (%) in chromatographic signal corresponding to thiafentanil over 

time (96, 128, 170 hours post-extraction) for spiked beef samples after being shipped. 

Alterations in signal of sample triplicates are expressed as mean ± SD at each time interval. 

Signal at 96 hours post-extraction was taken as 100%. 

 

 

 

 

 

 

 

 

 

 

 

4.2.4.2 Matrix effects (Ion suppression/enhancement) 

As discussed in section 2.3, evaluating matrix effects should be considered when validating an 

analytical method as matrix effects can affect the reproducibility and accuracy of quantitative 

analysis (Cappiello et al., 2010). This was done for beef muscle samples using the post-extraction 

spike method outlined in this section. This method was adapted to our study from the work by 

Chambers et al. (2007). 

In order to determine the matrix effects we performed a full extraction procedure on a blank beef 

sample. From this 0.5 mL of the extract was spiked with 1.0 mL of 9 µg/mL thiafentanil stock solution 

making the total volume of the sample 1.5 mL and hence, the concentration expected to be 6 µg/mL. 

This post-extraction spiked sample was analysed using the HPLC-MS protocol. The response of the 

post-extraction spiked sample was compared to the expected response for 6 µg/mL of thiafentanil 

(Equation 4). 

Equation 4. Percentage of matrix effects described by Chambers et al., (2007): 

 

% 𝑚𝑎𝑡𝑟𝑖𝑥 𝑒𝑓𝑓𝑒𝑐𝑡 = (
𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑠𝑡−𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑝𝑖𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑓𝑟𝑜𝑚 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
− 1) × 100  

 

From our calculations from the response of the beef muscle samples, there was an average of 

11.11% ion suppression (n=3) due to the matrix effects.  

To further complicate matters, the ion suppression or enhancement caused by co-eluting matrix 

compounds the degree of suppression can vary between different batches of samples (Matuszewski, 

Constanzer and Chavez-Eng, 2003). For example, the degree of suppression can be different for the 

same bio-fluid collected from different individuals (Fu, Woolf and Matuszewski, 1998). We compared 
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the chromatograms from two different sources of beef, that sourced in Grahamstown (South Africa) 

and that sourced in White River (South Africa) by visually inspecting the chromatograms. We 

anticipated that if the chromatograms obviously differed between the sources that we might 

experience significantly different matrix effects between the two mean sources. However the 

observed differences between the two chromatograms were negligible.  

Once the matrix effects have been evaluated, one of two approaches is generally taken. Either 

sample preparation is optimized or chromatographic parameters are optimized (Chambers et al., 

2007). However, although we quantified the matrix effects specific to the beef muscle samples, we 

mentioned that these could vary between batches of samples from the same species and thus are 

highly likely to vary between species. Hence this is more of a relative assessment of ion suppression 

than an absolute value. We deemed these matrix effects were low enough to overlook for the beef 

muscle matrix for two reasons. Firstly due to their low value (11.11%) and secondly due to the high 

extraction efficiency we managed to achieve.  

Although the exact mechanism is unknown, matrix effects are thought to occur when there is 

competition between the target compound and co-eluting compounds at the MS source 

(Matuszewski, Constanzer and Chavez-Eng, 2003). The competition can result in ion suppression or 

enhancement based on the efficiency of the ionization of the target compound (Matuszewski, 

Constanzer and Chavez-Eng, 2003). The affect can also differ depending on the ionization process 

(e.g. APCI versus ESI; Matuszewski, Constanzer and Chavez-Eng, 2003). Although investigating 

potential differences in matrix effects using the APCI source was beyond the scope of our study, such 

an investigation could be an interesting consideration for future work.  

Furthermore, being able to extract approximately 98% of thiafentanil using our developed and 

optimized extraction protocol ensured that even at low concentrations we would be able to detect 

low concentrations of thiafentanil. Additionally we considered that because these matrix effects 

could be drastically different for the blesbok samples, there was no real purpose in modifying the 

HPLC-MS protocol at this stage in the study. However, by observing the chromatogram there were 

peaks eluting at similar retention times to our compounds and a further clean-up step could have 

potentially improved the signal for thiafentanil particularly at low concentrations. Unfortunately we 

did not employ these tactics in this study however; further investigation into a clean-up approach 

could be highly beneficial.  

4.2.4.3 Sensitivity and specificity 

Sensitivity was calculated as the percentage of samples which gave a positive response from the 

number of samples which actually did contain the thiafentanil (Lopes et al., 2011). To assess the 

sensitivity beef muscle samples were spiked and extracted as per the protocol described in 4.2.1, 

then analysed using the HPLC-MS protocol described in section 3.3.2. It was then determined 

whether or not there was a response for the target compound at the expected retention time (Lopes 

et al., 2011). As all of the samples which were spiked with thiafentanil oxalate gave a positive 

response the sensitivity of our method was calculated to be 100%.  

In addition to the sensitivity we assessed the specificity of the HPLC-MS protocol to ascertain if there 

was a potential for false positive results (Strayer et al., 2018). This was done by inspecting the 

chromatograms from the blank beef muscle extracts, specifically at the expected retention time for 
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the target analyte, thiafentanil (Lopes et al., 2011). The specificity was calculated as the percentage 

of blank samples which gave a positive response for thiafentanil from the number of blank samples 

analysed. A positive response for thiafentanil was considered as a peak corresponding to the m/z 

value of 417.17 ± 0.01 between 1.3 and 1.9 minutes or between 2.1 and 2.6 minutes. All of the blank 

extracted beef muscle samples showed no evidence of a chromatographic peak corresponding to 

thiafentanil. Thus we considered that our protocol showed acceptably high specificity for beef 

muscle samples.  

4.3 Interlaboratory comparison and final extraction protocol for blesbok muscle 

and venison kidney and liver samples  

4.3.1 Blesbok extraction method 

We followed the same protocol which we validated through the interlaboratory comparison 

discussed in section 4.2.1 and applied it to blesbok muscle samples and venison kidney and liver 

samples. We weighed out 4.00 ± 0.20 g of muscle, kidney and liver tissue. The sample was selected 

to be as true as representation of the matrix as possible. In other words, the kidney sample was 

selected so as to not to include fat or skin or ducts. Likewise the liver sample was selected to ensure 

no tough tissues or fat were present. Each sample was spiked with 0.607 ± 0.048 mL of 16.24 ug/mL 

thiafentanil oxalate aqueous solution and left for a 20 minute rest period. Each sample was then 

homogenized using the modified Kenwood hand blender and 10 mL of distilled water was added to 

this sample in a centrifuge tube. This mixture was homogenised again using the blender. Following 

this 20 mL of acetonitrile was added to the centrifuge tube and the sample was again blended. The 

ceramic homogenizer was then added and the sample was shaken for 1 minute. The QuEChERS 

AOAC salts (6.0 g MgSO4, 1.5 g NaOAc) were then added to the mixture and the centrifuge tube was 

shaken once more for 1 minute. The sample was then left to cool and allow for the separation of the 

extraction layers. Once all the layers had formed and the solid particulates had settled, the top 

extraction layer was collected, filtered using a 0.2 µm syringe filter and couriered to Rhodes 

University for analysis.  

4.3.2 Extraction efficiency for different blesbok and venison matrices 

From Figure 4.4 we can see that there was more thiafentanil recovered from the blesbok muscle 

samples (107 ± 1.9%) compared to the beef muscle samples (90 ± 3.2%). Figure 4.5 additionally 

shows that the highest recovery was from the blesbok muscle matrix, achieving an average of 107 ± 

1.9% recovery of thiafentanil. Following this recovery, the liver matrix provided an average of 99 ± 

4.0% recoveries and lastly the kidney matrix only recovered an average 77 ± 30% of the spiked 

concentration of thiafentanil. 
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Figure 4.4 The mean extraction efficiency of the extraction protocol applied to blesbok muscle samples 
(n=2) compared to beef muscle samples (n=4). 

Figure 4.5 Mean extraction efficiency ± SD for three different matrices namely, blesbok muscle (n=2) and venison 
liver (n=2) and kidney (n=2). 
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4.3.3 Blesbok and venison extraction protocol discussion 

The extraction protocol which we developed, optimized, compared and finalized between 

laboratories offered high recovery for beef muscle samples as discussed in section 4.2.3. Additionally 

as we presented in Figure 4.4, this protocol also offered exceptional recovery for blesbok muscle 

samples. Compared to the beef muscle matrix the protocol was in fact, more efficient for extracting 

thiafentanil from the blesbok muscle matrix.  

There are a number of factors which could influence the extraction efficiency. One of these factors 

could be the lipid content in the muscle matrix. Although the actual lipid content of an individual can 

vary due to a number of factors, specifically as a result of the sampling region, researchers have 

measured a lipid content of between 0.021 g/100 g and 1.42 g/100 g in blesbok muscle (Smit, 2004). 

In comparison, the value for lipid content in beef muscle is nearly double that of blesbok being 

measured at 2.8 g/100 g (William, 2007). As we have previously mentioned, one of the limitations of 

QuEChERS approach is that the solvents used, particularly acetonitrile, are often not as effective at 

dissolving lipids compared to other techniques (Rejczak and Tuzimski, 2015). Thus, the extraction 

efficiency can be affected by the amount of lipids in the samples (Rejczak and Tuzimski, 2015; 

Mainero Rocca et al., 2017). As a result extracted analytes can be trapped in a layer of lipids which 

forms within the acetonitrile (Rejczak and Tuzimski, 2015). It could be possible that this occurred to 

a lesser degree for the blesbok samples compared to the beef samples and thus resulted in higher 

extraction efficiency for the blesbok muscle samples. The researchers  Rejczak and Tuzimski (2015) 

suggest that there should be no more than 0.3 g of lipids per 10 mL of acetonitrile extraction solvent. 

Although the predicted amount of lipid content in our 4.00 g beef samples is only approximately 

0.112 g, based on the lipid content for beef muscles described as 2.8 g/100 g (William, 2007), this is 

double than the maximum lipid content estimated for blesbok muscle, which in a 4.00 g sample is 

0.056 g based on a lipid content of 1.42 g/100 g (Smit, 2004). Therefore we could attribute to the 

slightly lower recovery for the beef muscle samples to the higher lipid content.  

Furthermore, we have mentioned that the high lipophilicity characteristic of fentanyl analogues 

contributes to their high potency (Armenian et al., 2018). Thus, it is likely that thiafentanil could be 

situated in the lipid deposits inside the muscle tissue and due to the limited ability of acetonitrile to 

penetrate into lipids (Mainero Rocca et al., 2017) the thiafentanil was not as well extracted for the 

beef muscle samples. 

Another factor which could have influence the extraction efficiency is the differences in moisture 

content between the species. Blesbok muscle has a moisture content of approximately 75.22% 

(Smit, 2004) compared to 73.1% for beef muscles (William, 2007). As we have previously mentioned 

the QuEChERS procedure was originally developed for samples with a high moisture content 

(Anastassiades et al., 2003; Rejczak and Tuzimski, 2015). Thus, the higher water content in the 

blesbok sample could potentially have contributed to the higher extraction efficiency from this 

matrix. This is was what we would expect based on our earlier findings in section 3.4.5 - when we 

added water to the samples we immediately saw an increased extraction efficiency.  

Different nutrient levels between species could have also influenced the different extraction 

efficiencies between beef and blesbok matrices. For example potassium in blesbok muscle is 

approximately 147.95 mg/100 g (Smit, 2004) compared to beef muscle which contains 

approximately 342 mg/100 g (U.S. Department of Agriculture, 2019a). Furthermore, potassium ions 
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are known to supress MS signals, which could explain the slightly lower extraction efficiency for beef 

muscle samples compared to blesbok muscle samples. Moreover, this could explain why we 

observed a potential adduct with potassium in the beef extracts as mentioned in section 3.3.4 and 

not the blesbok extracts.  

From the results shown in Figure 4.5 it is clear that the type of matrix can also influence the 

extraction efficiency of thiafentanil. The venison liver samples were  8̴% lower than the blesbok 

muscle samples and the venison kidney samples were  3̴0% less than the beef muscle samples.  

Similarly, the factors which we could have attributed to the differences in extraction efficiencies 

between the beef and the blesbok muscle samples could have also attributed to the different 

extraction efficiencies for different matrices.  

In the same way that the moisture content differs between the blesbok and beef muscle matrices, 

the moisture content also differs between the muscle, liver and kidney matrices. Although we could 

not find the moisture content and lipid content of organs specific to blesbok, this data was available 

for beef. It is likely that the relative differences between these matrices seen in the beef data can be 

extrapolated for the blesbok organs. The beef muscle moisture content is reported as 73.1 g/100 g 

(William, 2007) in comparison to beef liver moisture which is 70.81 g/100 g (U.S. Department of 

Agriculture, 2019c). It is possible that the higher water content in the muscle samples could have 

been responsible for the higher extraction efficiency in the blesbok muscle matrix compared to the 

liver matrix. In contrast, the beef kidney matrix has the highest moisture content of 77.89 g/100 g 

(U.S. Department of Agriculture, 2019b) however compared to the liver and muscle matrices, it still 

had the lowest extraction efficiency. This could be due to the nature of the matrix as kidneys are 

considered to be complex matrices (Kaufmann and Ryser, 2001).  

Additionally, the low extraction efficiency for the kidney matrix could also be attributed to the lipid 

content of this matrix. Although we tried to ensure that there was as little external fat as possible, 

the lower extraction efficiencies seen for the liver and kidney samples could be due to the different 

lipid content inside these organs. Beef kidneys have been recorded to have a higher fat content of 

3.09 g/100 g (U.S. Department of Agriculture, 2019b) in comparison to beef muscle 2.8 g/100 g 

(William, 2007). Thus, the low lipid solubility of acetonitrile could have resulted in a lower extraction 

efficiency from this matrix compared to the muscle and liver matrices.  

4.3.4 Further blesbok considerations 

4.3.4.1 Limit of detection (LOD) and limit of quantification (LOQ) 

Using the approach described in section 3.3.5, we calculated new LOQ and LOD values for 

thiafentanil in beef samples. These optimized values were 0.0544 µg/mL and 0.0179 µg/mL.  

4.3.4.2 Matrix effects 

Unfortunately we were unsuccessful in quantifying the matrix effects from the blesbok muscle and 

venison liver and kidney samples. However, even if we had quantified the matrix effects from the 

liver and kidney samples, these results would have been inaccurate for the analytical blesbok 

samples later analysed due to differing effects in varying species and the source of the venison was 

unknown. Nonetheless, we have made visual observations from the chromatograms obtained from 
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the blesbok muscle samples and they were similar to the chromatograms for the beef muscle 

samples. Thus we decided not to modify the HPLC-MS method. 

4.3.4.3 Selectivity and specificity 

Following the protocol previously described in section 4.2.4.3, we assessed sensitivity and the 

specificity of the HPLC-MS protocol specifically for blesbok muscle and venison kidney and liver 

matrices.  

As all of the muscle, liver and kidney samples which were spiked with thiafentanil oxalate gave a 

positive response; the sensitivity of our method was 100%. In contrast to the results found for beef 

muscle matrices in section 4.2.4.3, there was considerable background noise corresponding to the 

m/z value for thiafentanil in the blesbok muscle and venison liver and kidney samples. The 

chromatographic signal was also considerably higher in the retention time period of 1.3 to 1.5 

minutes.  

Unfortunately, we only had one blank sample from each matrix and the species origin of the kidney 

and liver samples was unknown. The origin of the species could be an important consideration 

taking into account that we have already noticed large differences in the amount of background 

signal for the m/z value 417.17 ± 0.01 between the beef muscle and blesbok muscle matrices. Thus 

we did not further assess the selectivity of the method relative to these samples and we therefore 

did not make any changes to the analysis protocol. However further assessment using more 

replicates and species-specific matrices could allow for further enhancement of the specificity of the 

protocol.  

4.4 Conclusion 

We successfully accounted for the homogenization and centrifugation challenges we faced by minor 

modifications to our method. The homogenization challenge was overcome by first modifying a hand 

blender attachment to fit inside a 50 mL centrifuge tube, secondly incorporating two blending steps 

and thirdly by including ceramic homogenisers. Additionally, the centrifuge challenge was overcome 

by allowing the extraction mixture to stand until it had cooled down to room temperature and 

settled into the four layers. 

Furthermore, we managed to successfully apply this approach to blesbok muscle and venison liver 

and kidney matrices. Still achieving exceptional thiafentanil recoveries of 107 ± 1.9%, 99 ± 4.0% and 

77 ± 30% for the respective matrices.  

While there were both slight species differences and matrix differences resulting in different 

extraction efficiencies potentially due to factors such as differences in moisture, lipid and nutrient 

composition, it is important to note that within a species or matrix these factors were consistent 

throughout this study. Thus, the consistently high extraction efficiency of this protocol in different 

blesbok matrices will provide a high level of confidence for thiafentanil residue, even at low 

concentrations, in the samples or not. 
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5 Quantification results and discussion 

5.1 Introduction 

We performed extractions on blesbok muscle, liver and kidney matrices which were collected 72-74 

hours post administration with thiafentanil oxalate. We implemented the extraction, analytical and 

data processing protocols which we have developed during this study to assess whether or not there 

is still thiafentanil present in these matrices after 72-74 hours. 

5.2 Sample collection 

These samples were obtained via opportunistic sampling, with an approved animal ethics protocol, 

from a non-related study conducted by Dr D Breedt. Each blesbok was darted with 3.0 mg of 

thiafentanil oxalate and 40.0 mg of azaperone 72-74 hours prior to euthanasia. Once samples were 

collected from the darted animals as part of the primary study the animals were given 7.2 mg of the 

antagonist diprenorphine intravenously to reverse the immobilization. After 72-74 hours post 

administration with thiafentanil, the animals were immobilized with etorphine hydrochloride2 

(Captivon®, Wildlife pharmaceuticals (Pty) Ltd., White River, South Africa) and subsequently 

euthanized with pentobarbitone3 (Euthanaze®, Kyron, South Africa). 

Following the euthanasia of the animals, 12 adult blesbok were selected at random for muscle 

sampling. Five 20 g muscle samples were taken from important meat cuts. These meat cuts were 

longissimus dorsi, biceps femoris, semimembranosus, semitendinosus and supespinatus. We also 

sampled liver and kidney tissues from each blesbok. Additional data for the blesbok is outlined in 

Table 5.1. 

Table 5.1 Additional data including animal number, time interval between 
darting and sampling, gender, animal weight and age. 

Animal 
number 

Time interval between 
darting and sampling 
(hours) 

Gender Animal 
weight (kg) 

Animal age 
(years) 

1 72.25 Female 52.0 2.5 

4 73.00 Male 59.9 3.5 

12 72.50 Female 61.4 6.0 

25 74.00 Female 54.1 1.5 

26 73.00 Male 63.2 3.0 

27 73.60 Female 56.0 3.0 

28 73.00 Male 51.2 2.0 

29 73.80 Female 78.3 5.0 

30 73.80 Female 61.1 3.0 

31 72.80 Female 61.1 6.0 

32 73.40 Female 69.5 6.0 

42 73.00 Female 56.9 3.0 

 
2 3 Etorphine hydrochloride and pentobarbitone have different molecular weights to thiafentanil so these drugs 
while most likely present in the extract were not confounding to our results. Additionally the choice of 
etorphine hydrochloride rather than thiafentanil oxalate to re-immobilize the blesbok ensured that the 
concentrations of thiafentanil were only those administered 72-74 hours pre-euthanasia.  
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5.3 Sample storage 

The blesbok samples we collected in this study were kept frozen at -21°C and transported to the 

laboratory at Wildlife Pharmaceuticals (Pty) Ltd., in White River (South Africa) where they remained 

frozen at -80°C in a VT 78 ultra-low temperature freezer (Vestfrost, Denmark) until the extraction 

protocol was performed. A selected time period of the temperature trending for the fridge can be 

viewed in Appendix 7.1. 

5.4 Experimental procedure 

After defrosting the blesbok by leaving them in a room at 21°C for 60-90 minutes, we weighed out 

4.00 ± 1.00 g of muscle, kidney and liver tissue. The sample was selected to be as true a 

representation of the matrix as possible. In other words, the kidney sample was selected so as to not 

include fat or skin or ducts. Likewise, the liver sample was selected to ensure no tough tissues or fat 

were present and meat samples were taken from muscle exclusive of skin tissue. 

Each sample was homogenized using the modified Kenwood hand blender and 10 mL of distilled 

water was added to this sample in a centrifuge tube. This mixture was homogenised again using the 

blender. Following this 20 mL of acetonitrile was added to the centrifuge tube and the sample was 

again, blended. The QuEChERS AOAC salts (6.0 g MgSO4, 1.5 g NaOAc) were added together with a 

ceramic homogenizer and the centrifuge tube was shaken for 1 minute. The sample was then left to 

cool and allow for the separation of the extraction layers. Once all the layers had formed and the 

solid particulates had settled, the top extraction layer was collected, filtered using a 0.2 µm syringe 

filter and couriered to Rhodes University for analysis.  

The extracts were analysed using the HPLC-MS protocol defined in section 3.3.3 and the data 

analysis was performed as per section 3.3.6 to quantify the concentration of thiafentanil.  

5.5 Concentration of thiafentanil in different blesbok matrices 72-74 hours post 

administration 

As seen in Figure 5.1, the only sample matrix to still contain thiafentanil 72-74 hours post 

administration with thiafentanil oxalate was the liver and the average concentration was 90.39 ± 158 

pg/g. The large standard deviation of this value can be explained by the fact that from the 12 liver 

samples which were extracted, only three of these samples contained thiafentanil, these sample 

corresponded to animal numbers 4, 29 and 32 as seen in Table 5.2. The absolute concentrations of 

thiafentanil in these three samples were 287 pg/g, 413 pg/g and 383 pg/g respectively.  
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Table 5.2 Number positive responses for thiafentanil from different 
tissue matrices. 

Sample 
Matrix  

Number of 
samples 

Animal number4 which showed a 
positive response for thiafentanil 

Liver 12 4, 29, 32 

Kidney 12 - 

Muscle 12 - 
4 Animal number corresponding to Table 5.1 

 

5.6 Discussion 

Using the criteria previously mentioned in section 4.2.4.3, a positive response for thiafentanil was 

considered as a peak corresponding to the m/z value of 417.17 ± 0.01 between 1.3 and 1.9 minutes 

or between 2.1 and 2.6 minutes. There were however, a considerable number of similar m/z values 

during these retention time windows. While we did not consider masses out of this range to 

correspond to thiafentanil as these masses were not present in the thiafentanil standard 

chromatograms, the slight variation in these masses could potentially be a result of co-eluting matrix 

compounds as variability in mass accuracy could arise due to matrix effects (Zhou, Yang and Wang, 

2017). Although unlikely, it is therefore possible that some of these similar masses found in the 

retention time window of thiafentanil could correspond to thiafentanil and the discrepancy in their 

m/z values could have been due to the matrix effects.  

Although the half-life of thiafentanil is unknown, according to literature the half-life of carfentanil is 

7.7 hours specifically for eland (Cole et al., 2006). In this study by Cole et al. (2017) a mean plasma 

Figure 5.1 Mean thiafentanil concentration (pg/g) extracted from different blesbok tissue 

matrices, namely liver (n=12), kidney (n=12) and muscle (n=12) 72-74 hours post 

administration with thiafentanil oxalate. 
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concentration of 80 pg/mL of carfentanil was recorded in eland 48 hours post administration with 

0.0169 mg/kg of carfentanil. In comparison to this study, we found concentrations of 287 pg/g to 

413 pg/g in liver samples after injecting the blesbok with 0.05 mg/kg thiafentanil. Differences 

between the concentrations were to be expected, firstly due to species differences and secondly due 

to the use of different drugs. We compared our findings to this study by Cole et al., (2006) to 

evaluate whether our findings were realistic values. While we did find a considerably higher 

concentration of thiafentanil in blesbok liver samples after 72-74 hours, we deemed that this could 

have be due to the tendency that synthetic opioids have shown to accumulate in the liver (Concheiro 

et al., 2018). Thus, the concentration range we found in the liver samples is realistic in comparison 

with this similarly potent fentanyl analogue.  

From the samples which showed a positive response for thiafentanil, animal numbers 4, 29 and 32, 

we can see from Table 5.1 that the presence of thiafentanil was not due to sex-specific differences 

between the animals as one of the animals was male and the other two were female. Furthermore, 

the presence of thiafentanil in these specific animals is unlikely to be based on their weight as these 

animals weighed 59.9 kg, 78.3 kg and 69.5 kg respectively, masses which are even spread over the 

range of masses for the twelve animals which ranged from 52.0 kg to 78.3 kg. Although the mass of 

animal 29 was the heaviest from all twelve animals, this was still only darted with 3.0 mg of 

thiafentanil oxalate hence, it had the lowest relative dose and still had a presence of thiafentanil in 

the liver sample. Based on the fact that animals with higher relative doses, such as animals number 4 

and 32, also showed presence of thiafentanil we cannot suggest that the presence of this drug 72-74 

hours post administration is depended on the weight or relative dose of the animal.  

While we did quantify the absolute concentrations of thiafentanil in the three liver samples to range 

from of 287 pg/g to 413 pg/g, these values were out of the scope of our calculated LOD and LOQ cut-

off values discussed in section 4.3.4.1. Furthermore, as we mentioned in section 4.3.4.3 there was 

considerable background noise corresponding to the m/z value for thiafentanil in the blesbok muscle 

and venison liver and kidney samples compromising the specificity and selectivity of the method. 

These interferences were also present in the extracts from the blesbok liver, kidney and muscle 

samples. Therefore, we are unable to exclude the possibility that low concentrations of thiafentanil 

detected could potentially be a result of a compound already present in the matrix. The background 

noise was however present in all the samples. Thus, if the major influence for the detected peaks 

were solely from background noise then the positive results would have been present throughout 

the sample range which was not the case. Furthermore, individual variance with regards to animal 

weight, age, health and metabolism will have a drastic impact on the half-life of thiafentanil within 

an animal. Meaning that the positive detection within only three samples are most probably from 

the thiafentanil compound. 

Further data collection through the analysis of blank blesbok liver matrices will assist to better 

decipher the data and clarify whether the signal, is in fact from thiafentanil. Additionally, further 

development of the detection protocol, for example, improving the specificity of the method as well 

as improving the LOD and LOQ could improve the level of confidence that the peaks do, in fact 

correspond to thiafentanil.  

Despite all the analytical challenges associated with synthetic opioids, some of which have been 

previously mentioned such as their presence in low concentrations and thus the need for high 
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analytical detection methods, the interpretation of these results can also pose a considerable 

challenge due to the lack of available data. This is especially true for the more potent opioids which 

are not used in human medicine as there is a limited range of available data for different post-

mortem specimens and reference databases (Concheiro et al., 2018).  

Given that three of the liver samples had a positive response for thiafentanil and it is likely that the 

other matrices may have metabolites present, there might still be a risk present should these tissues 

be consumed. If there are residual drug substances in the animal tissue, some estimates would be 

necessary to establish the risk associated with consuming meat which had recently been drugged 

(Semple et al., 2000). Estimates were given by the research group Semple et al., (2000) based on the 

findings from their study of tissue residues of Telazol in polar bears. In this study Telazol 

concentrations were recorded to be less than 500 µg/kg after 24 hours. Thus, using this 

concentration if 500 g of contaminated tissue was consumed one day after being injected with 

Telazol the amount of drug present in that meal would only be 250 µg. Furthermore, researchers 

considered that if an average human weighing around 70 kg consumed this meal the dose would 

amount to a concentration of 3.6 µg/kg body weight, a dose which researchers suggest would 

unlikely be sufficient to deliver an effective dosage. Semple et al. (2013) acknowledge that despite 

these estimates, due to the lack of data on humans, assessing the risk of toxicity is impossible. 

Similarly, although the concentrations present in the liver matrices are at a pg level, due to the lack 

of data available for thiafentanil toxicity in humans the risk of consuming tissues contaminated with 

thiafentanil would currently be impossible to assess.  

Although thiafentanil was not detected in the kidney and muscle extracts, there could be 

metabolites present in these matrices. Additionally, in comparison to carfentanil, thiafentanil has 

appeared to be more rapidly metabolised in certain species (Lance and Kenny, 2012) which could be 

the reason why only three of the liver samples showed a positive response for thiafentanil. The 

major problem with identifying the presence of metabolites in the blesbok matrices is that to the 

best of our knowledge, at the time of this study we were unaware of any metabolism study on 

thiafentanil and thus the identity of these metabolites is unknown. Despite this, it is known that a 

number of fentanyl derivatives including fentanyl, sufentanil, alfentanil, remifentanil and carfentanil 

are all metabolised via N-dealkylation resulting in nor-metabolites (Van Nimmen, Poels and 

Veulemans, 2004; Feasel et al., 2016). The metabolism of these compounds is so similar that often 

the resulting compounds are identical. For examples the metabolites for sufentanil and alfentanil as 

well as for remifentanil and carfentanil are exactly the same (Feasel et al., 2016). However, there are 

exceptions to the N-dealkylation process. For example, 95% of remifentanil is found to be 

metabolised in blood and tissue rather than in the liver to form a carboxylic acid metabolite (Maylan 

Institution LLC, 2019).  

Furthermore, it is well known and documented that fentanyl is metabolised by the liver and 

excreted via the kidney (Vardanya and Hruby, 2014). If we consider that thiafentanil is likely to 

follow a similar metabolism path to fentanyl, it could therefore be likely that there could be 

thiafentanil metabolites present in the kidney extracts. Moreover, studies have used metabolites 

such as norfentanyl to identify fentanyl in the post-mortem urine of drug-overdose cases (Peer et al., 

2007). Therefore, if we could identify the thiafentanil metabolites we could potentially quantify the 

concentration of thiafentanil in organs such as the kidney.  
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5.7 Presence of metabolites 

Considering that it is likely that the blesbok matrices may contain thiafentanil metabolites we further 

investigated whether thiafentanil may also follow the general N-dealkylation metabolism of fentanyl 

derivatives, to form methyl 4-phenylamino-4-piperidine carboxylate (Figure 5.2), based on the 

presence of this compound in the blesbok extracts. 

This was done by analysing methyl 4-phenylamino-4-piperidine 

carboxylate (kindly donated by Wildlife Pharmaceuticals (Pty) 

Ltd. White River, South Africa) using the same HPLC-MS 

protocol used throughout this study and analysing both the 

retention time and the monoisotopic mass of this compound. 

From these findings we determined that the criterion, for a 

positive response for this metabolite was considered as a peak 

corresponding to the m/z value ranging from 234.13 and 234.60 

between 1.1 and 1.9 minutes. Furthermore, we found that 11 

of the muscle samples, 9 of the kidney samples and 7 of the 

liver samples exhibited a positive response for the compound 

(Figure 5.3).  

From the literature known about other metabolites of fentanyl 

analogues as well as the positive response in varying ratios 

between the different matrices, we can conclude that it is highly likely that methyl 4-phenylamino-4-

piperidine carboxylate is a metabolite of thiafentanil. This may however not be the only metabolite 

present as there are exceptions to the N-dealkylation process. For example, as we have previously 

mentioned 95% of remifentanil is found to be metabolised in blood and tissue rather than in the 

liver to form a carboxylic acid metabolite (Maylan Institution LLC, 2019).  

Figure 5.2 Structure of methyl 4-
phenylamino-4-piperidine 
carboxylate corresponding to the 
m/z value 234.51. 

Figure 5.3 Number of samples which had a positive response for methyl 4-phenylamino-
4-piperidine carboxylate for muscle (n=12), kidney (n=12) and liver (n=12) samples. 
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We did not attempt to quantify the concentration of methyl 4-phenylamino-4-piperidine carboxylate 

in the extracts but further evaluation of this compound in tissue could be very insightful.  

5.8 Conclusion 

The main aim of this study was to quantify the concentration of thiafentanil residue in blesbok 

muscle, kidney and liver tissues 72-74 hours post administration. Although the determined 

concentration of thiafentanil was lower than our LOD, we found that the only matrix to still have 

evidence of thiafentanil was the liver samples. Additionally, of the twelve liver samples only three 

still had evidence of the thiafentanil.  

Despite our rigorous approach to developing the protocol we implemented for the blesbok matrix 

extractions we ultimately concluded that if we could better determine the background response 

specific to the matrix and species, consequently improving the specificity of our method, we could 

eliminate potential questionability surrounding positive response for thiafentanil. Additionally, we 

would need to improve the LOD and LOQ for our detection protocol in order to accommodate for 

extremely low concentrations.  

This study did however provide the aimed for starting point for future thiafentanil meat residue limit 

investigations. Furthermore, the extraction method that we developed has been suitably adapted to 

be used in the field. The developed extraction approach does not use hazardous chemicals, is simple 

to perform and doesn’t use excessive quantities of solvent. Additionally it does not require complex 

equipment. Ultimately the most complex piece of equipment required for this extraction procedure 

is the modified hand blender which has the potential to be powered using a 12 V battery and an 

inverter.  
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6 Conclusion and future work 

6.1 Introduction 

This chapter summarises the work which we have completed in this study. Additionally we discuss 

further improvements which could be made to the study as well as the potential for future work.  

6.2 Summary 

In this study we developed an HPLC-MS analysis method and data analysis protocol in order to 

quantify the concentrations of thiafentanil in extracts. This HPLC-MS method was developed with 

the aim to be sensitive and specific to thiafentanil. This was the case for the beef extracts where the 

quantification of thiafentanil was not drastically influenced by matrix interferences as we quantified 

the matrix effects to be 11.1% ion suppression. Additionally we found that for the beef samples this 

method had 100% sensitivity and high specificity. Furthermore, we determined the LOD and LOQ for 

thiafentanil from the HPLC-MS method to be 0.0314 µg/mL and 0.0952 µg/mL respectively, which 

we later improved, by modifying the sample preparation slightly to 0.0179 µg/mL and 0.0544 µg/mL. 

In addition to developing the analytical protocol to detect thiafentanil in extracts, we developed a 

robust, easy to use extraction protocol that can be executed with limited resources and could be 

implemented to extract thiafentanil from blesbok tissue samples. We took two approaches to 

developing an extraction protocol, namely LLE and QuEChERS. The QuEChERS approach gave us the 

best recovery and was further optimized to produce a 90 ± 3.2% extraction efficiency in beef muscle 

samples. This method was even further optimized in order to overcome instrument limitations and 

adapted to not only be implemented at the Wildlife Pharmaceuticals (Pty) Ltd., laboratory where the 

final extractions were to take place but also adapted to be used with minimal resources in the field. 

The final optimized method achieved 98 ± 3.3% extraction efficiency in beef muscle samples.  

The final extraction procedure was then applied to blesbok muscle and venison kidney and liver 

matrices to assess whether there were species and matrix differences. We determined that there 

were differences between matrices, as well as between species. The extraction efficiency for the 

blesbok muscle samples was approximately  9̴% higher compared to the beef muscle samples. 

Additionally the extraction efficiency for the blesbok muscle was the greatest of all the matrices, 

followed by the liver and lastly the kidney. The extraction efficiency was approximately  8̴% higher 

for the blesbok muscle compared to the venison liver, which was approximately  2̴2% higher than 

the venison kidney matrix. We also assessed the suitability of the HPLC-MS method for the blesbok 

muscle extract by assessing the sensitivity and specificity. We found that this method had 100% 

sensitivity and but low specificity due to the abundance of background noise with similar m/z values 

to thiafentanil.  

Finally the protocol was applied to blesbok muscle, liver and kidney samples collected from adult 

blesbok 72-74 hours post administration with 3.0 mg thiafentanil oxalate. These results showed that 

only the matrix containing thiafentanil 72-74 hours post administration was the liver. The 

concentrations in this matrix ranged from 287 pg/g to 413 pg/g. Unfortunately this value was below 

our LOQ and LOD therefore, despite these results we cannot preclude the possibility that these 

results could have been the result of a compound already present in the sample, nor can we deny 

the presence of thiafentanil in these samples.  
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6.3 Future work 

We have a number of ideas for both future work as well as improvements which could be made to 

this study. These are discussed further below.  

Identifying thiafentanil metabolites as well as its metabolism mechanism would improve the 

interpretation of the analytical results (Concheiro et al., 2018). Additionally, by knowing the 

identities of metabolites we could extend the detection window as they are likely present in bio 

tissue for longer than the parent drug (Concheiro et al., 2018). For example, in the case of 

carfentanil in humans a half-life of 5.7 hours has been determined for the parent drug while its 

metabolite, norcarfentanil, has a half-life of 11.8 hours (Uddayasankar et al., 2018). Furthermore, 

the importance of identifying and characterising thiafentanil metabolites can be particularly 

important as it is likely that some metabolites from fentanyl analogues may still have clinical 

relevance and demonstrate pharmacological activity (Concheiro et al., 2018; Wilde et al., 2019). For 

example, one of the carfentanil metabolites has demonstrated agonistic properties (Cole et al., 

2006). 

We looked at the MS/MS fragments produced by thiafentanil at 30 eV to determine whether the two 

peaks found in the standard both corresponded to thiafentanil and we proposed potential structures 

for these fragments. However a deeper understanding of the MS fragmentation could not only allow 

for less ambiguity in a study such as this, but also have a broader application. Using MS/MS scans 

when quantifying thiafentanil could eliminate the possibility of a false positive response. For 

example, Peer et al. (2007) used fragment ions from fentanyl to quantify the concentration of 

fentanyl in urine. Due to the analyte-specific daughter ions, this approach allowed these researchers 

to effectively address the issue of selectivity which they faced when quantifying the concentration 

using the parent ion. Additionally, this approach allowed the researchers to avoid ion suppression 

due to the co-elution of compounds in a similar mass range. In a broader sense, monitoring the 

fragment patterns of unknown compounds has led to the positive identification of the fentanyl 

analogues remifentanil and carfentanil on clothing (Riches et al., 2012). Thus by understanding the 

specific fragmentation pattern of thiafentanil, this data could allow for confirmatory identification of 

thiafentanil from an unknown compound. Further, as researchers have demonstrated, provided 

compounds contain the same core structure, some of the fragments have little to no variation in 

their m/z values regardless of their alterations to the core structure (Klingberg et al., 2019). Thus, if 

fragment’s patterns of unknown compounds show certain similarities to those recorded in MS 

libraries it could strongly indicate that a fentanyl analogue is present and furthermore whether the 

structure and potentially the potency is similar or dissimilar to that of thiafentanil.  

We could only speculate that we had a geometric isomer of thiafentanil as a result of the two peaks 

with identical m/z values and almost identical fragment patterns as well as the occurrence of 

fentanyl isomers in literature. It could however, be beneficial to identify the isomers for future work. 

For example, there are two documented geometric isomers for 3-methylfentanyl, where the (±)-

trans isomer exhibits a similar potency to fentanyl, the (+)-cis isomer is reported to be up to 19 times 

more potent than fentanyl (Kanamori et al., 2017). Describing the thiafentanil isomers could be done 

using HPLC-MS and nuclear magnetic resonance spectroscopy (NMR). Furthermore, if the two peaks 

for thiafentanil are in fact geometric isomers, studies could be done by isolating the two structures 

and determining whether the potencies of the two structures differ. 
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Further exploration into the matrix effects, particularly those for blesbok matrices, could also be 

highly beneficial to a study such as this. While we did briefly look at quantifying the matrix effects in 

the beef muscle samples at a fortification level of 6.0 µg/mL, it is likely that at a lower concentration, 

similar to the concentrations we expect to find from samples in the field, the matrix effects might be 

higher. Ultimately it could be useful to quantify matrix effects at various predicted concentration 

levels. Thus, when a certain concentration is calculated the matrix effects could be more relative to 

that specific value.  

Furthermore, we only attempted to quantify thiafentanil from samples using the ESI source. 

However, as we have previously mentioned different source interfaces such as ESI and APCI could 

potentially affect the ionization efficiency of the target compound, in turn affecting the extent of the 

matrix effects (Matuszewski, Constanzer and Chavez-Eng, 2003). Investigating potential differences 

in matrix effects between the two sources was beyond the scope of our study but such an 

investigation could be another interesting consideration for future work. 

We examined the sample stability up to 170 hours post-extraction for beef muscle samples, but 

examining the sample stability for specifically for blesbok matrices and samples which had been 

thawed and refrozen as well as the effect of analysing samples which have been frozen compared to 

analysing fresh samples could provide further insights into sample stability. There are a number of 

studies which have evaluated the stability of various fentanyl analogues in different matrices. For 

example, urine samples fortified with 11 different analogues including fentanyl, carfentanil and their 

metabolites norfentanyl and norcarfentanil were stable for at least 2 months when stored at a 

minimum temperature of -20°C (Wang and Bernert, 2006). Work could also be done to assess 

whether dry, evaporated extracts could potentially be more stable compared to liquid extracts.  

Lastly, as far as we are aware there is no withdrawal data on thiafentanil for African wildlife species 

and a lack of information available on the safety of thiafentanil residues which may be present in 

animals being used for game meat production. Hence a further study defining withdrawal times for 

various species in which in the drug is administered could offer better insights into how long 

thiafentanil is in the animal’s system, ultimately answering the question of how long after darting 

the animal is it safe to consume.  

6.4 Conclusion 

To our knowledge this study is the very first to consider residue limits of thiafentanil within African 

wildlife species. We managed to successfully develop a user-friendly and effective extraction method 

together with an analytical detection protocol. The analysis of the biological samples, collected 72-

74 hours post thiafentanil administration through opportunistic sampling, proved liver samples to be 

the most likely to contain trace amounts of the drug substance.  

It is likely that the extraction and analytical detection protocol in this study could have other 

application with minimal adaptations.  

Even though this study raised scientific questions, ideas and future considerations (as previously 

discussed) this study provides a solid foundation for the design of future investigations not only from 

a chemistry point of view, but also considering that the determination of meat residue limits 

unfortunately goes hand in hand with the ethical sacrifice of research animals. Thus for a meat 

residue study, it is of utmost importance that within the study design, parameters such as the 
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selected timeline of euthanasia, required amount of samples and the quality of final data are all 

based on previously collected information.  
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7 Appendices 

7.1 Temperature graph for VT 78 ultra-low temperature freezer (Vestfrost, 

Denmark) 
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