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Abstract 

 

Evaluation of dependence liability of emerging psychoactive 

substances 

 

Hye Jin Cha 

 

(Supervisor: Han Sang Yoo) 

 

Department of Veterinary Medicine 

The Graduate School 

Seoul National University 

 

It has become a social problem that people who abuse narcotics such as central 

nervous acting medicinal drugs and new psychoactive substances have been 

increasing in Korea. As the center for evaluation of psychoactive substances in 

order to control them, the Ministry of Food and Drug Safety (MFDS) have two big 

categories of evaluating principles according to the purposes for uses of the 

substances. In the case of medicinal drugs, evaluating dependence potential 

through conventional in vivo experiment is essential because it is used to humans 

for medical purposes. However, in the case of synthetic psychoactive substances 

not for medicinal purposes, it is not only unnecessary to evaluate every individual 
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substances through animal behavioral experiments but also impossible to do so. In 

this regard, it is important to establish rapid methods for prediction of dependence 

potential of numerous new psychoactive substances which are not intended for 

medical uses. 

In the present study, physical dependence, psychological dependence, and 

dopaminergic/serotonergic effects were evaluated in various medicinal drugs and 

some of synthetic cannabinoids in the behavioral pharmacological approach. 

Jumping test was used to evaluate physical dependence liability and climbing 

behavior test and head twitch response were evaluated to check the substances‟ 

dopaminiergic and serotonergic effects, respectively. The psychological 

dependence liability was evaluated with a conditioned place preference test and 

self-administration test. Each animal behavioral test has been validated by many 

scientists, and is generally used in the field of substance dependence liability. 

Three medicinal drugs that are abusable (propofol, quetiapine, and tramadol) and 

three synthetic cannabinoids (JWH-073, JWH-081, and JWH-210) were selected in 

order to evaluate their abuse liabilities. Propofol produced negative responses in 

the climbing and jumping tests, but presented positive results in conditioned place 

preference and self-administration tests. The results suggested that propofol does 

not activate the dopaminiergic system nor lead to physical dependence, but does 

have a psychological dependence liability. In the case of quetiapine, climbing and 

jumping behavior tests were negative, but the head twitch, conditioned place 

preference, and self-administration tests were positive. From these results 
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quetiapine was suggested to have effect on the serotonergic system, and may have 

a psychological dependence liability. The results were coincident with the 

expression level changes of related genes and proteins. Tramadol showed negative 

responses in the climbing test, but yielded positive results in the jumping, head 

twitch, conditioned place preference, and self-administration tests, which suggests 

that tramadol might affect the serotonergic system and induce physical and 

psychological dependence.  

In the current situation of flooding circulation of psychoactive substances, it is 

requested to develop rapid dependence evaluating methods for screening the 

unknown substances effectively. In MFDS, various in vitro, in silico, and ex vivo 

techniques are applied to meet the necessities of rapid controlling system. In the 

policy making part, the „temporary narcotics act‟ was established in 2011 to control 

new psychoactive substances immediately without evaluating dependence and 

effect on central nervous system. To back up the policy scientifically, a dependence 

prediction method should be developed based on various techniques such as 

receptor binding assay, QSAR/QSPR modeling, neurotransmitter analysis using 

HPLC, and so forth. 

Psychological dependence liability of three synthetic cannabinoids (JWH-073, 

JWH-081, and JWH-210) which are known to show different binding affinities to 

the CB1 receptor was evaluated using conditioned place preference and self-

administration techniques. And the results from the in vivo study were compared 

with those of receptor binding assay to determine whether there is a relationship 
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between dependence potential and receptor binding affinity or not. Although the 

tested synthetic cannabinoids showed negative results in the self-administration test, 

the conditioned place preference of the drugs increased significantly, and the 

increase  coincided with the results of the CB1 receptor binding assay performed 

in vitro using over-expressed protein membrane.  

To maintain Korea as „drug free‟ state, and keep Korean people from drug abuse 

problem, it is needed to sustainable effort on monitoring abusable substances 

through scientific evaluation. And developing a simple and rapid method for the 

evaluation will provide an utmost tool for those efforts.  

                                                                     

Keywords: Psychoactive substances, Dependence, Propofol, Quetiapine, 

Tramadol, Synthetic cannabinoids 
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General introduction 

 

The term narcotic originally referred to any psychoactive compound with any 

sleep-inducing properties. But over time, the meaning of narcotics has changed. 

Today, the word has negative connotations due to its illegal use for recreational 

purposes. In this regard, the term in the legal texts in most countries means a 

substance which is strictly prohibited by the law. With rising problems related with 

narcotics worldwide, Single Convention on Narcotic Drugs was held in 1961. The 

principal objectives of the convention were to limit the possession, use, trade, 

distribution, import, export, manufacture, and production of drugs exclusively for  

medical and scientific purposes and to address drug trafficking through 

international cooperation to deter and discourage drug traffickers (INCB, 2011). 

More than seventy countries, including Korea, signed the treaty. 

Since substances acting in the brain had been diversified and expanded after that 

convention in 1961, the Convention of Psychotropic Substances was held in 1971 

to control over a number of synthetic drugs according to their abuse potential 

(INCB, 2011). Most of the substances addressed in this convention are synthetic 

psychoactive substances that cross the blood-brain barrier and acts primarily upon 

the central nervous system.  

In Korea, narcotics and psychoactive substances are regulated by the „Act on the 

Narcotics Control‟, which is similar to the classification by the INCB Conventions. 

The „Act on the Narcotics Control‟ of Korea defines „Narcotics‟ as narcotics, 
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psychoactive substances, and cannabis. Narcotics include poppy, opium, coca 

leaves, and designated alkaloids that can be derived from plants. Both chemically 

synthesized substances, along with naturally derived substances that are abused or 

toxic in the same way are also designated as narcotics. Psychoactive substances are 

the ones that affect the central nervous system, causing serious damages to the 

human body when abused or misused. Psychoactive substances are classified into 

four subclasses in the order of their abuse liability and medicinal use. The 

psychoactive substances in the „Ga‟ subclass are not used for medicinal purposes.  

„Na‟ to „La‟ subclasses are divided according to their abuse liabilities or 

dependence potential. Cannabis and its resin are controlled separately. 

Both narcotics and psychoactive substances act in the brain to alter cognition, 

perception, and behavior. A lot of people in the world use those substances for 

medical treatments, recreational purposes, or in religious rituals. Because narcotics 

and psychoactive substances change brain function, it can induce substance 

dependence. 

Substance dependence is defined as the loss of control over substance use or the 

compulsive seeking and taking of the substances despite adverse consequences 

(Koob, 1999). It includes symptoms such as the need to use increased doses of the 

drug, withdrawal symptoms, unsuccessful attempts to cut down on drug use, and 

continued use in spite of the drug‟s harmful effects (Mckim, W. A. et al. 2012). 

Dependence can be divided into two categories; physical dependence and 

psychological dependence. Physical dependence refers to chronic use of a drug to 
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the point of tolerance in which abrupt discontinuation or a reduction in dose 

produces negative physical symptoms or withdrawal (Landry et al., 1992). 

Psychological dependence refers to a lack of self restraint regarding drug use. Two 

important concepts pertaining to this phenomenon are reinforcement and reward 

(Taylor et al., 2002). Reinforcement indicates an event that increases the 

probability of a given action. The meaning of reward is similar, but reward usually 

refers to a positive sensation, such as pleasure (Koob, 1992).  

There are validated in vivo dependence evaluation techniques that are effective 

tools in indirectly evaluating substance physical and/or psychological dependence 

(Morris et al., 2010; Acheson et al., 1999; Chung et al., 2008; Doremus et al., 2003; 

Varlinskaya et al., 2002). Researchers examined the climbing and head twitch 

behaviors in pre-evaluation experiments to monitor drug‟s dopaminergic and 

serotonergic effect, respectively. The jumping behavior test is typically used to 

determine a drug‟s potential to lead to physical dependence, particularly for the 

opioids (El-Kadi et al., 1994; Ritzmann, 1981; Smits, 1975; Salens et al., 1971; 

Way et al., 1969; Kest et al., 2001). Also, a conditioned place preference test and 

self-administration test are commonly used to evaluate and validate a substance‟s 

potential to cause psychological dependence according to previous studies 

(Gorelick et al., 2004; Mucha et al., 1982). 

In the present study, we evaluated the dependence liability of three medicinal 

drugs (propofol, quetiapine, and tramadol) and three synthetic cannabinoids (JWH-

073, JWH-081, and JWH-210). Propofol is a common anesthetic for conscious 
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sedation or to induce and maintain general anesthesia (LeSage et al., 2000; Pain et 

al., 1996). Several cases on its dependence potential (Pain et al., 2002) have been 

previously report, and cases of abuse have recently occurred in Korea. Quetiapine 

is an atypical second-generation antipsychotic agent that was approved by the Food 

and Drug Administration in 1997 for the treatment of schizophrenia and the short-

term treatment (as monotherapy or adjunct therapy to lithium or valproic acid) of 

acute manic episodes associated with bipolar I disorder (Morin, 2007; Randy et al., 

2010). Though quetiapine is not a controlled substance and is not considered 

addictive, its drug dependence potential has been described in several case reports 

(Pinta, 2007). Tramadol is an atypical, centrally acting, synthetic analgesic 

functioning through opioid and non-opioid systems (Sarkar et al., 2012), and is one 

of the most frequently prescribed drugs for moderate to severe pain in Korea. 

However, dependence potential of the three drugs has not been evaluated through 

in vivo studies.  

The new psychoactive substances have been emerged since 2000‟s worldwide. 

Synthetic cannabinoids represent a new psychoactive substance group, and the 

JWH series have caused social problems related to their abuse liability. Because 

the JWH series produces hallucinogenic effects, they have been distributed 

illegally under street names such as “Spice” and “Smoke”. Since they have 

emerged suddenly, data on their dependence liability and/or toxicity are not yet 

fully known. Also, since their use and distribution have been increased 

dramatically, evaluating the dependence liabilities for every single substance using 



- 5 - 

 

animals has become nearly impossible. In this regard, rapid and accurate screening 

methods are needed, so the results of the dependence liability test and the in vivo 

and in vitro studies were compared to determine if there is a relationship between 

them. . 
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Literature Review 

 

Addiction and dependence 

 

The definition of addiction has changed over the years according to societal views. 

At one time it was defined as a state of physiological adaptation to the presence of 

a drug in the body such that its absence leads to physiological dysfunction which is 

manifest to the sufferer as unpleasant, and sometimes even life-threatening, 

„withdrawal symptoms‟. Nowadays the term „addiction‟ is applied to a syndrome, 

at the centre of which is impaired control over a behavior, and this loss of control 

leads to significant harm (West, 2006).  

Dependence, also called habituation or compulsive use, connotes a psychological 

and/or physical “need” for the drugs. It can be divided into two categories: 

psychological dependence and physical dependence. Psychological dependence is 

an attribute of all drugs that are abused and centers on the user feeling as if he or 

she needs the drugs in order to reach a maximum level of feeling of well-being. 

This is subjective and is almost impossible to quantify objectively and thus is of 

limited usefulness in making a diagnosis (Schuckit, 1995). However, there are 

many reports that suggest methods for evaluating psychological dependence using 

animal models including rodents and non-human primates. Physical dependence 

indicates that the body has adapted physiologically to chronic use of the substance, 

with the development of symptoms when the drug is stopped or withdrawn. There 
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are two important aspects to physical dependence: tolerance and withdrawal or an 

abstinence syndrome. Tolerance is the need for higher and higher doses of the same 

drug to achieve the same effects. Withdrawal syndrome is the appearance of 

physiological symptoms when the drug is stopped too quickly. Like tolerance, 

withdrawal is not an all-or-none phenomenon and usually consists of a syndrome 

comprising of a wide variety of possible symptoms (Schuckit, 1995). 

Drug abuse can occur with any substance that taken through any route of 

administration, that alters the mood, the level of perception, or brain functioning. 

Such drugs include substances ranging from prescribed medications to alcohol to 

synthetic recreational substances such as ecstasy and synthetic cannabinoids 

(Schuckit, 1995). Several criteria for abuse and dependence listed in Table 1 have 

been made by previous scientists (American Psychiatric Association, 1994). 
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Table 1. Criteria for abuse and dependence 

Abuse 

A. A maladaptive pattern of substance use leading to clinically significant impairment of 

distress, as manifested by one or more of the following occurring at any time during the 

same 12-month period: 

1. Recurrent substance use resulting in a failure to fulfill major role obligations at work, 

school, or home (e.g., repeated absences or poor work performance related to 

substance use; substance-related absences, suspensions, or expulsions from school; 

neglect of children or household). 

2. Recurrent substance use in situations in which it is physically hazardous (e.g., 

driving an automobile or operating a machine when impaired by substance use). 

3. Recurrent substance-related legal problems (e.g., arrests for substance-related 

disorderly conduct). 

4. Continued substance use despite having persistent or recurrent social or interpersonal 

problems. 

B. Has never met the criteria for Substance Dependence for this class of substance. 

 

Dependence 

A maladaptive pattern of substance use leading to clinically significant impairment or 

distress, as manifested by three or more of the following occurring at any time in the same 

12-month period: 

1. Tolerance, as defined by either of the following:  

    (a) Need for markedly increased amounts of the substance to achieve intoxication or 

desired effect. 
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    (b) Markedly diminished effect with continued use of the same amount of the 

substance. 

   2. Withdrawal, as manifested by either of the following: 

    (a) The characteristic withdrawal syndrome for the substance 

    (b) The same (or closely related) substance is taken to relieve or avoid withdrawal 

symptoms. 

   3. The substance is often taken in larger amounts or over a longer period than was 

intended. 

   4. A persistent desire or unsuccessful efforts to cut down or control substance use. 

   5. A great deal of time is spent in activities necessary to obtain the substance (e.g., 

visiting multiple doctors or driving long distances), use the substance (e.g., chain-

smoking), or recover from its effects. 

   6. Important social, occupational, or recreational activities given up or reduced because 

of substance use. 

   7. Continued substance use despite knowledge of having had a persistent or recurrent 

physical or psychological problem that was likely to have been caused or exacerbated 

by the substance (e.g., current cocaine use despite recognition of cocaine-induced 

depression, or continued drinking despite recognition that an ulcer was made worse by 

alcohol consumption). 
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Rewarding pathway in the central nervous system 

 

Abusable drugs are able to exert influence over the brain reward pathway either 

by directly influencing the action of dopamine within the system, or by altering the 

activity of other neurotransmitters that exert a modulatory influence over this 

mesolimbic dopaminergic pathway. γ-aminobutyric acid (GABA), opioid, 

serotonergic, cholinergic, and noradrenergic neurotransmitter pathways have all 

been shown to interact at various points along the mesolimbic dopaminergic 

pathway and to modulate its activity (Tomkins et al., 2001). It is known that the 

neurons of the ventral tegmental area form most of the mesolimbic and 

mesocortical projections involved in reward. The pathway starts at the ventral 

tegmental area, and then passes through nucleus accumbens, the striatum, and the 

frontal cortex (Kandel et al., 2000). Reward or reinforcement is an objective way to 

describe the positive value that an individual ascribes to an object, behavioral act, 

or an internal physical state. Primary rewards include those that are necessary for 

the survival of species, such as food and sexual contact. Secondary rewards derive 

their value from the primary reward. They can be produced experimentally by 

pairing a neutral stimulus with a known reward.  

In neuroscience, the reward system is a collection of brain structures that attempts 

to regulate and control behavior by inducing pleasurable effects. It is a brain circuit 

that, when activated, reinforces behaviors. The circuit includes the dopamine-

containing neurons of the ventral tegmental area, the nucleus accumbens, and part 
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of the prefrontal cortex (Giannini, A. J., 1996). 

 

Evaluating dependence: behavioral pharmacology 

 

There are validated behavioral pharmacological techniques using experimental 

animals as  effective tools to evaluate substance dependence that is either physical 

or psychological (Morris et al., 2010; Acheson et al., 1999; Chung et al., 2008; 

Doremus et al., 2003; Varlinskaya et al., 2002). Researchers examined the climbing 

and head twitching behaviors in pre-evaluation experiments to monitor a drug‟s 

dopaminergic and serotonergic effect, respectively. The jumping behavior test is 

typically used to determine a drug‟s potential to lead to physical dependence, 

particularly for opioids (El-Kadi et al., 1994; Ritzmann, 1981; Smits, 1975; Salens 

et al., 1971; Way et al., 1969; Kest et al., 2001).  

Also, there are two major techniques to evaluate psychological dependence: the 

conditioned place preference test and self-administration test (Gorelick et al., 2004; 

Mucha et al., 1982). In the conditioned place preference test, there are biased 

procedure and unbiased procedure. The biased-unbiased distinction is used to 

describe the experimental procedure for assigning the drug-paired conditioned 

stimulus. It means that if naïve untrained animals show a significant preference 

during the pre-test for one side of the apparatus, the apparatus is described as 

“biased”. It is described as “unbiased” when the animals show no preference for 

one compartment specifically (LeFoll et al. 2005). The “biased” experimental 



- 12 - 

 

design was used in the present study to reduce bias from individual difference of 

experimental animals. Self-administration is an accepted model in animals and 

humans (Sneyd 1994; Kim et al. 1998) to investigate psychological dependence of 

drugs with the conditioned place preference test. There are two ways of setting up 

the self-administration experimental design: fixed-ratio schedule and progressive-

ratio schedule. It is noted that the fixed-ratio schedule is suitable for determining 

the reinforcing effects of a particular drug whereas the progressive-ratio schedule is 

proper for detecting the relative magnitude of reinforcing effects of different drugs 

(Ward et al. 1996). The fixed-ratio schedule was applied in the present study 

because it is necessary to find out whether propofol induced self-administration or 

not.  

 

Neurotransmitters 

 

Since a neuroscientist Aryeh Routtenberg implanted electrodes into the brains of 

laboratory rats in 1964, it has been known that chemical interactions between the 

addictive substances and the synaptic receptors in the brain. Chemical transmission 

at synapses can be divided into a few steps: neurotransmitter synthesis, storage, and 

release of the substances, the interactions with receptors at the postsynaptic 

membrane, and removal of the substances from the synaptic clefts (Kandel, 2000). 

There are many neurotransmitters related to drug abuse; norepinephrine and beta-

endorphin for opiates, noradrenergic and dopaminergic transmission for cocaine, 
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and gamma-aminobutyric acid for alcohol (Giannini, 1996). The neurotransmitters 

have to meet the four criteria: (1) they have to be synthesized in the neuron, (2) 

they have to be present in the presynaptic terminal and released in sufficient 

amount when needed, (3) they must express the same action pattern both 

endogenously and exogenously, and (4) specific removing mechanisms have to 

exist (Kandel, 2000). Dopamine is a major catecholamine neurotransmitter. This 

stimulates mood and thought both by the stimulation of adenylate cyclase 

(Giannini, 1996). In the brain, dopamine is the primary pathway between the 

nucleus accumbens and the pars compacta, which function as pleasure centers in 

humans (Figure 1). Serotonin is an indolamine, which is located in the five paired 

pontine raphe nuclei. It is a stimulant and may inhibit norepinephrine production. 

Low levels of serotonin are associated with depression, while high levels are 

associated with psychosis (Giannini, 1996). Hallucination induced by many 

substances with dependence potential is closely related with the serotonergic 

system. Except for dopamine and serotonin, it has been elucidated that many 

neurotransmitters are play a role in addiction and dependence. For example, 

glutamate is the major excitatory neurotransmitter in the brain. Glutamatergic axon 

terminals exist almost throughout the entire brain, including projections within the 

striatum which are related to the reward pathway (McKim et al., 2012). 
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Figure 1. Schematic diagram of the human brain that highlights some of the main 

brain areas and neurotransmitter pathways implicated in reward process (Tomkins 

et al., 2001). 
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Propofol 

 

Propofol is a sedative-hypnotic prescription medicine which is widely used in 

anesthesia, long-term sedation, and conscious sedation (Wilson et al., 2010). It has 

been used in anesthesiology since 1986 (Langley et al., 1998) and is primarily used 

for conscious sedation and induction of anesthesia. It is a fast-acting alkylphenol 

derivative (Figure 2.) as a GABAA and nACh receptor agonist. Rapid restoration 

and anti-emetic properties make it possible to use frequently in ambulatory 

anesthesia.  Since propofol does not have an analgesic effect, opioids should be 

used with it. One of the known adverse effects of propofol is decreased blood 

pressure when used in induction of anesthesia. 

Although the clinical properties of propofol are relatively well known, its abuse or 

dependence potential is not.  Possible abuse has been reported only through 

several anecdotal reports. Among them, a study suggested that the incidence and/or 

detection rate of propofol abuse among health care professionals is increasing 

(Earley et al., 2013). Because propofol is a „prescription only‟ drug, the chance of 

abuse tends to be higher in the health professionals who have easier access to the 

drug compared to the general public. However, recently, its abuse liability among 

general public is increasing, and has been highlighted by the media when  

Michael Jackson‟s died and in reports about deaths tied to many illegal esthetical 

(surgical) procedures in Korea in which propofol was used. 
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 Figure 2. Chemical structure of propofol 
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Quetiapine 

 

Quetiapine is an atypical second-generation antipsychotic agent that was 

approved by the Food and Drug Administration in 1997 for treatment of 

schizophrenia and the short-term treatment (as monotherapy or adjunct therapy to 

lithium or valproic acid) of acute manic episodes associated with bipolar I disorder 

(Morin, 2007; Randy et al., 2010). Quetiapine is sometimes used off-label, often to 

augment treatment for conditions such as obsessive-compulsive disorder, post-

traumatic stress disorder, restless legs syndrome, autism, alcoholism, depression, 

and Tourette syndrome. Additionally, physicians have used it as a sedative for those 

with sleep disorders or anxiety disorders (FDA, 2007). Quetiapine is a 

dibenzothiazepine derivative, and known to be an antagonist of serotonin, 

dopamine, histamine, and adrenergic receptors. However the mode of action has 

not been clearly elucidated yet. Distinctively, quetiapine‟s transient occupancy and 

rapid dissociation from postsynaptic dopamine receptors appear sufficient for 

antipsychotic action but insufficient to induce extrapyramidal symptoms or 

hyperprolactinemia (Kapur et al., 2000; Tauscher et al., 2004). The fact that 

quetiapine does not affect the extrapyramidal system unlike typical antipsychotic 

drugs is one of the reasons that quetiapine is the most frequently-prescribed 

antipsychotic agent in the United States of America (USA). Though quetiapine is 

not a controlled substance and is not considered addictive, its drug dependence 

potential has been described in several case reports (Pinta, 2007). It is sold under 
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the names like “Quell”, “Susie-Q”, especially among the inmates because it is 

harder to obtain illegal substances. There are some case reports in the literature 

about inmates‟ abuse of quetiapine (Pierre et al., 2004; Hussain et al., 2005). The 

available misuse/abuse routes were oral, intranasal, or intravenous, and most cases 

occurred in people with some history of multi-substance abuse (Morin, 2007; Pinta, 

2004). However, little or no scientific evidence revealing its mechanism of action 

and dependence or abuse liability, including animal behavioral experiments, 

presently exists (Randy et al., 2010). 
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Figure 3. Chemical structure of quetiapine 
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Tramadol 

 

Tramadol is one of the most frequently prescribed drugs for moderate to severe 

pain in Korea. It is an atypical, centrally acting, synthetic analgesic that acts on the   

opioid and non-opioid systems (Sarkar et al., 2012). It was first introduced in 

Germany in the late 1970s, and has been used widely around world (Osterlog et al., 

1978). Several case reports have indicated the abuse potential of the drug (Randall 

et al., 2014; Zhang et al., 2013; Nebhinani et al., 2013), and it is controlled as a 

psychotropic substance in several countries including Australia, Sweden, and some 

states in the USA. However, in most countries, including Korea, the drug is not 

controlled and can even be purchased without a prescription. Besides, there are 

only a few scientific reports revealing its mechanism of action and dependence or 

abuse liability. 
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Figure 4. Chemical structure of tramadol 
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Synthetic cannabinoids 

 

Synthetic cannabinoids have been widely used worldwide because they have a 

euphoric effect similar to that of Δ
 9

-tetrahydrocannabinol (Δ
9
-THC), the 

psychoactive constituent of Cannabis sativa (Gaoni and Mechoulam, 1964). These 

compounds are mixed in “herbal incense” preparations labeled “Spice” and 

“Smoke”, and are sold to those expecting the psychoactive effect of marijuana 

(Auwarter et al., 2009, Uchiyama et al., 2009a, Uchiyama et al., 2009b). Δ
 9
-THC 

has been used to help elucidate cannabinoid receptors (Devane et al., 1988).  

Cannabinoid receptors have been divided into two groups, CB1 and CB2 receptors, 

based on functionality and distribution. CB1 receptors are found widely throughout 

the brain and perform a variety of modulatory functions, whereas CB2 receptors 

have generally been associated with peripheral and central regulation of the 

immune system (Van Sickle et al., 2005). The CB1 (nomenclature follows 

Alexander et al., 2008) receptor has been identified as the receptor that mediates 

the behavioral and psychoactive effects of Δ
9
-THC in animals and humans 

(Atwood et al., 2011). The CB1 receptor is predominately expressed in the central 

nervous system, particularly in areas such as the hippocampus, basal ganglia, 

cortex, amygdala, and cerebellum (Mackie, 2005).  

Cannabinoids can be classified into at least six groups based on their chemical 

structures (parental structures) according to the British Advisory Council on the 

Misuse of Drugs (ACMD), in which classical cannabinoids (Δ
9
-THC, HU-210), 
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nonclassical cannabinoids (CP-47,497), hybrid cannabinoids (AM-4030), 

aminoalkylindoles (JWH-018), eicosanoids (anadamide), and other cannabinoids 

(CEA-13) are included. Among them, aminoalkylindoles can be classified into four 

groups, and have caused the most frequent abuse/misuse-associated problems.   

All synthetic cannabinoids and Δ
9
-THC are CB1 receptor agonists, and many of 

them show high CB1 receptor binding affinity. JWH-018, one of the well 

characterized compounds among synthetic cannabinoids, has a high binding 

affinity for the CB1 receptor in the low nanomolar ranges (~9 nM) (Showalter et al., 

1996, Aung et al., 2000). Although JWH-073, JWH-081, and JWH-210 show CB1 

receptor binding affinity comparable to that of Δ
9
-THC, their chemical structures 

are quite different from Δ
9
-THC. The chemical structures are presented in Fig. 5. 

Additionally, the mechanism of action of CB1 receptor agonists has not been 

elucidated. However, it is known that activating the CB1 receptor reduces cellular 

excitability and the probability of neurotransmitter release. This allows both 

exogenous and endogenous cannabinoid agonists to modulate neuronal 

communication, which may cause their psychoactivity. Prolonged activation of CB1 

receptors results in desensitization of the receptor and internalization (Hsieh et al., 

1999, Jin et al., 1999, Roche et al., 1999). These processes are thought to be 

involved in tolerance to substances containing Δ
9
-THC (Wu et al., 2008). 
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Figure 5. Chemical structure of JWH-073, JWH-081, and JWH-210(up to down) 
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Chapter I 

 

Dependence Potential of Propofol: Behavioral 

Pharmacology 

 

 

Abstract 

 

Propofol is an anesthetic commonly used to provide sedation or to induce and 

maintain an anesthetic state. However, there are reports which indicate propofol 

may cause psychological dependence or be abused. In the present study, various 

behavioral tests including climbing test, jumping test, conditioned place preference, 

and self-administration test were used to assess the dependence potential and abuse 

liability of propofol compared to a positive control (methamphetamine) or a 

negative control (saline or intralipid). Among the tests, the conditioned place 

preference test was conducted with a biased method, and the self-administration 

test was performed under a fixed ratio (FR) 1 schedule, 1 h per session. No 

difference was found in the climbing test and mumping test, but propofol (20 

mg/kg, i.p.) increased the rewarding effect in the conditioned place preference test, 

and it showed a positive reinforcing effect compared to the vehicle. These results 

indicate that propofol tends to show psychological dependence rather than physical 

dependence, and it seems not to be related with dopaminergic system. 

 

Key words: propofol, psychological dependence, physical dependence, animal 

behavioral test 
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Introduction 

 

Drug dependence is defined as the loss of control over drugs use, or the 

compulsive seeking and taking of drugs despite adverse consequences (Koob, 

1996). It is caused by drug activity in the brain, but relates to physiologic and 

social factors. Drug dependence can show a life-long effect. Animal experiments 

can measure two types of drug dependence: physical dependence and 

psychological dependence. Physical dependence refers to the state resulting from 

chronic use of a drug, to the point of tolerance, in which negative physical 

symptoms or withdrawal result from abrupt drug discontinuation or dosage 

reduction. The jumping behavior test is used to determine a drug‟s potential to lead 

to physical dependence. Psychological dependence indicates non-self restraint of 

drug use, and involves reinforcement and reward. Reinforcement is an event that 

increases the probability of a response. Reward has a similar meaning but it is 

usually related to positive sensations such as pleasure (Koob, 1992). The 

conditioned place preference test and self-administration test are valid models for 

investigating the reward effect and reinforcing effect, respectively, of drugs (Mucha 

et al., 1982; Gorelick et al., 2004). The climbing behavior has been used in many 

studies as pre-evaluation test to evaluate a drug‟s dopaminergic effect.  

Propofol is a common anesthetic for conscious sedation or to induce and maintain 

general anesthesia (Pain et al., 1996; LeSage et al., 2000). Its pharmacological 

action sites are gamma-aminobutyric acid (GABA) receptors, N-methyl-D-
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aspartate (NMDA) receptors, and glycine receptors (Iwersen-Bergmann et al., 2001; 

Nguyen et al., 2009). Propofol shows rapid anesthesia induction and rapid recovery 

after medical processes (Roussin et al., 2007). However, there are several reports 

on its dependence potential (LeSage et al., 2000; Pain et al., 2002), and further 

studies are needed to evaluate the dependence potential and abuse liability of 

propofol. Therefore, several animal behavioral tests including climbing behavior, 

jumping behavior, conditioned place preference test, and self-administration test 

were performed using experimental mice or rats to assess the dependency of 

propofol. 
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Materials and Methods 

 

Animals and drugs 

 

Male Sprague-Dawley rats (180-220 g) and ICR mice (15-20 g) were obtained 

from Korea Food and Drug Administration (AAALAC member, Seoul, Korea) and 

they were housed in groups, or adequate size, in a temperature-controlled 23 ± 2℃ 

room with a 12 hour light/dark cycle (lights on 08:00 to 20:00). The animals 

received a solid diet and tap water ad libitum, and their treatment conformed to the 

Guide for the Care and Use of laboratory Animals (NRC 1996). All experiments 

were performed between 09:00 and 18:00. Methamphetamine HCl and propofol 

were obtained from Sigma (St. Louise, MO, USA). 

 

Apparatus  

The climbing behavior test apparatus was a stainless steel cylinder with many 

vertical bars, which an experimental mouse could climb. Its floor diameter was 12 

cm, and each vertical bar‟s length was 24 cm. To evaluate jumping behavior test, a 

transparent box sans ceiling, measuring 30 × 30 × 40 cm was used. 

The conditioned place preference test chamber had three distinct compartments 

(white, black, and grey) separated by automatic guillotine doors. To automate data 

collection, 15 infrared photo-beam detectors were added. The overall inside 

dimensions were 21 × 21 × 68 cm, and the unit‟s base measured 86.4 × 25.4 cm. 
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The manufacturer provided the mounting holes for the ENV-013 IR Infrared 

Sensor Package (Med Inc., USA), which places six photo-beams across the white 

and black zones, 1.25 cm from each end wall, with 5 cm intervals between the 

beams. The choice compartments were 28 cm long. One choice compartment was 

all black, with a stainless steel grid rod floor consisting of 4.8 mm rods on 16 mm 

centers. The other compartment was all white, with a 1.25 × 1.25 cm stainless steel 

mesh floor. 

The self-administration test chamber was from Med Inc. (USA) and measured 29 

× 21 × 24 cm. The chambers contained two levers, an active lever to deliver a drug 

dose, via the jugular vein, through a connected catheter and an inactive lever, not 

connected to the experimental animal. Infusion pumps were placed outside the 

chamber and connected to a 10 ml syringe. The chamber was connected to a 

computer to record test data and control the experimental processes. 

 

Climbing behavior test 

 

One group of mice was administered with the negative control (saline, 1 mg/kg, 

i.p.) or one of the three doses of propofol (20, 60, or 90 mg/kg, i.p.) for 40 min. 

Then for 1 min, their climbing duration was checked, using a stopwatch. The other 

group of mice was pre-treated with the negative control (saline, 1 mg/kg, i.p.) or 

one of the three doses of propofol (20, 60, or 90 mg/kg, i.p.) for 40 min before the 

test. Then just before testing, apomorphine (2 mg/kg, i.p.) was administered to each 
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subject and timed their climbing duration as above. The tests were repeated three 

times, with a time-out period of 10 min. 

 

Jumping test 

 

One group of mice was administered the negative control (saline, 1 mg/kg, i.p.), 

or one of the three doses of propofol (30, 60, or 90 mg/kg, i.p.) for 40 min and 

followed by naloxone (10 mg/kg, i.p.). Then for 15 min, the jumping numbers of 

the animals were counted. The other group of mice was pre-treated with the 

negative control (saline, 1 mg/kg, i.p.) or one of the three doses of propofol (30, 60, 

90 mg/kg, i.p.) for 40 min before the test. Next, morphine (150 mg/kg, s.c.) was 

administered and followed by naloxone administration (10 mg/kg, i.p.) 4 hrs after 

the morphine treatment. The jumping number was counted for 15 min. The 

experiment was repeated three times. 

 

Conditioned place preference 

 

Before starting the experiment, the rats were acclimated to the experimental 

apparatus and handled for 6 days. The procedure was similar to that described 

previously (Bardo et al, 1995; Narita et al., 2004). 

Each experiment consisted of three phases, as follows. 

Pre-conditioning: For 2 days (day 1 and 2) the rats were allowed free access to 
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both compartments of the apparatus for 15 min (900 s) each day. On day 2, the time 

spent by the rats in each compartment was recorded and served as a baseline. The 

rats showed preference for the black compartment was selected for further 

experiments and divided into two groups. 

Conditioning: Conditioning was conducted for 8 days (days 3 to 10), for one 

session per day. On day 3, one group of the selected rats was treated with drugs 

(methamphetamine, 1 mg/kg, i.p., one of the three doses of propofol, 30, 60, 90 

mg/kg, i.p.), and placed in the non-preferred compartment (white) for 30 min. The 

other group of rats was treated with saline, and placed in the preferred 

compartment (black) for 30 min. The groups were switched everyday and the same 

procedure was conducted. 

Post-conditioning: On day 11, the rats were allowed to access freely both 

compartments of the apparatus for 15 min (900 s). The time spent by the rats in 

each compartment was recorded, with these values serving as a test line. 

 

Self-administration test 

 

Surgical procedures were as follows. The rats were anesthetized with 

pentobarbital sodium (Entobar
®
, Hanlim pharmaceuticals). The surgical procedures 

adhered to aseptic conditions described previously (Weeks, 1972; Mucha et al., 

1982). Briefly, a catheter was inserted into each rat‟s right jugular vein. The 

catheter exited on the rat‟s shoulder. The rats received heparin everyday of the 
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experimental periods. After surgery, each rat recovered for at least 14 days in a 

controlled cage, receiving a solid diet and tap water ad libitum.  

The testing procedures were as follows. The rats self-administered 2 mg/kg of 

propofol for 3 days to stabilize the response (Picetti et al., 2011). Then the 

experiment was continued for more than 30 days at 1 mg/kg of propofol in the rats 

that showed stabilized response. The self-administration test was performed for 6 s 

followed by 20 s of time-out, during daily 1 h session on a fixed-ratio 1 (FR 1) 

reinforcement schedule. With this schedule, when a rat presses the active lever, it 

receives a certain drug dose injected into the jugular vein through the catheter. The 

self-administration chamber contains two levers linked to a computer program 

which records the experimental data. The vehicle substance (intralipid) was used as 

a negative control. 

 

Statistics 

 

The data are expressed as the mean ± S.E. The climbing and jumping data were 

analyzed via paired t-tests. Likewise, paired t-tests were used to compare time 

spent in the drug- and saline-paired compartments in the conditioned place 

preference test. To analyze the self-administration test data, a two-way ANOVA 

was employed (p<0.05). 
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Results 

 

Climbing behavior test 

 

Climbing behavior changes were measured in experimental mice with or without 

pre-treatment with the negative control (saline, 1 mg/kg, i.p.) or propofol (30, 60, 

90 mg/kg, i.p.). In the group without apomorphine treatment, there was statistically 

significant decrease of climbing duration in the propofol treated group (90 mg/kg, 

i.p.). In the apomorphine-treated group, on the other hand, 2 of the propofol treated 

groups (60 and 90 mg/kg, i.p.) tended to spend less time for climbing as compared 

to the saline treated group. However, the difference between these two groups was 

neither statistically significant nor dose dependent (Figure 1.). 

 

Jumping behavior test 

 

In the jumping behavior test, the negative control (saline, 1 mg/kg, i.p.) or one of 

the three doses of propofol (30, 60, 90 mg/kg, i.p.) were administered prior to 

treating morphine. The mice received morphine (150 mg/kg, S.C.) 4 hrs before 

naloxone (10 mg/kg, i.p.) administration. A shown in Figure 2, there was no 

significant different response between the rats in the saline and propofol treated 

groups without morphine administration. Interestingly, however, animals in the 

propofol treated groups which were treated with morphine showed a tendency of 
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decreasing umber of jumps compared with the corresponding saline treated animals, 

though it was not statistically significant. 

 

Conditioned place preference test 

 

The conditioned place preference test was conducted with 8 SD rats in each group. 

This experiment was performed for 11 days and comprised 3 phases: pre-

conditioning (2 days) where rats were acclimated to the conditioned place 

preference apparatus, conditioning (8 days) where the rats were administered the 

drug (methamphetamine or 3 doses of propofol) or saline, and post-conditioning (1 

day). The conditioned place preference was assessed 2 times on the second day of 

pre-conditioning and post-conditioning day. Methamphetamine (1 mg/kg) 

increased the place preference more than 200 sec compared to the negative control 

(saline) group. Only one dose of propofol (30 mg/kg) increased the place 

preference compared to saline treatment, but did not show dose dependency 

(Figure 3). 

 

Self-administration 

 

The self-administration test was maintained on a fixed-ratio (FR) 1 schedule for 

more than 30 days, and the responses on the active lever were checked on a daily 

basis. The experimental rats treated with propofol (1 mg/kg) demonstrated 

relatively higher active responses on the active lever between the two groups were 

more distinctive as the time passes. The results are shown in Figure 4. 
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Discussion 

 

There are many case reports and surveys warning abuse possibility of propofol 

(Kim 2011; Wilson et al. 2010; Wischmeyer et al. 2007), and studies on 

dependence possibility of propofol (Pain et al. 1996; Pain et al. 2002; Weerts et al. 

1999) as well. However previous studies dealt with only one aspect of dependency 

such as rewarding effect or reinforcing effect represented by conditioned place 

preference and self-administration respectively. In our study, animal behavioral 

tests related with drug dependence including psychological and physical 

dependence were covered, and comprehensive data from conditioned place 

preference and self-administration data were presented in a single setting.  

Climbing behavior was performed as pre-evaluating experiment to see if propofol 

has any relation with dopaminergic system. In this experiment, there was 

statistically significant decrease of climbing period in the propofol (90 mg/kg) 

treated group without apomorphine. The result indicated that propofol might have a 

relation with dopaminergic system. However there was no difference between the 

negative control group and propofol treated group with apomorphine. Also 

relationship of a drug with dopaminergic system can be inferred out of other animal 

behavioral experiment such as locomotor activity. Pain et al. had showed that high 

doses of propofol (60, 90 mg/kg) decreased locomotor activity in rats, whereas our 

locomotor activity data using rats showed increases in 30 mg/kg and 60 mg/kg 

administered group (data not shown). Pain et al. inferred about the reason that the 
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doses might induce sedation to the experimental rats. However, it might be caused 

by a pharmacological effect of propofol, since our locomotor activity experiment 

showed the contrary result. Therefore, further studies are needed such as propofol 

induced locomotor activity using mice with these doses to investigate the 

relationship between propofol and dopaminergic system. 

The jumping behavior test was conducted to check if propofol is potential to have 

physical dependence. In our result, there was a tendency for decrease in the number 

of jumping in the propofol treated animals (30, 60 and 90 mg/kg) with morphine, 

compared with saline treated animals. Studies have commonly noted that 

withdrawal jumping behavior is the most reliable and generally useful for 

measuring physical dependence in rodents, especially with regard to opioids (El-

Kadi, Sharif 1994; Ritzmann 1981; Smits 1975; Saelens et al. 1971; Way et al. 

1969; Kest et al. 2001). However, there is a report that has indicated that different 

neural substrates may contribute to the various signs and symptoms of withdrawal 

syndrome (Koob et al. 1992). Therefore, additional research is needed to confirm 

propofol‟s tendency to cause physical dependence. 

In the conditioned place preference test, the rats that spent more time in the black 

chamber were selected through pre-conditioning test. This is called “biased” 

procedure. The biased-unbiased distinction is used to describe the experimental 

procedure for assigning the drug-paired conditioned stimulus. It means that if naïve 

untrained animals show a significant preference during the pre-test for one side of 

the apparatus, the apparatus is described as “biased”. It is described as “unbiased” 
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when the animals show no preference for one compartment specifically (LeFoll et 

al. 2005). The “biased” experimental design was used in the present study to reduce 

bias from individual difference of experimental animals.  

As shown in the Fig. 3, propofol (30 mg/kg) increased time spent in the white 

chamber, suggesting that propofol might have psychological dependence. The 

decline in preference at higher doses (60 and 90 mg/kg) may result from sedation 

in that those doses might have been too high for the experimental animals. This 

result is consistent with previous work (Iwersen-Berqmann et al. 2001; Pain et al. 

1996). 

Self-administration is an accepted model in animals and humans (Sneyd 1994; 

Kim et al. 1998) to investigate psychological dependence of drugs with the 

conditioned place preference test. There are two ways of setting self-administration 

experimental design: fixed-ratio schedule and progressive-ratio schedule. It is 

noted that the fixed-ratio schedule is suitable for determining reinforcing effects of 

a particular drug whereas the progressive-ratio schedule is proper detecting relative 

magnitude of reinforcing effects of different drugs (Ward et al. 1996). The fixed-

ratio schedule was applied in the present study because it is necessary to find out 

whether propofol induced self-administration or not.  

In our research, the experimental rats that propofol was treated acquired self-

administration overall, which means the rats treated with propofol demonstrated 

statistically significant active responses compared with that of the negative control 

(intralipid) group. The differences between the negative control group and the 
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propofol treated group were more distinctive as the time passed.  

However, there has been a controversy that the results from conditioned place 

preference and self-administration are sometimes different for some animal strains. 

Especially, in tests with conditioned place preference, animals do not voluntarily 

self-administer drugs, so whether subjects actually will differ with regard to drug 

taking is unclear (Ward et al. 1996). Thus, it would be reasonable to check both 

experimental methods in order to determine whether a drug has psychological 

dependence or not. For this reason, both methods were applied in the present study, 

and it could be concluded that propofol certainly has the potential for psychological 

dependence in rats. 

The results from the present research suggest that it would be worthwhile 

monitoring usage of propofol with precaution to prevent possible drug abuse in the 

future. 
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Figure 1. Climbing behaviors were measured after injection of apomorphine to 

each subject (2 mg/kg, s.c.). The pre-treatments were propofol (30, 60, or 90 mg/kg, 

i.p.), administered before the apomorphine treatment. Data are expressed as mean ± 

S.E. (n=5). The experiment was repeated 3 times. * p<0.05, compared with saline 

treated group (t-test).  



- 40 - 

 

 

 

 

 

Figure 2. Propofol (30, 60, or 90 mg/kg, i.p.) was administered 40 min prior to the 

administration of morphine. And then morphine (150 mg/kg, s.c.) was administered 

4 h prior to naloxone treatment. The jumping score was measured for 15 min 

immediately after the injection of naloxone (10 mg/kg, i.p.). Each value was the 

mean ± S.E. (n=5). The experiment was repeated 3 times. * p<0.05, compared with 

saline treated group (t-test). 
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Figure 3. Rats were pre-tested for 2 days without drug treatment. Propofol (30, 60, 

or 90 mg/kg, i.p.) and methamphetamine (1 mg/kg, i.p.) were administered to the 

rats once a day for 8 days. Place preference was measured on the next day after the 

8 days‟ drug administration. The time spent in the black chamber was counted as 

minus figures, and the time spent in the white chamber was counted as plus figures. 

The final score was calculated with the figures arithmetically. Data were expressed 

as the mean ± S.E. (n=5). The experiment was repeated 3 times. * p<0.05, 

compared with saline treated group. 
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Figure 4. The rats were administered propofol (1 mg/kg per infusion) in the way of self-administration for 1 h session each 

day. Lever responses were checked every day for 34 days. Intralipid was used as a negative control. Data are expressed as 

mean ± S.E. (n=7). # p<0.05, compared with the negative control group. 
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Chapter II 

 

Dependence Potential of Quetiapine: Behavioral 

Pharmacology in Rodents 

 

 

Abstract 

 

Quetiapine is an atypical or second-generation antipsychotic agent and has been a 

subject of a series of case report and suggested to have the potential for misuse or 

abuse. However, it is not a controlled substance and is not generally considered 

addictive. In this study, quetiapine‟s dependence potential and abuse liability were 

examined through animal behavioral tests using rodents to study the mechanism of 

quetiapine. Molecular biology techniques were also used to find out the action 

mechanisms of the drug. In the animal behavioral tests, quetiapine did not show 

any positive effect on the experimental animals in the climbing, jumping, and 

conditioned place preference tests. However, in the head twitch and self-

administration tests, the experimental animals showed significant positive 

responses. In addition, the action mechanism of quetiapine was found being related 

to dopamine and serotonin release. These results demonstrate that quetiapine 

affects the neurological systems related to abuse liability and has the potential to 

lead psychological dependence, as well. 

 

Keywords: quetiapine, dopamine system, serotonin system, drug dependence, 

animal behavioral tests 
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Introduction 

 

Drug dependence is defined as the loss of control over drug use or the compulsive 

seeking and taking of drugs despite adverse consequences (Koob, 1999). It is 

caused by drug activity in the brain. However, it is also related to physiological and 

social factors. Once a person develops drug dependence, it might last their whole 

life. In this context, research to evaluate drugs regarding their potential for 

dependence, before the drugs to go into common usage, is important. 

Animal experiment can be one of the tools for indirectly measuring drug 

dependence (Morris et al., 2010; Acheson et al., 1999; Chung et al, 2008; Doremus 

et al., 2003; Varlinskaya et al., 2002). There are two types of drug dependence: 

physical dependence and psychological dependence. Physical dependence refers to 

the state resulting from chronic use of a drug-to the point of tolerance-in which 

negative physical symptoms or withdrawal result from abrupt drug discontinuation 

or dosage reduction (Landry et al., 1992). Psychological dependence refers to a 

lack of self restraint regarding drug use. Two important concepts pertain to this 

phenomenon are reinforcement and reward (Boob et al., 2007; Taylor et al., 2002). 

“Reinforcement” refers to an event that increases the probability of a given action. 

The meaning of “reward” is similar, but reward usually refers to a positive 

sensation, such as pleasure (Koob, 1992). 

Several laboratory experiments are commonly used to validate a drug‟s 

dependence potential (Chung et al., 2008). Researchers examine the climbing and 
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head twitch behaviors in pre-evaluation experiments to evaluate a drug‟s 

dopaminergic and serotonergic effects, respectively. The jumping behavior test is 

typically used to determine a drug‟s potential to lead to physical dependence, 

especially for the opioids (El-Kadi et al., 1994; Ritzmann, 1981; Smits, 1975; 

Saelens et al., 1971; Way et al., 1969; Kest et al., 2001). To evaluate and validate a 

substance‟s potential to result in psychological dependence, researchers make 

considerable use of the conditioned place preference test and self-administration 

test, and for investigating the substance‟s rewarding effect and reinforcing effect 

respectively (Gorelick et al., 2004; Mucha et al., 1982). 

Quetiapine is an atypical second-generation antipsychotic agent that has an 

approved labeling from the Food and Drug Administration in 1997 for the on-label 

treatment of schizophrenia and the on-label short-term treatment (as monotherapy 

or adjunct therapy to lithium or valproic acid) of acute manic episodes associated 

with bipolar I disorder (Morin, 2007; Randy et al., 2010). Quetiapine is sometimes 

used off-label, often as an augmentation agent, to treat conditions such as 

obsessive-compulsive disorder, post-traumatic stress disorder, restless legs 

syndrome, autism, alcoholism, depression, and Tourette syndrome. Additionally, 

physicians have used it as a sedative for those with sleep disorders or anxiety 

disorders (FDA, 2007). Quetiapine is a dibenzothiazepine derivative, and known to 

be an antagonist of serotonin, dopamine, histamine, and adrenergic receptors. 

However the mode of action has not been clearly elucidated yet. Distinctively, 

quetiapine‟s transient occupancy and rapid dissociation from postsynaptic 



- 46 - 

 

dopamine receptors appear sufficient for antipsychotic action but insufficient to 

induce extrapyramidal symptoms or hyperprolactinemia (Kapur et al., 2000; 

Tauscher et al., 2004). This is one reason quetiapine is the most frequently-

prescribed antipsychotic agent in the United States of America (USA). Though 

quetiapine is not a controlled substance and is not considered addictive, its drug 

dependence potential has been described in several case reports (Pinta, 2007). The 

available misuse/abuse routes were oral, intranasal, or intravenous, and most cases 

occurred in people with some history of multi-substance abuse (Morin, 2007; Pinta, 

2004). Some are the cases of inmates in jails or prisons (Pierre et al., 2004; Hussain 

et al., 2005). However, little or no scientific evidence revealing its action of 

mechanism and dependence or abuse liability, including animal behavioral 

experiments, presently exists (Randy et al., 2010). Therefore, various animal 

behavioral experiments were perfomed, and molecular biology techniques were 

used to elucidate the abuse liability and the mechanisms of action of quetiapine in 

the present study.  
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Materials and Methods 

 

Animals and drugs 

 

Sprague-Dawley rats (180-220 g) and ICR mice (15-20 g) were obtained from 

Korea Food and Drug Administration (AAALAC member, Seoul, Korea) and they 

were housed in groups, of adequate size, in a temperature-controlled 23 ± 2℃ 

room with a 12 hour light/dark cycle (lights on 08:00 to 20:00). The animals 

received a solid diet and tap water ad libitum, and their treatment conformed to the 

Guide for the Care and Use of Laboratory Animals (NRC 1996). All experiments 

were performed between 09:00 and 18:00. Methamphetamine HCl, cocaine, and 

quetiapine were obtained from Sigma (St. Louis, MO, USA). 

 

Apparatus 

 

The climbing behavior test apparatus was a stainless steel cylinder with many 

vertical bars, which an experimental mouse could climb. Its floor diameter was 12 

cm, and each vertical bar‟s length was 24 cm. To evaluate jumping behavior and 

head twitch responses, a transparent box, sans ceiling, measuring 30ⅹ30ⅹ40 cm 

was used. 

The conditioned place preference test chamber had three distinct compartments 

(white, black, and grey) separated by automatic guillotine doors. To automate data 
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collection, infrared photo-beam detectors were added. The overall inside 

dimensions were 21 ⅹ 21 ⅹ 68 cm, and the unit‟s base measured 86.4 ⅹ 25.4 

cm. The manufacturer provided the mounting holes for the ENV-013 IR Infrared 

Sensor Package (Med Associates Inc., Georgia, VT, USA), which places six photo-

beams across the white and black zones, 1.25 cm from each end wall, with 5 cm 

intervals between the beams. The choice compartments were 28 cm long. One 

choice compartment was all black, with a stainless steel grid rod floor consisting of 

4.8 mm rods on 16 mm centers. The other compartment was all white, with a 1.25

ⅹ1.25 cm stainless steel mesh floor. 

The self-administration test chamber was purchased from Med Associates Inc. 

(Georgia, VT, USA) and measured 29 ⅹ 21 ⅹ 24 cm. The chambers contained 

two levers, an active lever to deliver a drug dose, via the jugular vein, through a 

connected catheter and an inactive lever, not connected to the experimental animal. 

Infusion pumps were placed outside the chamber and connected to a 10 ml syringe. 

The chamber was connected to a computer, to record test data and control the 

experimental processes. 

 

Climbing behavior test 

 

One group of mice was administered with the negative control (saline, 1 mg/kg, 

i.p.) or one of the three doses of quetiapine (5, 7, or 10 mg/kg, i.p.) for 40 to 90 min, 

respectively. Then for 1 min, their climbing duration was checked, using a 
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stopwatch. The other group of mice was pre-treated with the negative control 

(saline, 1 mg/kg, i.p.) or one of the three doses of quetiapine (5, 7, or 10 mg/kg, i.p.) 

for 40 to 90 min before the test. Then just before testing, apomorphine (2 mg/kg, 

i.p.) was administered to each subject and timed their climbing duration as above. 

The tests were repeated three times, with a time-out period of 10 min. 

 

Jumping test 

 

One group of mice was administered the negative control (saline, 1 mg/kg, i.p.), 

or one of the three doses of quetiapine (5, 7, or 10 mg/kg, i.p.) for 40 to 90 min and 

followed by naloxone (10 mg/kg, i.p.). Then for 15 min, the jumping numbers of 

the animals were counted. The other group of mice was pre-treated with the 

negative control (saline, 1 mg/kg, i.p.) or one of the three doses of quetiapine (5, 7, 

or 10 mg/kg, i.p.) for 40 to 90 min before the test. Next, morphine (150 mg/kg, s.c.) 

was administered and followed by naloxone administration (10 mg/kg, i.p.) 4 hrs 

after the morphine treatment. The jumping number was counted for 15 min. The 

experiment was repeated three times. 

 

Head twitch response 

 

One group of mice was administered with the negative control (saline, 1 mg/kg, 

i.c.v.) and one of the three doses of quetiapine (5, 7, or 10 mg/kg, i.c.v.) for 40 to 
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90 min before the test, and the numbers of their head twitches were counted for 2 

min. The other group of mice was pre-treated with the negative control (saline, 1 

mg/kg, i.p.) and one of the three doses of quetiapine (5, 7, and 10 mg/kg, i.p.) for 

40 to 90 min before the test. Then 5-HT (3-4 mg/kg, i.p.) was administered and the 

numbers of head twitches were counted for 2 min. The test was repeated three 

times, at 10 min intervals. 

 

Conditioned place preference test 

 

Before starting the experiment, the mice were acclimated to the experimental 

apparatus and handled for 6 days. The procedure was similar to that described 

previously (Narita et al., 2004; Bozarth, 1987). 

Each experiment consisted of three phases, as follows. 

Pre-conditioning: For 2 days (days 1 and 2) the rats were allowed free access to 

both compartments of the apparatus for 15 min (900 s) each day. One day 2, the 

time spent by the mice in each compartment was recorded and served as a baseline. 

The mice showed preference for the black compartment was selected for further 

experiments and divided into two groups. 

Conditioning: Conditioning was conducted for 8 days (days 3 to 10), for one 

session per day. On day 3, one group of the selected mice was treated with drugs 

(methamphetamine, 1 mg/kg, i.p., one of the three doses of quetiapine, 0.1, 0.5, and 

1 mg/kg, i.p.), and placed in the non-preferred compartment (white) for 30 min. 
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The other group of mice was treated with saline, and placed in the preferred 

compartment (black) for 30 min. The groups were switched everyday and the same 

procedure was conducted. 

Post-conditioning: On day 11, the mice were allowed to access freely both 

compartments of the apparatus for 15 min (900 s). The time spent by the mice in 

each compartment was recorded, with these values serving as a test line. 

 

Self-administration test 

 

Surgical procedures were as follows. The rats were anesthetized with 

pentobarbital sodium (Entobar
®
, Hanlim pharmaceuticals). The surgical procedures 

adhered to aseptic conditions described previously (Mucha et al., 1982; Weeks, 

1972). Briefly, a catheter was inserted into each rat‟s right jugular vein. The 

catheter exited on the rat‟s shoulder. The rats received heparin everyday of the 

experimental periods. After surgery, each rat recovered for at least 14 days in a 

controlled cage, receiving a solid diet and tap water ad libitum. 

The testing procedures were as follows. The rats could self-administer with one of 

the three doses of quetiapine (0.3, 0.7, and 1.5 mg/kg/0.1 ml per infusion), and a 

negative control substance (saline, 0.1 ml per infusion) for 6 s followed by 20 s of 

time-out, during daily 2 h sessions on a fixed-ratio 1 (FR1) reinforcement schedule. 

With this schedule, when a rat presses the active lever, it receives a certain drug 

dose (0.1 ml) injected into the jugular vein through the catheter. The self-
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administration chamber contains two levers linked to a computer program which 

records the experimental data. The test was carried out for more than 7 days.  

 

PCR and western blotting 

 

The brain samples for the PCR analysis and western blotting were obtained from 

striatum part of the rats administered negative control (saline), positive control 

(methamphetamine) and three different doses of quetiapine (5, 7, 10 mg/kg) for 8 

days. Two genes (tyrosine hydroxylase (TH) and serotonin transporter (slc6a4)) 

were detected using PCR technique, and the same proteins were detected using 

western blotting technique. GAPDH was used as control (antibodies were 

purchased from Chemicon International, Bilerica, MA, USA). 

 

Statistics 

 

 The data are expressed as the mean ± S.E. The climbing, jumping, and head 

twitch data were analyzed via paired t-tests. Likewise, paired t-tests were used to 

analyze the CPP and self-administration data (p<0.05). 
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Results 

 

Climbing behavior test and jumping test 

 

Climbing behavior changes were measured in experimental mice with or without 

pre-treatment of the negative control (saline, 1 mg/kg, i.p.) or quetiapine (5, 7, or 

10 mg/kg, i.p.) to figure out whether quetiapine affects dopaminergic system. In the 

group without apomorphine treatment, there were no differences between the saline 

treated group and the quetiapine treated groups, regardless of drug concentration. 

In the apomorphine-treated group, on the other hand, the quetiapine treated group 

tended to spend less time for climbing as compared to the saline treated group. 

However, the difference between these two groups was not statistically significant 

(Fig. 1). In the jumping test, the negative control (saline, 1 mg/kg, i.p.) or one of 

the three doses of quetiapine (5, 7, or 10 mg/kg, i.p.) were treated prior to 

administrating morphine. The mice received morphine (150 mg/kg, s.c.) 4 hrs 

before naloxone (10 mg/kg, i.p.) administration. As shown in Fig. 2, no mice in the 

saline or quetiapine treated groups jumped without morphine administration. 

Though animals in the two quetiapine treated groups (the 5 and 10 mg/kg dosages) 

which were treated with morphine showed a tendency of decreasing number of 

jumps compared with the corresponding saline treated animals but it was not 

statistically significant. 
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Head twitch response 

 

Head twitch response was observed for evaluation of quetiapine‟s serotonergic 

effect. One of the three doses of quetiapine (5, 7, or 10 mg/kg, i.p.) was treated 

prior to administering the serotonin (5-HT, 3-4 mg/kg, i.c.v.). The numbers of the 

response were counted in each of the groups three times, for 2 min each time, with 

10 min intervals. As shown in Fig. 3, no mice in either the negative control (saline-

treated) group or the quetiapine treated groups showed a head twitch response in 

the absence of serotonin. On the other hand, Fig. 3 also shows that, with serotonin, 

two quetiapine-treated groups (5 and 7 mg/kg dosages) showed increased head 

twitch responses as compared to the saline treated group and the differences were 

statistically significant. 

 

Conditioned place preference 

 

Possibilities of psychological dependency or abuse liability were evaluated 

through the two known methods: conditioned place preference and self-

administration. Considering the overall results, the animal‟s place preference 

clearly changed in every group during the 8 day-conditioning period. In contrast 

with the mice treated with saline, the entire group treated with drugs (quetiapine 

and methamphetamine) spent more time in the undesirable room after the 

conditioning period. When compared the differences between the negative control 



- 55 - 

 

and drug-treated groups, the animals received quetiapine showed a dose-dependent 

place preference pattern. However, the differences were not statistically significant. 

Moreover, the positive control group (methamphetamine, 1 mg/kg) showed a 

markedly increased place preference, spending more than 200 s longer in the 

undesirable compartment compared to the negative control (saline) group. Fig. 4 

shows these results. 

 

Self-administration 

 

The self-administration test was maintained on a fixed-ratio (FR) 1 schedule for 

more than 7 days, and the responses on the active lever were checked on a daily 

basis. The negative control (saline-treated) group did not show active responses. 

Interestingly, the experimental rats in all the three groups of quetiapine treatment 

showed increased self-administration and statistically significant active responses 

compared with that of the negative control (saline-treated) group. The self-

administration test result is depicted in Fig. 5. 

 

PCR and western blotting 

 

To verify quetiapin‟s effects on dopaminergic and serotonergic system, the 

expression levels of tyrosine hydroxylase (TH) and serotonin transporter (Slc6a4) 

were analyzed by PCR and western blotting. Both gene and protein expression 

were decreased in dose dependent manner in nucleus accumbens by quetiapine 

treatment as well as methamphetamine treatment. The PCR and western blotting 

results are shown in Fig. 6. 
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Discussion 

 

Quetiapine is frequently prescribed in various psychological conditions including 

schizophrenia, manic episodes associated with bipolar I disorder, obsessive-

compulsive disorder, post traumatic stress disorder and so forth. However, little has 

been known about its abuse liability and receptors that it is binding yet. In the 

present study, various animal behavioral experiments were perfomed to 

demonstrate quetiapine‟s mode of action and potential for inducing physical or 

psychological dependence. Climbing behavior and head twitch experiments were 

performed as pre-evaluating experiments to see if quetiapine has effects on 

dopaminergic and serotonergic system, respectively. In climbing behavior 

experiment, no significant change was observed. This suggests that quetiapine has 

low binding affinity to dopamine receptor, otherwise it dissociates easily from 

dopamine receptors (Erdogan, 2010; Sumegi, 2008). According to our experiments 

on the gene and protein expression of tyrosine hydroxylase, it turned out obvious 

that quetiapine affects dopaminergic system in the brain. In the mean time, a 

confident decrease of head twitch response was observed in the quetiapine treated 

group (5 and 7 mg/kg), which reconfirmed the effect of quetiapine on serotonergic 

system, and this is coincident with our results of PCR and western blotting. These 

results were well concurred with previous reports that quetiapine enhances central 

serotonergic neurotransmission through its high affinity for serotonergic receptors 

especially for 5-HT2A (Pae et al., 2010; Goldstein, 1999). 
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The jumping behavior test was conducted to check if there is any physical 

dependence potential of quetiapine. In our result, there was a tendency for decrease 

in the number of jumping in the two doses of quetiapine treated animals (5 and 10 

mg/kg) with morphine, compared with saline treated animals. Studies have 

commonly noted that withdrawal jumping behavior is the most reliable and 

generally useful for measuring physical dependence in rodents, especially with 

regard to opioids (El-Kadi et al., 1994; Ritzmann, 1981; Smits, 1975; Saelens et al., 

1971; Way et al., 1969; Kest et al., 2001). However, there is a report that has 

indicated that different neural substrates may contribute to the various signs and 

symptoms of withdrawal syndrome (Koob et al., 1992). Therefore, additional 

research will be needed to confirm quetiapine‟s tendency to cause physical 

dependence. 

To evaluate quetiapine‟s psychological dependence potential, the conditioned 

place preference test and self-administration test were performed. For the 

conditioned place preference test, the mice that stayed longer in the black chamber 

during the preconditioning test were selected. Though statistically meaningful data 

were not obtained, dose-dependent increases in place preference were observed in 

the quetiapine administered group. Moreover, in the self-administration test, 

significant increases of self-administration were observed in all groups of 

quetiapine treated rats. In this experiment, the experimental rats in all the three 

groups of quetiapine acquired self-administration and demonstrated statistically 

significant active responses compared with that of the negative control (saline-
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treated) group. Based on these results, it seems clear that quetiapine has potentials 

for causing psychological dependence in animals. 

Concerning quetiapine‟s dependency potential and/or abuse liability, several 

studies have focused on the drug‟s clinical benefits in patients with mood disorders, 

anxiety disorders, aggression, etc. (Adityanjee et al., 2002; Sattar et al., 2004; 

Weisnam, 2003; Monnelly et al., 2004; Pinkofsky et al., 2005; Brown et al., 2002). 

The antihistaminergic, antidopaminergic and antiadrenergic properties of 

quetiapine most likely explain its calming and sedating effects (Cohrs et al., 2004; 

Arango et al., 2004). It seems that quetiapine‟s property of rapid dissociation from 

dopamine receptors plays a role in its abuse potential but not in either euphoria or 

the dysphoria enhancement associated with drug withdrawal (Morin, 2007; 

Erdogan, 2010; Sumegi, 2008). 

Drug abuse generally exerts its addictive properties via the release of dopamine in 

the reward pathway of limbic system. Furthermore, stimulation of both the 

dopaminergic and serotonergic system is implicated in substance abuse. Taken 

together the results from conditioned place preference and self-administration tests, 

it could be concluded that quetiapine might have a potential to induce dependence. 

This suggests that it would be worthwhile monitoring usage of quetiapine with 

precaution to prevent possible drug abuse in the future. 
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Figure 1. Climbing behaviors were measured after injection of apomorphine to 

each subject (2 mg/kg, s.c.). The pre-treatments were quetiapine (A (5 mg/kg), B (7 

mg/kg) or C (10 mg/kg), i.p.), administered before the apomorphine treatment 

(after apomorphine treatment: control‟, A‟ (5 mg/kg), B‟ (7 mg/kg), C‟ (10 mg/kg), 

i.p.). Data are expressed as mean ± S.E. (n=15).  
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Figure 2. Quetiapine (A (5 mg/kg), B (7 mg/kg) or C (10 mg/kg), i.p.) was 

administered prior to morphine administration. Morphine (150 mg/kg, s.c.) was 

administered 4 hrs prior to naloxone administration (after morphine treatment: 

control‟, A‟ (5 mg/kg), B‟ (7 mg/kg), C‟ (10 mg/kg), i.p.). The jumping score in 

groups (n=15) was measured for 15 min immediately after the injection of 

naloxone (10 mg/kg, i.p.). Each value is the mean ± S.E. 
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Figure 3. Quetiapine (A (5 mg/kg), B (7 mg/kg) or C (10 mg/kg), i.p.) was injected 

prior to serotonin (5-HT, 3-4 mg/kg, i.c.v.) administration (after serotonin treatment: 

control‟, A‟ (5 mg/kg), B‟ (7 mg/kg), C‟ (10 mg/kg), i.p.). The score of response in 

groups (n=15) was measured for 2 min, 3 times, 10 min of interval. Each value is 

the mean ± S.E. *p<0.05, compared with saline treated group. 
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Figure 4. These mice were preconditioned for 2 days without drug treatment. Then 

quetiapine quetiapine (A (0.1 mg/kg), B (0.5 mg/kg) or C (1.0 mg/kg), i.p.), saline 

((-) control, 1 ml, i.p.) and methamphetamine ((+) control, 1 mg/kg, i.p.) were 

administered to the mice once a day for 8 days. Place preference was measured on 

the next day after the conditioning period. Data are expressed as mean ± S.E. 

(n=10). *p<0.05, compared with saline treated group. 
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Figure 5. The animals were administered quetiapine (at 0.3, 0.7 or 1.5 mg/kg/0.1 ml per infusion) for 6 s followed by a 20 s 

time-out period in the way of self-administration. Lever responses were performed everyday for more than 7 days. Data are 

expressed as mean ± S.E. (n=6 or 8), and t-test was used for statistical analysis (*p<0.05 as compared with the saline treated 

group).
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Figure 6. Quetiapine (A (5 mg/kg), B (7 mg/kg) or C (10 mg/kg), i.p.), negative 

control ((-), saline 1 ml, i.p.) and positive control ((+), methamphetamine 1 mg/kg, 

i.p.) were treated to rats for 8 days, and the striatum part of the brain was collected. 

Two genes and proteins (Tyrosine hydroxylase (TH), serotonin transporter (slc6a4)) 

were detected using PCR and western blotting techniques. GAPDH was used as 

control. Quantitative measures were calculated from the density of each area using 

Image J program (NIH, USA).  
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Chapter III 

 

Dependence potential of tramadol: behavioral 

pharmacology in rodents 

 

 

Abstract 

 

Tramadol is an opioid analgesic agent that has been the subject of a series of case 

reports suggesting potential for misuse or abuse. However, it is not a controlled 

substance and is not generally considered addictive in Korea. In this study, the 

dependence potential and abuse liability of tramadol as well as its effect on the 

dopaminergic and serotonergic systems in rodents were examined. In animal 

behavioral tests, tramadol did not show any positive effects on the experimental 

animals in climbing, jumping, and head twitch tests. However, in the conditioned 

place preference and self-administration tests, the experimental animals showed 

significant positive responses. Taken together, tramadol affected the neurological 

systems related to abuse liability and has the potential to lead psychological 

dependence. 

  

 

Keywords: tramadol, dopamine system, serotonin system, drug dependence, 

animal behavioral tests 
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Introduction 

 

Tramadol is one of the most frequently prescribed drugs for moderate to severe 

pain in Korea. It is an atypical, centrally acting, synthetic analgesic functioning 

through opioid and non-opioid systems (Sarkar et al., 2012). It was first introduced 

in Germany in the late 1970s, and has been used widely around world (Osterlog et 

al., 1978). Several case reports have indicated the abuse potential of the drug 

(Randall et al., 2014; Zhang et al., 2013; Nebhinani et al., 2013), and it is 

controlled as a psychotropic substance in several countries including Australia, 

Sweden and some states in the USA. However, in most countries including Korea 

the drug is not controlled and even can be purchased without prescription in some 

countries. Besides, there are only a few scientific reports revealing its mechanism 

of action and dependence or abuse liability.  

Drug dependence is defined as the loss of control over drug use or the compulsive 

seeking and taking of drugs despite adverse consequences (Koob, 1999). Animal 

experiment are an effective tool to indirectly evaluate drug dependence that is 

either physical or psychological (Morris et al., 2010; Acheson et al., 1999; Chung 

et al, 2008; Doremus et al., 2003; Varlinskaya et al., 2002). Physical dependence 

refers to chronic use of a drug to the point of tolerance in which negative physical 

symptoms or withdrawal result from abrupt drug discontinuation or dosage 

reduction (Landry et al., 1992). Psychological dependence refers to a lack of self 

restraint regarding drug use. Two important concepts pertaining to this 



- 68 - 

 

phenomenon are reinforcement and reward (Taylor et al., 2002). “Reinforcement” 

refers to an event that increases the probability of a given action. The meaning of 

“reward” is similar, but reward usually refers to a positive sensation, such as 

pleasure (Koob, 1992). 

Several laboratory experiments are commonly used to validate a drug‟s 

dependence potential (Chung et al., 2008). Researchers examine the climbing and 

head twitch behaviors in pre-evaluation experiments to monitor drug‟s 

dopaminergic and serotonergic effects, respectively. The jumping behavior test is 

typically used to determine a drug‟s potential to lead to physical dependence, 

particularly for the opioids (El-Kadi et al., 1994; Ritzmann, 1981; Smits, 1975; 

Saelens et al., 1971; Way et al., 1969; Kest et al., 2001). Researchers make 

considerable use of the conditioned place preference test and self-administration 

test to investigate the substance‟s rewarding effect and reinforcing effect. The tests 

are commonly hired to evaluate and validate a substance‟s potential to result in 

psychological dependence in previous reports (Gorelick et al., 2004; Mucha et al., 

1982). 

In the present study, various animal behavioral tests including climbing, jumping, 

head-twitch, conditioned place preference and self-administration tests were 

conducted to evaluate the dependence potential of tramadol using experimental 

rodents.
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Materials and Methods 

 

Animals and drugs 

 

Sprague–Dawley rats (weight, 180–220 g) and ICR mice (weight, 15–20 g) were 

obtained from Korea Food and Drug Administration (AAALAC member, Seoul, 

Korea) and they were housed in groups, of adequate size, in a temperature-

controlled 23 ± 2°C room with a 12 hour light/dark cycle (lights on 08:00 to 20:00). 

The animal tests were approved by NIFDS/KFDA Animal Ethics Board 

(0904KFDA053). The animals received a solid diet and tap water ad libitum, and 

their treatment conformed to the Guide for the Care and Use of Laboratory 

Animals (NRC 1996). All experiments were performed between 09:00 and 18:00. 

Methamphetamine HCl, cocaine, and tramadol were obtained from Sigma (St. 

Louis, MO, USA). 

 

 

Apparatus 

 

The climbing behavior test apparatus was a stainless steel cylinder with many 

vertical bars that the experimental mice could climb. Its floor diameter was 12 cm, 

and each vertical bar‟s length was 24 cm. To evaluate jumping behavior and head 

twitch responses, a transparent box without ceiling measuring 30 × 30 × 40 cm was 
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used. 

The conditioned place preference test chamber had three distinct compartments 

(white, black, and gray) separated by automatic guillotine doors. Infrared photo-

beam detectors were added for automated data collection. The overall inside 

dimensions were 21 × 21 × 68 cm, and the unit‟s base measured 86.4 × 25.4 cm. 

The manufacturer provided the mounting holes for the ENV-013 IR Infrared Sensor 

Package (Med Associates Inc., St Albans, VT, USA), which places six photo beams 

across white and black zones, 1.25 cm from each end wall, with 5 cm intervals 

between the beams. The choice compartments were 28 cm long. One choice 

compartment was all black, with a stainless steel grid rod floor consisting of 4.8 

mm rods on 16 mm centers. The other compartment was all white with a 1.25 × 

1.25 cm stainless steel mesh floor. 

The self-administration test chamber was purchased from Med Associates Inc. 

and measured 29 × 21 × 24 cm. The chambers contained two levers, an active lever 

to deliver a drug dose, via the jugular vein, through a connected catheter and an 

inactive lever, not connected to the experimental animal. Infusion pumps were 

placed outside the chamber and connected to a 10 ml syringe. The chamber was 

connected to a computer, to record test data and control the experimental processes. 

 

Climbing behavior test 

 

One group of mice was administered the negative control (saline, 1 mg/kg, i.p.) or 
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one of the three doses of tramadol (0.03, 0.07, or 0.1 mg/kg, i.p.) for 40–90 min, 

respectively. Then for 1 min, climbing duration of the mice was observed using a 

stopwatch. The other group of mice was pre-treated with the negative control 

(saline, 1 mg/kg, i.p.) or one of the three doses of tramadol (0.03, 0.07, or 0.1 

mg/kg, i.p.) for 40–90 min before the test. Then just before testing, apomorphine (2 

mg/kg, i.p.) was administered to each subject and their climbing duration was 

timed as above. The tests were repeated three times, with a time-out period of 10 

min. 

 

Jumping test 

 

One group of mice was administered the negative control (saline, 1 mg/kg, i.p.), 

or one of the three doses of tramadol (0.03, 0.07, or 0.1 mg/kg, i.p.) for 40–90 min 

followed by naloxone (10 mg/kg, i.p.). Then for 15 min, the jumping numbers of 

the animals were counted. The other group of mice was pre-treated with the 

negative control (saline, 1 mg/kg, i.p.) or one of the three doses of tramadol (0.03, 

0.07, or 0.1 mg/kg, i.p.) for 40–90 min before the test. Next, morphine (150 mg/kg, 

s.c.) was administered followed by naloxone administration (10 mg/kg, i.p.) 4 hr 

after the morphine treatment. The jumping number was counted for 15 min. This 

experiment was repeated three times. 
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Head twitch response 

 

One group of mice was administered the negative control (saline, 1 mg/kg, i.c.v.) 

and one of the three doses of tramadol (0.01, 0.03, or 0.07 mg/kg, i.p.) for 40–90 

min before the test, and the numbers of head twitches were counted for 2 min. The 

other group of mice was pre-treated with the negative control (saline, 1 mg/kg, i.p.) 

and one of the three doses of tramadol (0.01, 0.03, or 0.07 mg/kg, i.p.) for 40–90 

min before the test. Then 5-hydroxytryptamine (5-HT) (3–4 mg/kg, i.c.v.) was 

administered and the numbers of head twitches were counted for 2 min. The test 

was repeated three times at 10 min intervals. 

 

Conditioned place preference test 

 

The mice were acclimated to the experimental apparatus and handled for 6 days 

before starting this experiment. The procedure was similar to that described 

previously (Narita et al., 2004; Bozarth, 1987). 

Each experiment consisted of three phases, as follows. 

Pre-conditioning: For 2 days (days 1 and 2) the rats were allowed free access to 

both compartments of the apparatus for 15 min (900 s) each day. One day 2, the 

time spent by the mice in each compartment was recorded and served as baseline. 

Mice showing preference for the black compartment were selected for further 

experiments and divided into two groups. 
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Conditioning: Conditioning was conducted for 8 days (days 3–10), one session 

per day. On day 3, one group of the selected mice was treated with drugs 

(methamphetamine, 1 mg/kg, i.p., one of the three doses of tramadol, 0.5, 1.47, and 

2.94 mg/kg, i.p.), and placed in the non-preferred compartment (white) for 30 min. 

The other group of mice was treated with saline, and placed in the preferred 

compartment (black) for 30 min. The groups were switched every day, so that the 

drug was injected every other day, and the same procedure was conducted. 

Post-conditioning: On day 11, the mice were allowed free access to both 

compartments of the apparatus for 15 min (900 s). The time spent by the mice in 

each compartment was recorded, and these values were the test line. 

 

Self-administration test 

 

Surgical procedures were as follows. The rats were anesthetized with 

pentobarbital sodium (Entobar
®
, Hanlim Pharmaceuticals, Seoul, South Korea). 

The surgical procedures adhered to aseptic conditions as described previously 

(Mucha et al., 1982; Weeks, 1972). Briefly, a catheter was inserted into the right 

jugular vein and catheter exited on the shoulder. The rats received heparin everyday 

during the experimental periods. After surgery, each rat recovered for at least 14 

days in a controlled cage, receiving a solid diet and tap water ad libitum. 

Testing procedures were as follows. The rats could self-administer one of the 

three doses of tramadol (0.3, 0.7, and 1.5 mg/kg/0.1 ml per infusion), and a 
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negative control substance (saline, 0.1 ml per infusion) for 6 s followed by 20 s of 

time-out, during daily 2 h sessions on a fixed-ratio 1 (FR1) reinforcement schedule. 

On this schedule, when a rat pressed the active lever, it received a certain drug dose 

(0.1 ml) injected into the jugular vein through the catheter. The self-administration 

chamber contained two levers linked to a computer program that recorded the 

experimental data. The test was carried out for > 7 days. 

 

Statistics 

 

Data are expressed as mean ± standard error. The climbing, jumping, and head 

twitch data were analyzed via paired t-tests. Paired t-tests were also used to analyze 

the CPP and self-administration data (p < 0.05). 
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Results 

 

Climbing behavior test 

 

Climbing behavior was measured in the experimental mice with or without pre-

treatment of the saline (1 mg/kg, i.p.) or tramadol (0.03, 0.07, or 0.1 mg/kg, i.p.) to 

determine whether tramadol affects the dopaminergic system. No differences were 

observed between the saline treated group and the tramadol treated groups, 

regardless of drug concentration with or without apomorphine treatment (Fig. 1).   

 

Jumping behavior test 

 

The jumping test was performed to determine if tramadol showed withdrawal 

syndrome. The saline (1 mg/kg, i.p.) or one of three doses of tramadol (0.03, 0.07, 

or 0.1 mg/kg, i.p.) were treated prior to administering morphine. The mice received 

morphine (150 mg/kg, subcutaneously) 4 hr before naloxone (10 mg/kg, i.p.). As 

shown in Fig. 2, two groups of tramadol-treated mice (0.03 and 0.07 mg/kg) 

showed the jumping behavior, but the difference between the saline-treated group 

and tramadol-treated group was not significant. In the morphine-pretreated groups, 

two of tramadol-treated groups jumped more than saline-treated group; one 

tramadol-treated group showed a statistically significant increase (0.03 mg/kg). The 

results are depicted in Fig. 2. 
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Head twitch response 

 

The head twitch response was observed to evaluate the serotonergic effect of 

tramadol. One of the three doses of tramadol (0.01, 0.03, or 0.07 mg/kg, i.p.) was 

administered prior to administering serotonin (5-HT, 3–4 mg/kg, i.c.v.). The 

numbers of the response were counted in each of the groups three times, for 2 min 

each, with 10 min intervals. As shown in Fig. 3, no mice in either the saline-treated 

group or the tramadol treated groups showed a head twitch response in the absence 

of serotonin. In contrast, the tramadol-treated groups showed a tendency for 

increasing responses compared with that in the saline-treated group. However, only 

one tramadol-treated group (0.07 mg/kg) showed a significant increase (Fig. 3.). 

 

Conditioned place preference test 

 

The possibility for psychological dependency or abuse liability was evaluated 

through conditioned place preference and self-administration. Considering the 

overall results, the animal‟s place preference clearly changed in every group during 

the 8 day-conditioning period. In contrast with the mice treated with saline, the 

entire group treated with drugs (tramadol and methamphetamine) spent more time 

in the undesirable room after the conditioning period. When the differences were 

compared between the saline-treated and drug-treated groups, the animals that 
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received tramadol showed a dose-dependent pattern and significant place 

preference scores (Fig. 4). 

 

Self-administration test 

 

The self-administration test was maintained on a FR 1 schedule for > 7 days, and 

the responses on the active lever were checked on a daily basis. The saline-treated 

group did not show active responses. Interestingly, the experimental rats in all three 

tramadol-treated groups showed increased self-administration and significant 

active responses compared with those of the saline-treated group (Fig. 5). 
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Discussion 

 

Tramadol is structurally related with opioids such as morphine and codeine and 

has an analgesic effect. It is commonly used to treat patients with moderate to 

severe pain due to critical surgery. However, its abuse liability and dependence 

potential have not been well discussed. Various animal behavioral experiments 

were performed to demonstrate the mode of action and the potential for inducing 

physical or psychological dependence of tramadol. Climbing behavior and head 

twitch experiments were performed as pre-evaluating experiments to determine 

whether tramadol affected the dopaminergic and serotonergic systems. Tramadol 

did not induce any significant change in animal behavior in the climbing behavior 

experiment, whereas one dose of tramadol significantly increased head-twitch 

behavior. These results were concurred with previous reports that the activity of 

tramadol is mediated both by activating and modulating the serotonergic system 

(Zhang et al., 2012). Also, there are many reports on tramadol serotonin syndrome 

(Park et al., 2014; Mansouripour et al., 2013). Since the serotonin syndrome of 

tramadol has been noticed through several case reports only, the modes of action 

need to be revealed through further molecular studies. The jumping test result 

suggested that tramadol may induce physical dependence when morphine was pre-

treated. Studies have commonly noted that withdrawal of jumping behavior is the 

most reliable and generally useful for measuring physical dependence in rodents, 

particularly with regard to opioids (El-Kadi et al., 1994; Ritzmann, 1981; Smits, 
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1975; Saelens et al., 1971; Way et al., 1969; Kest et al., 2001). Additional research 

will be needed to confirm physical dependence of tramadol. 

The conditioned place preference test and self-administration test were performed 

to evaluate the psychological dependence potential of tramadol. Mice that stayed 

longer in the black chamber during the preconditioning phase of the conditioned 

place preference test were selected for the experiment. Significantly meaningful 

and dose-dependent data were obtained in the tramadol administered group. 

Moreover, significant increases in self-administration were observed in all groups 

of tramadol-treated rats. In this experiment, the experimental rats in all the three 

groups of tramadol acquired self-administration and demonstrated significant 

active responses compared with those of the negative control (saline-treated) group. 

Based on these results, it seems clear that tramadol has potential for causing 

psychological dependence in rodents. 

Several studies have focused on the dependence potential and/or abuse liability of 

tramadol as well as the drug‟s clinical benefits in case reports (Sarkar et al., 2012; 

Randall et al., 2014; Nebhinani et al., 2013; Zhang et al., 2013). One report showed 

that tramadol induces conditioned place preference in rats based on its interactions 

with morphine and buprenorphine (Zhang et al., 2012). Taken together the results 

from various animal behavioral tests including conditioned place preference and 

self-administration tests, it could be concluded that tramadol might have a potential 

to induce physical and psychological dependence in rodents. This result suggests 

that it would be worthwhile monitoring usage of tramadol to prevent possible drug 

abuse in the future.  
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Figure 1. Climbing behaviors were measured after injection of apomorphine to 

each subject (2 mg/kg, subcutaneously). The pre-treatments were tramadol (A (0.03 

mg/kg), B (0.07 mg/kg) or C (0.1 mg/kg), i.p.), administered before the 

apomorphine treatment (after apomorphine treatment: control‟, A‟ (0.03 mg/kg), B‟ 

(0.07 mg/kg), C‟ (0.1 mg/kg), i.p.). Data are mean ± standard error (n = 15).  
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Figure 2. Tramadol (A (0.03 mg/kg), B (0.07 mg/kg) or C (0.1 mg/kg), i.p.) was 

administered prior to morphine administration. Morphine (150 mg/kg, 

subcutaneously) was administered 4 hr prior to naloxone administration (after 

morphine treatment: control‟, A‟ (0.03 mg/kg), B‟ (0.07 mg/kg), C‟ (0.1 mg/kg), 

i.p.). The jumping score in groups (n = 15) was measured for 15 min immediately 

after injection of naloxone (10 mg/kg, i.p.). Each value is mean ± standard error. 
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Figure. 3. Tramadol (A (0.01 mg/kg), B (0.03 mg/kg) or C (0.07 mg/kg), i.p.) was 

injected prior to serotonin (5-HT, 3–4 mg/kg, i.c.v.) administration (after serotonin 

treatment: control‟, A‟ (0.01 mg/kg), B‟ (0.03 mg/kg), C‟ (0.07 mg/kg), i.p.). The 

response scores in the groups (n = 14) were measured for 2 min, three times at 10 

min of intervals. Each value is mean ± standard error. *p < 0.05 compared with 

saline treated group.  
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Figure 4. Mice were preconditioned for 2 days without drug treatment. Then 

tramadol (A (0.5 mg/kg), B (1.47 mg/kg) or C (2.94 mg/kg), i.p.), saline ((-) control, 

1 ml, i.p.) and methamphetamine ((+) control, 1 mg/kg, i.p.) were administered to 

the mice once every other day for 8 days. Place preference was measured the next 

day after the conditioning period. Data are mean ± standard error (n = 10). *p < 

0.05, compared with saline treated group. 
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Figure 5. The animals were administered tramadol (at 0.3, 0.7 or 1.5 mg/kg/0.1 ml per infusion) for 6 sec followed by a 20 

sec time-out period in the way of self-administration. Lever responses were performed everyday for more than 7 days. Data 

are expressed as mean ± standard error (n = 6 or 8), and the t-test was used for statistical analysis (*p < 0.05 as compared 

with the saline treated group). 
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Chapter IV 

 

Dependence potential of the synthetic cannabinoids 

JWH-073, JWH-081, and JWH-210: an in vivo and in 

vitro approach 

 

 

Abstract  

 

Synthetic cannabinoids (CBs) such as the JWH series have caused social 

problems concerning their abuse liability. Because the JWH series produces 

euphoric and hallucinogenic effects, they have been distributed illegally under 

street names such as “Spice” and “Smoke”. Many countries including Korea have 

started to schedule some of the JWH series compounds as controlled substances, 

but there are a number of JWH series chemicals that remain uncontrolled by law. In 

this study, three synthetic CBs with different binding affinities to the CB1 receptor 

(JWH-073, 081, and 210) and Δ
9
-tetrahydrocannabinol (Δ

9
-THC) were evaluated 

for their potential for psychological dependence. The conditioned place preference 

test (unbiased method) and self-administration test (fixed ratio of 1) using rodents 

were conducted. Ki values of the three synthetic cannabinoids were calculated as 

supplementary data using a receptor binding assay and over expressed CB1 protein 
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membranes to compare dependence potential with CB1 receptor binding affinity. 

All mice administered JWH-073, 081, or 210 showed significantly increased time 

spent at unpreferred space in a dose-dependence manner in the conditioned place 

preference test. In contrast, all tested substances except Δ
9
-THC showed aversion 

phenomenon at high doses in the conditioned place preference test. The order of 

affinity to the CB1 receptor in the receptor binding assay was JWH-210 > JWH-081 

>> JWH-073, which was in agreement with the results from the conditioned place 

preference test. However, no change in self-administration was observed. These 

findings suggest the possibility to predict dependence potential of synthetic CBs 

through a receptor binding assay at the screening level. 

 

Keywords: synthetic cannabinoid, Δ
9
-THC, psychological dependence, CB1 

receptor, binding affinity 
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Introduction 

 

Synthetic cannabinoids have been widely used worldwide because they have a 

euphoric effect similar to that of Δ
 9

-tetrahydrocannabinol (Δ
9
-THC), the 

psychoactive constituent of Cannabis sativa (Gaoni and Mechoulam, 1964). These 

compounds are mixed in “herbal incense” preparations labeled “Spice” and 

“Smoke”, and are sold to those expecting the psychoactive effect of marijuana 

(Auwarter et al., 2009, Uchiyama et al., 2009a, Uchiyama et al., 2009b). Δ
 9
-THC 

has been used to help elucidate CB receptors (Devane et al., 1988).  

Cannabinoid receptors have been divided into two groups of CB1 and CB2 

receptors, based on functionality and distribution. CB1 receptors are found widely 

throughout the brain and perform a variety of modulatory functions, whereas CB1 

receptors have generally been associated with peripheral and central regulation of 

the immune system (Van Sickle et al., 2005). The CB1 (nomenclature follows 

Alexander et al., 2008) receptor has been identified as the receptor that mediates 

the behavioral and psychoactive effects of Δ
9
-THC in animals and humans 

(Atwood et al., 2011). The CB1 receptor is predominately expressed in the central 

nervous system, particularly in areas such as the hippocampus, basal ganglia, 

cortex, amygdala, and cerebellum (Mackie, 2005).  

All synthetic cannabinoids and Δ
9
-THC are CB1 receptor agonists, and many of 

them show high CB1 receptor binding affinity. JWH-018, one of the well 

characterized compounds among synthetic cannabinoids, has a high binding 



- 88 - 

 

affinity for the CB1 receptor in the low nanomolar ranges (~9 nM) (Showalter et al., 

1996, Aung et al., 2000). Although JWH-073, JWH-081, and JWH-210 show CB1 

receptor binding affinity comparable to that of Δ
9
-THC, they have quite different 

chemical structures from Δ
9
-THC. The chemical structures are presented in Fig. 1. 

Additionally, the mechanism of action of CB1 receptor agonists has not been 

elucidated. However, it is known that activating the CB1 receptor reduces cellular 

excitability and the probability of neurotransmitter release. This allows both 

exogenous and endogenous cannabinoid agonists to modulate neuronal 

communication, and may cause their psychoactivity. Prolonged activation of CB1 

receptors results in desensitization of the receptor and internalization (Hsieh et al., 

1999, Jin et al., 1999, Roche et al., 1999). These processes are thought to be 

involved in tolerance to substances containing Δ
9
-THC (Wu et al., 2008). 

Many countries have started to schedule some of the synthetic cannabinoids as 

controlled substances, but the controlling systems differ significantly from country 

to country. Only a few countries including the UK have applied a generic approach 

to synthetic cannabinoids. Controlling synthetic cannabinoid analogs requires 

scientific evidence that the analog shows similar dependence potential with that of 

Cannabis. Because evaluating the dependence potential of every individual 

substance through animal behavioral tests is a time and labor consuming process, 

another way is needed to assess the abuse potential of synthetic cannabinoids. 

Thus, it is necessary to develop an in vitro method to evaluate dependence 

potential to predict the possibility for abuse of synthetic cannabinoids in a short 
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period of time, as animal behavioral evaluations take a long time, and it is nearly 

impossible to test all substances individually. Therefore, in the present study, to 

assess the relationship between dependence potential and receptor binding affinity, 

psychological dependence and CB1 receptor binding of JWH-073, JWH-081, and 

JWH-210 were evaluated among the aminoalkylindoles of synthetic cannabinoids. 
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Materials and Methods 

 

Animals and substances 

 

Sprague–Dawley rats (weight, 180–220 g) and ICR mice (weight, 15–20 g) were 

obtained from the Ministry of Food and Drug Safety (AAALAC member, Osong, 

Korea) and were housed in adequately sized groups in a temperature-controlled (23 

± 2°C) room with a 12 hr light/dark cycle (lights on 08:00 to 20:00). The animals 

received a solid diet and tap water ad libitum, and husbandry conformed to the 

Guide for the Care and Use of Laboratory Animals (NRC 1996). All experiments 

were performed between 09:00 and 18:00. The animal tests were approved by 

NIFDS/KFDA Animal Ethics Board (12101KFDA003). Δ
9
-THC, JWH-073, JWH-

081 and JWH-210 were purchased from Cayman Chemical (Ann Arbor, MI, USA) 

and [
3
H]SR141716A, for the receptor binding affinity assay, was purchased from 

PerkinElmer (Waltham, MA, USA).  

 

Apparatus  

 

The conditioned place preference (CPP) test apparatus has three distinct 

compartments (white, black, and gray) separated by automatic guillotine doors. 

Infrared photo-beam detectors were added to automate data collection. The overall 

inside dimensions were 21 ×  21 × 68 cm, and the unit‟s base measured 86.4 × 
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25.4 cm. The manufacturer provided the mounting holes for the ENV-013 IR 

Infrared Sensor Package (Med Associates, St. Albans, VT, USA), which places six 

photo-beams across the white and black zones, 1.25 cm from each end wall, with 5 

cm intervals between the beams.  

The self-administration test chamber was purchased from Med Associates and 

measured 29 × 21 × 24 cm. The chambers contained two holes; an active hole that 

delivered a substance through the catheter connected to a jugular vein, and an 

inactive hole that was not connected to the animal. Infusion pumps were placed 

outside the chamber and connected to a 10 ml syringe. The apparatus was 

connected to a computer to record test data and control the experimental processes. 

 

CPP test 

 

 The mice were acclimated to the experimental apparatus and handled for 6 days 

before starting the experiment. The procedure was similar to that described 

previously in an unbiased manner (Bozarth, 1987, Narita et al., 2004). 

Each experiment consisted of three phases, as follows. 

Pre-conditioning: The mice were allowed free access to both compartments of the 

apparatus for 20 min each day for 2 days (days 1 and 2). On the third day, the time 

spent by the mice in each compartment was recorded and served as the baseline. 

Conditioning: The mice were conditioned for 10 days (days 3–12) during one 

session per day. On the third day, one group of selected mice was treated with 
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substances (one of five doses of Δ9
-THC or JWH-073, 081, 210: 0, 0.05, 0.1, 0.5, 

and 1 mg/kg, i.p.), and placed in the non-preferred compartment for 45 min. The 

other group of mice was treated with saline, and placed in the preferred 

compartment for 45 min. The groups were switched every day, and the same 

procedure was performed. 

Post-conditioning: The mice were allowed to move freely between compartments 

of the apparatus for 20 min on day 13. The time spent by the mice in each 

compartment was recorded, and these were considered the test line. 

 

Self-administration test 

 

 The rats were anesthetized with pentobarbital sodium (Entobar
®
, Hanlim 

Pharmaceuticals, Seoul, South Korea) for surgery. The surgical procedures adhered 

to aseptic conditions described previously (Mucha et al., 1982). Briefly, a catheter 

was inserted into each rat‟s right jugular vein. The catheter exited at the rat‟s 

shoulder. The rats received heparin everyday during the experimental period. After 

surgery, each rat recovered for at least 7 days in a controlled cage, and received a 

solid diet and tap water ad libitum. 

The testing procedures were as follows. The rats self-administered the substances 

at a dose that showed the highest value in the CPP test or a negative control 

substance (vehicle, 0.1 ml/infusion) for 5 sec during a 1 hr session on a fixed-ratio 

1 reinforcement schedule. The time-out period was 10 sec. When rats inserted their 



- 93 - 

 

nose into the active lever, they received a test substance dose injected through the 

catheter. The self-administration chamber contained two holes linked to a computer 

program that recorded the data. The test was carried out for more than 8 days. 

 

Receptor binding assay 

 

 Chemiscreen membrane preparation recombinant human CB1 cannabinoid 

receptor (EMD Millipore Corp., Milford, MA, USA) was purchased and stored at 

−70°C until use. A saturation binding assay was conducted with CP-55940 and 

[
3
H]SR141716A based on a previous report [18]. Briefly, binding buffer (50 mM 

Hepes, 5 mM MgCl2, 1 mM CaCl2, 0.2% BSA) and washing buffer (50 mM Hepes, 

500 mM NaCl, 0.1% BSA) were prepared and stored at 4°C until use. The binding 

buffer, DMSO, and radioactive ligand were mixed and incubated for 1 hr at 30°C 

for the membrane binding reaction. After washing, cpm values from each binding 

group were counted using a beta-scintillation counter. Bmax and Kd values were 

calculated from the specific binding cpm values using GraphPad Prism 5 software 

(GraphPad Software, La Jolla, CA, USA). 

The competition receptor binding assay was performed with a similar protocol as 

the saturation binding assay described above. The amount of radiolabel specifically 

bound in the absence of competing compounds was calculated by subtracting non-

specific from total binding. The percentage of specific binding was calculated for 

the amount of radiolabel bound in the presence of various concentrations of each 
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competing compound. The data were analyzed with GraphPad Prism software, and 

IC50 and Ki values were calculated. 

 

Statistics 

 

  All data are presented as means ± standard errors. CPP data were analyzed by 

one-way analysis of variance (ANOVA) followed by the Newman–Keuls multiple 

comparison test, and the self-administration data were analyzed by repeated two-

way ANOVA followed by the Bonferroni post hoc test. A p-value < 0.05 was 

considered significant. 
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Results  

 

CPP test 

 

The CPP test was conducted using an unbiased method. The animal‟s place 

preference clearly changed in every group during the 10 day conditioning period. 

In contrast with the mice treated with saline, the entire group treated with test 

substances (Δ
 9
-THC, JWH-073, 081 and 210) spent more time in the undesirable 

room after the conditioning period. When comparing the differences between the 

negative control and substance-treated groups, the animals receiving substances 

showed a dose-dependent place preference to a certain dose, then the preference 

decreased thereafter. An aversion phenomenon appeared in all animals 

administered the JWH series. All substance-treated mice except the JWH-073-

treated animals (0.5 mg/kg) showed the highest place preference at a 0.1 mg/kg 

dose. Based on the CPP results, JWH-210 and JWH-081 showed significantly 

higher preference scores than those of JWH-073. JWH-210 also showed a slightly 

higher preference score than that of JWH-081 (Fig. 2.). 

 

Self-administration test 

 

The self-administration test was maintained on a fixed ratio 1 schedule for more 

than 8 days, and responses on the active hole were checked daily. The negative 



- 96 - 

 

control (saline-treated) group and substance-treated group did not show active 

responses. The self-administration test results are depicted in Fig. 3. 

 

Receptor binding assay  

 

The CB1 receptor binding assay was performed as a saturation binding assay and a 

competitive binding assay using over-expressed protein membrane with JWH-073, 

081, and 210. In the saturation binding assay with [
3
H]SR141716A, the Bmax was 

1398 cpm and the Kd value was 6.6 nM (Fig. 4.). The IC50 and Ki values of the 

JWH series were calculated through the competitive binding assay and the 

calculated Bmax and Kd values. The Ki values of JWH-073, 081 and 210 were 2.8 × 

10
−7

, 7.5 × 10
−8

 and 2.7 × 10
−8

, respectively. The affinity of the JWH series to CB1 

was JWH-210 > JWH-081 >> JWH-073. The saturation and competitive binding 

curves are shown in Fig. 3.  



- 97 - 

 

Discussion  

 

Synthetic cannabinoids have been emerging as drugs of abuse because of their 

marijuana-like effects such as euphoria. They are classified by their chemical 

structures, including classical cannabinoids, nonclassical cannabinoids, hybrid 

cannabinoids, aminoalkylindoles, eicosanoids, and others (ACMD). Among them, 

aminoalkylindoles may be the most problematic because of their structural 

diversity. Our test substances, JWH-073, 081, and 210 have the common mother 

naphthoylindole structure, one of the aminoalkylindoles. JWH-073 has the shortest 

alkyl chain (butanyl) at the indole moiety, whereas both JWH-081 and 210 have a 

pentanyl chain. Furthermore, the difference between JWH-081 and 210 are 

methoxy and ethyl functional groups on the naphthalene moiety.  

A relationship was observed between chemical structure and receptor binding 

affinity based on the results of CB1 receptor binding affinity test. It can be assumed 

that in the case of the naphthoylindoles, the pentanyl chain on the indole moiety 

binds better to the CB1 receptor than that of a shorter chain, and a hydrophobic 

functional group on the naphthalene moiety binds better than that of a hydrophilic 

group. This observation agrees with a previous report (Elsohly et al., 2014).  

The psychological dependence potential of the JWH series was evaluated using 

CPP and self-administration tests. Significant dose-dependent increases in place 

preference were observed on the CPP test for the test substance (Δ
9
-THC, JWH-

073, JWH-081, and JWH-210) administered groups.  
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The animals showed decreased preference or aversion with higher doses of the 

JWH-073, JWH-081, and JWH-210. This aversion phenomenon has been reported 

previously in studies with CB1 receptor agonists (Corcoran and Amit, 1974, Leite 

and Carlini, 1974, Alexander et al., 2008). The major factor affecting the rewarding 

properties of CB1 agonists in the place conditioning paradigm could be the 

consequences of the possible dysphoric effects induced by first exposure to the 

substance (Valjent and Maldonado, 2000). However, the aversion mechanism has 

not been elucidated clearly; thus, further studies on the precise reward pathways in 

the brain are needed. 

Some reports discussed that some of CB1 receptor agonists such as Δ
 9

-THC, 

WIN-55,212-2, and CP-55,940 fail to induce a positive self-administration effect 

(Chaperon and Thiebot, 1998, Carlezon and Chartoff, 2007). Our findings are also 

in agreement with the observation that experimental rodents do not show any effect 

on a self-administration test with CB1 receptor agonists through the venous route. 

However, it has been reported that animals show a self-administration effect when 

the catheter is inserted directly into the ventral tegmental area (Zangen et al., 2006).  

Based on the results here and those in previous reports on animal behavioral 

changes induced by synthetic cannabinoids, it could be concluded that JWH-073, 

081, and 210 have psychological dependence potential. 

It is difficult that evaluating abuse potential of every JWH series chemical with 

animal experiments because it consumes too much time and labor. Additionally, 

scheduling synthetic cannabinoids generically requires scientific evidence to prove 
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similar dependence potential compared with that of known CB1 receptor agonists, 

particularly those with similar chemical structures. Thus, an in vitro assay was 

employed to demonstrate the relationship between CPP and CB1 receptor binding 

affinity. The CB1 receptor is responsible for behavioral changes and drug 

dependence potential. Our findings about the proportional relationship between 

CPP and receptor binding affinity with Δ
9
-THC, JWH-073, 081, and 210 suggest 

that higher affinity to the CB1 receptor leads to greater psychological dependence.  

Taken together, the CB1 receptor binging assay could be used to determine 

dependence potential as a predictive model at the screening level. Our findings 

provide valuable evidence for scheduling synthetic cannabinoids using a generic 

approach. 
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Figure 1. Chemical structures of Δ
9
-tetrahydrocannabinol (Δ

9
-THC), JWH-073, 

JWH-081, and JWH-210. 
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Figure 2. Conditioned place preference test results for Δ
9
-tetrahydrocannabinol (Δ

9
-

THC), JWH-073, JWH-081, and JWH-210. The mice were pre-tested without 

substances on day 3 of the experiment. The substance was administered to the mice 

at five different doses (0.05, 0.1, 0.5 and 1 mg/kg, i.p.) for 10 days. Results were 

measured on day 11 of the experiment. Data are mean ±  standard error (n = 9 or 

10). *p < 0.05, substance-treated group vs. vehicle-treated group. 
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Figure 3. Self-administration test result for Δ
9
-tetrahydrocannabinol (Δ

9
-THC), 

JWH-073, JWH-081, and JWH-210. The rats had surgery at the jugular vein and 

recovered for 7 days. Doses of the tested substances were determined by the results 

of the conditioned place preference test (the highest preferred dose). The 

experiment was performed for at least 8 days. Data are mean ± standard error (n = 

5–9). *p < 0.05, substance-treated group vs. vehicle-treated group. 
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Figure 4. Competitive binding curves for JWH-073, JWH-081 and JWH-210 in 

cannabinoid receptor 1 (CB1) over-expressed cell membranes. The Ki values of the 

tested substances were 2.8 × 10
−7 

M (R
2 
= 0.9150), 7.5 × 10

−8 
M (R

2 
= 0.8840) and 

2.7 × 10
−8 

M (R
2 
= 0.9420), respectively. Data are mean ± standard error. 
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Chapter V 

 

Receptor binding affinities of synthetic cannabinoids 

by non-isotopic receptor binding assay 

 

 

Abstract  

 

The cannabinoid type 1 receptors, known as the major cannabinoid receptor in 

central nervous systems, are composed of 7 alpha-helical transmembrane proteins 

which are G-protein coupled receptors. In the present study, human cannabinoid 

type 1 receptors were expressed using Pichia pastoris with methylotropic promotor 

which is alcohol oxidase I gene in pPICZ vector. Flag and hexahistidine affinity-

tags were attached to N-terminal and C-terminal of human cannabinoid type I 

receptor, respectively. The receptors were purified by His-tag affinity 

chromatography and confirmed by western blot analysis with anti-flag antibody. To 

study the binding affinities of Δ
 9
-tetrahydrocannabinol, JWH-015, JWH-210, RCS-

4, and JWH-250, a Surface Plasmon Resonance biosensor assay was carried out. 

The order of the affinities of the test substances was JWH-210>JWH-250>Δ
 9

-

tetrahydrocannabinol>JWH-015, which is in accordance with the result using 

conventional radio-isotope receptor binding assay. In conclusion, the results 
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support that kinetic analysis using Surface Plasmon Resonance could be used in the 

place of radio-isotope receptor binding assay. In order to replace receptor binding 

affinity with Surface Plasmon Resonance techniques in routine assay, further 

studies for method validation will be needed in the future. 

 

Keywords: human cannabinoids type 1 receptor, Δ
9
-THC, synthetic cannabinoids, 

receptor binding assay, Surface Plasmon Resonance 
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Introduction 

 

Synthetic cannabinoids have been widely used worldwide because they have a 

euphoric effect similar to that of Δ
9
-tetrahydrocannabinol (Δ

9
-THC), the 

psychoactive constituent of Cannabis sativa. These compounds are mixed in 

“herbal incense” preparations labeled “Spice” and “Smoke”, and are sold to those 

expecting the psychoactive effect of marijuana. Δ
 9

-THC has been used to help 

elucidate cannabinoid receptors (Cha et al., 2014).  

Cannabinoid receptors have been divided into two groups of cannabinoid type 1 

(CB1) and cannabinoid type 2 (CB2) receptors (nomenclature follows Alexander et 

al., 2008), based on functionality and distribution. The CB1 receptors are composed 

of 7 alpha-helical transmembrane proteins which are G-protein coupled receptors. 

The CB1 receptor has been identified as the receptor that mediates the behavioral 

and psychoactive effects of Δ
9
-THC in animals and humans (Atwood et al., 2011).  

Many countries including the United States of America and Japan employ the in 

vitro receptor binding affinities or in silico QSAR/QSPR models when controlling 

new psychoactive substances 

Generally, the receptor binding affinities have been evaluated using conventional 

radio-isotope receptor binding assay. There are two typical assay formats used for 

analysis of receptor-ligand interactions in screening applications, filteration and 

scintillation proximity assay. Since scintillation proximity assays do not require a 

separation of free and bound radioligand, it is more amenable to screening 
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applications. However, it is expensive and requires specific license to deal with the 

radioactive substances. Furthermore it is difficult to perform kinetic experiments, 

and the debris from the experiments using radioactive substances is not disposable 

easily. To measure receptor binding affinities without radioactive substances by 

using many other methods such as fluorescence polarization method and time-

resolved fluorescence have been developed. In the present study, Surface Plasmon 

Resonance technique was applied to investigate its feasibility to measure receptor 

binding affinity of synthetic cannabinoids.  

Surface Plasmon Resonance is a widely applied mass-sensitive transduction 

principle. It allows the real-time monitoring of association and dissociation events 

between a binding partner that is immobilized on a sensor surface and the other 

partner injected over the surface (Lofas et al., 2011; Hoa et al., 2007; Piliarik et al., 

2009). This technique is widely used in most surface approaches such as ligand-

receptor binding affinities and antigen-antibody interactions.  

Almost all synthetic cannabinoids and Δ
9
-THC are CB1 receptor agonists, and 

many of them show high CB1 receptor binding affinity. JWH-018, one of the well 

characterized compounds among synthetic CBs, has a high binding affinity for the 

CB1 receptor in the low nanomolar ranges (~9 nM) (Showalter et al., 1996, Aung et 

al., 2000). Since almost all the binding affinities to CB1 receptor have been 

calculated using radioactive substances in so far, there have been some 

disadvantages or discomfort in dealing with the radioactivity.  

Since conventional behavioral evaluations take a long time and radioactive 
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substances are somewhat dangerous to deal with, it is necessary to develop an in 

vitro method not using radioactive substances to evaluate dependence potential for 

abuse of synthetic cannabinoids rapidly and easily. In these regards, it was tried to 

develop a non-radioactive receptor binding assay using Surface Plasmon 

Resonance technique with Δ
9
-THC and four representative synthetic cannabinoids 

(JWH-210, JWH-250, JWH-015, and RCS-4). The chemical structures of the test 

substances are illustrated in Fig 1. 
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Materials and Methods 

 

Substances 

 

Δ
9
-THC, JWH-210, JWH-250, JWH-015, and RCS-4 were purchased from 

Cayman Chemical (Ann Arbor, MI, USA) and [
3
H]SR141716A, for the receptor 

binding affinity assay, was purchased from PerkinElmer (Waltham, MA, USA).  

 

Construction of the vector and transformation of yeast 

Commercially synthesized CB1 receptor gene was amplified through PCR, and 

then inserted into pPICZαC vector using restriction enzymes (EcoRI and XbaI) and 

ligase. The recombinant plasmids were transformed into Escherichia.coli DH5α 

cells, and cultivated in zeocin treated media at 37℃ to select transformed colonies. 

The transformants were collected and the inserted CB1 gene sequence was 

identified by a qualified sequencing agency (Bioneer, Seoul, Korea) 

The cloned CB1 genes were transformed into Pichia pastoris for protein 

expression and purification after subcloning into SacI restriction site of pPICZαC. 

Then the transformants with Mut
+
 phenotype was selected in media provided by 

the manufacturer (Invitrogen, California, USA) and the size of insert was verified 

by PCR amplification. The transformants harboring CB1 gene were cultivated in 

BMGY media to find out the optimal conditions for CB1 protein expression. The 

protein expression levels were identified using western blot.  
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The expressed proteins were extracted from the yeast cells and purified by affinity 

chromatography using metal-chealated affinity, and gel filteration chromatography 

(Superdex 16/60 S-200, GE Healthcare, Buckinghamshire, UK). The purified 

protein was identified using western blot, and the concentrated protein was stored 

at -80℃. 

 

Receptor binding assay using Surface Plasmon Resonance technique 

The Biacore 3000 (GE Healthcare, Buckinghamshire, UK) was used to measure 

binding affinities of synthetic cannabinoids and Δ
9
-THC to recombinant CB1 

receptor without radioactive substances. Before measuring binding affinities of the 

test substances, the equipment was validated using Biacore 3000 getting started kit 

provided by the manufacturer. The Surface Plasmon Resonance experiment was 

conducted in three steps. Immobilization: The synthesized CB1 receptor protein 

was bounded to the biosensor chip, CM5, by amine coupling in various pH 

conditions (pH 4.0, 4,5, 5.0, and 5.5). The excessive ligand protein was washed out 

with 1 M ethanolamine-HCl (pH 8.5). Interaction analysis: The test substances (Δ
9
-

THC, JWH-210, JWH-250, JWH-015, and RCS-4) were dissolved in 100% ethanol 

then diluted at 50 μM with running buffer (1x PBS:ethanol: tween 80 = 19:0.5:0.5). 

The diluted test substances were flowed into the biosensor chip to bind to the 

immobilized CB1 receptors. Regeneration: After finishing the responses, the 

biosensor chip was regenerated by running buffer at 50 μl/ml for 10 min. 

The experiment was repeated at least three times, and the Ka values were 
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calculated from the specific binding values automatically. The data were analyzed 

using Sigmaplot (Systat Software Inc., CA, USA). 

 

Receptor binding assay using radioactive substance 

 

Chemiscreen membrane preparation recombinant human CB1 cannabinoid 

receptor (EMD Millipore Corp., Milford, MA, USA) was purchased and stored at 

−70°C until use. A saturation binding assay was conducted with CP-55940 and 

[
3
H]SR141716A based on a previous report [18]. Briefly, binding buffer (50 mM 

Hepes, 5 mM MgCl2, 1 mM CaCl2, 0.2% BSA) and washing buffer (50 mM Hepes, 

500 mM NaCl, 0.1% BSA) were prepared and stored at 4°C until use. The binding 

buffer, DMSO, and radioactive ligand were mixed and incubated at 30°C for 1 hr 

for the membrane binding reaction. After washing, cpm values of each binding 

group were counted using a beta-scintillation counter. Bmax and Kd values were 

calculated from the specific binding cpm values using GraphPad Prism 5 software 

(GraphPad Software, La Jolla, CA, USA). 

The competition receptor binding assay was performed with a similar protocol as 

the saturation binding assay described above. The amount of specifically bound 

radiolabeled compounds in the absence of competing compounds was calculated by 

subtracting non-specific binding from total binding. The percentage of specific 

binding was calculated for the amount of radiolabeled compounds bound in the 

presence of various concentrations of each competing compound. The data were 

analyzed with GraphPad Prism software, and IC50 and Ki values were calculated. 
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Results  

 

CB1 receptor protein expression and purification 

 

Recombinant CB1 receptor protein was used to measure binding affinities of Δ
9
-

THC, and four synthetic cannabinoids. The commercially synthesized CB1 receptor 

genes were inserted in pPICZαC vector then transformed in Escherichia coli DH5α. 

The transformants with Zeocin resistance were selected and the inserted genes 

were sequenced for verification (Fig 2). The cloned genes were then transformed in 

yeast cells (Pichia pastoris) for expression of CB1 receptor protein. CB1 gene in the 

yeast transformants were identified using PCR. The CB1 protein was best 

expressed at 48h, 58h, and 72h of cultivation with 1% methanol. The expression 

level of recombinant CB1 was identified using coomassie blue staining and western 

blot (primary antibody: anti-Flag, secondary antibody: anti-mouse) (Fig 3A, 3B). 

The recombinant CB1 proteins were purified through a series of chromatography 

with Ni chelated affinity column and gel-filteration (AKTA prime, GE Healthcare, 

Buckinghamshire, UK) (Fig 3C). 

 

Receptor binding assay using Surface Plasmon Resonance technique 

After validation of Biacore 3000 equipment using getting started kit provided by 

the manufacturer, the CB1 receptor binding assay was performed. The optimal pH 

condition for immobilizing the synthesized CB1 receptor proteins was 5.0. As the 
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result shown in Fig 4, the CB1 receptor proteins were well bounded to the 

biosensor chip. After immobilization, the test substances were flowed to the 

biosensor chip. The Ka values of Δ
9
-THC, JWH-210, JWH-250, JWH-015, and 

RCS-4 were 6.45 × 10
10

 M
-1

, 1.05 × 10
12

 M
-1

, 1.53 × 10
11

 M
-1

, 1.47 × 10
10

 M
-1

, and 

3.63 × 10
10

 M
-1

, respectively. The sensorgram for the test substances are depicted in 

Fig 5, and the Ka values are demonstrated in Fig 6. As the result, the order of the 

receptor binding affinities were JWH-210>JWH-250>Δ
9
-THC>RCS-4>JWH-015. 

 

Receptor binding assay with radioactive substance 

 

The CB1 receptor binding affinity of Δ
9
-THC, JWH-210, JWH-250, JWH-015, 

and RCS-4 was measured by saturation binding assay and competitive binding 

assay using over-expressed protein membrane. In the saturation binding assay with 

[
3
H]SR141716A, the Bmax was 953 cpm and the Kd value was 8.768 nM. The IC50 

and Ki values of the test substances were calculated through the competitive 

binding assay and Bmax and Kd values. The Ki values of Δ
9
-THC, JWH-210, JWH-

250, JWH-015, and RCS-4 were 2.3 × 10
-7 

M, 2.6 × 10
-8

 M, 1.1 × 10
-7

 M, 2.3 × 10
-5

 

M, and 7.3 × 10
-6

 M, respectively. The order of the binding affinities of the test 

substances to CB1 was JWH-210>JWH-250>Δ
9
-THC>RCS-4>JWH-015. The 

order of CB1 receptor binding affinities of tested substances was coincidence with 

that from non-isotopic receptor binding assay. The saturation and competitive 

binding curves are shown in Fig. 7.  
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Discussion  

 

Synthetic cannabinoids have caused social issues in Korea since 2010 because of 

their marijuana-like effect, known as euphoria. As MFDS is charged to designate 

new psychoactive substances as controlled substances, it is necessary to evaluated 

dependence liabilities of synthetic cannabinoids to schedule the substances as 

„psychoactive drugs‟ or „temporary psychoactive substances‟ based on the „Act on 

Narcotics Control‟. The dependence potential of drugs was conventionally 

evaluated by animal pharmaco-behavioral experiments such as conditioned place 

preference test and self-administration test have been performed. However, since 

the animal testing, especially behavioral observation is time and labor consuming, 

it is not useful to evaluate numerous new psychoactive substances individually.  

In this regard, the need for rapid dependence prediction models is remarkably 

increased to regulate the new psychoactive substances in time, and many countries 

have developed various methods to predict the dependence potential. For example, 

Japan developed an in silico QSAR/QSPR model and uses for regulating the new 

psychoactive substances, especially synthetic cannabinoids. 

In vitro receptor binding assays can be other tools for dependence prediction of 

the emerging substances. In our previous study, the relationship between receptor 

binding affinity and the in vivo dependence potential was revealed to be correlated 

to each other (Cha et al., 2014). As one of in vitro methods, receptor binding assay 

has been performed conventionally using isotope, which has many disadvantages 
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in handling the radioactive substances. In this regard, Surface Plasmon Resonance 

technique was employed to measure receptor binding affinities of synthetic 

cannabinoids to set up a non-isotope method for dependence potential prediction. 

Surface Plasmon Resonance technique uses biosensors, which is an analytical 

system that combines biological recognition and transduction into an electrical 

signal. They are known as powerful approaches for monitoring molecular binding 

activity (Lofas et al., 2011). Through the Surface Plasmon Resonance technique, it 

is possible to detect binding affinities in real time without isotopes. 

Trans-membrane proteins are in general known to have difficulties in expression 

and purification. Since most receptors for chemicals including CB1 receptor are 

trans-membrane proteins, the availability of receptors are highly limited. To 

overcome this limitation, CB1 receptor protein was expressed and purified using 

Escherichia coli and Pichia pastoris in order to set up a receptor protein expression 

and purification system.  

CB1 receptor, known as the major cannabinoids receptor in central nervous system, 

is composed of seven α helical transmembrane proteins which are G-protein 

coupled receptors (Turu et al., 2010; Huffman, et al., 1994). However, its precise 

structure is not identified yet (Mackie et al., 2005; Gonzalez, et al., 2008). From the 

recombinated CB1 receptor proteins, it would be necessary to reveal the structure of 

CB1 receptor in the future.  

In order to validate the established non-isotopic receptor binding assay method for 

rapid dependence prediction through the present research, the data from the Surface 
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Plasmon Resonance receptor binding assay were compared to that from 

conventional isotopic filteration receptor binding assay in synthetic cannabinoids. 

The results from the non-isotopic method and conventional isotopic method were 

in accordance to each other (JWH-210>JWH-250>Δ
9
-THC>RCS-4>JWH-015).  

Taken together the results, the established non-isotopic receptor binding assay 

using Surface Plasmon Resonance method would have a possibility to be applied 

for prediction of dependence liabilities of synthetic cannabinoids in the future. 

Prior to apply the established non-isotopic receptor binding assay, accumulation of 

data in more synthetic cannabinoids is needed to enhance its predictivity and 

accuracy through further studies.
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Figure 1. Chemical structures of Δ
9
-tetrahydrocannabinol (Δ

9
-THC), JWH-210, RCS-4, JWH-015 and JWH-2
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Figure 2. CB1 receptor gene identification after transformation into Pichia pastoris 

by PCR (Lane 1: size marker, Lane 2: transformed pPICZαC-CB1). The gene was 

analyzed after its phenotypes were identified in selective media (minimal methanol 

histidine and minimal methanol dextrose). CB1 receptor gene size was 1,416 bp. 
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Figure 3. Expression levels of CB1 receptor protein in Pichia pastoris. The 

expressed proteins were analyzed by time and methanol concentration (0.5 and 

1.0%). Expressed protein level was identified by Coomassie blue staining (A) and 

wetern blot (B). The protein was purified using Ni-column and gel chromatography 

(C). The CB1 receptor protein size was 75 kDa
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Figure 4. Immobilization of CB1 receptor to the biosensor chip (CM5) by amine coupling. The CB1 receptor protein was 

diluted in sodium acetate buffer (pH 5.0) and flowed to the biosensor chip at 10 μl/min for 7 min. The uncoupled proteins 

were washed out by 1 M ethanolamine-HCl (pH 8.5). The proteins were coated at 2000 Response Unit (RU). 
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Figure 5. CB1 receptor binding affinities of Δ
9
-THC, JWH-210, JWH-250, JWH-015, and RCS-4 using Surface Plasmon 

Resonance equipment. The binding affinities were measured in real time, and the test was repeated six times. The order of 

receptor binding affinity was JWH-210>JWH-250> Δ
9
-THC>RCS-4>JWH-015.
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Figure 6. The association constant (Ka) values of Δ
9
-THC, JWH-210, JWH-250, 

JWH-015, and RCS-4. The Ka values of the tested substances were 6.45 × 10
10 

, 

1.05 × 10
12

, 1.53 × 10
11

, 1.47 × 10
10

 and 3.63 × 10
10

, respectively. Data are mean ± 

standard error. 
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Figure 7. Competitive binding curves for Δ
9
-THC, JWH-210, JWH-250, JWH-015, 

and RCS-4 in cannabinoid receptor 1 (CB1) over-expressed cell membranes. The Ki 

values of the tested substances were 2.3 × 10
−7 

M, 2.6 × 10
−8 

M, 1.1 × 10
−7 

M, 2.3 × 

10
−5 

M and 7.3 × 10
−6 

M, respectively. Data are mean ± standard error. 
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General conclusions  

 

With abundant and advanced scientific knowledge on chemical synthesis of drugs, 

new psychoactive substances, including synthetic cannabinoids and other 

substances are being developed and distributed worldwide. Moreover, many people 

are looking to use drug for recreational purposes, and to cope with the stresses in 

society. However, drug users usually don‟t recognize the hazardous effects of those 

substances because they are new and not a lot is known about them or they used 

drugs without a proper prescription from a healthcare professional.  

As the center for evaluation of psychoactive substances in order to control them 

by the „Act on Narcotics Control‟, two big categories of evaluating principles are 

exist according to the purposes for uses of the substances. In the case of medicinal 

drugs, evaluating dependence potential through conventional in vivo experiment is 

essential because it is used to humans for medical purposes. However, in the case 

of synthetic psychoactive substances not for medicinal purposes, it is not only non-

necessary to evaluate every individual substances through animal behavioral 

experiments but also impossible to do so. In this regard, it is important to establish 

rapid prediction systems for prediction of dependence potential of numerous new 

psychoactive substances which are not for medical uses. 

In the present study, dependence potential of three medicinal drugs (propofol, 

quetiapine, and tramadol) was evaluated in pharmaco-behavioral approach using 

rodents to determine whether the abuse potent medicinal drugs are necessary to 
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schedule by the „Act on Narcotics Control‟ or not.  

Also, since late 2000‟s, new psychoactive substances that are not for medical uses 

have emerged tremendously worldwide including Korea. Because it is not possible 

to evaluate those substances individually by conventional in vivo experiments, the 

needs for establishment of rapid dependence prediction methods have been 

increase. Considering those necessities, an in vitro receptor binding assay was 

applied to predict dependence liabilities of synthetic cannabinoids. At first, the 

relationship between in vitro receptor binding assay using isotope and in vivo 

dependence potential was analyzed with three synthetic cannabinoids. It could be 

suggested that the receptor binding assay could apply as a rapid dependence 

prediction model with this study. Then in order to relieve the hazards by using 

radioactive substances we tried to establish a non-isotopic receptor binding assay in 

several cannabinoids receptor agonists. 

 

1. The results from conditioned place preference and self-administration tests using 

rats suggested that propofol may induce psychological dependence. Propofol is 

now controlled by the „Act on Narcotics Control‟ as a „La‟ psychoactive drug. 

 

2. From the results of the dependence liability evaluation of quetiapine, it could be 

concluded that it might lead to psychological dependence. Quetiapine would be 

needed to be controlled as a psychoactive drug in the future. 
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3. Tramadol was found to have the possibility of inducing psychological 

dependence and physical dependence through the jumping test and conditioned 

place preference test. Tramadol was suggested to be controlled as a 

psychoactive drug in 2014, and the scheduling process is in motion. 

 

4. The tested synthetic cannabinoids (JWH-073, JWH-081, and JWH-210) showed 

positive results in the conditioned place preference test, which means they 

might induce psychological dependence. Also, from the order of their CB1 

receptor binding affinities, the possibility was suggested that the receptor 

binding assay could be applied in the dependence screening level as a prediction 

model. 

 

5. The receptor binding assay with non-isotopic approach using Surface Plasmon 

Resonance technique could be suggested to be necessary as a dependence 

potential prediction model. It would be a useful tool for rapid dependence 

prediction after confirmation with more synthetic cannabinoids in the future. 

 

On the basis of these results, propofol has been controlled in Korea under the Act 

on the Narcotics Control since 2011. Tramadol and quetiapine likely need to be 

controlled, but since more evidence is required, further studies need to be 

conducted in the future. The three synthetic cannabinoids are controlled as 

analogues of JWH-018 by the law, but to obtain more detailed extent of the 
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analogues in the synthetic cannabinoids, dependence liabilities of diverse 

cannabinoids should be evaluated.  

Rapid dependence prediction models with various in vitro and/or in silico 

techniques, including the receptor binding assay and quantitative structure-activity 

relationship (QSAR) modeling would be helpful in the screening substances. 

Therefore it is necessary to develop and establish rapid dependence prediction 

models with cutting edge technologies in order to control and schedule numerous 

new psychoactive substances more efficiently. 
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국문초록 

 

오남용 우려 물질 및 신종유사마약류의 의존성  

평가 

 

차 혜 진 

 

(지도교수: 유한상, D.V.M., Ph.D.) 

 

서울대학교 대학원 

수의학과 수의미생물학 전공 

 

 

최근 프로포폴을 비롯한 각종 의약품의 오남용으로 인한 중독 문제가 

사회적으로 큰 이슈가 되고 있어, 이에 대한 국가적인 대책의 필요성이 

증대대고 욌다. 또한 2000년대 후반부터 전세계적으로 문제가 급증하

고 있는 신종유사마약류는 2012년 말부터 국내에도 급속히 유통이 증

가하면서 사회적으로 문제를 일으키고 있다. 신종유사마약류란 기존 마

약류와 유사한 화학적 구조를 가지는 물질로서 합성대마, 암페타민, 트
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립타민 계열 등이 대표적이나 점점 다양한 화학물질군으로 확산되고 있

다. 향정신성의약품으로 지정되지 않은 많은 의약품 및 신종유사마약류 

중 중추신경계에 작용하여 오남용 될 경우 의존성을 일으킬 가능성이 

있는 물질을 과학적으로 평가하는 일은 이러한 관점에서 매우 중요하다. 

국가에서는 의약품을 포함한 다양한 물질의 의존성을 평가하여 이들을 

마약류 관리에 관한 법률로 규제하기 위한 과학적 근거를 마련하는 업

무를 수행하고 있다. 규제적 측면에서 의존성 평가는 크게 두 가지로 

수행된다. 하나는 오남용이 우려되는 의약품에 대한 의존성 평가인데, 

의약품은 실제 의료용으로 사용되고 있기 때문에 의존성 평가 시 매우 

신중한 접근이 필요하다. 사람을 대상으로 의존성을 평가할 수 없기 때

문에 최소한 동물행동약리 시험을 통해 의존성 여부를 평가하고 오남용 

실태조사 등을 추가로 실시하여 최종적으로 규제할 것인지 여부를 판단

하게 된다. 또 다른 물질군은 2000년데 후반에 사회적으로 갑자기 문

제가 되기 시작한 신종유사마약류이다. 이 물질들은 기존 마약류가 규

제 대상이기 때문에 규제를 피하기 위해 오남용을 목적으로 합성된 것

이 대부분이다. 그 종류와 수는 셀 수도 없이 많아서 이러한 물질을 개

별로 동물실험을 통해 의존성 여부를 평가하는 것은 불가능하다. 따라

서 신종유사마약류를 과학적이면서 보다 효율적으로 규제하기 위해서는 

신속한 의존성 여부를 예측할 수 있는 시험법 개발이 필요하다. 
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본 연구를 통해 다양한 의약품 및 신종유사마약류에 대해 신체적 의존

성, 정신적 의존성 및 중추신경계 내 도파민과 세로토닌 계열 신경계에 

작용 여부를 여러 가지 동물행동약리학적 접근법으로 평가하였다. 신체

적 의존성 여부를 평가하는 시험법으로는 점핑 테스트를 사용하였고 도

파민 및 세로토닌 계열 신경계 작용여부는 등반행동 및 머리 흔들기 반

응시험을 통해 평가하였다. 또한 정신적 의존성은 조건장소선호도 시험 

및 자가투여 시험을 통해 평가하였다. 각각의 동물행동시험은 기존에 

많은 과학자들에 의해 검증된 방법으로서, 설치류의 행동학적 특징을 

이용하여 구축된 것이다.  

이번 연구에서는 오남용 우려가 있는 의약품 3종 (프로포폴, 퀘티아

핀, 트라마돌) 및 신종유사마약류 중 대표적 물질인 합성대마류 3종 

(JWH-073, JWH-081, JWH-210)에 대한 의존성 평가를 실시하였

다. 본 연구를 통하여 의존성 가능성이 있는 것으로 밝혀진 프로포폴은 

2012년 향정신성의약품으로 지정되었으며, 퀘티아핀과 트라마돌 역시 

의존성 가능성이 있어, 향후 마약류 지정 관련한 정책 제안을 할 예정

이다. 

합성대마 3종에 대한 의존성 평가 결과, 모두 정신적 의존성 가능성

이 있는 것으로 나타났으며, 보다 신속한 평가법 구축 차원에서 실시된 

in vitro 수용체 결합력 측정 시험법과의 비교분석 결과, 의존성 정도에 
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대한 물질의 순서가 서로 일치하여, 수용체 결합력 측정 시험법이 합성

대마의 의존성 예측 시 유용할 수 있음을 밝혔다. 그러나 이 수용체 결

합력 측정 시험법은 방사성 동위원소를 사용해야 한다는 단점이 있어

서 본 연구에서는 표면 플라스몬 공명 시험법을 이용하여 비방사성 수

용체 결합 시험법을 확립하였고, 이 시험법 역시 기존의 수용체 결합력 

측정 시험법과 마찬가지로 의존성 예측에 유용하게 사용될 수 있음을 

밝혔다. 

우리나라가 마약 청정국의 지위를 잃지 않기 위해서, 그리고 보다 근

본적으로 국민의 보건 증진을 위해 향후에도 오남용 우려 의약품 등에 

대한 모니터링을 지속하고 과학적이면서 보다 신속하고 간편한 의존성 

평가 시험법을 지속적으로 개발해야 할 것으로 사료된다. 
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