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ABSTRACT 

Carboxylesterase enzymes hydrolyze a wide vanety of ester-containing 

xenobiotics to yield carboxylic acids. It has now been determined that these 

enzymes catalyze the ethanolic transesterification of ester-containing 

compounds. Perhaps the most widely publicized and significant 

transesterification reaction is the conversion of cocaine (COC) to cocaethylene 

(CE) in the presence of ethanol. The formed CE possesses pharmacological 

activity .nearly identical to COC, a longer half-life and is more toxic than COC. 

We hypothesized that the transesterification of COC to CE is not unique 

and other compounds containing carboxyl ester groups might undergo 

transesterification in the presence of ethanol. Both methyl-ester and ethyl-

ester-containing compounds were investigated using an in vitro and in vivo 

paradigm. 

Cocaethylene (CE), meperidine (MEP) and methylphenidate (MPH) are 

all compounds containing carboxyl ester groups which are extensively 

metabolized to carboxylic acids. 

Excised liver from male Sprague-Dawley rats were homogenized and 

centrifuged at 9,000g  ̂and the S9 fraction collected. Each drug investigated 

was separately incubated with S9 at 37°C with and without ethanol or ^He-

ethanol. Parent drugs and predicted ethyl-ester formation products were 
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assayed via gas chromatography / mass spectrometry (GC/MS). The 

experiments were repeated in vivo in rats. Animals were dosed with drug in 

the absence or presence of ethanol or ̂ He-ethanol. Plasma was collected and 

assayed for parent drug and ethyl-ester formation products by GC/MS. 

Pharmacokinetic parameters were calculated for both in vitro and in vivo 

experiments. 

^Hs-Meperidine and ^Hs-cocaethylene were formed from MEP and CE, 

respectively, in the presence of ^He-ethanol. The pharmacokinetics of 

meperidine and cocaethylene were significantly altered, increasing ti/2, when 

ethanol was given in combination with drug. 

Ethylphenidate (EPH) was formed both in vivo and in vitro when MPH 

and ethanol were administered. There was no significant change in MPH 

pharmacokinetics in the presence of ethanol both in vitro and in vivo. EPH 

administered to male Sprague-Dawley rats increased locomotor activity in 

equal intensity and duration to MPH. 

All ethanolic transesterification reactions investigated were completely 

inhibited by the addition of specific and non-specific carboxylesterase inhibitors 

in vitro, implicating a carboylesterase-mediated transesterification process. 
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CHAPTER I. INTRODUCTION 

Ethanol 

Background and significance 

Ethanol, also known as ethyl alcohol or grain alcohol, is the alcohol of 

"alcoholic" beverages. It is, without question, the most easily accessible and 

extensively used drug in the world and its use continues to have a profound 

Impact on our society. In most societies, ethanol Is a legal and socially 

acceptable beverage and Is not viewed as a "drug" perse. However ethanol, a 

central nervous system (CNS) depressant, can cause euphoria, tolerance, 

dependence, and toxicity, all of which are properties of commonly abused 

drugs. Numerous epidemiological studies Involving ethanol and public safety 

and health issues reflect the seriousness of the problems associated with 

ethanol abuse. In the United Sates alone, in 1993, over 20,000 of 42,000 

motor vehicle-related deaths involved alcohol-consuming drivers (National 

Safety Council, 1994). In the same year approximately half of the 2,000,000 

disabling injuries in the U.S. were alcohol-driving-related. Homicides, suicides, 

or other forms of violent death in the U.S. show greater than 50% alcohol-

involvement and among U.S. residents, alcohol misuse accounted for 100,000 

deaths (5% of all deaths) in 1993. Alcohol misuse is the leading killer of 

persons aged 15-45 years, accounting for 67% of all drownings, 70% of fire-



18 

related deaths. 67% of homicides, 35% of suicides and the majority of deaths 

from liver failure (West etai, 1984). 

Chemistry 

Structurally, ethanol is a straight-chained hydroxylated aliphatic 

hydrocarbon, consisting of 2 carbons, 6 hydrogens and 1 oxygen (C2H5OH) 

with a molecular weight of 46. Physically, it is a clear colorless liquid at room 

temperature with a pleasant odor and burning taste (Budavari et aL, 1989). 

Ethanol is mildly polar, readily miscible with water and easily crosses cell 

membranes. Ethanol can be produced from any substance that contains sugar 

or starch by the process of fermentation. The chemical process of 

fermentation, formulated by Gay-Lussac in 1810 involves converting one 

molecule of glucose to two molecules each of ethanol and carbon dioxide and 

requires at least a dozen enzymes in a sequence of chemical reactions called 

the Embden-Meyerhoff pathway (Mcanalley, 1994). Ethanol-containing 

beverages are produced by primarily three major process: (1) fermentation of 

agricultural products such as grapes, other fruits, and grains , (2) distillation of 

ethanol, and (3) combining distilled and/or fermented beverages with flavoring 

substances (Grossman and Lembeck, 1983). 
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Pharmacology 

Ethanoi is broadly classified as a central nervous system (CNS) 

depressant and acts in a dose-dependent manner to cause neuronal 

depression. The clinical signs and symptoms of ethanol's influence on the 

CNS can be described as affecting three major human functions: (1) cognitive, 

(2) sensory, and (3) motor 

The cognitive symptom's of ethanol's influence can be manifested as 

mild euphoria, increased sociability, decreased inhibitions, and diminution of 

attention, judgment and control. These symptoms of ethanol's influence are 

seen at low concentrations and coincide with ethanol's actions on the frontal 

lobes of the brain. The reticular activating system is depressed by ethanoi 

thereby releasing the cortex from selective control and inhibition. Increased 

confidence, mild euphoria, talkitiveness, mood swings, more expansive 

personality and increased social interactions are characteristic during this 

stage of ethanol's influence (Walgren and Barry, 1970; Dubowski, 1989). 

These effects may be mistakenly described as stimulatory, but are actually due 

to ethanol's depression of inhibitory central mechanisms. People under the 

cognitive influence of ethanoi may also become overconfident, more 

aggressive and take more risks. 

The effect of ethanoi on sensory functions primarily effects vision and is 

demonstrated by impairment of binocular vision, glare recovery, visual acuity 
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and peripheral vision. (Brecher et aL, 1955; Moskowitz and Sharma, 1974; 

Oubowski, 1989). Blurred and even double vision (diplopia) can result as 

concentrations of ethanol increase (Miller, 1991). Vision disturbances occur 

when ethanol has reached the occipital lobe of the brain (Garriott, 1996). 

Symptoms of motor impairment include increased reaction time, 

impairment of divided attention tasks, ataxia, impaired balance and muscular 

incoordination. At high blood ethanol concentrations, motor impairment 

becomes increasingly more marked and an individual can exhibit an inability to 

stand or walk, sleep and stupor. Complete unconsciousness, anesthesia, 

depressed or abolished reflexes, coma and possible death from respiratory 

arrest can result from toxic concentrations of ethanol (Dubowski, 1989). 

Disturbance of motor functions and equilibrium are caused by ethanol's 

depression of the cerebellum and respiratory depression is caused by the 

depression of the medulla. 

Since cognitive, sensory and motor skills are required to safely operate 

a motor vehicle, ethanol can have a deleterious effect on ones ability to drive. 

Numerous epidemiological studies, driving tests (simulated and real), and 

controlled laboratory studies comparing blood ethanol concentrations to skills 

required to drive safely, led the National Safety Council in conjunction with the 

American Medical Association to establish legal limits of ethanol when driving 

(American Medical Association, 1968). 
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Mechanism of action 

Signs and symptoms of ethanol's influence on the CNS have been well 

documented, however its exact molecular mechanism of action remains 

somewhat a mystery. There is no known specific ethanol receptor and it is 

highly probable that none exists based on ethanol's molecular size and 

structural simplicity. However, ethanol has specific pharmacological properties 

and its lipid solubility and thus ubiquitous nature make several receptors and 

regions of the brain possible targets for ethanol. Three molecular areas: (1) 

membrane lipid domains (Chin and Goldstein, 1977; Goldstein, 1986; Leonard, 

1986), (2) gamma-aminobutyric acid (GABA) receptors (Nesteros, 1980; Frye 

and Breese, 1982), and (3) N-methyl-d-aspartate (NMDA) receptors (Lovinger 

et a!., 1989; Dildy and Leslie, 1989) are proposed as sites of action for 

ethanol. 

In a classic study by Chin and Goldstein (1977), ethanol was shown to 

act in vitro by disordering or fluidizing the bulk lipid component of neuronal cell 

membranes. Several subsequent studies have shown that ethanol interferes 

with the packing of molecules in the phospholipid bilayer of the cell membrane, 

thus, increasing membrane fluidity (Chin and Goldstein, 1981; Goldstein, 1984; 

Almeida et a!., 1986; Hitzemann et ai, 1986). It was also demonstrated that 

ethanol-induced fiuidization was related to ethanol's intoxicating effects in 
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animals (Chin and Goldstein, 1976; Rottenburg et a!., 1981; Goldstein et al, 

1982). 

GABA, a major inhibitory neurotransmitter, has been investigated as a 

potential site of ethanol's influence. Ethanol has been shown to increase GABA 

benzodiazepine binding in rats (Ticku et al., 1986). Ethanol-induced ataxia , 

sedation, anesthesia and punished response are potentiated by GABA 

agonists and reduced by GABA antagonists (Deitrich et al., 1989). Certain 

lines of evidence suggest that ethanol may act by potentiating the inhibitory 

effects of GABA on the CNS. 

In general, ethanol decreases excitatory neurotransmissions ( Siggins et 

al., 1987; Shefner, 1990). Therefore It has also been proposed that ethanol 

has a negative or antagonistic effect on NMDA , an excitatory neurotransmitter, 

resulting in inhibition of excitatory mechanisms (Lovinger etal., 1989; Wilson et 

al., 1990; Nie etal., 1994). Behavioral, electrophysiological, and biochemical 

studies suggest ethanol inhibits the action of NMDA, decreasing excitatory 

responses and contributing to the intoxicating and depressant effects of 

ethanol (Lovinger ef a/., 1989; Wilson etal., 1990; Nie etal. 1994). 

Toxicology 

Ethanol, is a highly lipid-soluble compound and is able to penetrate, by 

simple diffusion, to virtually every organ and biochemical system In the body. 



Therefore, it is not surprising that ethanol affects a variety of organs and 

tissues in the body including the skin, gastrointestinal (Gl) tract, cardiovascular 

system, liver, kidney and endocrine system as well as the CNS (Garriott, 1994). 

Ethanol has astringent, rubefacient and bactericidal properties when 

applied topically to the skin. Ingestion of ethanol can cause marked dilation of 

blood vessels in the skin, resulting in redness or flushing of the face or other 

body parts. Extremely high concentrations of ethanol, greater than 0.30 g/dL, 

can impair general circulation causing the skin to be cold and pale. Ethanol 

acts as an irritant to the gastrointestinal tract with high concentrations (>40%) 

causing hyperemia, gastritis and erosion (Ritchie, 1980). The effects of ethanol 

on the cardiovascular system are highly dose-dependent. Moderate doses of 

ethanol can cause a slight increase in pulse rate and blood pressure and 

increased plasma high density lipoproteins (HDL) levels. The increase in HDL 

levels is a proposed mechanism of the beneficial effects of moderate ethanol 

consumption potentially lowering the risk of coronary artery disease (Goldstein, 

1983; Gaziano et a/.,1993; Srivastava et a/., 1994). High doses of ethanol 

cause a general depression of cardiovascular responses due to a combination 

of central vasomotor depression, respiratory depression and direct depression 

of heart muscle. Chronic use of ethanol can result in alcoholic cardiomyopathy 

(Goldstein, 1983). Chronic ethanol consumption can also lead to cirrhosis of 

the liver which is found in 8 - 20% of chronic alcoholics. Fatty infiltration of the 
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liver occurs after the consumption of ethanol due to the overloading of the 

liver's metabolic functions by ethanol and results in the storage of 

unmetabolized fatty acids (Goldstein, 1983). The progressive deterioration of 

liver function can lead to liver failure, hepatic coma, and eventually death. The 

effect of ethanol on the kidney is that of a diuretic. This is caused by the ability 

of ethanol to decrease renal tubular reabsorption of water by inhibiting the 

secretion of antidiuretic hormone. To date, no toxic effect of ethanol on the 

kidneys has been demonstrated. Ethanol effects the endocrine system by 

decreasing plasma testosterone due to inhibition of testicular synthesis of the 

sex hormone and stimulation of androgen metabolism. Impotence, sterility, 

testicular atrophy, gynecomastia and general feminization may occur in chronic 

alcoholic men. In general, ethanol decreases sexual responsiveness in both 

men and women by decreasing penile tumescence and vaginal pressure, 

respectively (Rail, 1990). 

Metabolism and disposition 

Ethanol is metabolized in the liver by at least 3 enzyme systems (Lieber, 

1984). The major route (>90%) of ethanol biotransformation is the oxidation of 

ethanol to acetaldehyde via alcohol dehydrogenase (ADH) (Figure 1-1 A). 

Acetaldehyde is further metabolized by aldehyde dehydrogenase (ALH) to 

acetate. Both ADH and ALH are located in the cytosolic fraction of 
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hepatocytes and both require the cofactor nicotine adenine dinucleotide 

(NAD-)-) (Goldstein, 1983; Ellenhom and Barceloux, 1988a). Acetate is 

ultimately converted to acetyl CoA and then CO2 and H2O via the Krebs cycle. 

A second, less significant, pathway of ethanol biotransformation is mediated by 

phase I cytochrome P450 enzymes (P450IIEI) (Ellenhom and Barceloux, 

1988a) (Figure 1-18). This is often referred to as the microsomal ethanol 

oxidizing system (MEOS) since the enzymes are located in the endoplasmic 

reticulum (microsomal fraction) of hepatocytes. Like ADH, the cytochrome 

P450 enzymes oxidize ethanol to acetaldehyde with the aid of a cofactor, 

NADPH cytochrome P-450 reductase (Sipes and Gandolfi, 1989). This 

pathway becomes more significant with high concentrations of ethanol (> 300 

mg/dL) since the Km of this enzyme for ethanol is 4 -5 times higher than alcohol 

dehydrogenase (Ellenhom and Barceloux, 1988a). A third pathway is a very 

minor one and involves peroxidase-catalase enzymes located in the 

peroxisomes of hepatocytes (Lieber, 1984) (Figure 1-1C). 

The metabolic disposition of ethanol is characterized by zero-order 

kinetics (concentration-independent elimination rate). Therefore, 

straightfonvard predictions of extrapolated blood alcohol concentrations (e.g., 

relating concentration at blood sample time to concentration at time of driving) 

can be performed, which is important In medicolegal interpretations. The 

average elimination rate of ethanol Is ~15 - 20 mg/dL/hr In the normal adult 
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population (Sidell and Pless, 1971; Oubowski, 1976; Shajani and Dinn, 1985). 

Chronic alcoholics typically eliminate at faster rates and can be as high as 30 -

40 mg/dL/hr (Clothier et aL, 1985). Application of zero-order kinetics in the 

blood alcohol concentration range of ~20 - 300 mg/dL yields relatively accurate 

predictions of ethanol elimination. Above and below this range, first-order or 

Michaelis-Menten kinetics more accurately predicts ethanol elimination rates. 

At low ethanol concentrations (< 20 mg/dL) the ADH enzyme is far from 

saturated, therefore, requiring application of the full Michaelis-Menten equation 

(Wagner et a/., 1976). At high ethanol concentrations, higher first-order rates 

of metabolism occur (Hammond et ai, 1973; Bogusz et a/., 1977) most likely 

due to the increased significance of cytochrome P450 metabolism. 

Drug-ethanol interactions 

Ethanol when taken in combination with other compounds may lead to 

adverse interactions. The area of drug-ethanol interactions is broad and 

encompasses a wide spectrum of interactions. In the literature, 2 main 

categories of drug-ethanol interactions persist; (1) pharmacological interactions 

and (2) enzyme-mediated interactions. 

Certain prescription drugs, namely benzodiazepines and barbiturates, 

have the general effect of causing CNS depression. Benzodiazepines are the 

most commonly prescribed drugs in the U.S. for their anxiolytic, sedative-
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hypnotic, anticonvulsant and muscle relaxant properties (Laux and Puryear, 

1984; Sussman, 1984). Benzodiazepines have all but replaced the less 

prescribed barbiturates which have a narrower therapeutic index causing more 

CNS depression. However, barbiturates are still prescribed, often in 

combination with other drugs, as anxiolytic agents, analgesics, sedative-

hypnotics, anesthetics and anticonvulsants (Ellenhom and Barceloux, 1988d). 

Because ethanol causes general CNS depression the combination of ethanol 

with benzodiazepines and barbiturates can have an additive or synergistic 

effect. (Linnoila and Hakkinen, 1974; Lery et aL, 1982; Garriott, 1996). 

Therefore, it is not surprising that labels exist warning patients not to combine 

these drugs with alcohol. Narcotic analgesics that can ultimately cause 

respiratory depression can also exhibit additive to synergistic effects with 

ethanol. 

Ethanol can alter the rate of metabolism of other drugs by interaction 

with the P450 enzymes, and other drugs, to a lesser extent, may effect the rate 

of ethanol metabolism. Acute intoxication with ethanol inhibits the P450 

metabolism of barbiturates, resulting in reduced clearance and higher blood 

levels. For example, ethanol co-ingestion increased the half-life of 

pentobarbital -2-fold (Lery ef a/., 1982 .̂ 

Another , recently recognized enzyme-mediated interaction of ethanol 

with other drugs is the transesterification of ester-containing drugs in the 
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presence of ethanoL This occurs because ethanol can act as a nucleophillic 

agent in place of H2O, in a enzyme-mediated ester hydrolysis reaction, causing 

transesterification Instead of de-esterlfication. The most cited 

transesterifcation reaction, to date, of a xenobiotic, is the transesterification of 

cocaine to cocaethylene In the presence of ethanol. In this reaction cocaine, a 

carboxylmethyl ester, is converted to a carboxylethyl ester. Dean etai (1991) 

have demonstrated that the hydrolysis of cocaine to Its major metabolite, 

benzoylecgonine, as well as the transesterification to cocaethylene is mediated 

by the same carboxylesterase enzyme. 
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Carboxylesterases 

Carboxylesterases are present in a wide variety of mammalian tissues 

(Sone and Wang, 1997). These enzymes belong to the broader family of 

enzymes, esterases, which include cholinesterases (Williams, 1985). The 

interaction of carboxylesterases and cholinesterases with physostigmine 

(eserine) distinguishes the two enzymes. Cholinesterases are inhibited by 

physostigmine while carboxylesterase activity is unaffected (Akao and Omura, 

1972). Carboxylesterases are loosely bound to the endoplasmic reticulum and, 

therefore, are located in the microsomal fraction of hepatocytes. These 

enzymes show broad substrate specificity and are responsible for the 

hydrolysis of many ester-containing compounds including fatty acid esters, 

thioesters and carboxylesters (Sone and Wang, 1997). Liver 

carboxylesterases have been isolated and cloned in several species, and 

appear to be a <>€0 kDa protein with significant amino acid sequence homology 

existing among species (Mentlein et ai, 1980; Hosokawa et a/., 1990). The 

active site of the enzyme is located at the aspartic acid (Asp), serine (Ser), and 

histidine (His) residues 97, 203 and 448 in the rat (Robbi et a/., 1990; Robbi 

and Beaufay, 1994 and Yan et ai: 1994) and 98, 204, and 451 in the human 

(Kroetz et ai, 1993). Organic phosphates, such as 

diisopropylphosphofluorodate (DFP) and bis(4-nitrophenyl)-phosphate (BNPP), 



30 

bind to the serine and histidine site to deactivate carboxyiesterases (Sone and 

Wang, 1997). The Asp, His, and Ser site is well conserved across species. 

The hydrolysis and transesterification reaction of esters, mediated by 

carboxyiesterases, has been postulated to occur via an acyl enzyme 

intermediate followed by a nucleophillic attack by water or ethanol, resulting in 

de-esterification or transesterification, respectively (Greenzaid and Jencks, 

1971; Boyer and Petersen, 1992). The steps of the postulated acyl enzyme 

reaction mechanism for ester hydrolysis and ester ethanolic transesterification 

are illustrated in Figures 1-2 and 1-3, respectively. The substrate 

(carboxylester-containing compound) is presented to the active site of the 

carboxylesterase enzyme forming an unstable tetrahedral intermediate, with 

substrate and enzyme. The intermediate collapses to the acyl enzyme 

Intermediate expelling the alcohol leaving group, methanol, for carboyximethyl 

esters and ethanol for carboxylethyl esters. The acyl enzyme intermediate 

undergoes a nucleophillic attack by H20 or ethanol. A second tetrahedral 

intermediate is formed and collapses to the original configuration of the 

enzyme releasing either a carboxylic acid, after nucleophillic attack by H2O or a 

carboxylethyl ester from nucleophillic attack of ethanol. The enzyme is now 

free to perform another catalytic turnover. 

It has been demonstrated that the hydrolysis of cocaine to 

benzoylecgonine as well as the transesterification of cocaine to cocaethylene 
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are both mediated by the same carboxyiesterase enzyme (Dean et ai, 1991; 

Brzezinski et a/., 1994). A number of other compounds undergo 

carboxylesterase-mediated hydrolysis to yield carboxylic acid compounds. 

Since carboxlyesterases mediate ethanolic transesterification, it may be 

feasible that these compounds also transesterify to become carboxylethyl ester 

derivatives in the presence of ethanol. To test this hypothesis, four compounds 

including cocaine were investigated to determine the possibility and extent of 

ethanolic transesterification. Methylphenidate, a carboxylmethyl ester 

compound like cocaine was examined as well as two carboxylethyl ester 

compounds, cocaethylene, the ethanolic transesterification product of cocaine, 

and meperidine. 
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Cocaine 

Background and significance 

Cocaine is a naturally occurring alkaloid found in the leaves of the 

Erythroxylum coca plant, and other variants of Erythroxylum. The Erythroxylum 

coca bush requires a moist tropical climate and grows up to -8 ft. in height over 

40 years. The South American shrub is indigenous to Peru and Bolivia (Van 

Dyke and Byck, 1982). The leaves of the coca plant contain ~2% cocaine by 

weight. The Inca Indians have chewed the leaves of the coca plant for 

centuries, to increase endurance and promote a sense of well being, while 

believing it to be a divine gift to alleviate hunger and thirst (Ellenhom and 

Barceloux, 1988b). As early as 1507, a European explorer, Amerigo Vespucci, 

documented the Inca's practice of chewing coca with alkaline ash. The 

addition of the alkaline ash was later proven as a method to increase the 

absorption of cocaine. 

Cocaine was first isolated in pure form in 1855 and later characterized in 

1859 by Albert Nieman, who recognized cocaine's anesthetic properties. In 

1884, Sigmund Freud, self-experimented with cocaine, lauding its ability to 

relieve depression and morphine addiction. In that same year, Carl Koller 

utilized cocaine to anesthetize the cornea in ophthalmologic surgery. In 1886, 

John Stith Pemberton marketed a cocaine-caffeine-containing beverage called 

Coca-Cola® (Ellenhom and Barceloux, 1988b). Despite cocaine's early 
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popularity in the late 19th century, it soon became evident that cocaine had 

serious side-effects. In 1891, 200 reports of systemic complications from 

cocaine, including 13 deaths were reported (Cocaine: editorial, 1979). 

In 1906, the U.S. enacted the Pure Food and Drug Act and Pemberton's 

Coca-Cola® company decocainized coca leaves prior to manufacturing their 

soft drink. The Harrison Narcotic Act of 1914 characterized cocaine as a 

"narcotic" (which was phamnacologically incorrect) adding restrictions and 

penalties for its abuse equal to those of the narcotic heroin. The Controlled 

Dangerous Substance Act of 1970 classifies cocaine as a Schedule II drug 

recognizing its high potential for abuse and allowing limited medical use in the 

U.S. (e.g. topical anesthetic and vasoconstrictor for ear, nose and throat 

surgery). 

From some of the eariiest medical reports of cocaine toxicity in 1891, to 

reports of cocaine toxicity more than a century later, cocaine abuse still 

remains a significant public safety and health concern. During the late 1970s 

and eariy 1980s cocaine use in the U.S. dramatically increased largely due to 

the increased availability of cocaine from South America and simultaneous 

drop in price (Pickering and Stimson, 1994). The estimate of the number of 

people in the U.S. who had ever used cocaine in their lifetime went from 5 

million in 1975 to 25 million in 1985 (Kleber, 1988). Cocaine use began to 

decrease in the late 1980s but sharply rose from the emergence of "crack" 



34 

cocaine primarily affecting economically deprived groups and ethnic minorities 

residing in large cities (Pickering and Stimson, 1994). It was estimated in 1989 

that 50 million Americans have used cocaine at least once and « 8 million are 

regular users (Dixon, 1989). According to recent Drug Abuse Warning Network 

(DAWN) statistics, between the first half of 1994 and the first half of 1996 the 

number of cocaine-related emergency room episodes increased from 68,400 to 

76,800, a 12% increase. In the first half of 1995, cocaine-related episodes 

(76,800) were the most frequently reported of the total reported drug-related 

emergency room episodes (279,100), representing 27.5% of all drug-related 

episodes. In the 18-34 year-old age group in the U.S. , 7% reported use of 

cocaine within the last month, and almost 1 % used cocaine more than once per 

week (Warner, 1993). Despite cocaine's prevalence, its use is still below legal 

ethanol consumption and illegal marijuana use. A 1996 National Institute of 

Drug Abuse (NIDA) survey revealed 7% of high school seniors surveyed 

admitted to cocaine (including crack cocaine) use within the past year, this is 

compared to 72.5% admitting ethanol use and 35.8% admitting to the use of 

marijuana. 

Chemistry 

Cocaine, also known as benzoylmethylecgonine (Budavari et al., 1989) 

or methyl benzoylecgonine (Moffatt et a/., 1986), is a 7-membered carbon ring 
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with an N-methyl group, benzoyl group, and carboxylmethyl ester attached. It 

exists in pure form as a white crystalline powder with a molecular weight of 

303, as the free base, and a melting point of Cocaine is the 

carboxylmethyl ester of benzoic acid and is a nitrogen containing base with a 

pKa of 8.6. It is soluble in water (1:600), ethanol (1:7), chloroform (1:0.5) and 

ether (1:4) (Moffatt etai, 1986). 

Pharmacology 

Cocaine has 3 major pharmacological effects: (1) local anesthesia, (2) 

vasoconstriction and (3) CNS stimulation. Cocaine is one of the most potent 

naturally occurring CNS stimulants known to man with a high potential for 

abuse and limited medical utility due to its serious systemic toxicity. It is the 

combination of anesthesia and vasoconstriction that makes cocaine clinically 

useful for ear, nose and throat surgery. The majority of cocaine in the U.S., 

however, is illegally manufactured in South America and smuggled into this 

country and sold by drug dealers for its euphorigenic and drug reinforcing 

properties. The three most common routes of cocaine administration are: (1) 

"snorting" or insufflation, (2) free base ("crack") smoking and (3) intravenous 

(i.v.) injection (Ellenhom and Barceloux, 1988b). Measurable cocaine 

concentrations can also be achieved by ingestion orally, topical application 

through the skin, and to a minor extent "passive inhalation" of crack smoke or 
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cocaine airborne powder (Le et aL, 1992). The route of administration affects 

the onset, duration and extent of cocaine's pharmacological response. 

Cocaine is broadly classified as a CNS stimulant. In man, after cocaine 

administration, the CNS stimulant effects are initially manifested as a sense of 

well being or euphoria accompanied by garrulousness, restlessness and 

excitement. The effects of cocaine on motor coordination are highly dose-

dependent. At small doses, motor activity is relatively unaffected and the 

subject remains well-coordinated. However, as the dose of cocaine increases 

tremors and eventually clonic-tonic convulsions can result (Ritchie and Greene, 

1990.). The vasomotor and vomiting center may also be stimulated and emesis 

can result, contributing to the dysphoric effects of cocaine (Ritchie and Greene, 

1990). In general cocaine causes an overall stimulation of the CNS followed 

by depression as levels of cocaine drop. 

The cardiovascular system is the most severely affected by cocaine. 

The acute cardiotoxic effects of cocaine can ultimately result in death. Like 

cocaine's effects on motor coordination, cocaine's effects on the heart are 

highly dose-dependent. Small doses of cocaine may slow the heart from 

central vagal stimulation, whereas, at moderate doses the heart rate increases 

(Wilkerson, 1989). The cardiovascular response to cocaine results from both 

central stimulation and peripheral effects (increased synaptic concentrations of 

norepinephrine) of the sympathetic nervous system. Blood pressure rises 
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substantially after cocaine administration due to sympathetic-mediated 

tachycardia and vasoconstriction, but does eventually drop (Ritchie and 

Greene, 1990). A large intravenous dose of cocaine can cause immediate 

death from arrythmias, myocardial infarction or cardiac failure caused by a 

direct depression of heart muscle (Cregler and Herbert, 1986; Isner et ai, 

1986; Karch and Billingham, 1988). 

Cocaine is pyrogenic and increases in body temperature caused by 

Increased muscular activity from CNS stimulation coupled with 

vasoconstriction, augments heat production and decreases heat loss, 

respectively (Ritchie and Greene, 1990). Cocaine, like other CNS stimulants, 

causes mydriasis (dilation of pupils). Increased heart rate, high blood 

pressure, increased body temperature and mydriasis are all used as markers 

by clinicians and drug recognition examiners (DREs) as a sign of stimulant 

Influence (NHTSA, 1991). 

Mechanism of Action 

Cocaine, like other local anesthetics, produces anesthesia by 

decreasing or disrupting nerve conduction by blocking the fast sodium current 

of sensory neurons (Benowitz, 1993). In high concentrations cocaine can slow 

conduction of the cardiac action potential and impair contractility of the heart 
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which may contribute to cardiac arrythmias and sudden death. (Przywara and 

Dambach, 1989; Beckman eta!., 1991). 

Cocaine's stimulatory effects on the sympathetic nervous system are 

due to its sympathomimetic effects. Cocaine increases systemic 

catecholamines and serotonin by blocking the reuptake of these 

neurotransmitters (Jain et ai, 1990). By binding to the reuptake transporter 

receptor, cocaine blocks the primary clearing mechanism of these transmitters 

from the synaptic cleft causing an increase in circulating catecholamines. This 

intensifies the effects of these endogenous neurotransmitters. For example 

cocaine specifically blocks the reuptake of norepinephrine, intensifying its 

effects. Norepinephrine is the primary neurotransmitter of adrenergic fibers and 

acts as an agonist on the alphal receptors of the eye to cause mydriasis and 

the betal receptors in the heart to increase heart rate. It has also been 

postulated that cocaine may effect catecholamine release via a central 

mechanism (Kirtsy-Roy etal., 1990). 

Cocaine's effects in the brain are characterized by its ability to block the 

reuptake of dopamine. It does so by binding to the dopamine transporter 

receptor, a 619 amino acid protein with 12 putative membrane-spanning 

regions and significant sequence homology to norepinephrine and GABA 

transporters (Woolverton and Johnson, 1992). This causes an increase in 

synaptic levels of dopamine and dopamine neural transmission. The rewarding 
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effects of cocaine, as well as drugs of abuse in general, have been linked to 

the ability to increase brain dopamine levels (Ritz, etai, 1987; Woolverton and 

Kleven, 1988; Kuhar et at., 1991). The dopamine reward brain pathway via 

cocaine involves dopamine neurons found in the ventral tegmental area (VTA) 

which are connected to the nucleus accumbens and prefrontal cortex. In vivo 

microdialysis studies have shown cocaine-induced increases in extracellular 

dopamine levels in these areas of the brain in rats (Church et a/., 1987; Di 

CHiara and Imperato, 1990; Maisonneuve et al., 1990). The increased 

locomotor activity observed in laboratory animals after cocaine administration 

is also related to increased dopamine levels (Woolverton and Johnson, 1992). 

Toxicity 

The recent increase in cocaine abuse via smoking "crack" cocaine has 

reemphasized the severity of cocaine's toxic effects. Acute toxic effects of 

cocaine may include dizziness, tremor, irritability, confusion, hallucinations, 

chest pain, palpitations, hypertension, sweating, and cardiac arrythmias. 

Cocaine is highly cardiotoxic and can induce cardiac arrythmias, myocardial 

ischemia, myocardial infarction, myocarditis, congestive heart failure, dilated 

cardiomyopathy, and aortic dissection. Other toxic effects of cocaine include 

cerebrovascular spasms with transient neural ischemia or infarct of the brain or 

spinal cord, intracerebral hemorrhage, rhabdomylysis with acute renal and 



40 

hepatic failure, disseminated intravascular coagulation, convulsions, hyperexia, 

and respiratory depression (Jaffe, 1990). Complications from cocaine usually 

follow administration of large doses of cocaine which are inhaled from smoking 

"crack", or injected intravenously, however, toxicity can develop from intransal 

use at moderate doses. 

Numerous complications can arise from cocaine abuse that are 

characteristic of the particular route of administration chosen by the user. 

Three common routes of cocaine administration are intranasal or insufflation. 

Intravenous injections and smoking. Repetitive exposure of the nasal mucosa 

to cocaine via insufflation can lead to hyperemia causing a persistent rhinitis. 

Erosions and even nasal perforations can result from chronic intransal cocaine 

abuse (Vilsenky, 1982). Sinusitis can also result from deposits of cocaine 

adulterants in the sinuses (Cohen, 1984). A number of other complications 

from Insufflation of cocaine have been reported Including cough, dypsnea on 

exertion, pulmonary granulomas and opacities, abdominal colic and 

cerebrospinal fluid rhinorrhea (Cooper et al., 1983; Sawicka and Trosser, 

1983). Complications from intravenous use of cocaine include localized 

cellulitus or abscess, bacteremia with septic arthritis, endocartitis and 

metastatic abscesses (Ellenhom and Barceloux, 1988b). In addition, 

transmittable diseases associated with intravenous drug use such as hepatitis 

and AIDS are a great risk. A fatal case of pulmonary edema has been reported 
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from intravenous cocaine use (Bednarczyk et aL, 1980). Frequent smoking of 

the free base form of cocaine ("crack") can result in chronic cough and 

bronchitis producing a black or blood-tinged sputum (Ellenhom and Barceloux, 

1988b). 

General medical complications from habitual cocaine use include 

anorexia, weight loss, malnutrition, vitamin deficiency, dehydration, pallor, 

tremor and isolated convulsions. Psychiatric complications that result from 

cocaine abuse include dysphoric agitation, acute psychoses and acute severe 

postuse depression (Ellenhom and Barceloux, 1988). 

Women who use cocaine during pregnancy are at greater risk for 

spontaneous abortions. It is estimated that an alarming 10% of pregnant 

women have used cocaine at least once during pregnancy (Jariwala and Shaw, 

1990; Roland and Voipe; 1989). Cocaine can readily cross the placenta and 1 

in 10 fetuses is exposed to cocaine through maternal cocaine use (Roe et. al., 

1990). Abuse of cocaine by pregnant women can effect the fetus either 

directly, causing teratogenic effects or death, or indirectly by affecting maternal 

circulation and uterine activity (Roland and VoIpe, 1989; Plessinger and 

Woods, 1991). 
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Metabolism and disposition 

Cocaine is rapidly hydrolyzed in humans by cleavage of two separate 

ester linkages to yield its two major metabolites benzoylecgonine and 

methylecgonine (Figure 1-4). Cocaine, methyl benzoylecgonine, de-esterifies 

to its carboxylic acid derivative, benzoylecgonine, via liver carboxylesterase-

mediated and non-enzymatic hydrolysis (Dean etal.; 1991; Baselt and Cravey, 

1995). It was originally postulated that in vivo benzoylecgonine formation 

occurred exclusively by a spontaneous non-enzymatic pathway (Stewart et ai, 

1979). Recent evidence has demonstrated a microsomal carboxylesterase 

enzyme mediates the hydrolysis of cocaine to one of Its major metabolites, 

benzoylecgonine. (Dean eta!., 1991). Benzoylecgonine is recovered in the 

urine as 34-54% of the total dose in a 24 hr urine (Fish and Wilson, 1969; Inaba 

et a!., 1978), however more recent data indicates that only 14-17% recovery of 

benzoylecgonine in a 30 hr urine (Ambre et al., 1988). Methylecgonine is 

formed from the hydrolysis of cocaine, benzoylmethylecgonine, via plasma and 

liver cholinesterases, often referred to as butyrylcholinesterases to distinguish 

it from acetylcholinesterases. Approximately 32-49% of the cocaine dose in a 

24 hr urine is recovered as methylecgonine (Fish and Wilson, 1969; Inaba et 

a!., 1978). Ambre et al. (1988) report only 12-21% recovery of methylecgonine 

in a 30 hr urine after humans were dosed with cocaine. Cocaine is excreted in 

the urine unchanged as 1-9% of the dose over a 24 hr period (Fish and Wilson, 
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1969; Inaba et ai, 1978). Both benzoylecgonine and methylecgonine can be 

further hydroiyzed via carboxyiesterases and cholinesterases to ecgonine. A 

minor pathway in humans is the N-demethylation of cocaine to norcocaine, a 

pharmacologically active metabolite (Figure 1-4). In mice norcocaine 

undergoes hydroxylation to form a hepatotoxic metabolite, N-hydroxy-

norcocaine (Powers et ai, 1992). In humans norcocaine has not been 

detected in plasma following administration of moderate doses of cocaine, but 

trace amounts have been detected in human urine (Jatlow and Bailey, 1975; 

Jindal et ai, 1978). A number of other minor cocaine metabolites have been 

isolated in human urine including ecgonidine, ecgonidine methyl ester, 

norecgonidine methyl ester, norecgonine methyl ester, o-, m- and p-

hydroxybenzoylecgonine, o-, m- and p-hydroxycocaine, cinnamoylecgonine 

and cinnamoylcocaine (Zhang and Foltz, 1990). 

The elimination ti;2 of cocaine in humans is quite rapid, 0.7 -1.5 hr. 

Therefore, after 4-6 ti/2S or 6-12 hr, cocaine is virtually undetectable in the 

urine. Conclusive identification of cocaine parent in the urine of humans is 

consistent with fairly recent use, at least within 6-12 hr prior to urine sampling. 

The half-lives of benzoylecgonine and methylecgonine are 4.5 and 3.1 hours, 

respectively, (Ambre et ai, 1988). Detection of cocaine metabolites in urine 

can occur up to a 24-48 hr period after the last dose. Preliminary screening of 

urine for cocaine for clinical, forensic or employee drug screening purposes 
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employs immunoassay techniques with antibodies against benzoylecgonine in 

order to maximize detection of cocaine use. 
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Cocaethvlene 

Cocaethylene (ethylcocaine) is a unique metabolite of cocaine, fomned 

from the microsomal carboxylesterase-mediated transesterification of cocaine 

and ethanol (Dean et al., 1991,1992) (Figure 1-4). Cocaethylene has a 

molecular weight of 317, 14 greater than cocaine and chemically is ethyl 

benzoylecgonine or benzoylethylecgonine. Cocaethylene. a carboxylethyl 

ester is formed from the ethanolic transesterification of a carboxylmethyl ester, 

cocaine, and does not occur without the aid of esterase activity (Bourland et 

al., 1997). Cocaethylene has been conclusively identified in individuals using 

cocaine and ethanol concurrently (Rafla and Epstein. 1979; Jatlow etal. 1991). 

The combined use of cocaine and ethanol Is a prevalent problem in both 

Europe and the United States ( Grant and Hartford. 1990; Farre et al., 1993). It 

Is estimated that 62-90% of cocaine abusers concurrently abuse ethanol and 

simultaneous administration of these two compounds is common. (Weiss et al., 

1988; Grant and Hartford, 1990; Rounsaville et al. 1991; Jatlow et al., 1991). 

Martin et al. (1996) reported that 60% of alcohol dependent patients 

simultaneously administered cocaine and ethanol, the most common 

simultaneous polydrug use (SPU) reported. A recent survey indicates that SPU 

of cocaine and ethanol is a dangerous drug combination increasing the risk of 

sudden cardiac death 18-25 fold compared to individuals abusing cocaine 

alone (Keegan, 1991; Rose et al., 1990). Forensic data revealed frequent 
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identification of both cocaine and cocaethylene in combination with ethanol 

from fatally injured drivers (Budd et al., 1989; Marzuk et al., 1990). Controlled 

laboratory studies report formed cocaethylene concentrations are significantly 

less than cocaine, (Kim et al., 1997) however several reports indicate higher 

concentrations of cocaethylene, even exceeding cocaine concentrations in 

street users and postmortem samples from overdose victims (Heam et al., 

1991; Jatlow et al., 1991; Bailey, 1993). Cocaine abusers anecdotally report 

that the SPU of cocaine and ethanol during a cocaine binge prolongs the 

euphoric effects of cocaine and/or diminishes the dysphoria, primarily paranoia 

and agitation, associated with acute abstinence from cocaine (Jatlow et al., 

1991; McCance et al., 1995). 

Cocaethylene has a similar but not identical pharmacological profile to 

cocaine. In general, cocaethylene is a psychomotor stimulant, like cocaine. It 

increases locomotor activity in rats and is self-administered in monkeys and 

rodents (Jatlow et al., 1991; Woodward et al., 1991). Cocaethylene, like 

cocaine, binds to the dopamine transporter receptor, blocking the reuptake of 

dopamine and increases synaptic concentrations of dopamine intensifying its 

effects (Heam et al., 1991; Jatlow et al., 1991; Woodward et al., 1991). 

Inhibition of [̂ H]-dopamine uptake by cocaethylene was equipotent to cocaine's 

effect (Jatlow et al., 1991). 



47 

It has also been detenmined that cocaethylene, like cocaine, possesses 

local anesthetic properties. Xu et aL (1994) studied the ability of cocaethylene 

to block Na current in guinea pig ventricular myocytes compared to cocaine. 

The investigators found that cocaethylene was able to block Na currents and 

was a more potent Na channel blocker than cocaine (Xu et a/., 1994). This 

was consistent with results from another study demonstrating greater potency 

of cocaethylene in exerting a negative inotropic effect on cardiac myocytes 

than cocaine (Qui and Morgan, 1993). 

Unlike cocaine, cocaethylene has little effect on the serotonin 

transporter receptor (Heam et at. 1991; Bradbery et at., 1993). Cocaethylene 

(CE) is more toxic than cocaine (COC) with an LDso potency ratio (COC/CE) of 

1.5 in mice (Heam et aL, 1991). Cocaethylene does however produce 

convulsions with a similar potency to cocaine (Katz et al., 1992). The greater 

lethal potential of cocaethylene to cocaine may be related to cocaethylene's 

effects on the heart. 

Cocaethylene undergoes a similar metabolic profile to cocaine (Figure 

1-5). Cocaethylene is rapidly hydrolyzed to benzoylecgonine via nonenzymatic 

and liver carboxlyesterase-mediated means. Cholinesterase metabolism of 

cocaethylene results in ethylecgonine and N-demethylation of cocaethylene 

yields norcocaethylene. The of cocaethylene is slightly longer than that of 

cocaine. After intravenous injection of cocaethylene in humans, the average 
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cocaethylene ti/2 was 138 ± 16 min compared to 111 ± 14 min for cocaine after 

equimolar doses were administered (McCance etaL, 1995). 
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Meperidine 

Background and significance 

Meperidine (pethidine) is a synthetic narcotic analgesic first introduced 

in 1931. It has 1/6 to 1/8 the potency of morphine on a weight basis and 

somewhat shorter duration of action. Meperidine (Demerol®) is supplied as the 

hydrochloride form in 50 and 100 mg tablets or a 50 mg / 5mL syrup for oral 

use. Solutions of 25 - 100 mg/mL are supplied for parental injection (Baselt 

and Cravey, 1995). Meperidine is a Schedule II drug under the Controlled 

Substances Act which indicates a high potential for physical or psychological 

dependence and acceptable medical use in the United States. Health-related 

professionals such as physicians, pharmacists and nurses top the list of those 

addicted (Friend, 1966). 

Chemistry 

Meperidine also known as pethidine is chemically, N-methyl-4-phenyl-4-

carboethoxypiperidine or 1-methyl-4-phenyl-4-plperidinecarboxylic acid ethyl 

ester with a molecular weight 247.35 (Budavari et al., 1989). The free base is 

an oily liquid which slowly crystallizes. The hydrochloride forms minute crystals 

with a melting point of 186-190''C. The white crystalline powder has a slightly 

bitter taste and is stable in air. Meperidine HCL is soluble in water, acetone. 
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ethyl acetate, and slightly soluble in alcohol and isopropanol and is practically 

insoluble in benzene and ether (Moffatt etaL, 1986). 

Pharmacology 

Meperidine, a synthetic narcotic analgesic, is predominantly a n (mu) 

opioid agonist and it exerts its main effect on the CNS and neural elements in 

the bowel. The pharmacological profile of meperidine is similar but not 

identical to morphine. The analgesic effects of meperidine are detectable at 

-•15 min post oral administration and reaches a peak at ~2 hr, subsiding 

gradually over several hours. Subcutaneous (SC) or intramuscular (IM) 

administration shortens the onset of analgesia to within 10 min and reaches a 

peak by 1 hr. The effective clinical duration of analgesia is -3-5 hrs. (Jaffe and 

Martin, 1990). For analgesia, parenterally administered meperidine (75-

lOOmg) is equipotent to -10 mg of morphine. In equianalgesic doses, 

meperidine produces the same amount of sedation, respiratory depression and 

euphoria as morphine. The maximum effect of respiratory depression typically 

occurs 1 hr after IM dosing of meperidine and minute volume is measurably 

depressed for up to 4 hr (Edwards et al., 1982). As with morphine, the 

respiratory depression from meperidine use is responsible for accumulation of 

CO2 producing cerebrovascular dilatation, inaeased cerebral blood flow, and 

elevation of cerebrospinal pressure. Similar to morphine and other opioids. 
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meperidine causes pupillary constriction or miosis. Meperidine's effects on the 

cardiovascular system generally resemble those of morphine (Lee et aL, 1976). 

IM administration of meperidine does not significantly alter heart rate but 

intravenous (IV) administration causes a significant increase in heart rate. This 

significant increase in CNS stimulation, also caused by toxic doses of 

meperidine, may also be characterized by tremors, muscle twitches and 

seizures (Jaffe and Martin, 1990). These effects differ from those of morphine 

and are thought to be due to accumulation of the metabolite, normeperidine. 

Other differences, between the pharmacology of meperidine and morphine-like 

compounds, include meperidine's total ineffectiveness as an antitussive or 

antidiarrheal agent. 

Mechanism of action 

The three major opioid receptor classes are  ̂ (mu), k (kappa) and 5 

(delta) (Haynes, 1988). All three function by exerting inhibitory modulation of 

synaptic transmission in both the CNS and myenteric plexus. These receptors 

are found presynaptically and activation results in a decreased release of 

excitatory neurotransmitters. Meperidine, like morphine, is primarily a opioid 

agonist, with partial affinity for K and 5 receptors (Jaffe and Martin, 1990). The 

ix opioid receptor is a 58-65 kDa protein belonging to the G-coupled protein 

receptor family (Haynes, 1988; Simmonds, 1988). G-protein (Gi) -mediated 
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inhibition of adenylyl cyclase is one of the best characterized biochemical 

effects of opiod receptor activation (Simonds, 1988) but electrophysiological 

data suggest an additional step in the mechanism of activation. In rat locus 

coerulus an inwardly rectifying K-i- conductance was activated by  ̂receptor 

agonists producing membrane hyperpolarization (Simonds, 1988; North and 

Williams, 1985). Therefore, n receptors are coupled to a G protein which 

mediates the activation of K-i- conductance causing hyperpolarization. This 

appears to be the mechanism by which |i agonists, like meperidine and 

morphine, exert their pharmacological effect of analgesia. Other 

consequences of opioid receptor activation include respiratory depression, 

miosis, reduced gastric motility, and feelings of well being. Recent work, by 

Izenwasser et al. (1996), suggests, however, that the actions of meperidine 

may be more complex, possessing activity at a non-opioid receptor. 

Izenwasser et al. (1996), demonstrated that both meperidine and cocaine 

inhibited [̂ H]-dopamine uptake in chopped rat caudate putamen while 

morphine was inactive. Furthermore, meperidine, in the presence of 

naltrexone, a |i opioid antagonist, substituted for cocaine in squirrel monkeys 

trained to discriminate cocaine from saline. This finding suggests that some of 

the actions of meperidine, mainly drug reward, may be related to meperidine's 

actions on the dopamine transporter receptor and not the ̂  opioid receptor. 
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Toxicology 

Overdose of meperidine can cause stupor, muscle flacidity, respiratory 

depression, hypotension, cold and clammy skin and coma (Baselt and Cravey, 

1996). Naloxone, an opioid antagonist, is used as a specific antagonist. 

Urinary retention and constipation, minor toxic effects of morphine are not 

common with meperidine. Patients or addicts who are tolerant to the 

depressive effects of meperidine and administration of large doses of 

meperidine repetitively can cause tremors, muscle twitches, dilated pupils, 

hyperactive reflexes and convulsions (Jaffe and Martin, 1990). These 

excitatory toxic symptoms are primarily attributed to the accumulation of 

normeperidine, the N-demethylated metabolite of meperidine. Normeperidine, 

is pharmacologically active with one-half the analgesic activity of meperidine 

but twice the toxicity. Normeperidine accumulation was cited as the reason for 

convulsive seizures or respiratory arrest in 3 adult patients who received 

parenteral meperidine for at least 24 hours (Armstrong and Bersten, 1986; 

Geller, 1993). Blood normeperidine levels ranged from 1.5 - 9.9 ng/mL. 

Normeperidine is eliminated by both the liver and kidney and a decrease in 

hepatic or renal function increases the probability of toxic complications from 

normeperidine accumulation (Kaiko et a/., 1983). Meperidine is able to cross 

the placental barrier in pregnant women and therapeutic doses can cause a 

significant increase in the number of babies who show delayed respiration, 
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decreased respiratory minute volume decreased O2 saturation which requires 

resuscitation. The fraction of protein-bound meperidine is lower in the fetus 

and, therefore, concentrations of free drug may be considerably higher. 

Meperidine does, however, produce less respiratory depression in the newborn 

than equianalgesic doses of morphine or methadone (Fishbume, 1982). Both 

fetal and maternal respiratory depression from meperidine are treated with 

naloxone. 

Metabolism and disposition 

Meperidine is metabolized via N-demethylation and microsomal 

hydroxylation to its only active metabolite normeperidine (Pond et al, 1981) 

(Figure 1-6). Both meperidine and normeperidine are extensively hydrolyzed 

by a microsomal carboxylesterase enzyme to meperidinic and nomneperidinic 

acids, respectively (Yeh and Krebs, 1980; Williams, 1985; Baselt and Cravey, 

1996) (Figure 1-6). A significant fraction of meperidinic and normeperidinic 

acids undergoes conjugation. In normal subjects -*'70% of the dose is excreted 

in a 24 hr urine recovering 10% as unchanged meperidine, 10% as 

normeperidine, 20% meperidinic acid, 16% conjugated meperidinic acid, 8% 

normeperidinic acid, and 10% conjugated normeperidinic acid (Moffatt et a/., 

1986). Other metabolites which have been identified include N-hydroxy and N-

hydoxyphenyl derivatives and meperidine N-oxide. 
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The average plasma half-life of meperidine ranges from 2-5 hr in 

humans (Baselt and Cravey, 1995). After 4 subjects were administered 100 mg 

meperidine tablets, peak plasma levels averaged 170 ng/mL and the average 

ti/2 was 4.4 hr (Mather and Tucker, 1976). The average volume of distribution 

and systemic clearance of meperidine in normal adults was 3.7 - 4.2 L/Kg 

(Baselt and Cravey, 1995) and 14 mUmin/Kg (Mather and Meffin, 1978, ), 

respectively. The fraction of bound drug (Fb) is equal to 0.64 and oral 

bioavailabilty can range from 40-50% (Baselt and Cravey, 1995;). The mean 

half-life of normeperidine is reported to be 18 hr in man. (Mather and Meffin, 

1978; Edwards, 1982). The route of administration effects resulting maximum 

serum drug concentrations (Cmax) and time of maximum serum drug 

concentration (Tmax). After a single dose of 50 mg meperidine orally. 

Intramuscularly and intravenously the mean Cmax and Tmax values were 140 

ng/mL and 2 hr; 200 ng/mL and 1 hr; and 520 ng/mL and 1 min; respectively. 

(Stambaugh ef a/., 1976). 
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Methvlohenidate 

Background and significance 

Methylphenidate (Ritalin), prescribed primarily for the treatment of 

narcolepsy and attention-deficit hyperactivity disorder (ADHD), was first 

synthesized in 1944. It is currently marketed as the hydrochloride salt of the 

threo racemate and is administered in single doses of 5-20 mg and dally doses 

of 20 - 60 mg (Baselt and Cravey, 1995). It is classified as a Schedule II drug 

under the Controlled Substance Act with high potential for abuse and medical 

acceptability. Methylphenidate has recently gained popularity as a drug of 

abuse by IV injection of dissolved Ritalin tablets or snorting of crushed Ritalin 

tablets. A Dmg Enforcement Administration (DEA) press release, dated 

October 20, 1995, ranked methylphenidate among the top 10 drugs most 

frequently reported stolen by pharmaceutically licensed handlers (DEA, 1995). 

DEA reports that drug traffickers have utilized various schemes to obtain 

methylphenidate for illicit resale. The abusers of methylphenidate are a 

diverse group, from health care professionals and children to street addicts. It 

has been reported that a significant number of children and adolescents divert 

or abuse methylphenidate medication intended for ADHD treatment. A 

common practice among students in various States is to give or sell 

methylphenidate to classmates who crush the tablets and snort the powder like 
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cocaine. This practice resulted in two deaths in Mississippi and Virginia in 

March of 1995. (DEA, 1995). 

Chemistry 

Methylphenidate is chemically a-phenyl-2-piperidineacetic acid methyl 

ester with a molecular weight of 233.30 and pka of 8.8. As the free base it 

exists as crystals formed from 50% alcohol with a melting point of 74-75''C. 

The hydrochloride salt, a white crystalline powder, has a melting point of 224-

226°C and is soluble in water, alcohol and chloroform. Methylphenidate is 

often referred to as a phenethylamine or piperidine derivative structurally 

related to amphetamine (Baselt and Cravey, 1995; Moffat eta!., 1986). 

Pharmacology 

Methylphenidate is described as a mild stimulant with greater effects on 

cognitive than motor activities. However, large doses can produce generalized 

CNS stimulation that can lead to convulsions (Hoffman and Lefkowitz, 1990). 

The pharmacological effects of methylphenidate in general are similar to 

amphetamine. In children with ADHD, methylphenidate decreases motor 

restlessness and enhances the ability to pay attention (USP Dl,1995). The 

exact mechanism by which this occurs is not totally understood. Some have 

hypothesized that children with ADHD receive inadequate sensory input into 
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the CNS and the symptoms of ADHD, noisiness, rocking movements, running 

and crashing into objects, are an attempt to obtain sensory stimulation. 

Therefore children treated with stimulants might better attend to environmental 

stimuli not sensing the need to obtain further stimulation (Ray and Ksir, 1993). 

in adults, methylphenidate is used to treat narcolepsy, a sleep disorder 

characterized by abnormal sleep cycles and uncontrollable episodes of 

muscular weakness and falling asleep (Ray and Ksir, 1993). Methylphenidate 

treatment in adults produces CNS stimulation, resulting in increased motor 

activity, increased mental alertness, diminished sense of fatigue, brighter 

spirits, and mild euphoria. 

Mechanism of Action 

The primary mechanism of action of methylphenidate is largely unknown 

but it appears to act via dopaminergic neurons. Methylphenidate is classified 

as an indirect dopamine agonist. It increases synaptic dopamine 

concentrations, in the same manner cocaine does, by blocking the reuptake of 

dopamine. It has been demonstrated by several investigators that 

methylphenidate binds with high affinity to the dopamine transporter receptor 

(Izenwasser et al., 1990; Heron et al., 1994; Gatley et a/., 1996; Gatley et al. 

1997) blocking the reuptake of dopamine, and thereby increasing dopaminergic 

neural transmission. The reinforcing and locomotor stimulatory properties of 
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methylphenidate are most likely related to this mechanism. Methylphenidate, 

like cocaine, blocks the reuptake of norepinephrine but has limited activity at 

the serotonin reuptake site. Taylor and Ho (1978) demonstrated the ability of 

methylphenidate to block the reuptake of norepinephrine and dopamine in 

synaptosomes, however, cocaine proved to be a much stronger inhibitor of 

serotonin uptake than methylphenidate. Gatley et al. demonstrated that the 

receptor affinities (1/ki) for methylphenidate decreased in the order: dopamine 

transporter > norepinephrine transporter » serotonin transporter. This may 

help explain the partial effectiveness of methylphenidate in treating ADHD, 

since evidence suggests a neurotransmitter imbalance between norepinephrine 

and dopamine exist, with reduced dopaminergic and excessive noradrenergic 

functioning (Malone etai, 1994). 

Toxicology. 

Methylphenidate overdose may cause nausea, vomiting, agitation, 

tremors, twitching, delirium, hallucination, sweating, flushing of the skin, 

headache, tachycardia, hyperexia, cardiac arrythmias, hyperstension, 

convulsions and death (USP Dl, 1995; Baselt and Cravey. 1995). A 

postmortem concentration of 2.8 mg/L in blood and 2.1 mg/Kg in liver were 

detected in an adult women who, after becoming hypertensive, died in cardiac 

arrest -Ihr after an IV injection of 40 mg of methylphenidate (Levine et al., 
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1986). Other complications from methylphenidate include excessive CNS 

stimulation, dizziness, psychosis, nervousness and irritability. Cardiovascular 

side-effects include fast heartbeat and high blood pressure. Methylphenidate's 

adverse effects on the gastrointestinal system include anorexia, nausea, 

vomiting, stomach pain and dry mouth. Of major concern in treating children 

with ADHD is the evidence of growth suppression during long term therapy 

(Spencer ef. a/. 1996). 

Metabolism and disposition 

The plasma ti/2 of methylphenidate in humans is 2.4 -4.2 hr. The volume 

of distribution is 11-33 L/Kg and fraction bound (Fb) is 0.15 (Baselt and 

Cravey, 1995). The major biotransformation route of methylphenidate involves 

deesterification to form the carboxylic acid, (alpha-phenyi-2-piperidinacetic 

acid) ritalinic acid, an inactive metabolite (Figure 1-7). This hydrolysis of the 

ester linkage can occur non-enzymatically in aqueous alkaline solutions and 

during in vitro incubation or storage of blood or plasma. Preservatives such as 

EDTA, or acidification can retard this non-enzymatic degredation (Schubert, 

1970; Perel and Black, 1970). Approximately 80% of the methylphenidate dose 

is eliminated in the urine in a 24 hr period (Dayton et al., 1970) predominantly 

as the major metabolite ritalinic acid (60-81%) and 6-oxo-ritalinic acid (5-12%) 

(Bartlett and Egger, 1972). Typically <1% is excreted unchanged in the urine. 
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but acidification can enhance parent drug recovery. Minor urinary metabolites 

include p-hydroxymethylphenidate and p-hydroxyritalinic acid (Faraj et al., 

1974). 
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CHAPTER II IN VITRO TRANSESTERIFICATION OF COCAETHYLENE IN THE 

PRESENCE OF ETHANOL 

Introduction 

The co-administration of cocaine (benzoylmethylecgonine) and ethanol 

produces a unique metabolite, cocaethylene (benzoylethylecgonine; 

ethylcocaine), which possesses pharmacological activity, nearly identical to 

cocaine, a longer elimination half-life and greater toxicity than cocaine (Heam et 

a/.,1991: Woodward eta!., 1991; Katz et aL, 1992). This metabolite is formed via 

a transesterification reaction which is catalyzed by an hepatic carboxylesterase 

enzyme (Dean etai, 1991; Brzenzinski, etal., 1994; Boyerand Petersen, 1992) 

(Figure 2-1). Recently, a microsomal cartsoxylesterase enzyme, responsible for 

cocaine hydrolysis has been implicated In this transesterification reaction 

(Brzenzinski, etal., 1994). 

We have hypothesized that cocaethylene, the transesterification product 

formed from the interaction of cocaine and ethanol, will also participate with 

ethanol in this interaction. The transesterification of cocaethylene would involve 

the exchange of a cartwxyl ethyl group for the ethyl group of ethanol and, 

therefore, no change in molecular structure. This reaction would result in additional 

cocaethylene being formed and a potential alteration in disposition kinetics when 

comparing concentration-time profiles of cocaethylene given alone with 
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cocaethylene administered with ethanol. The purpose of the present study was 

four-fold. First, to determine if cocaethylene undergoes the same transesterification 

exchange reaction as cocaine. Second to determine any phannacokinetic 

differences due to the transesterification of cocaethylene in the presence of 

ethanol. A third aim of this study was to detemnine the role of carisoxylesterase 

enzyme in the transesterification reaction with the use of certain en^me inhibitors. 

The fourth aim was to compare cartx» l̂esterase activity of cocaethylene to 

cocaine by measuring KM and VMAX of each transesterification reaction in both rat 

and human liver preparation. 
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Methods 

Chemicals 

Cocaine HCL and cocaethylene fumarate were both provided by Research 

Triangle Institute (Research Triangle Park, NC) through the generosity of the 

National Institute on Drug Abuse. Ethanol (absolute ethyl alcohol) was purchased 

from Quantum Chemical Corporation, US! Division (Tuscola, IL). ^He-Ethanol 

(ethyl-cfs-alcohol-d). physostigmine (eserine), bis-(p-nitrophenyl)phosphate 

(BNPP), 4-methylumbelliferyl acetate and methylumbelliferone (Na salt) were 

purchased from Sigma Chemical Co. (St Louis, MO). 

Rat liver S9 preparation 

Four male rats (250-275g, Harian Sprague Dawley, Indianapolis, IN) were 

anesthetized with ether and the entire liver was removed and washed in cold KCL 

solution (1.15%). The livers were blotted dry, weighed, and mixed with 70 mM 

KH2PO4 buffer solution in a ratio of 1 g liver per 2 mL buffer solution. The liver was 

homogenized by mixing for two 30 sec periods at high speed using an Omni-Mixer 

(Omni Corporation International, Waterbury ,CT). The homogenized liver was then 

centrifuged at 4°C for 30 min at 9,000g (Beckman Model J2-21, Palo Alto, CA). 

Aliquots of the resulting supernatant were placed in several polypropylene tubes 

and stored frozen at -20°C. A second batch of rat S9 was prepared by repeating 

the above procedure and stored frozen at -70®C. 
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Human liver S9 preparation 

Human liver was provided as a gift firom Dr. Klaus Brendel, Department of 

Pharmacx)logy and Toxicology, University of Arizona (Tucson, AZ). Details of the 

history of the donor were unavailable. A piece of human liver (44 g) was removed 

firom -SCC cold storage and allowed to thaw. Fat, blood vessels, and other non-

liver tissue was trimmed fî om the liver and the liver was then minced into small 

fragments. The minced liver (27 g) was then combined with -4 times its weight 

(100 ml) pH 7.4 KH2PO4 70 mM buffer solution. The liver in buffer solution was 

then homogenized with a tissue homogenizer until a homogenous mixture was 

obtained. The liver homogenate was then transferred into several centrifuge tubes 

and centrifuged at 9,000g at 4'C for 30 min. The supernatant 9,000 (S9) fraction 

(total volume 77.5 mL) was then pipetted into several 5 mL polypropylene tubes, 

each tube capped and then stored frozen at -70°C for later use. 

Protein concentration detenrnination 

Total protein concentration was determined with the use of a commercial 

product (BCA Protein Assay, Pierce, Rockford, IL) following the manufacturer's 

instructions. Briefly, 1 mL of BCA Reagent B (4% cupric sulfate solution) was 

added to 50 mL of BCA Reagent A (NaaCOs, NaHCOa, bicinchoninic acid and 

sodium tartate in 0.2N NaOH) in a 125 mL Erienmeyer flask. The combination of 

blue reagent B and clear reagent A caused the mixture to turn green in color. Rat 



or human liver S9 was diluted with Milli-Q H2O to 1/40, 1/80. and 1/100. Exactly 

100 of each S9 dilution was transferred to individual 12 x 75 mm disposable 

glass test tubes. Aqueous albumin standard (2.0 mg/mL) provided in the kit was 

serially diluted to 1.0 , 0.5, 0.25, 0.125, and 0.00625 mg/mL with Milli-Q H2O 

(purified by Milli-Q plus system, Millipore). Exactly 100 iiL of each albumin 

concentration was transferred to individual 12 x 75 mm disposable glass tubes. 

Exactly 2 mL of the green A B reagent was delivered to ail tubes containing 89 

dilutions and albumin standard concentrations. All tutses were incubated in a water 

bath at 37°C for 30 min. Visible absorbance at wavelength 562 nm was measured 

for each tube utilizing a UV/VIS spectrophotometer (Beckman Instruments, 

Chicago, IL). Absorbance readings were compared to a standard curve of the 

albumin concentration absorbance readings and total protein concentration was 

determined for each S9 liver homogenate preparation used during the course of 

the study. 

Esterase enzyme activity 

Esterase activity was determined for both rat and human S9 by the method 

of Dean et af. (1991) which uses 4-methylumbelliferyl acetate as the substrate. 

Into two 25 mL Erienmeyer flasks marked "control" and "4,000", 9.75 mL of 70 mm 

KH2PO4 buffer pH 7.4 and 250 ^L of a 1:100 dilution of rat or human S9 was 

added. Both flasks were then pre-wamned at 37^0 for 10 min in a water bath. To 
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the "control" flask, 200 iiL of DMSO was added and to the flask labeled "4,000" 

(denoting a 1/4000 dilution of S9) 200 |iL of methylumtselliferyi acetate in DMSO 

was added. Both flasks were quickly mixed in the water bath and the timer started. 

At time 0, 2, 4, 6, 8, 10, 12, 14, 16, and 18 min, 0.5 mL was removed firom each 

flask and UV absorbance measured at wavelength 350 nm via the UVA/IS 

spectrophotometer (Beckman Instruments, Inc., Chicago, IL). The standard cun^e 

was constructed with the following dilutions of methylumbellrferone (Na salt): 

1.5625, 3.125, 6.25, 12.5, 25, 50, and 100 nmol/mL. Into one 25 mL Erienmeyer 

flask 9.55 mL of 70 mM KH2PO4 pH 7.4 buffer, 200 jiL OMSO and 250 nL of 1:100 

S9 were added. The solution was mixed and 1 mL transferred to eight 12 x 75 mm 

disposable glass tut)es. Exactly 20 ^L of the 7 different concentrations of 

methylumbelliferone and one H2O blank were added to each disposable tube 

containing 1 mL of the buffer DMSO: S9 mix. The final dilution of each standard 

was 1:4,000. Each tube was mixed and absorbance was measured at 350 nm. 

Two separate batches of rat S9 were prepared. The drug incubation experiments 

for both cocaine and cocaethylene as well as the enzyme inhibitor experiment for 

cocaine only were perfomned with the first batch of rat S9. All other experiments 

using rat liver including Km and Vmax determinations were perfomned with a second 

set of freshly prepared rat S9. From the first set of rat S9, only initial esterase 

activity was measured from fi'eshly thawed liver. From the second set of rat S9, 

esterase activity was measured from freshly thawed liver (time 0) and at times 1, 
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2, and 4 hr post-incubation at 37*'C to estimate any loss of activity due to 

incubation. Only one set of human S9 was prepared and used for ail the human in 

vitro experiments. Esterase activity of human liver was measured after 0,1,2, 4, 8, 

and 20 hr of incubation at 37®C. 

Dnjg incubation 

On the day of the incubation experiment, 1 mL aliquots of 100 t̂ M solutions 

of cocaethylene or cocaine in methanol were evaporated to dryness in a 

SpeedVac® (Savant, Famiingdale, NY). The dry test tubes were reconstituted with 

0.9 mL of 70 mM pH 7.4 KH2PO4 buffer solution and 0.1 mL of either deionized 

H2O [control] or, 5.86% v/v ^Hg-ethanol, or 5.86% v/v ethanol. At the start of the 

incubation experiment, 1 mL of 9,000g liver supernatant (S9) was added to each 

vial containing control, ethanol or̂ He-ethanol solution (total volume 2 mL), the vials 

capped, and placed into a 37®C water bath. The final concentrations in each vial 

were 50 |iM of drug with buffer (control) or 50 mM ethanol or 51.3 mM ̂ Hs-ethanol. 

Ten samples of 100 nL each were taken from each tube at the following times: 0, 5, 

10,15, 30, 45, 60,120,180 and 240 min. The 100 piL samples were immediately 

transferred to a vial (placed on ice) containing 100 iiL of saturated NaF to halt 

enzyme activity. The above procedure was repeated in buffer solution for all three 

conditions, but only 4 samples each (0, 1, 2, and 4 hr) were collected. All 
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experiments were conducted in triplicate and performed using a single 

homogenate preparation obtained fî m the livers of 4 rats. A second set of rat S9 

was prepared from the livers of 4 rats and the above procedure repeated under 

more physiologically relevant concentrations of cocaethylene. Cocaethylene (2500 

nM) was Incubated for 4 hr at 37*C in pH 7.4 KH2PO4 buffer, rat S9 preparation and 

rat S9 with ̂ He-ethanol (50 mM). All other aspects of the incubation followed the 

original incubation protocol. The drug incubation procedure was also repeated 

using human S9 homogenate Incubating cocaine (50 ^M) with ethanol (50 mM) 

together to further assess human esterase activity. 

Shaking vs non-shaking incubation 

Cocaine (50 ̂ M) and ethanol (50 mM) were incubated together in rat S9 for 

4 hours at 37°C per the protocol described above under "drug incubation" in a 

shaking or static water bath. Samples were taken at 10 times each and cocaine 

and cocaethylene were both assayed by GC/MS. Concentration-time profiles from 

the shaking and non-shaking drug incubation experiments were compared. 

Rat S9 alcohol assay: Direct injecti'on method 

Incubated rat S9 (100 ^L) collected in 12 x 75 mm glass tubes were 

removed fi'om the -20°C freezer and allowed to thaw to room temperature. Blank 

89. IGO^L each, was transferred to 4 empty microtubes labeled 0.1, 1.0, 2.0 and 
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3.0 mg/mL ethanol. To each of the 4 microtubes containing blank rat S9,100 of 

Setpoint ETH™ aqueous ethanol standards (Stephens Scientific, Riverdale, NJ) at 

0.1,1.0,2.0 and 3.0 mg/mL were added. Exactly 100 fiL of Milli-Q H2O was added 

to each rat blood sample. Next, 400 of 0.5 mg/mL n-propanol was added as the 

internal standard to all samples and calibrator solutions in microtubes (Phenix 

Research Products, Hayward, CA). The microtubes were vortexed and then 

centrifuged for 1.5 min at 6,000g. After centrifligation, 500 t̂ L of each supernatant 

was transferred to 5 mL 12 x 75 mm disposable glass tubes. Individual 1 mL 

tuberculin syringes (Becton Dickinson, Franklin Lakes, NJ) were used to remove 

the 500 jiL samples. An Acrodisc® LC 13 (0.45(im) filter (Gelman Sciences, Ann 

Arbor, Ml) was attached to the end of a 1 mL tuberculin syringe and the sample 

was filtered into a clean microtube. Exactly 2 ^L of the filtered supernatant was 

collected with a 10 |iL syringe and injected into a 5890 gas chromatograph (GC) 

equipped with a flame ionization detector (FID) (Hewlett Packard, Palo Alto, CA). 

The column used was a 30 m CP-57 capillary column (Chrompack Inc., The 

Netheriands). The GC temperature program was set isothermally at 90°C, and the 

injector and detector temperatures were each 220''C. The retention times for 

ethanol / ^He-ethanol and n-propanol were 1.7 and 2.3 min, respectively, with a 

total run time of 3 min. 



Esterase inhibitor experiment 

To characterize the involvement of the carbo}̂ iesterase enzyme in the 

ethanolic transesteriflcatlon of cocaethylene and cocaine, cocaine or cocaethylene, 

rat S9 and ^Hg-ethanol (51.3 mM) were incubated in the presence and absence of 

various specific and non-specific esterase inhibitors. Rat S9 in pH 7.4 buffer 

solution (0.8 mL) was combined with 0.1 mL of 2.87 % v/v ^He-ethanol and either 

0.1 mL of H2O [positive control], or 0.1 mL saturated NaF (a non-specific esterase 

inhibitor) in H2O, or 0.1 mL physostigmine, a specific cholinesterase inhibitor. 

(1000 |iM in H2O), or 0.1 mL bis-(p-nitrophenyl) phosphate (BNPP), a specific 

carboxylesterase inhibitor (1000 |iM in H2O). Final inhibitor concentrations were 

100 nM for physostigmine and BNPP and 10% saturated solution for NaF. In 

addition, a negative control solution was made containing 0.8 mL pH 7.4 buffer, 

0.1 mL H2O, and 0.1 mL 2.87 % v/v ^Hs-ethanol. Glass tubes containing 100 fiL 

each of 50 cocaethylene or cocaine methanolic solution were evaporated to 

dryness. Exactly 100 liL of each S9 and buffer solution was added to each tube 

and Incubated at 37*0. For the cocaine experiment, single samples at times 0 

and 30 min were collected for each of the five conditions (with and without ^He-

ethanol). Triplicate samples for each condition at 30 min and single samples at 

time 0 were collected for the cocaethylene experiment The reactions were stopped 

by the addition of 100 piL of saturated NaF and placing the tube on ice. 
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Enzyme idnetics 

The Km and VtuMx values for the ethanolic transesterification of cocaine and 

cocaethylene were obtained from triplicate assays with rat S9 incubated with 8 

different concentrations of substrate for 10 min at 37^C. Reactions were stopped 

by placing the reaction tube on ice and adding 100 saturated NaF solution. The 

concentration of ethanol and ^He-ethanol were kept constant at 50 mM (a 

physiologically relevant concentration equal to 0.230 g/100 mL ethanol) and the 

cocaine and cocaethylene concentrations ranged from 10 to 2500 piM. Three 

separate Km and Vmax determinations, each in triplicate, were made from the 

following combinations: cocaine plus ethanol, cocaine plus ^He-ethanol and 

cocaethylene plus ^He-ethanol. Cocaethylene and ^Hs-cocaethylene 

concentrations were assayed and the rate of formation detemnined by dividing by 

the incubation time and protein concentration. Substrate concentrations (laM) and 

rate (pmol/min/mg), in triplicate, were plotted utilizing a hyperi3olic regression 

analysis computer program which calculated Km and Vmax values (Easteriay, 1992). 

The experiment was repeated in human S9 with a few modifications from the 

above procedure. The incubation time was changed from 10 to 15 min to allow 

formation of detectable amounts of ethyl-ester product and 7 instead of 8 substrate 

concentrations ranging from 12.5 to 1,000 jiM were used. All other protocol 

followed was identical to the rat S9 Icm and Vmax determinations. 



80 

Extraction 

Samples from all experiments were extracted for cocaine, cocaethyiene, 

^Hs-cocaethylene and/or benzoylecgonine with GV-50 Detectabuse™ solid phase 

extraction columns (Biochemical Diagnostics Inc., Edgewood, NY). Columns were 

conditioned (with 2 mL of methanol followed by 2 mL of 0.25 M KH2PO4 pH 9.1 

buffer with 7% n-propanol). To each sample was added 100 internal standard 

solution (25 tropacocaine in H2O) and 3 mL pH 9.1 0.25 M NaH2P04 buffer. 

The tubes were vortexed and then decanted into the preconditioned solid phase 

extraction columns. The columns were washed with 4 mL 0.0625 M NaH2P04 

buffer solution and dried under vacuum at 10" Hg for 10 min. Samples were eluted 

with 1 mL of 80:20 methylene chloride : isopropyl alcohol solution by gravity and 

collected in disposable glass test tubes (12 x 75 mm). The eluted extract was 

evaporated to dryness then reconstituted with 50 îL methanol just prior to manual 

GC/MS analysis. Underivatized samples injected via the autosampler (7673A, 

Hewlett Packard, Avondale, PA) were reconstituted in 50 (iL butyl chloride and 

transferred to Individual autosampler vials equipped with conical inserts (200 ^L 

capacity). Screw caps equipped with Teflon septum were placed on the vials to 

prevent evaporation of the solvent and to allow injection of the samples via the 

autosampler syringe. 
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Oerivatization 

Extracted Samples requiring derivatization to detect benzoylecgonine were 

reconstituted in 100 butyl chloride then transferred to amber glass derivatization 

vials. The solvent was evaporated to dryness by placing the vials in 5 mL 

disposable polypropylene tubes and then placing the tubes in the centrifugal 

evaporator (SpeedVac®). Once evaporated, exactly 10 iiL N-0-

bis(trimethylsilyl)trifluroacetamide (BSTFA) with 1% trimethylchlorosilane (TMCS) ( 

Pierce, Rockford, IL) was added to each derivatization vial. The vials were crimp-

capped and then heated in a heating block for 15 min at 90°C. After heating, the 

derivatized sample was allowed to cool to room temperature and the cap was 

removed by de-crimping. To the derivatized sample 40 nL of butyl chloride was 

added, the vial vortexed, and 50 nL of butyl chloride iBSTFA w/1% TMCS (4:1) 

was transferred to 11 mm autosampler vials with 200 iiL capacity conical inserts. 

The screw caps equipped with Teflon septa were attached to the autosampler vials 

and then the vials placed in the appropriate position of the autosampler tray. 

GC/MS analysis: Drug incubation 

Analysis of the extracted samples from the rat S9 drug incubation 

experiments was accomplished using a 5890 gas chromatograph (GC) equipped 

with a 5970 mass selective detector (MSD) (Hewlett Packard. Palo Alto, CA). The 

column was a Supeico crosslinked 5% phenyl methyl silicone at 12 x 0.2 mm with 



0.33-|im film thickness. The electron multiplier was operated at 400 V aix)ve the 

tune value. The carrier gas used was ultra-high purity (UHP) helium (60 cm/sec). 

The injection port was set in the split mode (20:1) and 2 reconstituted extracted 

samples were manually injected via a 10 Hamilton syringe. The QC oven was 

run isothermally at 240® C for a total run time of 4 min. The injection and transfer 

line temperatures were 250''C and 270°C, respectively. The retention times were 

1.6 min for tropacocaine, 2.5 min for cocaine and 2.8 min for both cocaethylene 

and ^Hs-cocaethylene. Selected ion monitoring (SIM) was utilized to maximize 

sensitivity and specificity. The quantitation and qualifier ions were chosen by 

examining full-scan mass spectrum of each compound after injecting -200 ng of 

each analyte into the GC/MSD. The selection of 3 ions per compound was based 

on the following criteria: (A) the base peak or most abundant ion was selected. (B) 

the molecular weight ion was selected. (C) the most abundant ion other than the 

base peak was selected. Ion signals of mass to charge {m/z) 82 , 124, and 245 

were used to identify the intemal standard tropacocaine. Cocaine, cocaethylene 

and ̂ Hs-cocaethylene were identified by monitoring m/z 82,182, and 303; m/z 82, 

196, and 317 and m/z 82, 201, and 322, respectively (Figures 2-2, 2-3, and 2-4, 

respectively). Quantitation of cocaine, cocaethylene and ^Hs-cocaethylene was 

accomplished by calculating molecular weight ion signal ratios of analyte to 

Internal standard tropacocaine (25 mM) {m/z 303 / 245, m/zZM 1245 and m/z 322 

/ 245, respectively) and comparing to a standard curve of cocaine and 
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cocaethylene extracted through the method (3.125, 6.25, 12.5, 25 and 50 iiM). 

The limit of detection and limit of quantitation of the assay were 1.0 and 3.125 ^M, 

respectively. Interday coeffidents of variation of the assay (concentrations 6.25 

and 25 ̂ M) were 8% and 4%, respectively. 

For all subsequent in vitro experiments, analysis of the extracted samples 

employed a 5890 GC equipped with a 5972 MSD and 7673A autosampler (Hewlett 

Packard, Palo Alto, CA). Variations in the above method were implemented to 

accommodate additional metabolite identification, (i.e., benzoylecgonine), 

automated injection, and to maximize selectivity and sensitivity requirements due 

to analyte quantitation range, sample matrix, and instrumentation differences. 

GC/MS analysis: Esterase inhibitor experiments 

Rat liver S9 samples collected and extracted for the esterase inhibition 

experiments involving cocaine were analyzed by the same method described 

above under "GC/MS analysis: Drug incubation". The esterase inhibitor 

experiments utilizing cocaethylene as a substrate were performed at a later date 

following the procurement of a new GC/MS system. Analysis of the extracted rat 

S9 samples from the cocaethylene esterase inhibitor experiment employed a 5890 

GC equipped with a 5972 MSD and 7673A autosampler (Hewlett Packard, Palo 

Alto, CA). The column was a HP-5 crosslinked 5% phenyl methyl silicone at 12.5m 

X 0.2 mm with 0.33-|im film thickness. The electron multiplier was operated at 200 
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V above the tune value. The carrier gas used was ultra high purity (UHP) helium 

(30 cm/sec). The injection port was set in the split mode (10:1) and 2 nL of 

reconstituted extracted samples were injected via a HP 7673A autosampler. The 

GC oven was run isothermally at 250® C for a total run time of 8 min. The injection 

and transfer line temperatures were 250''C and 280''C, respectively. The retention 

times were 3.2 min for tropacocaine, 4.5 min for cocaine and 5.8 min for both 

cocaethylene and ^Hs-cocaethylene. Selected ion monitoring (SIM) was utilized to 

maximize sensitivity and specificity. Ion signals of mass to charge (m )̂ 82 , 124, 

and 245 were used to identify the internal standard tropacocaine. Cocaine, 

cocaethylene and ^Hs-cocaethylene were identified by monitoring 82. 182, 

and 303; m/z 82, 196, and 317 and mAs 82, 201, and 322, respectively. 

Quantitation of cocaine, cocaethylene and ̂ Hs-cocaethylene was accomplished by 

calculating molecular weight ion signal ratios of analyte to internal standard 

tropacocaine (25 mM) (m/5r 303 / 245, m/i 317 / 245 and 322 / 245, 

respectively) and comparing to a standard cun/e of cocaine and cocaethylene 

extracted through the method (1.0, 5, 10, 25 and 50 |iM). The limit of detection 

and limit of quantitation of the assay were 0.5 and 1.0 iiM, respectively. 



GC/MS analysis: Enzyme kinetics in rat S9 

Analysis of the extracted rat S9 samples for Km and Vmax employed a 5890 

GC equipped with a 5972 MSD and 7673A autosampler (Hewlett Packard, Palo 

Alto, CA). The column was a HP-5 crosslinked 5% phenyl methyl silicone at 25m 

X 0.2 mm with 0.33-nm film thickness. The electron multiplier was operated at 200 

V above the tune value. The carrier gas used was ultra high purity (UHP) helium 

(30 cm/sec). The injection port was set in the splitless mode with a purge-off time 

of 0.0 min and purge-on time 0.1 min and 2 iiL of reconstituted extracted samples 

were injected via a HP 7673A autosampler. The initial GC oven temperature was 

70''C and was immediately ramped to 270''C at 50°C / min, and held there for 4 

min. The total run time was 8.00 min. The injection and transfer line temperatures 

were 200''C and 300''C, respectively. The retention times were 5.5 min for 

tropacocaine and 7.1 min for both cocaethylene and ^Hs-cocaethylene. Only a 

single molecular weight ion was monitored in the SIM mode to maximize sensitivity 

and specificity. Tropacocaine, cocaethylene and ^Hs-cocaethylene were identified 

by monitoring m/z 245, 317 and 322, respectively. Quantitation of cocaethylene 

and ̂ Hs-cocaethylene was accomplished by calculating molecular weight ion signal 

ratios of analyte to internal standard tropacocaine (25 mM) {m/z 317 / 245 and m/z 

322 / 245, respectively) and comparing to a standard curve of cocaethylene 

extracted through the method (1,5,10, 25 ,50 and 100 ̂ M). The limit of detection 

and limit of quantitation of the assay were 0.5 and 1.0 ̂ M, respectively. 
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GC/MS analysis: Enzyme kinetics in human S9 

Analysis of the extracted human S9 samples for Km and Vmax determinations 

employed a 5890 GC equipped with a 5972 MSD and 7673A autosampler (Hewlett 

Packard, Palo Alto, CA). The column was a HP-5 crosslinked 5% phenyl methyl 

silicone at 11.0m x 0.2 mm with 0.33-̂ im film thickness. The electron multiplier 

was operated at 400 V above the tune value. The carrier gas used was ultra high 

purity (UHP) helium (48 cm/sec). The injection port was set in the splitless mode 

with a purge-off time of 0.0 min and purge-on time of 0.1 min and 2 jiL of 

reconstituted extracted samples were injected via a HP 7673A autosampler. The 

initial GC oven temperature was 70^C, and was held for 1.0 min, then ramped to 

270°C at 20°C / min, and held there for 3 min. The total run time was 14 min. The 

injection and transfer line temperatures were 250"C and SOCC, respectively. The 

retention times were 9.7 min for tx)th cocaethylene and ^Hs-cocaethylene and 10.1 

min for the internal standard propylbenzoylecgonine. Only a single molecular 

weight ion was monitored in the SIM mode to maximize sensitivity and specificity. 

Cocaethylene, ^Hg-cocaethylene, and propylbenzoylecgonine (cocapropylene) 

were identified by monitoring m/i 317, 322 and 331 respectively. Quantitation of 

cocaethylene and ^Hs-cocaethylene was accomplished by calculating molecular 

weight ion signal ratios of analyte to internal standard propylbenzoylecgonine 

(2500 nM) (/7z/i 317 / 331 and 322 / 331, respectively) and comparing to a 

standard curve of cocaethylene extracted through the method (250, 500, 1000, 



2500, and 5000 nM). The limit of detection and limit of quantitation of the assay 

were 100 and 250 nM, respectively. 

GC/MS analysis: Drug incubation (physiologically relevant concentrations) 

Analysis of the extracted rat S9 from the physiologically relevant 

concentrations of cocaethylene employed a 5890 GC equipped with a 5972 MSD 

and 7673A autosampler (Hewlett Packard, Palo Alto, CA). The column was a HP-

5 crosslinked 5% phenyl methyl silicone at 25.m x 0.2 mm with 0.33-nm film 

thickness. The electron multiplier was operated at 400 V above the tune value. 

The earner gas used was UHP helium (30 cm/sec). The injection port was set in 

the splitless mode with a purge-off time of 0.0 min and purge-on time 1.5 min and 2 

of reconstituted extracted samples were injected via a HP 7673A autosampler. 

The Initial GC oven temperature was 70°C, and was held for 1.0 min, then ramped 

to 200°C at 20®C / min. From 200°C, the oven was ramped at lO'C / min to 270"'C, 

and held there for 3.5 min. The total run time was 18 min. The injection and 

transfer line temperatures were 250"'C and 280''C, respectively. 

Propylbenzoylecgonine was used as an internal standard to quantitate 

underivatized cocaethylene and ̂ Hs-cocaethylene. Atropine was derivatized by the 

addition of BSTFA with 1% TMCS to form atropine-trimethyisilyl (-TMS) and used 

as the internal standard to quantitate benzoylecgonine-TMS. The retention times 

were 15.2 min for both cocaethylene and ^Hs-cocaethylene and 16.1 min for the 
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internal standard propylbenzoylecgonine. The retention times were 15.3 min for 

benzoylecgonine-TMS and 14.9 min for atropine-TMS. Only a single molecular 

weight ion was monitored in the SIM mode to maximize sensitivity and specificity. 

Cocaethylene, ^Hs-cocaethylene, and propylbenzoylecgonine (cocapropylene) 

were identified by monitoring 317, 322 and 331 respectively. 

Benzoylecgonine-TMS and atropine-TMS were identified by monitoring m/i 361 for 

both compounds. Quantitation of cocaethylene. ^Hs-cocaethylene and 

benzoylecgonine-TMS was accomplished by calculating molecular weight ion 

signal ratios of analyte to internal standards propylbenzoylecgonine and atropine-

TMS, respectively (1000 nM) (m/fe 317/331, 322 I 331 and 361/361, 

respectively) and comparing to a standard curve of cocaethylene and 

benzoylecgonine extracted through the method (25, 50,100, 250, 500,1000, and 

2500 nM). The limit of detection and limit of quantitation of the assay were 10 and 

25 nM, respectively. 

Data analysis. 

Concentration-time profiles of cocaethylene and deuterated exchange 

product were constructed and kinetic parameters were obtained using area 

analysis. The Ua values were calculated firom 0.693/k, where k is the slope of the 

terminal log concentration versus time plot and area under the concentration-time 

curve (AUG) is obtained via the trapezoidal rule using a non-compartmental 
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analysis in WinNonlln  ̂(1995). Statistical analysis of the half-life (ti/2), AUC, and 

apparent kM and Vmax values was accomplished using Bonferroni's t- test 

(SigmaStat™, 1994). The harmonic mean and "pseudo" standard deviation of tic 

values were calculated (Lam etaL, 1985). 
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Results 

The protein concentration of the rat S9 was determined to be 40 mg/mL 

Mean esterase activity from freshly thawed rat S9 homogenate was 305 ± 4 

nmol/min per mg of protein. Esterase activity did not change significantly after 1 

and 2 hr of incubation (303 ±14 nmol/min/mg and 293 ±13 nmol/min/mg, 

respectively). After 4 hr of incubation only 10% of the esterase activity was lost 

(272 ± 5 nmol/min/mg) (Figure 2-5). While this was determined to be a statistically 

significant difference from the control measurement (p< 0.05), it represents a trivial 

practical loss in activity. The protein concentration of human S9 was detemnined to 

be 25 mg/mL Esterase activity from freshly thawed human S9 was 426 nmol/min 

per mg of protein. Human esterase activity deaeased with inaeasing incubation 

time. After 2 hr of incubation at 37^C, human esterase activity was 393 

nmol/min/mg and after 4, 8, and 20 hr of incubation, human esterase activity 

dropped to 345,203 and 103, nmol/min/mg respectively (Figure 2-6). 

The concenfration-time profiles of cocaine in the presence of ethanol and 

formed cocaethylene under static and shaking incubation conditions are illusfrated 

in Figure 2-7. There was no significant difference found between these two 

conditions. The drug incubation experiments were perfomned with a static 

Incubator and all subsequent experiments utilized a shaking incubator. 



The concentration-time profiles of cocaine in the presence of ^Hg-ethanol 

and the formed ̂ Hs-cocaethylene are illustrated in Figure 2-8. These data serve as 

a positive control of the rat S9 model demonstrating a previously known and 

reported phenomenon, namely the transesterification of cocaine to cocaethylene in 

the presence of ethanol. The in vitro half-life of cocaine in the control condition 

(39.3 ± 6.2 min) was virtually identical to the in vitro half-life of cocaine In the 

presence of ^He-ethanol (41.1 ± 5.9 min) (Table 2-1). The in vitro half-life of 

cocaethylene formed in the presence of cocaine was 103.7 ±6.1 min (Table 2-1). 

This value was closer to the in vitro half-life of ^Hs-cocaethylene fomried in the 

presence of cocaethylene and ̂ He-ethanol (79.0 ± 4.8 min) than the half-life of the 

unlabeled cocaethylene (12.0 ± 1.1 min) incubated alone in rat S9. There was, 

however, a statistically significant difference between the two values (p < 0.05) 

(Table 2-1). The AUG values for cocaine control, cocaine in the presence of ^Hg-

ethanol and fomned ^Hs-cocaethylene were not significantly different from each 

other, (one-way ANOVA, p = .5779) (Table 2-1). 

The transesterification of cocaethylene is illustrated in Figure 2-9 which 

shows mass spectra of cocaethylene (decreasing signal with time; molecular 

weight (MW) 317) and ^Hs-cocaethylene (increasing signal with time; MW 322) 

during the incubation of cocaethylene and ̂ He-ethanol in the rat liver preparation. 

At time 0, only cocaethylene is present; ^Hs-cocaethylene has not yet formed 

(Figure 2-9A). At 10 min, ^Hg-cocaethylene is present but has not surpassed the 
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amount of cocaethylene (Figure 2-9B.) After 15 minutes of incubation, more 

product (̂ Hs-cocaethylene) is present than starting material (cocaethylene) (Figure 

2-9C). Finally, after 60 minutes of incubation all the cocaethylene has been 

metabolized or converted to ̂ Hs-cocaethylene (Figure 2-9D). 

The concentration-time profiles of unlabeled cocaethylene in the presence 

of ^He-ethanol and the formed ^Hs-cocaethylene are illustrated in Figure 2-10. 

These data clearly indicate that ethyl-ester exchange occurs between unlabeled 

cocaethylene and ^He-ethanol. The exchange process begins immediately upon 

incubation as measurable concentrations of ^Hg-cocaethylene are seen within 5 

min. Figure 2-10 also illustrates (dashed line) total cocaethylene concentrations 

(i.e., obtained from the sum of labeled and unlabeled cocaethylene 

concentrations). That profile for total cocaethylene is virtually identical to the 

cocaethylene concentration-time profile in the presence of unlabeled ethanol 

(Figure 2-11; solid squares in both cases). Similarly, the unlabeled form of 

cocaethylene under control conditions {i.e., no ethanol. Figure 2-10) or in the 

presence of ^Hg-ethanol (Figure 2-11; solid circles in both cases) provides neariy 

identical concentration-time profiles. There were no statistically significant 

differences between those profiles for tic or AUC (Table 2-1; harmonic mean ti/2. 

13.0 ± 1.4 min. vs. 12.0 ±1.1 min.; mean AUC, 1001 ± 128 |iM*min vs. 818 ± 110 

liM«min). Figure 2-11 illustrates the in \ritro disposition of 50 cocaethylene 

with and without 50 mM unlabeled ethanol. The ti/2 of cocaethylene increased by 
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~5-fold in the presence cjfethanol (13.0 ± 1.4 vs. 67.8 ±0.3 min., Table 2-1). The 

significant increase in Ua in the presence of ethanol is explained by the ethyl ester 

formation of additional cocaethylene. This is corrotxsrated by the extent of 

formation of ^Hs-cocaethylene fî om ^He-ethanol (Figure 2-10). The change in the 

cocaethylene concentration-time profile in the presence of ethanol (Figure 2-11) is 

Identical to the change noted when comparing unlabeled cocaethylene to total 

cocaethylene in the presence of labeled ethanol (Figure 2-10). The Un of 

unlabeled cocaethylene, 12.0 ±1.1 min (Table 2-1), increased to 72.3 ± 5.4 min 

(Table 2-1) for total cocaethylene (labeled and unlabeled) in the presence of ^He-

ethanol, a ~6-fold increase. 

Cocaethylene incubated in buffer only in the presence of ^He-ethanol did 

not generate any ^Hs-cocaethylene, ruling out any non-enzymatic 

transesterification. There was. however, evidence of non-enzymatic hydrolysis of 

cocaethylene. From a starting concentration of 50 iiM cocaethylene. there was a 

significant (p<0.05) decrease in concentration after 4 hr of incubation: aqueous 

buffer (41.5 ± 0.5 |iM); ethanol (41.6 |iM ± 1.4 nM); ^He-ethanol (42.9 ± 0.3 jaM) 

(Fig 2-12). 

Ethanol (50 mM) was assayed in rat S9 over the 4 hour incubation 

experiment in the presence of 50 cocaine or methylphenidate. The 

concentration-time profile of ethanol In rat S9 is Illustrated in Figure 2-13. the 
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levels of ethanol remained relatively constant but reduced to -80% (40 mM) of the 

original concentration after 4 hours of incubation. 

The incubation of cocaethylene was repeated in rat S9 to test the model 

under more physiologically relevant conditions and to profile the cartx}xylesterse-

mediated hydrolysis of cocaethylene to benzoylecgonine. The concentration-time 

profiles of unlabeled cocaethylene (2500 nM) in the presence of ^He-ethanol (50 

mM) and the formed ^Hs-cocaethylene are illustrated in Figure 2-14. These data 

clearly indicate that ethyl-ester exchange occurs between unlabeled cocaethylene 

and ^He-ethanol under physiologically relevant conditions in vitro. The Ua of 

unlabeled cocaethylene, 16.4 ± 0.6 min (Table 2-2), increased to 35.6 ± 1.6 min 

(Table 2-2) for total cocaethylene (labeled and unlabeled, dashed line) in the 

presence of ^He-ethanol, a ~2-fold increase. Figure 2-15 illustrates the in vitro 

disposition of 2500 nM cocaethylene with and without 50 mM ^He-ethanol (clear 

and solid circles, respectively) as well as the metabolite formation of 

benzoylecgonine with and without ^Hg-ethanol (clear and solid squares, 

respectively). The unlabeled cocaethylene concentration-time profiles with and 

without ^Hs-ethanol were similar (Figure 2-15) and no statistically significant 

differences between those profiles for ti/2 or AUG was demonstrated (Table 2-2; 

harmonic mean ti/2,16.4 ± 0.6 min. vs. 18.3 ±1.9 min.; mean AUG, 38413 ± 1101 

nM*min vs. 43062 ± 2238 nM*min). The extent of benzoylecgonine metabolite 

formation decreased in the presence of ^Hs-ethanol (Figure 2-15) significantly 
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reducing control AUC and CwAxfrom 8577T ± 3607 nM • min and 1685 ± 89 nM to 

44778 ± 872 nM • min and 1091 ± 44 nM, respectively. Incubation of cocaethylene 

(2500 nM) in buffer at 37 *̂0 resulted in an insignificant decrease of cocaethylene 

over a 4 hr period (Figure 2-16). Non-enzymatic hydrolysis of cocaethylene yielded 

an average benzoylecgonine concentration of less than 10 % of the original 

cocaethylene concentration (Figure 2-16). 

The experiments utilizing enzyme inhibitors yielded an "all or nothing" 

response. When cocaine or cocaethylene was incubated with S9 and ^He-ethanol 

in the presence of BNPP, a specific cartx)xylesterase inhibitor, no formation 

product, ^Hs-cocaethylene, was detected (Table 2-3). Therefore, BNPP, a specific 

carboxylesterase inhibitor, totally blocked the transesterification of cocaine an 

ethyl-ester exchange reaction of cocaethylene in the presence of ̂ Hs-ethanol. As 

expected, no ^Hg-cocaethylene was detected in the buffer condition [negative 

control], nor when saturated NaF, a non-specific esterase inhibitor, was added 

(Table 2-3). However, when physostigmine, a cholinesterase inhibitor, was added 

to the S9, ^He-ethanol and drug incubation mix, the formation product, ^Hs-

cocaethylene, was detected in relatively the same concentration as under positive 

control conditions (S9 with no inhibitors) (Table 2-3). Therefore, both the 

transesterification of cocaine and ethyl-ester exchange of cocaethylene is most 

likely catalyzed by the same carboxylesterase enzyme. 
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The concentration-time profile of cocaine in the presence of ethanol and the 

formed cocaethyiene in human S9 are illustrated in Figure 2-17. These data serve 

as a positive control for the human S9 model, demonstrating the transesterification 

of cocaine to cocaethyiene in the presence of ethanol. The in vitro half-life of 

cocaine was calculated by non-compartmental analysis utilizing WinNonlin  ̂and 

found to be 4.28 hr. In vitro data from Bailey (1994) who incubated cocaine for 6 

hr at ST'C at physiological concentrations in a gross human liver homogenate 

preparation was analyzed by WinNonlin"' and the half-life was calculated to be 

4.27 hr. 

For the enzyme kinetic analysis, the rate of ethyl-ester formation was 

measured at different substrate concentrations and the data fit to the Michaelis-

Menten equation with the aid of a hyperbolic regression computer analysis 

program. The apparent Km for cocaethyiene formation from cocaine and ethanol 

in rat S9 was 348.5 ±28.7 nM (Figure 2-18). When ^Hg-ethanol was substituted for 

ethanol, ^Hs-cocaethylene formation from cocaine yielded a Km value of 369.2 ± 

28.0 (Figure 2-19). Bonferroni's t-test determined that these two values were 

not significantly different from each other, ruling out a kinetic isotope effect as a 

result of the deuterated ethanol (Table 2-4). Vmax values for cocaethyiene and ^Hs-

cocaethylene fomriation fi'om cocaine substrate were 315.4 ± 8.6 and 322.6 ± 8.3 

pmol/ min/mg, respectively (Table 2-4). The apparent km and Vmax values for ^Hs-

cocaethylene formation from cocaethyiene and ̂ He-ethanol were 234.7 ± 26.2 îM 
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and 435.9 ± 14.7 pmol/min/mg, respectively (Figure 2-20). These values were 

significantly different from cocaine Km and Vmax values (p < 0.05) (Table 2-4). 

The apparent Km for cocaethylene formation from cocaine and ethanol in 

human S9 was 68.5 ± 5.8 {iM (Figure 2-21). When ^Hs-ethanol was substituted for 

ethanol, ̂ Hs-cocaethylene formation from cocaine yielded a kM value of 57.4 ± 4.5 

(iM (Figure 2-22). Bonferroni's t-test detemnined that these two values were not 

significantly different from each other, ruling out a kinetic isotope effect as a result 

of the deuterated ethanol (Table 2-4). Vmax values for cocaethylene and ^Hg-

cocaethylene formation from cocaine in human S9 were 13.2 ± 0.3 and 11.7 ± 0.2 

pmol/min/mg, respectively (Table 2-4). The apparent k** and Vmax values for ^Hg-

cocaethylene formation from cocaethylene and ^Hs-ethanol were 104.5 ± 26.2 iiM 

and 12.3 ± 0.9 pmol/min/mg, respectively (Figure 2-23). The apparent kM of the 

cocaethylene reaction (104.5 ± 26.2 îM ) was significantly different from the 

cocaine kM values (68.5 ± 5.8 and 57.4 ± 4.5 |iM ) (p < 0.05) (Table 2-4). There 

was no significant difference between the Vmax values of all three human S9 

experiments (Table 2-4). 
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Discussion 

The results of the present study support a wide body of scientific literature 

demonstrating the ethanolic transesterification of cocaine to cocaethylene (Heam 

et ai, 1991; Rafia and Epstein, 1979; Smith, 1984; Jatlow et al., 1991). When 

cocaine was incubated in rat or human S9 with ethanol, cocaethylene was formed. 

The incubation of cocaine for 4 hr with labeled ethanol served as a positive control 

for the rat S9 preparation. To determine if cocaethylene, the transesterification 

product of cocaine and ethanol, transesterifies in the presence of ethanol, labeled 

ethanol was used to monitor the ethyl-ester exchange. An additional experiment 

with unlabeled ethanol and cocaethylene was also performed to determine any 

pharmacokinetic changes. Measurable levels of ethyl-ester formation product (̂ Hs-

cocaethylene) were present after only 5 min of incubation at 3TC in both cocaine 

and cocaethylene drug incubation experiments with labeled ethanol (Figure 2-8, 

Figure 2-10). The presence of ^He-ethanol did not alter the hydrolysis rate of 

cocaine or cocaethylene even though the addition of deuterated ethanol provided 

an alternative and simultaneous pathway, the transesterification to 

cocaethylene (Table 2-1). This might appear to be inconsistent, since the 

disappearance of cocaine and cocaethylene in the control conditions is primarily 

due to hydrolysis to benzoylecgonine and metabolism to other metabolites {i.e., 

methylecgonine or ethylecgonine and norcocaine or norcocaethylene), while the 

disappearance of parent compound In the presence of ^He-ethanol involves an 
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additional pathway of formed ^Hrcocaethylene. However, the cartxsxylesterase 

enzyme is responsible for both the hydrolysis of cocaine or cocaethyiene to 

benzoylecgonine as well as the simultaneous transesterification to ^Hs-

cocaethylene. Since the disappearance of parent compound is approximately the 

same under both conditions, presumably less initial benzoylecgonine would be 

formed in the presence of ̂ He-ethanol to make up for the amount of parent going to 

^Hs-cocaethylene. Since benzoylecgonine was not measured in the initial drug 

incubation experiment, this hypothesis prompted us to repeat the experiment but 

this time simultaneously assaying for benzoylecgonine. 

The concentration-time profiles of cocaethyiene incubated with ethanol and 

^Hs-ethanol (Figures 2-10, 2-11 and 2-14) cleariy show that ethanolic 

transesterification occurs with cocaethyiene, the formed transesterification product 

of cocaine and ethanol. The consequence of this transesterification reaction is a 

prolonged half-life and decreased clearance of cocaethyiene when fijrther ethanol 

dosing occurs. The cocaethyiene rat S9 drug incubation data (Tables 2-1 and 2-2) 

demonstrated a significant increase in the half-life of total cocaethyiene whenever 

ethanol or ^He-ethanol was added. The transesterification that takes place can be 

described as an ethyl-ester exchange where the ethyl group from the ethanol 

molecule trades places with the carboxyl-ethyl group from the cocaethyiene 

molecule. A percentage of the cocaethyiene molecules participate in this 

exchange while another percentage of cocaethyiene molecules undergo hydrolytic 
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cleavage to the carboxylic acid, benzoylecgonine. Both of these processes, 

hydroiytic cleavage and ethanolic transesterification, are catalyzed by the same 

enzyme, cart)oxylesterase, and the addition of the alternative enzymatic pathway ( 

ethanolic transesterification) delays the loss of cocaethylene as well as the 

formation of t)enzoylecgonine (Figures 2-14 and 2-15). Ultimately, the 

cocaethylene that has exchanged with ethanol will be hydrolyzed to 

benzoylecgonine or participate in other metabolic processes {i.e., N-demethylation 

to norcocaethylene or esterase hydrolysis to ethylecgonine). In the example of 

cocaethylene incubated with deuterated ethanol, the amount of cocaethylene 

undergoing this ethyl exchange can be quantified by measuring deuterated 

cocaethylene (̂ Hg-cocaethylene). If the change of half-life and profile, as 

demonstrated by the addition of unlabeled ethanol to cocaethylene (Figure 2-11), 

is solely caused by the participation of cocaethylene in ethanolic transesterification 

then the total cocaethylene AUG (labeled + unlabeled cocaethylene) (Figure 2-10, 

dashed line) should equal the cocaethylene AUG in the presence of unlabeled 

ethanol. This was clearly the case as both total cocaethylene profiles, half-lives 

and AUGs were practically identical in the presence of ethanol and ̂ He-ethanol. 

The human S9 drug incubation proved to occur very slowly relative to the 

rat S9 experiments and meaningful in vitro pharmacokinetic data would have 

required at least 16 hr of incubation (-4 half-lives). After 8 hr of incubation the 

esterase activity as measured by methylumbelliferylacetate had significantly 



101 

dropped by -50% from 426 to 203 pmol/min/mg. (Figure 2-6). Therefore the rat S9 

time-course experiments were not repeated in human S9, however, human ku and 

Vmax experiments provided useful data to directly compare rat and human 

carboxylesterase activities. 

The results of the in vitro enzyme inhibition experiments indicate that the 

transesterification of cocaine and cocaethylene occur via a cartx})̂ lesterase-

mediated reaction. Carboxylesterase enzymes are a class of enzymes belonging 

to the family of microsomal 6-esterases which are membrane-associated proteins 

located on the cytosolic side of the endoplasmic reticulum (Akao and Omura, 

1972). The sensitivity of microsomal B-esterases to physostigmine determines the 

enzyme class; cholinesterases, those that are inhibited by physostigmine; or 

carboxylesterase, those which are insensitive to physostigmine (Heymann, 1980). 

Our results indicated that the transesterification of cocaine and the ethyl-ester 

exchange reaction of cocaethylene were not inhibited by physostigmine (100 (iM), 

thus, supporting the role of a carboxylesterase-mediated reaction. Furthermore, 

BNPP (100 nM), a specific cartx)xylesterase inhibitor and NaF, a non-specific 

esterase inhibitor, totally blocked the transesterification of cocaine and 

cocaethylene. Our results of inhibition of cocaine transesterification are also 

consistent with the findings of others. Boyer and Petersen (1991) found 

physostigmine (100 ^M) to be ineffective in inhibiting the transesterification rate of 

cocaine to cocaethylene in mice microsomes but did show two non-specific B-
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esterase inhibitors diisopropyifluorophosphate (DIFP) (50 mM) and NaF (5 mg/mi) 

to dramatically slow the rate of cocaethylene formation (Boyer and Petersen, 

1991). 

The cartsoxylesterase transesterification reactions performed in this study 

obeyed simple Michaelis-Menten kinetics. The apparent Km values for cocaine, 

when cocaine and ethanol were combined to form cocaethylene, in human and rat 

liver S9 were 68.5 and 348.5 |iM, respectively. Brzezinski et ai (1994) reported a 

KM value of 116 ^M for cocaine ethanolic transesterification in a purified human 

carboxylesterase enzyme preparation. The cocaine KM value of 68.5 (iM in a 

human S9 liver preparation is similar to and of the same order of magnitude as the 

KM value of 116 measured in purified human carboxylesterase enzyme. Boyer 

and Petersen (1991) reported an apparent KM of 864 |iM for cocaine incubated In 

the presence of ethanol in mice microsomes. The value of 348.5 iilV! In the rat Is 

between the mouse and human Km values. 

Deuterated ethanol was primarily used to measure the enzyme kinetics of 

cocaethylene in the presence of ethanol. To determine whether this would effect 

the Michaelis-Menten enzyme kinetics of the S9 compared with the unlabeled 

ethanol, {i.e., isotope effect), the cocaine Km and Vmax experiments were repeated 

with deuterated ethanol. In both the human and rat S9 preparations the 

substitution of ethanol with ^He-ethanol did not dramatically alter the apparent Km 

and Vmax values for cocaine transesterification reactions. In humans the apparent 
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Km value for cocaine changed form 68.5 to 57.4 and in rats the Km value for 

cocaine changed firom 348.5 to 369.2 with deuterated ethanol substitution, in 

the labeled ethanol and rat S9 preparation the Km value of cocaethylene (234.7 

liM) was significantly lower than the Km value of cocaine (369.2 ^M). The Vmax 

values for cocaine and cocaethylene deuterated ethanolic transesterification were 

322.6 and 435.9 pmol/min/mg respectively. From these data it appears that the rat 

carboxylesterase more efficiently catalyzes the ethanolic transesterification of 

cocaethylene than cocaine. The lower Km value (234.7 vs 369.2 |iM) indicates that 

the enzyme has a greater affinity towards cocaethylene than cocaine with respect 

to ethanolic transesterification. The higher Vmax (435.9 vs 322.6 pmol/min/mg) 

indicates a more rapid transesterification of cocaethylene than cocaine under 

similar conditions of substrate concentrations. These conclusions are further 

corroborated by analysis of the concentration-time data of cocaine and ^Hs-

cocaethylene in the cocaine and cocaethylene experiment with labeled ethanol 

(Figures 2-8 and 2-10). The hydrolysis and simultaneous rate of ^Hs-cocaethylene 

formation is slower when cocaine is incubated than when cocaethylene is 

incubated with ̂ He-ethanol. In addition, higher concentrations of ̂ Hs-cocaethylene 

are achieved with cocaethylene as the substrate versus cocaine (Figures 2-8 and 

2-10). In the human enzyme kinetic experiments almost the opposite occurred. 

The apparent Icm value of cocaethylene (104.5 ^M) was significantly higher than 

the apparent Icm for cocaine (57.4 nM), indicating greater catalytic efficiency for 
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cocaine transesterrfication than cocaethylene transesterrfication. The Vmax values 

for cocaine and cocaethylene transesterrfication, 11.7 and 12.3 pmol/min/mg, 

respectively, were not significantly different from each other. Comparing across 

species, the human apparent Km values were significantly lower than the rat by 

about a factor of 3. This might indicate that the human carboxylesterase has a 

greater affinity for both cocaine and cocaethylene than the rat cartjoxylesterase 

during ethanolic transesterification reactions. However, the rat Vmax values were 

dramatically higher than the human Vmax values by a factor of about 25-fold. This 

would indicate a much more rapid transesterification of drug in the rat preparation 

than in the human. This is corroborated by comparing the concentration-time 

profiles of cocaine and cocaethylene in the rat and human S9 preparation where 

the rate of hydrolysis and simultaneous rate of cocaethylene formation was slower 

in the human than in the rat S9 preparation (Figures 2-21 and 2-18). 

The most important and novel aspect of this study is the observation that 

cocaethylene undergoes ethyl-ester exchange in the presence of ethanol. The 

prolonged half-life and reduced clearance of cocaethylene in the presence of 

ethanol is not an indication of altered metabolic clearance due to ethanol 

interaction with metabolizing enzymes. That conclusion is supported by the 

observation that control cocaethylene {i.e., no ethanol. Figure 2-11) and unlabeled 

cocaethylene in the presence of ^He-ethanol (Figure 2-10) both underwent rapid 

and neariy-identical elimination (Table 2-1). Rather, a reversible metabolic system 

is established with an excess of ethanol providing a substrate pool of an 
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exchangeable ethyl group. This process would be expressed in a clinical setting 

as prolonged cocaethylene elimination in the presence of ethanol after 

cocaethylene has been formed by transesterification. Continued ethanol ingestion 

should further prolong the pharmacological and toxicological effects of the formed 

cocaethylene. 
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TABLE 2-1 
Cocaine (COC) and cocaethylene (CE) metabolism in the rat liver 9,000g 

(S9) fraction in the absence and presence of ethanol or ̂ Hc-ethanol. 

Experiment 11/2 (min)* AUG (uM'min)' 

COC Control 39.3 ± 6.2 2050 ± 452 

COC + ̂ He-Ethanol: 
COC 41.1 ±5.9 2268 + 670 
^Hs-CE 103.7 ± 6.1 2683 ± 947 

CE Control 13.0 ± 1.4 1001 ± 128 
(no ethanol) 

CE + Ethanol 67.8 ± 0.3" 3806 ± 416" 

CE + ̂ He-Ethanol; 
CE 12.0 ±1.1 818 ±110 
^Hs-CE 79.0 ± 4.8" 3572 ± 621" 
Total CE 72.3 ± 5.4" 4308 ± 718" 

' Average ti/2 expressed as the harmonic mean and "pseudo" standard 
deviation of 3 separate experiments. AUCs are reported as the arithmetic 
mean of 3 separate experiments ± the standard deviation. 

" Statistically significant difference from CE control condition, p < .05, 
Bonferroni's t-test 
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TABLE 2-2 
Cocaethylene (CE) and benzoylecgonine (BE) metabolism (0-60 min) 
at physiological concentrations in the rat liver 9,000g (S9) Action in 

the absence and presence of ^He-ethanol. 

Experiment t (min)* AUC (nM*min)* CmaxChM) 

CE Control 
CE 18.3 ±1.9 43062 ± 2238 
BE 85777 ± 3607 1685 ±89 

CE + ̂ Hs-Ethanol: 
CE 16.4 ± 0.6 38413 ± 1101 
H-CE 27083 ± 49 512 ±9 
Total CE 35.6 ±1.6" 91395 ± 718" 
BE 44778 ± 872" 1091 ±44" 

' Average Utz expressed as the hamnonic mean and "pseudo" standard 
deviation of 3 separate experiments. AUCs are reported as arithmetic 
mean of 3 separate experiments ± the standard deviation. 

" Statistically significant difference from CE control condition , p < .05, 
Bonfenroni's t-test 
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TABLE 2-3 
Cocaine {COC) (50 ̂ M) or cocaethylene (CE) (50 ̂ M) 

incubated at 3TC with rat S9(or buffer) and 'Hs-ethanol (50mM) 
in the presence of specific and non-specific esterase inhibitors 

COC(̂ M)' ^Hs-CE(mM)* 
Condition Omin 30 min Omin 30 min 

S9 [Control] 39.6 31.0 n.d. 6.0 

Buffer Only 42.8 44.3 n.d n.d. 

S9 + NaF 39.9 42.8 n.d. n.d. 

S9 + Physo 41.1 34.2 n.d. 7.8 

S9 + BNPP 39.3 38.9 n.d. n.d 

Condition 0 min 
CE(̂ M)' 

30 min 
'H5-CE(HM)'' 

0 min 30 min 

S9 [Control] 40.0 2.5 ±.06 n.d. 11.9±0.2 

Buffer Only 40.2 36.5 ±1.4 n.d n.d. 

S9 + NaF 39.3 34.1 ±1.9 n.d. n.d. 

S9 + Physo" 39.1 2.8 ±0.2 n.d. 11.7±0.6 

S9 + BNPP" 38.4 33.7 ±1.3 n.d. n.d 

 ̂Concentration reported is from a single sample 

Concentration reported is the arithmetic mean of 3 separate samples ± the 
standard deviation 

 ̂Physo = physostigmine 

** BNPP = bis-nitrophenyl phosphate 

n.d. = none detected 
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TABLE 2-4 
kiwand Vmax values in rat and human S9 

for ethyl-ester formation products of cocaine (COC) and cocaethylene (CE) 
in the presence of ethanol (EtOH) or̂ He-ethanol (̂ He-EtOH) 

Experiment KM" 

jtiML 
Vmax' 

(pmol/min/mg) 
RATS9 

COC->CE 
(COC + EtOH) 

COC-̂ ^Hs-CE 
(COC + ^He-EtOH) 

CE ^Hs-CE 
(CE + ^Hs-EtOH) 

348-5 ±28.7 

369.2 ±28.0 

234.7 ±26.2" 

315.4 ±8.6 

322.6 ±8.3 

435.9 ±14.7" 

HUMAN S9 

COC->CE 
(COC + EtOH) 

C0C->'H5-CE 
(COC + ^He-EtOH) 

CE-̂ ^Hs-CE 
(CE + ^Hs-EtOH) 

68.5 ±5.8 

57.4 ±4.5 

104.5 ±26.2'' 

13.2 ±0.3 

11.7±0.2 

12.3 ±0.9 

Km and Vmax values are reported as the arithmetic mean of 3 separate 
experiments ± the standard deviation. 

in Statistically significant difference from rat S9 control (COC + EtOH) value, 
(p < 0.05), Bonferroni's t-test 

' Statistically significant difference from human 89 control (COC + EtOH) value, 
(p < 0.05), Bonferroni's t-test 
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Figure 2-1. Carboxylesterase-mediated hydrolysis and transesterification of cocaine and cocaethylene 
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Figure 2-2. Full mass spectrum of cocaine. Cocaine (100 ng/(iL in methanol) 

was injected (2 ^L) into a Hewlett Packard 5980 / 5972 gas chromatograph / 

mass selective detector (GC/MSD). The GC/MSD was set in a full scan mode 

from 40 to 400 atomic mass units (amu). 
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Figure 2-3. Full mass spectrum of cocaethylene. Cocaethylene (100 ng/̂ L in 

methanol) was injected (2 nL) Into a Hewlett Packard 5980 / 5972 gas 

chromatograph / mass selective detector (GC/MSD). The GC/MSD was set in 

a full scan mode from 40 to 400 atomic mass units (amu). 
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Figure 2-4. Full mass spectrum of ^Hs-cocaethylene. Cocaethylene (50 (iM) 

and ^He-ethanol (50mM) were incubated in rat S9, extracted via solid phase 

extraction and the extract was injected (2 ^L) into a Hewlett Packard 5980 / 

5972 gas chromatograph / mass selective detector (GC/MSD). The GC/MSD 

was set in a full scan mode from 40 to 400 atomic mass units (amu). 
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Figure 2-5. Esterase activity, measured with 4-methylumbeiliferyi acetate, in rat 

liver preparation supernatant 9,000 (S9) after 0, 1,2, and 4 hours of incubation at 

ZTC. After each incubation time, triplicate measurements were conducted and 

the mean concentration rate is depicted. The mean esterase activity 

measurements were 304.9 ± 4.1, 303.2 ± 14.3, 293.2 ± 12.6 and 272.5 ± 4.8 

nmol/min/mg after 0, 1,2, and 4 hr incubation, respectively. The cross-hatched 

vertical bars represent the standard deviation of the mean. (*) - After 4 hrs of 

incubation the average rate of esterase activity was significantly different from the 

control condition (time 0) (p< 0.06), Bonferroni's t-test. 
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Figure 2-6. Esterase activity, measured with 4-methylumbelliferyl acetate, of 

human liver preparation supernatant 9,000 (S9) after 0, 2, 4, 8 asnd 20 hours of 

incubation at 37^C. Esterase activity values were 426, 393, 345, 203, and 103 

nmol/min/mg after 0,2,4, 8 and 20 hr incubation, respectively. 
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Figure 2-7. Cocaine and ^Hs-cocaethylene concentrations as a function of time 

Cocaine (50 ^M) and ethanoi (50 mM) were incubated in rat liver 9,000g 

supernatant fraction for 4 hr at 37*'C under static and shaking incubator conditions. 

Cocaine (•) and formed cocaethylene (•) under static conditions. Cocaine (o) 

and fomied cocaethylene (Q) under shaking conditions. 
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Figure 2-8. Cocaine and ^Hs-cocaethylene concentrations as a function of time 

Cocaine (50 ^M) was incuisated in rat liver 9,000g supernatant fraction for 4 hr at 

37°C. Cocaine concentrations as a function of time incubated in rat S9 alone 

[control] (•). Cocaine concentrations in the presence of ^He-ethanol (51.3 mM) 

(•) and the resulting concentrations of fonned ̂ Hs-cocaethylene (A). Each value 

Is the mean of 3 experiments and the cross-hatched vertical bars represent the 

standard deviation of the mean. 
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Figure 2-9. Gas Chromatography / Mass Selective Detector (GC/MSD) 

Selected Ion Monitoring (SIM) data showing the Fonnation of ^Hs-cocaethylene 

from the incubation of cocaethylene and ^He-ethanol in rat liver 9,000g 

supernatant fraction. A. Time 0: only cocaethylene ( m/i 82, 196, and 317) is 

present. B. Time 10 min; ^Hs-cocaethylene (m/i 82, 201, and 322) is present in 

less abundance than cocaethylene. C. Time 15 min; ^Hs-cocaethylene Is 

present in greater abundance than cocaethylene. D. Tme 60 min; only ^Hs-

cocaethylene is present. 
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Figure 2-10. Cocaethylene and ^Hs-cocaethylene concentrations as a function of 

time. Cocaethylene (50 ̂ M) was incubated in rat liver 9,000g supernatant fraction 

for 4 hr at 37^C. Unlabeled cocaethylene concentrations (•) in the presence of 

^He-ethanol (51.3 mM) and the resulting concentrations of formed ̂ Hg-cocaethylene 

(•). Total cocaethylene concentrations (•) (cocaethylene ^Hs-cocaethylene) in 

the presence of ^He-ethanol are shown with the dashed line. Each value is the 

mean of 3 experiments and ttie cross-hatched vertical bars represent the standard 

deviation of the mean. 
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Figure 2-11. Cocaethylene concentrations as a function of time. Cocaethylene (50 

fxM) was incubated in rat liver 9,000g supematant fraction for 4 hr at 37°C. 

Cocaethylene concentrations as a function of time in the absence (•) and 

presence of ethanol (50 mM) (•). Each value is the mean of 3 experiments and 

the cross-hatched vertical bars represent the standard deviation of the mean. 
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Figure 2-12. Nonezymatic hydrolysis of cocaethylene in pH 7.4 buffer at 37^C for 4 

hr. Cocaethylene (50 ^M) was incubated in pH 7.4 buffer only (•), buffer ethanol 

(50 mM) (•), and buffer + ̂ He-ethanol (50 mM) (•). Each value is the mean of 3 

experiments and the cross-hatched vertical bars represent the standard deviation of 

the mean. 
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Figure 2-13. Rat liver supernatant 9,000g (S9) ethanol concentrations as a 

function of incubation time. Ethanol was measured by gas chromatography at 

various times from the incubation of cocaine (50 ^M) with ethanol (50 mM) (•) 

and methylphenidate (50 nM) with ethanol (50 mM) (•) in rat S9 at 37®C for 

4hr. 
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Figure 2-14. Cocaethylene (CE) and ^Hs-cocaethylene (̂ Hs-CE) 

concentrations as a function of time. CE (2500 nM) was incubated in rat liver 

9.000g supernatant (S9) fraction for 4 hr at 37°C. Unlabeled CE concentrations 

(•) In the presence of ^He-ethanol (̂ He-EtOH) (50 mM) and the resulting 

concentrations of formed ^Hs-CE (A). Total CE concentrations (CP) (CE + ^Hs-

CE) in the presence of ̂ He-EtOH are shown with the dashed line. Each value is 

the mean of 3 experiments and the cross-hatched vertical bars represent the 

standard deviation of the mean. 
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Figure 2-15. Unlabeled cocaethylene (CE) and benzoylecgonine (BE) 

concentrations as a function of time. CE (2500 nM) was incubated in rat liver 

9,000g supernatant (S9) fraction for 4 hr at 37°C with and without ^He-ethanol 

(̂ Hs-EtOH). CE (•) and BE (•) concentrations under control conditions [no 

ethanoi]. Unlabeled CE concentrations (o) in the presence of ^He-EtOH (50 

mM) and the resulting concentrations of formed BE (•). Each value is the mean 

of 3 experiments and the cross-hatched vertical bars represent the standard 

deviation of the mean. 
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Figure 2-16. Cocaethylene (•) and benzoylecgonine (•) concentrations as a 

function of time. Cocaethylene (2500 nM) was incubated in pH 7.4 buffer for 4 

hr at 37''C. Each value is the mean of 3 experiments and the cross-hatched 

vertical bars represent the standard deviation of the mean. 
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Figure 2-17. Cocaine (•) and cocaethylene (•) concentrations as a function of 

time. Cocaine (50 iiM) and ethanol (50 mM) were incubated in human liver 

supernatant 9,000g (S9) firaction for 4 hr at 37°C. 
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Figure 2-18. Rate of cocaethylene (CE) formation as a function of cocaine (COC) 

concentration for detennination of ku and Vmax values. COC and ethanol (EtOH) 

were incubated in rat liver 9,000gf supernatant fraction at S/'C for 10 min. CE 

formed in the presence of COC (10 - 2500 îM) and EtOH (50 mM): Km = 348.5 ± 

28.7 nM; Vmax = 315.4 ± 8.6 pmol/min/mg. The top horizontal dotted line is 

positioned at Vmax and the tx>ttom horizontal and vertical dotted lines are placed at 

1/2 Vmax and Km , respectively. 
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Figure 2-19. Rate of ̂ Hs-cocaethylene (̂ Hs-CE) formation as a function of cocaine 

(COG) concentration for detemination of Km and Vmax values. COG and ̂ Hs-ethanol 

(̂ He-EtOH) were incubated in rat liver 9,000g supernatant fraction at 37°G for 10 

min. ^Hs-GE formed in the presence of GOG (10 - 2500 ^M) and ^He-EtOH (50 

mM): kw = 369.2 ± 28.0 nM; Vmax = 322.6 ± 8.3 pmol/min/mg. The top horizontal 

dotted line is positioned at Vmax and the bottom horizontal and vertical dotted lines 

are placed at 1/2 VMAX and KM . respectively. 
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Figure 2-20. Rate of ^Hs-cocaethylene (̂ Hs-CE) formation as a function of 

cocaethylene (CE) concentration for detemination of Km and Vmax values. CE and 

^He-ethanol (̂ Hs-EtOH) were incubated in rat liver 9,000g supernatant fraction at 

37®C for 10 min. ^Hs-CE formed in the presence of CE (10 - 2500 jiM) and ^He-

EtOH (50 mM): Km = 234.7 ± 26.2 ixM; Vmax = 435.9 ± 14.7 pmol/min/mg. The top 

horizontal dotted line is positioned at Vuax and the bottom honzontal and vertical 

dotted lines are placed at 1  ̂Vmax and Km, respectively. 
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Figure 2-21. Rate of cocaethyiene (CE) formation as a function of cocaine (COC) 

concentration for determination of Km and Vmax values. COC and ethanol (EtOH) 

were incubated in human liver 9,000g supernatant fraction at S/'C for 15 min. CE 

formed in the presence of COC (12.5 - 1000 nM) and EtOH (50 mM): Km = 68.5 ± 

5.8 fiM; Vmax = 13.2 ±0.3 pmol/min/mg. The top horizontal dotted line is positioned 

at Vmax and the bottom horizontal and vertical dotted lines are placed at 1/2 Vmax 

and Km , respectively. 
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Figure 2-22. Rate of ̂ Hs-cocaethylene (̂ Hs-CE) formation as a function of cocaine 

(COC) concentration for determination of Rm and Vmax values. COG and ^Hs-

ethanol (̂ He-EtOH) were incubated in human liver 9,000g supernatant fî action at 

37°C for 15 min. ̂ Hg-CE formed in the presence of COC (12.5 - 1000 nM) and ^He-

EtOH (50 mM): Km = 57.4 ± 4.5 nM; Vmax = 11-7 ±0.2 pmol/min/mg. The top 

horizontal dotted line is positioned at Vmax and the bottom horizontal and vertical 

dotted lines are placed at 1/2 Vmax and Km , respectively. 
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Figure 2-23. Rate of ^Hs-cocaethylene (̂ Hs-CE) formation as a function of 

cocaethylene (CE) concentration for determination of Km and Vmax values. CE and 

^He-ethanol (̂ He-EtOH) were incubated in human liver 9,000g supernatant fraction 

at 37°C for 15 min. ̂ Hs-CE formed in the presence of CE (12.5 -1000 ̂ M) and ̂ Hg-

EtOH (50 mM): Km = 104.5 ± 26.2 piM; Vmax = 12.3 ± 0.9 pmol/min/mg. The top 

horizontal dotted line is positioned at Vmax and the tx)ttom horizontal and vertical 

dotted lines are placed at 1/2 Vmax and Km . respectively. 
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CHAPTER III !N VITRO AND IN VIVO TRANSESTERIFICATION OF 

MEPERIDINE IN THE PRESENCE OF ETHANOL 

Introduction 

The transesterification of cocaine (benzoylmethylecgonine) to 

cocaethylene (benzoylethylecgonine) in the presence of ethanol involves the 

participation of microsomal carboxylesterase enzymes in mice, rats and 

humans (Boyer and Petersen, 1992; Bourland et a!., 1997; Brzezinski et ai, 

1994). The same microsomal carboxylesterase enzyme active in 

transesterification also catalyzes the hydrolytic cleavage of a number of 

carboxyl-ester-containing compounds (Yeh and Krebs, 1979; Williams, 1985; 

McCracken eta!., 1992; RobbI and Beaufay, 1994). It is likely therefore, that a 

number of compounds, other than cocaine, may possess the ability to undergo 

ethanolic transesterification. We have hypothesized that meperidine 

(Demerol®) a commonly prescribed narcotic analgesic containing an ethyl-ester 

moiety is capable of transesterification in the presence of ethanol. Meperidine 

is metabolized to normeperidine by oxidative N-demethylation and undergoes 

rapid carboxylesterase-mediated hydrolysis to meperidinic acid (Plotnikoff et 

ai, 1956, Lotti et al., 1983; Babiak et a/., 1984; Luttrell and Castle, 1988) 

(Figure 3-1). The transesterification of meperidine would involve the exchange 

of a carboxyl-ethyl group for the ethyl group of ethanol and, therefore, no 
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change in molecular structure (Figure 3-2). This would result in additional 

meperidine being formed and a potential alteration of pharmacokinetics when 

comparing concentration-time profiles of meperidine given alone with 

meperidine administered with ethanol. 

The purpose of the present study was four-fold. First, determine if 

meperidine undergoes ethanolic transesterification under in vitro and in vivo 

conditions. Second, determine any in vitro and in vivo pharmacokinetic 

differences due to the transesterification of meperidine in the presence of 

ethanol. A third aim of this study was to detennine the role of carboxylesterase 

enzyme in the transesterification reaction with the use of certain enzyme 

inhibitors. The fourth aim was to compare carboxylesterase activity of 

meperidine in rat and human S9 by measuring the KM and VMAX values of each 

transesterification reaction. 
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Methods 

Chemicals 

Meperidine HCL, normeperidine HCL and phencyclidine HCL were 

provided by Research Triangle Institute (Research Triangle Park, NC) through 

the generosity of the National Institute on Drug Abuse. Ethanol (absolute ethyl 

alcohol) was purchased from Quantum Chemical Corporation, USI Division 

(Tuscola, IL). Tropacocaine HCL, ^He-ethanol (ethyl-c/s-alcohol-d). 

physostigmine (eserine) and bis-(p-nitrophenyl)phosphate (BNPP) were 

purchased from Sigma Chemical Co. (St. Louis, MO). 

Drug incubation 

Rat liver 89 was prepared as previously described in Chapter II 

(Methods, "Rat liver S9 preparation"). Protein concentration and esterase 

activity of the rat S9 was determined as described in Chapter II (Methods, 

Protein Concentration and Esterase Ensjyme Activity). On the day of the 

incubation experiment, 1 mL aliquots of 100 nM solutions of meperidine in 

methanol were evaporated to dryness in a SpeedVac® (Savant, Farmingdale, 

NY). The dry test tubes were reconstituted with 0.9 mL of 70 mM pH 7.4 

KH2PO4 buffer solution and 0.1 mL of either deionized H2O [control] or, 5.86% 

v/v ̂ He-ethanol, or 5.86% v/v ethanol. At the start of the incubation experiment, 

1 mL of 9,000g liver supernatant (S9) was added to each vial containing 
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control, ethanol or ^Hg-ethanol solution (total volume 2 mL), the vials capped, 

and placed into a 37°C water bath. The final concentrations in each vial were 

50 |iM of drug with buffer (control) or 50 mM ethanol or 51.3 mM ^He-ethanol. 

Ten samples of 100 each were taken from each tube at the following times; 

0, 5, 10, 15, 30, 45, 60, 120, 180 and 240 min. The 100 nL samples were 

Immediately transferred to a vial (placed on Ice) containing 100 piL of saturated 

NaF to halt enzyme activity. All experiments were conducted In triplicate and 

performed using a single homogenate preparation obtained from the livers of 4 

rats. 

Esterase inhibition experiment 

To determine the involvement of the carboxylesterase enzyme in the 

ethanollc transesterification of meperidine, rat S9, meperidine and ^He-ethanol 

(51.3 mM) were incubated In the presence and absence of various specific and 

non-specific esterase Inhibitors. Rat S9 In pH 7.4 buffer solution ( 0.8 mL) 

was combined with 0.1 mL of 2.87 % v/v ^Hs-ethanol and either 0.1 mL of H2O 

[positive control], or 0.1 mL saturated NaF (a non-specific esterase Inhibitor) In 

H2O, or 0.1 mL physostlgmine, a specific cholinesterase Inhibitor, (1000 In 

H20), or 0.1 mL bis-(p-nitrophenyl) phosphate (BNPP), a specific 

carboxylesterase Inhibitor (1000 jiM in H2O). Final Inhibitor concentrations 

were 100 iiM for physostlgmine and BNPP and 10% saturated solution for NaF. 
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In addition, a negative control solution was made containing 0.8 mL of pH 7.4 

buffer, 0.1 mL of H2O, and 0.1 mL of 2.87 % v/v ^He-ethanol. Glass tubes 

containing 100 (iL each of 50 |iM meperidine methanolic solution were 

evaporated to dryness. Exactly 100 ^L of each S9 and buffer solution was 

added to each tube and incubated at 37^0. Samples at time 0 and 30 min 

were collected for each of the five conditions (with and without ^He-ethanol). 

The reactions were stopped by the addition of 100 ^L of saturated NaF and 

placing the tube on ice. 

Enzyme kinetics 

The Km and Vmax values for the ethanolic transesterification of 

meperidine were obtained from triplicate assays with rat S9 incubated with 11 

different concentrations of substrate for 10 min at 37®C. Reactions were 

stopped by transferring 100 ^L aliquots of S9 into cold (on ice) 650 ̂ L capacity 

microtubes (Phenix Research Products, Hayward, CA) containing 100 nL of 

saturated NaF solution. The concentration of ̂ Hs-ethanol was kept constant at 

50 mM (a physiologically relevant concentration equal to 0.230 g/100 mL 

ethanol) and the meperidine concentrations ranged from 10 to 20,000 nM. 

Meperidine concentrations were assayed and the rate of formation determined 

by dividing by the incubation time and protein concentration. Substrate 

concentrations (|iM) and rate (pmol/min/mg), in triplicate, were plotted utilizing 
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a hyperbolic regression analysis computer program which calculated Km and 

Vmax values (Easterby, 1992). 

Human S9 was prepared as previously described in Chapter II 

(Methods, "Human liver S9 preparation"). The Km and Vmax experiment was 

repeated in human S9 with a few modifications from the above procedure. The 

incubation time was changed from 10 to 15 min to allow detectable amounts of 

ethyl-ester formation product and 7 instead of 11 substrate concentrations 

ranging from 250 to 20,000 were used. All other aspects of the experiment 

were identical to the rat S9 KM and VMAX determinations. 

In Vivo jugular vein cannulation surgery 

Male rats (275-350g) ( Harlan Sprague-Dawley, Inc., Indianapolis, IN) 

were fed with a standard lab chow and allowed to acclimate to their 

environment one week prior to the start of the in vivo study. The surgical 

procedure for inserting the jugular vein cannula was adapted from Weeks and 

Davis, (1964). Prior to surgery a cannula was constructed of PE 50 

polyethylene tubing (Becton Dickinson, Sparks, MD) (--20 cm length) 

connected to silastic® tubing (0.02 in. ID x 0.037 in. OD) (- 5 cm length) via a 

~4 mm piece of 22 gauge needle. The longer polyethylene tubing was pulled 

to 3/4 length of the metal 22 gauge needle piece and then the more flexible 

silastic tubing was pulled over the metal piece and polyethylene tubing. The 
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overlapping tubing was anchored to the metal insert by tying with thin black 

braided surgical silk suture (size 1.5 |im) (Deknatel, Inc., Fall River, MA). The 

length of the silastic tubing from the end of the metal piece to the end of the 

silastic tubing was cut to exactly 31 mm at a 45 degree angle creating a 

beveled end to the tubing that would ultimately be inserted into the rat's right 

external jugular vein. The constructed cannula was then attached to a 1 mL 

syringe filled with sterile saline solution (0.9 % NaCI, Baxter, Oeerfield, IL) and 

was flushed with saline solution. Rats were removed from their home cage and 

momentarily placed into an ether chamber until difficulty maintaining balance 

and sleep were observed. After being removed from the ether chamber an i.p. 

injection of ketamine HCI (70 mg/Kg) (Ketaset®, Fort dodge Laboratories, Fort 

Dodge, lA) and xylazine (10 mg/kg) (Anased®, Lloyd Laboratories, 

Shenandoah, lA) were administered. Rats were then returned to home cages 

for about 10-15 min to achieve full anesthesia. Fully anesthetized rats were 

shaven with an electric razor to remove hair from the dorsal mid scapular 

region and ventral right neck area. Sterile procedures were followed 

throughout the surgery utilizing autoclaved surgical tools and the surgeon was 

equipped with sterile disposable gloves, a surgical mask and lab coat. Both 

shaved areas of the rat were thoroughly scrubbed with betadine solution. The 

rat was then laid flat on its stomach with its head facing away from the surgeon 

and a small longitudinal skin incision (̂ 1/2 inch) was made in the mid scapular 
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region (in the middle of the two shoulder blades) to allow exteriorization of the 

inserted cannula. A piece of gauze was then placed over the incision and the 

rat was turned on its back with its head towards the surgeon. To locate the 

right external jugular vein prior to cutting, a small pulse in the right neck area 

was located. A small longitudinal incision (->- 1/2 inch) was made directly 

above the area of the pulse. Using 2 sets of forceps, the outer subcutaneous 

tissue was carefully torn and pulled back to reveal the location of the external 

right jugular vein. The cannula was pulled from outside the dorsal incision to 

the ventral incision by passing subcutaneously a stainless steel probe with eye 

(George Tiemann, Company, Hauppauge, NY) from the ventral incision to 

outside the dorsal incision, attaching the cannula in the eye of the probe, and 

then pulling the probe and cannula back through to the location of the right 

external jugular vein. A section of the right exterior jugular vein was isolated by 

slightly lifting it up with a metal probe and creating space under and around the 

vein. Two pieces of suturing thread, approximately 15 cm in length, were 

placed at top and bottom locations of the isolated jugular vein. A small 

puncture was made of the exposed jugular vein with closed ultra-fine forceps 

(Dumoxel 7, A. Dumont & Fils, Switzerland) and the forceps spread open 

widening the opening to insert the beveled end of the cannula. The beveled 

end of the cannula was inserted into the jugular vein and carefully pushed 

towards the direction of the heart -31 mm, the length from the end of the 

flexible tubing to the middle of the metal 4 mm piece. The top part of the 
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jugular vein was tied off and the cannula was securely tied to the jugular vein 

using the metal insert as an anchor. During this process, patency of the 

cannula was tested by dispensing and aspirating saline via the disposable 

syringe attached to the exteriorized portion of the cannula. The cannula was 

further anchored by attaching (via thread) onto nearby muscle. After the 

cannula was securely fastened and patent the ventral incision was sewn first 

by closing the inward subcutaneous skin and facia with thin surgical silk suture 

(1.5 |im) and then sewing up the outer skin with thick surgical silk suture (3.0 

l̂ m). The rat was then placed on its stomach and the dorsal incision was 

closed with thick suture. The tubing was detached from the 1 mL syringe, cut 

with scissors and the exteriorized end of the cannula was plugged with a metal 

straight pin. Enough tubing (-10 cm) was left outside of the rat to allow easy 

manipulation for sampling blood but not enough to allow destruction by the rat's 

biting or pulling. Rats were then cleaned with soap and water, dried, and 

allowed to recover for 48 hrs in their home cage prior to dosing and sampling of 

blood. 

In Vivo experiment 

One day before the in vivo experiment, rats were placed into metabolic 

cages and fasted overnight with unlimited access to water. The rats were 

divided into three groups: one receiving an oral dose of H2O and meperidine 
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(15 mg/Kg) i.p. [control group]; one receiving an oral dose of ethanol (1.5 g/Kg) 

and meperidine (15 mg/Kg) i.p. [experimental group 1]; and one receiving an 

oral dose of ^He-ethanol (1.5 g/Kg) and meperidine (15 mg/Kg) i.p. 

[experimental group 2]. A sample of blood (300 ^L) was collected from each 

rat the morning of the experiment after being weighed. Rats were removed 

and then returned to the metabolic cages after receiving H2O [control group] or 

33% v/v ethanol (1.5 g/Kg) [experimental group 1] or 33% v/v ^Hs-ethanol (1.5 

g/Kg) [experimental group 2] by oral gavage. One sample of blood (100 ^L) 

was collected 15 minutes after oral dosing for analysis of whole blood ethanol 

or ^Hs-ethanol. Thirty min after oral dosing, rats were again removed from the 

metabolic cages and then returned after an i.p. injection of meperidine (15 

mg/Kg) in saline. Blood (0.3 mL) was collected via the jugular vein cannula at 

times 5, 10, 20, 30. 60, 90, 120, 180 and 240 min post drug injection. The 

blood was placed into 650 |iL conical microtubes (Phenix Research Products, 

Hayward, CA) each containing evaporated saturated NaF solution (30 ^L) and 

vortexed for 5 sec. Exactly 75 jiL of whole rat blood was removed from the 

NaF microtubes and transferred to other microtubes, each containing 

evaporated saturated NaF solution (10 ^L) and heparin (10 iiL), to be 

sequestered for whole blood ethanol or ^He-ethanol analysis. The remaining 

0.225 mL of rat blood was centrifuged for 1.5 min at 10,000g to obtain plasma 

which was transferred to clean microtubes. All collection microtubes were 
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immediately placed on ice. At the end of the 4.5 hr experiment all whole blood 

and plasma samples were transferred from the ice to a -70*'C freezer until 

assayed. After blood sampling, rats were given unlimited access to crushed 

lab chow and water. The rats remained in the metabolic cages for at least 

another 44 hr for urine collection. After all the samples were collected animals 

were euthanized by ether. 

Solid phase extraction 

Samples for all experiments, except the Km and Vmax determinations, 

were extracted for meperidine, ^Hs-meperidine, normeperidine and ^Hs-

normeperidine with GV-SO Detectabuse™ solid phase extraction columns 

(Biochemical Diagnostics Inc., Edgewood, NY). Columns were conditioned 

(with 2 mL of methanol followed by 2 mL of 0.25 M KH2PO4 pH 9.1 buffer with 

7% n-propanol). To each sample was added 100 nL of internal standard 

solution (25 iiM tropacocaine, or 25 jiM propylbenzoylecgonine, or 1000 ng/mL 

tropacocaine / norcocaine in H2O) and 3 mL of pH 9.1 0.25 M NaHaPOA buffer. 

The tubes were vortexed and then decanted into the preconditioned solid 

phase extraction columns. The columns were washed with 4 mL of 0.0625 M 

NaH2P04 buffer solution and dried under vacuum at 10" Hg for 10 min. 

Samples were eluted with 1 mL of 80:20 methylene chloride ; isopropyl alcohol 

solution by gravity and collected in disposable glass test tubes (12 x 75 mm). 
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The eluted extract was evaporated to dryness then reconstituted with 50 jiL of 

methanol just prior to manual GC/MS analysis . Underivatized samples 

injected via the autosampler (7673A, Hewllett Packard, Avondale, PA) were 

reconstituted in 50 of butyl chloride and transferred to individual 

autosampler vials equipped with conical inserts (200 capacity). Screw caps 

equipped with Teflon septum were placed on the vials to prevent evaporation of 

the solvent and allow injection of the samples via the autosampler syringe. 

Liquid-liquid extraction 

A rapid liquid-liquid extraction was used to extract ̂ Hs-meperidine for Km 

and Vmax determinations in both rat and human S9. Briefly, microtubes 

containing 100 nL of NaF and 100 nL of incubated S9 (rat or human) were 

removed from the -70°C freezer and allowed to thaw. To each microtube, 200 

Î L of 0.25 M NaH2P04 pH 9.1 buffer, 100 of a 100 aqueous solution of 

phencyclidine (internal standard) and 100 of butyl chloride were added. 

Tubes were vortexed for 5 sec and then centrifuged for 1.5 min at lO.OOOg in a 

microcentrifuge (Fisher Scientific, Denver, CO). Exactly 50 |iL of the top 

organic layer (butyl chloride) was then carefully transferred to 11 mm 

autosampler vials with 200 capacity conical inserts. The screw caps 

equipped with Teflon septa were attached to the autosampler vials and then 

the vials placed in the appropriate position of the autosampler tray. 
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Oerivatization 

Extracted samples requiring derivatization to detect normeperidine and 

^Hs-normeperidine were reconstituted in 100 of butyl chloride then 

transferred to amber glass derivatization vials. The solvent was evaporated to 

dryness by placing the vials in 5 mL disposable polypropylene tubes and then 

placing the tubes in the SpeedVac®. Once evaporated, exactly 50 î L of 

trifluoroacetic anhydride (TFAA) (Aldrich Chemical Company, Inc., Milwaukee, 

Wl) was added to each derivatization vial. The vials were crimp-capped and 

then heated in a heating block for 15 min at 70°C. After heating, the 

derivatized sample was allowed to cool to room temperature and the cap was 

removed by de-crimping. The derivatized sample was evaporated to dryness , 

reconstituted with 50 îL of butyl chloride, and then transferred to 11 mm 

autosampler vials with 200 iiL capacity conical inserts. The screw caps 

equipped with Teflon septa were attached to the autosampler vials and placed 

in the appropriate position of the autosampler tray. 

Whole blood alcohol assay: Direct injection method 

Whole blood samples (75 ^L) collected in microtubes were removed 

from the -70®C freezer and allowed to thaw to room temperature. Blank rat 

blood, 75 nL each, was transferred to 4 empty microtubes labeled 0.1, 1.0, 2.0 
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and 3.0 mg/mL ethanol. To each of the 4 microtubes containing blank rat 

blood, 75 of Setpoint ETH™ aqueous ethanol standards (Stephens 

Scientific, RIverdale, NJ) at 0.1, 1.0, 2.0 and 3.0 mg/mL were added. Exactly 

75 î L of Milli-Q H2O was added to each rat blood sample. Next, 200 piL of 0.75 

mg/mL n-propanol was added as the internal standard to all samples and 

calibrator solutions in microtubes (Phenix Research Products, Hayward, CA). 

The microtubes were vortexed and then centrifuged for 1.5 min at 6,000g. 

After centrifugation, 200 ^L of each supernatant was transferred to 5 mL 12 x 

75 mm disposable glass tubes. Individual 1 mL tuberculin syringes (Becton 

Dickinson, Franklin Lakes, NJ) were used to remove the 200 (iL samples. An 

Acrodisc® LC 13 (0.45 mm) filter (Gelman Sciences, Ann Arbor, Ml) was 

attached to the end of a 1 mL tuberculin syringe and the sample was filtered 

into a clean microtube. Exactly 2 ^L of the filtered supernatant was collected 

with a 10 |iL syringe and injected into a 5890 gas chromatograph (GC) 

equipped with a flame ionization detector (FID) (Hewlett Packard. Palo Alto, 

CA). The column used was a 30 m CP-57 capillary column (Chrompack Inc., 

The Netherlands). The GC temperature program was set isothermally at 90°C, 

and the injector and detector temperatures were each 220°C. The retention 

times for ethanol / ^He-ethanol and n-propanol were 1.7 and 2.3 min, 

respectively, with a total run time of 3 min. 
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GC/MS analysis : Drug incubation and esterase inhibitor experiments 

Analysis of the extracted samples from the rat S9 drug incubation and 

enzyme inhibitor experiments was accomplished using a 5890 gas 

chromatograph (GC) equipped with a 5970 mass selective detector (MSD) 

(Hewlett Packard, Palo Alto, CA). The column was a Supeico crosslinked 5% 

phenyl methyl silicone at 12 x 0.2 mm with 0.33-|im film thickness. The 

electron multiplier was operated at 400 V above the tune value. The carrier gas 

used was ultra high purity (UHP) helium (60 cm/sec). The injection port was 

set in the split mode (20; 1) and 2 of reconstituted extracted samples were 

manually injected via a 10 iiL Hamilton syringe. The GC oven was run 

isothermally at 200° C for a total run time of 4 min. The injection and transfer 

line temperature were 250°C and 270°C, respectively. The retention times 

were 2.0 min for both meperidine and ^Hs-meperidine and 3.5 min for the 

Internal standard, tropacocaine. Selected ion monitoring (SIM) was utilized to 

maximize sensitivity and specificity. The quantitation and qualifier ions were 

chosen by examining full-scan mass spectrum of each compound after injecting 

-200 ng of each analyte into the GC/MSD. The selection of 3 Ions per 

compound was based on the following criteria; (A) the base peak or most 

abundant Ion was selected. (B) the molecular weight (MW) ion was selected. 

(C) the most abundant ion other than the MW or base peak was selected. Ion 

signals of mass to charge (m/z) 82 , 124, and 246 were used to Identify the 
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internal standard tropacocaine. Meperidine and ^Hs-meperidine were 

identified by monitoring m/Sr 71, 172, and 247; and m/i 71, 172, and 252, 

respectively. Quantitation of meperidine and ^Hs-meperidine was 

accomplished by calculating molecular weight ion signal ratios of analyte to 

internal standard tropacocaine (25 ^M) (m/̂  247 / 245, and 252 / 245, 

respectively) and comparing to a standard curve of meperidine concentrations 

extracted through the method (3.125, 6.25, 12.5, 25 and 50 nM). The limit of 

detection and limit of quantitation of the assay were 1.0 and 3.125 iiM, 

respectively. Interday coefficients of variation of the assay (concentrations 

6.25 and 25 |iM) were 8% and 4%, respectively. 

GC/MS analysis : Enzyme kinetics rat and human S9 

Analysis of the extracted rat and human S9 samples for Km and Vmax 

determinations employed a 5890 GC equipped with a 5972 MSD and 7673A 

autosampler (Hewlett Packard, Palo Alto, CA). The column was a HP-5 

crosslinked 5% phenyl methyl silicone at 25m x 0.2 mm with 0.33-|im film 

thickness. The electron multiplier was operated at 200 V above the tune value. 

The carrier gas used was ultra high purity (UHP) helium (30 cm/sec). The 

injection port was set In the splitless mode with a purge-off time of 0.0 min and 

purge-on time 0.25 min and 2 of reconstituted extracted samples were 

injected via a HP 7673A autosampler. The initial GC oven temperature was 
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70®C and was held for 1 min and then ramped to 270®C at 20"C / min, and held 

there for 3 min. The total run time was 14 min. The Injection and transfer line 

temperatures were 250''C and 280*'C, respectively. Phencydidine was used as 

the internal standard. The retention times were 10.2 min for ^Hg-meperidine 

and 11.1 min for phencydidine. Only a single molecular weight ion was 

monitored in the SIM mode to maximize sensitivity and specificity. Meperidine, 

^Hs-Meperidine and phencydidine were identified by monitoring m/z 247, 252 

and 243, respectively. Quantitation of ^Hs-meperidine was accomplished by 

calculating molecular weight ion signal ratios of analyte to internal standard 

phencydidine (25 ^M) {m/z 252 / 243) and comparing to a standard curve of 

meperidine extracted through the method (1, 5, 10, 25 , 50 and 100 ^M). The 

limit of detection and limit of quantitation of the assay were 1 and 5 ^M, 

respectively. 

GC/MS analysis : In WVo rat plasma 

Analysis of the extracted rat plasma samples employed a 5890 GC 

equipped with a 5972 MSD and 7673A autosampler (Hewlett Packard, Palo 

Alto, CA). The column was a HP-5 crosslinked 5% phenyl methyl silicone at 

12.5m X 0.2 mm with 0.33-nm film thickness. The electron multiplier was 

operated at 400 V above the tune value. The carrier gas used was UHP helium 

(59 cm/sec). The injection port was set in the splitless mode with a purge-off 
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time of 0.0 min and purge-on time 1.5 min and 2 iiL of reconstituted extracted 

samples were injected via a HP 7673A autosampler. The initial GC oven 

temperature was 70®C, and was held for 1.0 min, then ramped to 270®C at 

20°C / min and held for 1 min. The total run time was 12 min. The injection and 

transfer line temperatures were 220''C and SOO^C, respectively. Tropacocaine 

was used as an internal standard to quantitate underivatized meperidine and 

^Hs-meperidine. Norcocaine was derivatized by the addition of TFAA and used 

as the internal standard to quantitate derivatized normeperidine-TFA and ^Hs-

normeperidine-TFA. The retention times for meperidine, ^Hs-meperidine. 

normeperidine-TFA and ̂ Hs-nonneperidine-TFA were 7.43, 7.41, 8.38 and 8.36 

min, respectively. The retention times of the two internal standards 

tropacocaine and norcocaine-TFA were 8.52 and 10.13 min, respectively. Only 

a single ion was monitored in the SIM mode to maximize sensitivity and 

specificity. Meperidine, ^Hs-meperidine, and tropacocaine were Identified by 

monitoring 247, 252 and 245, respectively. Normeperidine-TFA, ^Hs-

normeperidine-TFA and norcocaine-TFA were identified by monitoring m/z 

329, 334, and 263, respectively. Quantitation of meperidine, ^Hs-meperidine, 

normeperidine-TFA and ^Hs-normeperidine-TFA was accomplished by 

calculating ion signal ratios of analyte to internal standards tropacocaine and 

norcocaine-TFA, respectively (1000 ng/mL) {m/z 247 / 245, m/z 252 / 245, m/z 

329 / 263 and m/z 334 / 263, respectively) and comparing to a standard curve 
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of mependine and normeperidine extracted through the method (10, 25, 50, 

100, 250, 500,1000, and 2000 ng/mL). The limit of detection and limit of 

quantitation of the assay were 5 and 10 ng/mL, respectively. 

Data Analysis. 

Concentration-time profiles of meperidine, normeperidine {in vivo only), 

and deuterated exchange product(s) were constructed and kinetic parameters 

were obtained using area analysis. The ti/2 values were calculated by 0.693/k 

where k is the slope of the log concentration versus time plot and area under 

the concentration-time curve (AUC) via the trapezoidal rule using a non-

compartmental analysis in WinNonlin™ (1995). Statistical comparisons of half-

life (ti/2), AUC, apparent ky and Vmax values was accomplished using 

Bonferroni's t- test (SigmaStat™, 1994). The harmonic mean and "pseudo" 

standard deviation of ti/2 values were calculated (Lam eta!., 1985). 
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Results 

The protein concentration of the rat S9 was determined to be 40 mg/mL. 

Mean esterase activity firom freshly thawed rat S9 homogenate was 305 ± 4 

nmol/min per mg of protein. Esterase activity did not change significantly after 

1 and 2 hr of incubation (303 ±14 nmol/min/mg and 293 ± 13 nmol/min/mg, 

respectively). After 4 hours of incubation only 10% esterase activity was lost 

(272 ± 5 nmol/min/mg) (Chapter II, Figure 2-1). While this was determined to 

be a statistically significant difference from the control measurement (p< 0.05), 

It represents a trivial practical loss in activity. The protein concentration of 

human S9 was determined to be 25 mg/mL. Esterase activity from freshly 

thawed human S9 was 426 nmol/min per mg of protein. Human esterase 

activity decreased with increasing incubation time. After 2 hr of incubation at 

37°C, human esterase activity was 393 nmol/min/mg and after 4, 8, and 20 hr of 

incubation, human esterase activity dropped to 345, 203 and 103, nmol/min/mg 

respectively (Chapter 2, Figure 2-2). 

The concentration-time profiles of unlabeled meperidine in the presence 

of ^He-ethanol and the formed ^Hs-meperidine are illustrated in Figure 3-3. 

These data clearly indicate that ethyl-ester exchange occurs between 

unlabeled meperidine and ^He-ethanol. The exchange process begins 

Immediately upon incubation as measurable concentrations of ^Hs-meperidine 

are seen within 5 min. Figure 3-3 also illustrates (dashed line) total meperidine 
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concentrations {i.e., obtained from the sum of labeled and unlabeled 

meperidine concentrations). That profile for total meperidine is virtually 

identical to the meperidine concentration-time profile in the presence of 

unlabeled ethanol (Figure 3-4; solid squares in both cases). Similarly, the 

unlabeled form of meperidine under control conditions {i.e., no ethanol, Figure 

3-4) or in the presence of ^He-ethanol (Figure 3-3; solid circles in both cases) 

provides nearly identical concentration-time profiles. There were no statistically 

significant differences between those profiles for Ua or AUC (Table 3-1; 

harmonic mean Uiz, 16.1 ± 3.8 min. vs. 12.5 ± 2.7 min.; mean AUC, 882 ±170 

nM*min vs. 705 ±170 nM*min). 

Figure 3-4 illustrates the in vitro disposition of 50 |iM meperidine with 

and without 50 mM unlabeled ethanol. The ti/2 of meperidine increased by ~9-

fold in the presence of ethanol (16.1 ± 3.8 vs. 144.9 ± 41.3 min., Table 3-1). 

The significant increase in Ua in the presence of ethanol is explained by the 

ethyl-ester formation of additional meperidine. This is corroborated by the 

extent of formation of ^Hs-meperidine from ^Hs-ethanol (Figure 3-3). The 

change in the meperidine concentration-time profile in the presence of ethanol 

(Figure 3-4) is identical to the change noted when comparing unlabeled 

meperidine to total meperidine in the presence of labeled ethanol (Figure 3-

3). The Ui2 of unlabeled meperidine, 12.5 ± 2.7 min (Table 3-1), which 
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increased to 145.3 ± 19.9 min (Table 3-1} for total meperidine (labeled and 

unlabeled) in the presence of ̂ He-ethanol, a ~11-fold increase. 

The experiments utilizing enzyme inhibitors yielded an "all or nothing" 

response. When meperidine was incubated with S9 and ^Hs-ethanol in the 

presence of BNPP, a specific carboxylesterase inhibitor, no formation product, 

^Hs-meperidine, was detected (Table 3-2). Therefore, BNPP, a specific 

carboxylesterase inhibitor, totally blocked the transesterification of meperidine 

in the presence of ^Hs-ethanol. As expected, no ^Hs-meperidine was detected 

In the buffer condition [negative control], and when saturated NaF, a non

specific esterase inhibitor, was added (Table 3-2). However, when 

physostigmine, a cholinesterase inhibitor, was added to the S9, ^He-ethanol 

and drug incubation mix, the formation product, ^Hs-meperidine, was detected 

in relatively the same concentration as under positive control conditions (S9 

with no inhibitors)(Table 3-2). Therefore, the ethyl-ester exchange of 

meperidine is most likely catalyzed by carboxylesterase, the same enzyme that 

catalyzes the hydrolysis of meperidine to meperidinic acid. 

For the enzyme kinetic analysis, the rate of ethyl-ester formation was 

measured at different substrate concentrations and the data fit to the Michaelis-

Menten equation with the aid of a hyperbolic regression computer analysis 

program. The apparent Km and Vmax values for ^Hy-meperidine formation from 

meperidine and ^Hs-ethanol in rat S9 was 1770 ± 450 nM and 3968 ± 304 
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pmol/min/mg, respectively (Figure 3-5). The apparent Km and Vmax values for 

^Hs-meperidine formation from meperidine and ^Ms-ethanol in human S9 were 

2718 ± 1196 |iM and 53.5 ± 7.2 pmol/min/mg, respectively (Figure 3-6). The 

human and rat Vmax values were significantly different from each other (p < 

0.0001) (Table 3-3). 

Whole blood concentration-time profiles of ethanol / ^Hs-ethanol in rats 

dosed with ethanol (1.5 g/Kg) or ^He-ethanol (1.5 g/Kg) and meperidine (15 

mg/kg) are illustrated in Figure 3-7 and 3-8. For both labeled and unlabeled 

ethanol, absorption was first-order and the average time to peak (Tmax) and 

average peak concentration (Cmax) was 45 min and 1.14 mg/mL, respectively. 

Elimination followed virtually zero-order kinetics and the average elimination 

rate for ethanol and ^He-ethanol were 0.246 mg/mL7hr and 0.216 mg/mL/hr, 

respectively (Figures 3-7 and 3-8). 

Urine from a rat dosed with ^He-ethanol (1.5 g/Kg) and meperidine (15 

mg/Kg) was qualitatively assayed for the presence of meperidine and ^Hs-

meperidine. Conclusive identification of meperidine and ^Hs-meperidine was 

accomplished by analyzing full mass spectra of both compounds. The 

meperidine was identified by matching to a known standard of meperidine and 

the ^Hs-meperidine was identified by comparing to the known meperidine 

spectrum and deducing the contribution of the deuterated ethyl group to the 

overall mass spectrum. Both mass spectra were virtually identical with the 
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exception of the molecular weight ion clusters around 247 for meperidine 

and m/i252for̂ H5-meperidine (Figure 3-9). 

Rat plasma extracted for meperidine, ^Hs-meperidine. normeperidine 

and ^Hs-normeperidine was analyzed by a GC/MSD SIM method previously 

described. Figure 3-10 depicts a typical total ion chromatogram (TIC) of 

meperidine and metabolites extracted from the plasma of a rat dosed with ^He-

ethanol and meperidine. The internal standards, tropacocaine and norcocaine-

TFA, were easily separated from the analytes meperidine and normeperidine 

and the respective deuterated formation products. Meperidine and 

normeperidine were not chromatographically separated from ^Hs-meperidine 

and ^Hs-normeperidine, respectively and required analyzing individual 

extracted ion profiles corresponding to the molecular weight of each 

compound. Extracted ion profiles of meperidine, ^Hs-meperidine, 

normeperidine and ̂ Hs-normeperidine. from extracted rat plasma are illustrated 

in Figure 3-11. 

Plasma concentration-time profiles of meperidine in rats dosed with 

ethanol (1.5 g/Kg) and meperidine (15 mg/kg) and rats given meperidine (15 

mg/kg) only are depicted in Figure 3-12. These data demonstrate a change in 

the slope of the log concentration-time profile when ethanol is administered 

versus the control condition. The in vivo ti/2 of meperidine under control 

conditions, 27.2 ± 7.7 min, increased to 52.4 ± 12.9 when 1.5 g/Kg of ethanol 

was combined with i.p. meperidine administration (Table 3-4). This -2-fold 
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increase in ti/2 was determined to be a statistically significant difference using 

Bonferroni's t-test for significance. The volume of distribution (V/F) under 

control conditions was 12.0 ± 2.7 L/Kg increased slightly but not significantly 

to 15.2 ± 6.7 L/Kg when ethanol was added. The i.p. clearance (CLfp/F) 

decreased from 331 ±142 mL/min/Kg to 195 ± 38 mL/min/Kg with the addition 

of ethanol. Although there was a reduction in clearance of almost 50%, the 

two values were not significantly different form each other. 

The rat plasma concentration-time profiles of unlabeled meperidine in 

the presence of ^He-ethanol and the formed ^Hs-meperidine are illustrated in 

Figure 3-13. These data clearly indicate that ethyl-ester exchange occurs 

between unlabeled meperidine and ^Hg-ethanol in vivo. Figure 3-13 also 

illustrates (dashed line) total meperidine concentrations (i.e., obtained from the 

sum of labeled and unlabeled meperidine concentrations). That profile for total 

meperidine is virtually identical to the meperidine concentration-time profile in 

the presence of unlabeled ethanol (Figure 3-12; open squares in both cases). 

Similarly, the unlabeled form of meperidine under control conditions {i.e., no 

ethanol. Figure 3-12) or in the presence of ^He-ethanol (Figure 3-11; solid 

circles in both cases) provides nearly identical concentration-time profiles 

(Table 3-4; harmonic mean ti/2, 27.2 ± 7.7 min. vs. 28.6 ± 4.7 min). 

A similar plasma concentration-time profile was demonstrated by the 

metabolite normeperidine (Figure 3-14). These data indicate that ethyl-ester 
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exchange may occur between unlabeled normeperidine and ̂ He-ethanoi in vivo. 

However, a part of the ^Hs-nomieperidine formation should be the result of N-

demethylation of ^Hg-meperidine. In order to determine unequivocally If 

normeperidine undergoes transesterification normeperidine would have to be 

administered as parent compound in the presence of ^He-ethanol. Like 

meperidine, the U12 of unlabeled normeperidine in the presence of ^He-ethanol 

did not significantly change from the control condition (no ethanol) (ti/2, 84.2 ± 

22.2 and 90.7 ± 19.5 min, respectively. Table 3-4). Figure 3-15 illustrates 

the in vivo disposition of normeperidine with and without unlabeled ethanol. 

The in vivo Uiz of normeperidine increased by ~2-fold in the presence of ethanol 

(90.7 ± 19.5 vs. 170.4 ± 58.4 min., Table 3-4). The significant increase in ti/2 

in the presence of ethanol could be due to the ethyl-ester formation of 

additional normeperidine. 
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Discussion 

The results of the present study have demonstrated, for the first time, 

ethanolic transesterification of meperidine, both in vitro and in vivo. When 

meperidine was incubated with rat and human S9 in the presence of deuterated 

ethanol, the ethyl-ester formation product, ^Hs-meperidine, was detected. The 

reaction proceeded in a fairly rapid fashion as measurable ̂ Hs-meperidine was 

detected after only 5 min of incubation (Figure 3-3). 

In order to monitor the transesterification of meperidine, labeled 

ethanol, ̂ He-̂ thanol, was chosen. This allowed determination of the amount of 

meperidine undergoing an ethyl exchange with ethanol since the ethyl portion 

of labeled ethanol (̂ He-ethanol) (C^HaC^HaO-) exchanged with the unlabeled 

carboxylethyl-ester portion of meperidine (CH3CH20-)(Figure 3-2). This 

exchange resulted in generation of a compound with a deuterated 

carboxylethyl-ester moiety increasing its molecular weight by 5 atomic mass 

units (amu). Meperidine and ^Hs-meperidine are difficult if not almost 

impossible to separate chromatographically by conventional means, either by 

gas chromatography (GC) or high performance liquid chromatography (HPLC). 

Therefore, a technique which is able to distinguish compounds with slight 

differences in molecular structure is warranted. Mass spectrometry was utilized 

to distinguish and individually quantitate meperidine and ^Hs-meperidine. 

Figure 3-9 depicts full-scan mass spectra of both meperidine and ^Hs-

meperidine generated by dosing an animal with meperidine and ^He-ethanol 
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and assaying collected urine by GC/MS. The two mass spectra have neariy 

identical retention times after attempts at separation by utilizing a prolonged 

temperature-ramped program by the GC. The generation of the two mass 

spectra was accomplished by identifying the true apex of each peak with an 

extracted ion profile (EIP) of the individual molecular weight ions and then 

subtracting any background spectra. The two mass spectra of meperidine and 

^Hs-meperidine are nearly identical with the exception only of the molecular 

weight ion clusters. Monitoring both MW ions {m/z 247 and 252) 

simultaneously and then individually quantitating the abundance generated 

from each ion allowed separate quantitation of each component. 

The confirmation of ^Hs-meperidine by full-scan mass spectrometry is 

considered a "fingerprint-like" match of the compound and therefore 

conclusively confirmed the presence of this compound and qualitatively 

demonstrated transesterification of meperidine in the presence of ^He-ethanol. 

Quantitative results of the transesterification of meperidine were detemnined 

both in vitro and in vivo. The in vitro results were certainly more dramatic in 

demonstrating this phenomenon than the in vivo results. Part of the reason for 

this difference, in vitro vs in vivo, is that the ethanol concentration remained 

relatively constant throughout the course of the 4 hr incubation in rat S9 

(Chapter II, Figure 2-13). The S9 fraction represents gross liver homogenate 

minus nuclei, mitochondria, lysosomes, unbroken cells and large membrane 

fragments (Sipes and Gandolfi, 1991). Both the cytosolic and microsomal 



161 

fraction of hepatocytes (liver cells) are intact after centrifugation at 9,000g. 

Ethanoi is metabolized primarily by alcohol dehydrogenase which is located in 

the cytosolic fraction of hepatocytes and to a lesser extent via cytochrome 

P450IIEI, a microsomal enzyme (Jones, 1996). Alcohol dehydrogenase and 

P450IIEI both require coenzymes (nicotinamide adenine dinucleotide (NAD+), 

and NADPH cytochrome P-450 reductase, respectively), unlike 

carboxylesterases which proceed without the addition of co-factors (Jones, 

1996; Sipes and Gandolfi, 1991). Without cofactors the enzymatic degredation 

of ethanoi via these two pathways could not proceed and the ethanoi 

concentration would remain relatively constant. This proved to be the case as 

Illustrated in figure 2-13, (Chapter II). The constant high level of ethanoi 

provided a continuos pool of exchangeable ethyl groups in the in vitro 

experiments and maximized the extent of transesterification. The rate of 

disappearance of meperidine in rat S9 changed dramatically when unlabeled 

ethanoi was added to the mix. The ti/z of meperidine increased ~9-fold due to 

the ethyl exchange of meperidine with ethanoi, reforming meperidine instead of 

Immediately undergoing hydrolytic cleavage to meperidininc acid. (Table 3-1). 

Measuring the total meperidine concentration (̂ Hs-meperidine + meperidine) in 

the ^He-ethanol incubation of meperidine and comparing that profile with the 

profile of meperidine in the presence of ethanoi further corroborated the role of 

transesterification in increasing the Ua of meperidine. The profiles of total 

meperidine ( labeled + unlabeled meperidine) in the presence of labeled 
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ethanol and meperidine in the presence of unlabeled ethanol proved to be 

nearly identical ( Figures 3-3 and 3-4). 

The in vivo results proved to be less dramatic in demonstrating the 

phenomenon of meperidine transesterification than the in vitro time course 

data. This was to be expected, since the ethanol concentration in vivo is no 

longer static but steadily decreases over time via zero-order kinetics. 

Administration of the meperidine was accomplished through intraperitoneal 

(l.p.) injection of the compound dissolved in saline solution. This route of 

administration was chosen so that the drug would undergo a first-pass effect in 

the liver which would increase the possibility of microsomal carboxylesterase-

mediated transesterification. The timing of the injection of drug was also 

planned to maximize ethanol interaction at 30 min post ethanol administration, 

the predicted time of maximum ethanol blood concentration (TWAX)-

The addition of ethanol with meperidine administration increased 

meperidine ti/a and decreased clearance in Sprague -Dawley rats (Table 3-4). 

A statistically significant -2-fold increase in meperidine U12 was demonstrated. 

The delayed elimination of meperidine could result in prolonging its 

pharmacological and toxicological effects. Meperidine, a narcotic analgesic, 

produces as much sedation, respiratory depression and euphoria as morphine 

does in equianalgesic doses (Ellenhom and Barceloux, 1988; Jaffe and Martin, 

1990). Intoxication with ethanol, a CNS depressant, can produce these same 

effects (Dubowski, 1989) and is additive with the depressant effects of 
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meperidine (Gamott, 1996). This proved to be a limitation in the amount of 

ethanol and meperidine that could be dosed in the animal. Administered doses 

for both ethanol and meperidine (1.5 g/Kg and 15 mg/kg, respective!/) were 

less than those given in the ethanol plus CNS stimulant experiments with 

cocaethylene and methylphenidate (3.0 g/Kg and 20 mg/Kg, respectively). The 

combined pharmacological effects of ethanol and meperidine warrants caution 

when both compounds are co-administered. The additional findings presented 

in this study, that meperidine kinetics are prolonged in the presence of ethanol, 

makes the combination of the two compounds even more dangerous. 

Perhaps even more significant than the alteration of meperidine kinetics 

is the change in normeperidine pharmacokinetics. The Ua of normeperidine, 

formed from hydroxylation and N-demethylation of meperidine, was significantly 

increased in the presence of ethanol (Table 3-4). In humans, normeperidine is 

an active metabolite with a longer ti/2 (15 -30 hr) than its parent compound 

meperidine (2-5 hr) (Szeto et aL, 1977; Pond et al., 1981; Baselt and Cravey, 

1995). Patients tolerant to the depressant effects of meperidine taking 

repeated doses of meperidine at short intervals exhibit tremors, muscle 

twitches, dilated pupils, hyperactive reflexes and convulsions (Jaffe and Martin, 

1990). These excitatory symptoms are thought to be due to the accumulation 

of normeperidine which has 1/2 the analgesic activity of meperidine but is 

considered 2-3 times more toxic (Miller and Anderson, 1984). 
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The results of the in vitro enzyme inhibition experiments indicate that 

the transesterification of meperidine occurs via a carboxylesterase-mediated 

reaction. Carboxylesterase enzymes are a class of enzymes belonging to the 

family of microsomal 8-esterases which are membrane-associated proteins 

located on the cytosolic side of the endoplasmic reticulum (Akao and Omura, 

1972). The sensitivity of microsomal B-esterases to physostigmine determine 

the class of enzyme; cholinesterases, those that are inhibited by physostigmine 

or carboxylesterase, those which are insensitive to physostigmine (Heymann, 

1980). Our results showed that the ethyl-ester exchange reaction of 

meperidine was not inhibited by physostigmine (100 piM), thus supporting the 

role of a carboxylesterase-mediated reaction. Furthermore, BNPP (100 ^M) a 

specific carboxylesterase inhibitor and NaF a non-specific esterase inhibitor 

totally blocked the transesterification of meperidine. 

The carboxylesterase transesterification reactions performed in this 

study obeyed simple Michaelis-Menten kinetics. The apparent Km and Vmax 

values for meperidine when combined with ^He-ethanol to form ^Hs-meperidine 

In rat liver S9 were 1770 nM and 3968 pmol/min/mg protein, respectively. The 

apparent Km and Vmax values in human S9 were 2718 and 53.5 

pmol/min/mg protein, respectively. From these data it appears that the rat 

carboxylesterase more efficiently catalyzes the ethanolic transesterification of 

meperidine than the human enzyme. The lower kM value (1770 vs 2718 |iM) 
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indicates that the enzyme has a greater affinity towards mependine in the rat 

than human, with respect to ethanolic transesterification. The higher Vmax 

(3968 vs 53.5 pmoi/min/mg) indicates a more rapid transesterification of 

meperidine under similar conditions of substrate concentrations in the rat vs 

human. Luttreli and Castle et al (1988) looked at the carboxylesterase 

hydrolysis of meperidine to meperidinic acid in several species using a 

microsomal liver preparation. The Km values for meperidine hydrolysis in rat 

and human microsomes were 159 and 261 |iM, respectively. Theses values 

are each ~10 times less than the Km values found for meperidine ethanolic 

transesterification in rats and humans (1770 and 2718 nM, respectively). This 

would indicate a more efficient hydrolysis of meperidine than 

transesterification. Both the hydrolysis and transesterification reactions involve 

the formation of an acyl-enzyme intermediate followed by the subsequent 

attack of a nucleophile, either H2O for hydrolysis or ethanol for 

transesterification (Greenzaid and Jencks, 1971; Sone and Wang, 1994). The 

nucleophillic attack of H2O on the acyl enzyme intermediate appears to be 

more efficient than when ethanol is the nucleophile. This could be partly due to 

the large ratio of physiologic H2O molecules to ethanol molecules (50 mM) in 

the liver preparation. If both nucleophiles compete for the same site then a 

larger number of H2O molecules would bind to the acyl enzyme intermediate 

favoring hydrolysis over transesterification. In any event, the addition of ^He-

ethanol, at a physiologically relevant concentration to rat and human S9, was 
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enough to cause the formation of measurable ^Hs-meperidine despite the 

tendency of meperidine to hydrolyze to meperidinic acid. 

The most important and novel aspect of this study is the observation that 

meperidine undergoes ethyl-ester exchange in the presence of ethanol. The 

prolonged half-life and reduced clearance of meperidine in the presence of 

ethanol is not an indication of altered metabolic clearance due to ethanol 

interaction with metabolizing enzymes. That conclusion is supported by the 

observation that control meperidine {i.e., no ethanol, Figure 3-4 and 3-12) and 

unlabeled meperidine in the presence of ^He-ethanol (Figure 3-3 and 3-13) 

both underwent rapid and nearly-identical elimination (Table 3-1 and 3-4) In 

both in vitro and in vivo models. Rather, a reversible metabolic system is 

established with an excess of ethanol providing a substrate pool of an 

exchangeable ethyl group. This process would be expressed in a clinical 

setting as prolonged meperidine elimination in the presence of ethanol after 

meperidine has been formed by transesterification. Continued ethanol 

ingestion should further prolong the pharmacological and toxicological effects 

meperidine. 
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TABLE 3-1 
Meperidine (MEP) metabolism in the rat liver 9,000g (S9) firaction in the 

absence and presence of ethanol or̂ Hs-ethanol. 

Experiment 

MEP Control 
(no ethanol) 

MEP + Ethanol 

t ia (min)' 

16.1 ±3.8 

144.9 ±41.3" 

AUG (oM'min)' 

882 ±170 

7513 ±1410" 

MEP + ̂ Hs-Ethanol: 
MEP 
^Hs-MEP 
Total MEP 

12.5 ± 2.7 
175.6 ±23.9" 
145.3 ±19.9" 

705 ± 53 
7401 ±384" 
7515 ±322" 

' Average ti/2 expressed as the harmonic mean and "pseudo" standard 
deviation of 3 separate experiments. AUCs are reported as the arithmetic 
mean of 3 separate experiments ± the standard deviation. 

" Statistically significant difference from MEP control condition, p < .05. 
Bonferroni's t-test 
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TABLE 3-2 
Meperidine (MEP) (50 iilM) incubated at ZTO 

with rat S9 (or buffer) with and without ̂ Hc-ethanol (̂ He-EtOH) (SOmM) 
in the presence of specific and non-specific esterase inhibitors 

(•H-EtOH) 
Condition 

MEP(MM)' 
0 min 30 min 

H-MEP(mM)' 
0 min 30 min 

S9 [Control] 56 9.9 n.d 21.7 

Buffer Only 62 57 n.d. n.d. 

S9 + NaF 52 48 n.d n.d 

S9 + Physo 46 8 n.d. 16.0 

S9 + BNPP 66 66 n.d. n.d. 
(No 'Hs-
EtOH) 
Condition 

MEP (mM)' 

0 min 30 min 

^Hs-MEP (̂ M)' 

0 min 30 min 

S9 [Control] 49 7.6 n.d n.d. 

Buffer Only 43 60 n.d n.d. 

S9 + NaF 67 53 n.d n.d. 

S9 + Physo" 45 5.8 n.d. n.d. 

S9 + BNPP' 65 69 n.d. n.d. 

 ̂Concentration reported is from a single sample, n.d. = none detected 

''Physo = physostigmine 

® BNPP = bis-nitrophenyl phosphate 
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TABLE 3-3 
kMand Vimx Values in Rat and Human S9 

for Ethyl-Ester Formation Products of Meperidine (MEP) 
in the presence of ̂ Hc-Ethanol (̂ Hs-EtOH) 

Experiment km* Vmax* 
(uM) (pmol/min/mg) 

RAT 

MEP ^Hs-MEP 1770 ± 450 3968 ± 304" 
(MEP + ^He-EtOH) 

HUMAN 

MEP ^Hs-MEP 2718 ± 1196 53.5 ± 7.2" 
(MEP + ^He-EtOH) 

 ̂Km and Vmax values are reported as the arithmetic mean of 3 separate 
experiments ± the standard deviation. 

 ̂Statistically significant difference, (p < 0.0001), Student's t-test 
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TABLE 3-4 
Pharmacokinetic parameters of rats dosed orally with either ethanol (EtOH) 
(1.5 g/Kg), ̂ H«-ethanol (1.5 g/kg), or vehicle (H2O) and 15 mg/kg meperidine 

(MEP) (i.p. injection). Values are reported as the mean ± the standard 
deviation (n=3 for each condition). 

Parameter Control MEP EtOH + MEP 
(No EtOH) 

^He-EtOH+MEP 
MEP ^Hs-MEP 

MEP 

tiy2 (min) 

V/F(L/Kg) 

CLip/F 
(ml/min/Kg) 

27.2 ±7.7 

12.0 ±2.7 

331 ±142 

52.4 ±12.9* 

15.2 ±6.7 

195 ±38 

28.6 ±4.7 

10.8 ±4.5 

255 ±65 

44.8 ±8.1 

NorMEP 

ti/2 (min) 90.7 ±19.5 170.4 ±58.4* 

NorMEP 

84.2 ±22.2 

-H§: 
NorMEP 

97.1 ± 14.2 

* = Statistically significant difference from control condition, p< 0.05, 
Bonferroni's t-test 
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Figure 3-3 Meperidine and ^Hs-meperidine concentrations as a function of 

time. Meperidine (50|iM) was incubated in a 9,00Gg supernatant (S9) rat liver 

homogenate preparation for 4 h at 37®C in the presence of ^He-ethanol (51.3 

mM). Unlabeled meperidine (•), fonmed labeled meperidine (̂ Hs-meperidine) 

(A), and total meperidine (labeled + unlabeled) (•) concentrations are plotted 

as a function of time. Each value is the mean of 3 experiments and the cross-

hatched vertical bars represent the standard deviation of the mean. 
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Figure 3-4. Meperidine concentrations as a function of time. Meperidine (50^M 

each) was incubated in 9,000g supernatant rat liver homogenate preparations 

for 4 h at 37°C in the absence (•) and presence of ethanol (50 mM) (•). Each 

value is the mean of 3 experiments and the cross-hatched vertical bars 

represent the standard deviation of the mean. 
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Figure 3-5. Rate of ^Hs-meperidine formation as a function of meperidine 

concentration for detemiination of Km and Vmax values. Meperidine and ^He-

ethanol were incubated in rat liver 9,000g supernatant (S9) at 2>TC, for 10 min. 

^Hs-Meperidine formed in the presence of meperidine (10 - 20,000 nM) and ̂ He-

ethanol (50 mM): KM = 1770 ± 450 (iM; VMAX = 3968 ± 304 pmol/min/mg. The 

top horizontal dotted line is placed at the VMAX value the bottom horizontal and 

vertical dotted lines are positioned at Vmax/2 and Km, respectively. 
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Figure 3-6. Rate of ^Hs-meperidine formation as a function of meperidine 

concentration for determination of Km and Vmax values. Meperidine and 

ethanol were incubated in human liver 9,000g supernatant (S9) at 37°C for 10 

min. ^Hs-Meperidine formed in the presence of meperidine (250 - 20,000 nM) 

and ̂ Hs-ethanol (50 mM): Rm = 2718 ± 1196 ̂ M; Vmax = 53.5 ± 7.2 pmol/min/mg. 

The top horizontal dotted line is placed at the VMAX value the bottom horizontal 

and vertical dotted lines are positioned at VMAX/2 and KM, respectively. 
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Figure 3-7. Whole blood ethanol concentrations as a function of time. Rats 

received 1.5 g/Kg ethanol by oral gavage and were then administered 

meperidine (15 mg/Kg) i.p. 30 min later. Each value is the mean concentration 

(n=3), and the cross-hatched vertical bars represent the standard deviation of 

the mean. The average ethanol zero-order elimination rate = 0.246 mg/mL/hr. 
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Figure 3-8. Whole blood ̂ He-ethanol concentrations as a function of time. Rats 

received 1.5 g/Kg ^He-ethanol by oral gavage and were then administered 

meperidine (15 mg/Kg) i.p. 30 min later. Each value is the mean concentration 

(n=2), and the cross-hatched vertical bars represent the standard deviation of 

the mean. The average ethanol zero-order elimination rate = 0.216 mg/mL/hr. 
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Figure 3-9. Full mass spectrum of meperidine (top spectrum) molecular weight 

(MW) 247 and ^Hs-meperidine (bottom spectrum) MW 252. Urine from a rat 

dosed with 1.5 g/Kg ^He-ethanol p.o. and 15 mg/Kg meperidine i.p. was 

extracted for meperidine and metabolites. The final extract was taken up in 

solvent and injected on the GC/MSD set to full scan mode from 40 to 400 amu. 
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Figure 3-10. Total ion chromatogram (TIC) of extracted rat plasma at time 60 

min post ̂ He-ethanol dosing in rat #M6. The retention times (RTs) of the peaks 

listed under the TIC correspond to the following compounds: RT 7.432 = 

meperidine / ^Hs-meperidine; RT 8.381= normeperidine-TFA / 

normeperidine-TFA; RT 8.517 = tropacocaine (internal standard #1) and RT 

10.134 = norcocaine-TFA (internal standard #2). 
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Figure 3-11. Extracted ion profiles (EIPs) from top to bottom of meperidine: m/z 

247, 2H5-meperidine: m/z 252, normeperidine-TFA: m/z 329 and 2H5-

normeperidine-TFA : mlz 334. Sample is a representive rat plasma from one 

rat dosed with 2H6-ethanol ( 1.5 g/Kg) and meperidine (15 mg/Kg) at time 60 

min post 2Hs-ethanol administration. 
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Figure 3-12. Plasma mependine concentrations as a function of time. 

Sprague-Dawley rats were injected i.p. with 15 mg/Kg meperidine 30 min after 

oral gavage of either 1.5 g/Kg ethanoi (•) or H2O (#) (control). Each value is 

the mean of 3 experiments and the cross-hatched vertical bars represent the 

standard deviation of the mean. 
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Figure 3-13. Plasma meperidine and ^Hs-meperidine concentrations as a 

function of time. Sprague-Dawley rats were injected i.p. with 15 mg/Kg 

meperidine 30 min after oral gavage of 1.5 g/Kg ^He-ethanoL Unlabeled 

meperidine (•), formed labeled meperidine (̂ Hs-meperidlne) (A), and total 

meperidine (labeled unlabeled) (Q) concentrations are plotted as a function 

of time. Each value is the mean of experiments and the cross-hatched vertical 

bars represent the standard deviation of the mean. 
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Figure 3-15. Plasma nomieperidine concentrations as a function of time. Rats 

were Injected i.p. with 15 mg/Kg meperidine 30 minutes after oral gavage of 

either 1.5 g/Kg of ethanol (•) or H2O (•) (control). Each value Is the mean of 3 

experiments and the cross-hatched vertical bars represent the standard 

deviation of the mean. 
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CHAPTER IV IN VITRO AND IN VIVO TRANSESTERIFICATION OF 

METHYLPHENIDATE IN THE PRESENCE OF ETHANOL 

Introduction 

Methylphenidate, a CNS stimulant, widely prescribed for the 

management of adult narcolepsy and Attention Deficit Hyperactive Disorder 

(ADHD), is a piperidine derivative structurally related to amphetamine (Hoffman 

and Lefkowitz,1990). Structurally, methylphenidate contains a carboxylmethyl-

ester moiety attached to a carbon molecule which is sandwiched between a 

piperidine and phenyl ring (Figure 4-1). The primary route of metabolism 

exploits the carboxylmethyl-ester moiety by rapidly de-esterifying it to ritalinic 

acid, an inactive metabolite (Figure 4-2) (Faraj et ai, 1974; Egger et a/.,1981)-

Biotransformation to ritalinic acid accounts for over 80% of the original dose of 

methylphenidate (Dayton et a/., 1970). Even though this is the major route of 

biotransformation, liver esterases have not been cited in the literature 

regarding the de-esterification of methylphenidate. Srinivas et al. (1991) 

performed in vitro incubations of methylphenidate (RR.SS-threo-

methylphenidate) in plasma, red blood cells, and whole blood, but not liver, 

from several species to investigate enantioselective esterase-mediated 

hydrolysis to ritalinic acid. Because of methylphenidate's structure and 

metabolism, it is a likely candidate for transesterification in the presence of 
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ethanol. The ethanolic transesterrfication of methylphenidate a carboxylmethyl-

ester should result in the foonation of a new previously unreported metabolite, 

ethylphenidate, a carboxylethyl-ester (Figure 4-3). Furthermore, it is likely that 

liver carboxlyesterases may catalyze this transesterification reaction. 

The purpose of the present study was five-fold. First, determine if 

methylphenidate undergoes ethanolic transesterification under in vitro and in 

vivo conditions. Second, determine any in vitro and in vivo pharmacokinetic 

differences due to the transesterification of methylphenidate in the presence of 

ethanol. A third aim of this study was to determine the role of carboxylesterase 

enzyme in the transesterification reaction with the use of certain enzyme 

inhibitors. The fourth aim was to compare carboxylesterase activity of 

methylphenidate in rat and human S9 by measuring the KM and VMAX values of 

each transesterification reaction. Finally, ethylphenidate, the proposed 

transesterification product of methylphenidate and ethanol, would be 

preliminarily examined for pharmacological activity. 
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Methods 

Chemicals 

Methylphenidate HCL was provided by Research Triangle Institute 

(Research Triangle Park, NC) through the generosity of the National Institute 

on Drug Abuse. Ethanol (absolute ethyl alcohol) was purchased from Quantum 

Chemical Corporation. US! Division (Tuscola, IL). Tropacocaine HCL, 

ethanol (ethyl-c/s-alcohol-c/), physostigmine (eserine) and bis-(p-nitrophenyl) 

phosphate (BNPP) were purchased from Sigma Chemical Co. (St. Louis, MO). 

Ethylphenidate and propylphenidate were synthesized from 

methylphenidate by the University of Arizona Analytical Synthesis Core by Dr. 

Lee (Figures 4-4). Briefly, a stirred solution of methylphenidate (100 mg) in 6 N 

HCI (7.5 mL) was heated in an oil bath at 115°C for 2 hr, and then concentrated 

to dryness. To the residue, HCI-saturated anhydrous ethanol (for 

ethylphenidate) or n-propanol (for propylphenidate) was added and the mixture 

was gently refluxed under argon for 5 hr. After evaporation of ethanol or n-

propanol in vacuo, the resulting crude product was dissolved in methanol and 

filtered through a pad of silica gel. The filtrate was slowly concentrated until 

crystals appeared. Melting point and NMR determinations were performed to 

confirm successful synthesis of the products. 
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Dnig incubation 

Rat liver S9 was prepared as previously described in Chapter II under 

"Methods, Rat liver S9 preparation". Protein concentration and esterase 

activity of the rat S9 were determined as described in Chapter II. under 

"Methods, Protein concentration and Esterase enzyme activity". On the day of 

the incubation experiment, 1 mL aliquots of 100 ^M solutions of 

methylphenidate in methanol were evaporated to dryness in a SpeedVac® 

(Savant, Farmingdale, NY). The dry test tubes were reconstituted with 0.9 mL 

of 70 mM pH 7.4 KH2PO4 buffer solution and 0.1 mL of either deionized H2O 

[control] or, 5.86% v/v ^He-ethanol. At the start of the incubation experiment, 1 

mL of 9,000g liver supernatant (S9) was added to each vial containing control, 

or ^He-ethanol solution (total volume 2 mL), the vials capped, and placed into a 

37''C water bath. The final concentrations in each vial were 50 jiM of drug with 

buffer (control) or 51.3 mM ^Hg-ethanol. Ten samples of 100 ^L each were 

taken from each tube at the following times: 0, 5, 10, 15, 30, 45, 60, 120, 180 

and 240 min. The 100 |iL samples were immediately transferred to a vial 

(placed on ice) containing 100 nL of saturated NaF to halt enzyme activity. All 

experiments were conducted in triplicate and performed using a single 

homogenate preparation obtained from the livers of 4 rats. 
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Esterase inhibition experiment 

The purpose of these experiments was to determine the involvement of 

the carboxylesterase enzyme in the ethanolic transesterification of 

methylphenidate. Methylphenidate , rat S9 and ^He-ethanol (50 mM) were 

Incubated in the presence and absence of various specific and non-specific 

esterase inhibitors. Rat S9 (2 mL) was combined with pH 7.4 buffer solution 

(1.4 mL )and 0.2 mL of 5.71 % v/v ^Hs-ethanol and either 0.4 mL of H2O 

[positive control], or 0.4 mL of pH 7.4 buffer [negative control], or 0.4 mL 

saturated NaF (a non-specific esterase inhibitor) in H2O, or 0.4 mL 

physostigmine, a specific cholinesterase inhibitor, (1000 îM in H20), or 0.4 mL 

bis-(p-nltrophenyl) phosphate (BNPP), a specific carboxylesterase Inhibitor 

(1000 nM in H2O). Final Inhibitor concentrations were 100 nM for 

physostigmine and BNPP and 10% saturated solution for NaF. The total 

volume of each solution was 4 mL. Glass tubes containing 500 iiL each of 50 

liM meperidine methanol Ic solution were evaporated to dryness. Exactly 500 

(iL of each S9 and buffer solution was added to each tube and Incubated at 

37°C. One sample (100 |iL) for each condition was collected at time 0 and at 

30 min and triplicate aliquots were collected for each of the five conditions. The 

reactions were stopped by transferring 100 (aL aliquots of reaction mixture to 

microtubes, placed on ice, containing 100 (xL of saturated NaF. 
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Enzyme kinetics 

The KM and VMAX values for the ethanolic transesterification of 

methyiphenidate were obtained from triplicate assays with rat S9 incubated 

with 8 different concentrations of substrate for 10 min at 2T0. Reactions were 

stopped by transferring 100 aliquots of S9 into cold (on ice) 650 capacity 

microtubes (Phenix Research Products, Hayward, CA) containing 100 jiL of 

saturated NaF solution. The concentration of ethanol was kept constant at 50 

mM (a physiologically relevant concentration equal to 0.230 g/100 mL ethanol) 

and the methyiphenidate concentrations ranged from 100 to 20,000 î M. 

Ethylphenidate concentrations were determined and the rate of fonnation 

determined by dividing by the incubation time and protein concentration. 

Substrate concentrations (|iM) and rate (pmol/min/mg), in triplicate, were 

plotted utilizing a hyperbolic regression analysis computer program which 

calculated KM and VMAX values (Easterby, 1992). 

Human S9 was prepared as previously described in Chapter II, under 

"Methods, Human liver S9 preparation". The KM and VMAX experiment was 

repeated in human S9 with a few modifications from the above procedure. The 

Incubation time was changed from 10 to 15 min to allow detectable amounts of 

ethyl-ester formation product and 11 instead of 8 substrate concentrations 

ranging from 25 to 50,000 were used. All other protocol was Identical to 

that for the rat S9 KM and VMAX determinations. 
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In Vivo experiment 

Male rats (275-350g) ( Harlan Sprague-Oawley, Inc., Indianapolis, IN) 

were fed with standard lab chow and allowed to acclimate to their environment 

one week prior to the start of the in vivo study. The surgical procedure for 

inserting the jugular vein cannula was adapted from Weeks and Davis, (1964) 

and is described in detail in Chapter III under "Methods, In Vivo Jugular Vein 

Cannulation Surgery". One day before the in vivo experiment, rats were placed 

into metabolic cages and fasted overnight with unlimited access to water. The 

rats were divided into two groups: one receiving an oral dose of HaO and 

methylphenidate (20 mg/Kg) i.p. [control group] and one receiving an oral dose 

of ethanol (3.0 g/Kg) and methylphenidate (20 mg/Kg) i.p. [experimental group] 

A sample of blood (300 ^L) was collected from each rat the morning of the 

experiment after being weighed. Rats were removed and then placed back 

into the metabolic cages after receiving H2O [control group] or 33% v/v ethanol 

(3.0 g/Kg) [experimental group] by oral gavage. One sample of blood (100 ^L) 

was collected 15 minutes after the oral dose was given for analysis of whole 

blood ethanol. At 30 min after oral dosing, rats were again removed from the 

metabolic cages and returned after an i.p. injection of methylphenidate (20 

mg/Kg) in saline. Blood (0.3 mL) was collected via the jugular vein cannula at 

times 5, 10, 20, 30, 60, 90, 120, 180 and 240 min post drug injection. The 

blood was placed into 650 conical microtubes (Phenix Research Products, 
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Hayward, CA) each containing evaporated saturated NaF solution (30 ^L) and 

vortexed for 5 sec. Exactly 50 HL of whole rat blood was removed from the 

NaF microtubes to other microtubes each containing evaporated saturated NaF 

solution (10 |iL) and heparin (10 ^L) to be sequestered for whole blood 

ethanol analysis. The remaining 0.25 mL of rat blood was centrifuged for 1.5 

min at 10,000g to separate Into plasma and the plasma was transferred to 

clean microtubes. All collection microtubes were immediately placed on ice. At 

the end of the 4.5 hr experiment all whole blood and plasma samples were 

transferred from the ice to a -TO'C freezer until assayed. After blood sampling, 

rats were given unlimited access to crushed lab chow and water. The rats 

remained in the metabolic cages for at least another 44 hr for urine collection. 

After all the samples were collected animals were euthanized by ether. 

Solid phase extraction 

Samples for all experiments, except the KM and VMAX determinations, 

were extracted for methylphenidate and ethylphenidate with GV-50 

Detectabuse  ̂ solid phase extraction columns (Biochemical Diagnostics Inc., 

Edgewood, NY). Columns were conditioned (with 2 mL of methanol followed by 

2 mL of 0.25 M KH2PO4 pH 9.1 buffer with 7% n-propanol). To each sample 

was added 100 ^L of internal standard solution (25 tropacocaine [rat S9 

samples] or 1000 ng/mL propylphenidate [rat plasma samples] in H2O) and 3 
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mL of pH 9.1 0.25 M NaH2P04 buffer. The tubes were vortexed and then 

decanted into the precx)nditioned solid phase extraction columns. The columns 

were washed with 4 mL of 0.0625 M NaH2P04 buffer solution and dried under 

vacuum at 10" Hg for 10 min. Samples were eluted with 1 mL of 80:20 

methylene chloride ; isopropyl alcohol solution by gravity and collected in 

disposable glass test tubes (12 x 75 mm). The eluted extract was evaporated 

to dryness then reconstituted with 50 ^L of methanol just prior to manual 

GC/MS analysis. 

Derivatization 

Rat plasma samples were derivatized to enhance the sensitivity and 

chromatography of low nanogram (ng) concentrations of methylphenidate and 

ethylphenidate in plasma. Samples requiring derivatization were reconstituted 

in 100 |xL of butyl chloride after solid phase extraction, previously described, 

then transferred to amber glass derivatization vials. The solvent was 

evaporated to dryness by placing the vials in 5 mL disposable polypropylene 

tubes and then placing the tubes in the SpeedVac®. Once evaporated, exactly 

50 nL of trifluoroacetic anhydride (TFAA) (Aldrich Chemical Company, Inc., 

Milwaukee, Wl) was added to each derivatization vial. The vials were crimp-

capped and then heated in a heating block for 15 mIn at 70''C. After heating, 

the derivatized sample was allowed to cool to room temperature and the cap 
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was removed by de-crimping. The derivatized sample was evaporated to 

dryness, reconstituted with 50 of butyl chloride, and then transferred to 11 

mm autosampler vials with 200 capacity conical inserts. The screw caps 

equipped with Teflon septa were attached to the autosampler vials and then 

the vials placed in the appropriate position of the autosampler tray. 

Liquid-liquid extraction 

A rapid liquid-liquid extraction was used to extract methylphenidate and 

ethylphenidate for KM and VMAX determinations in both rat and human S9. 

Briefly, microtubes each containing 100 of NaF and 100 of incubated S9 

(rat or human) were removed from the -70®C freezer and allowed to thaw. To 

each microtube, 200 of 0.25 M NaH2P04 pH 9.1 buffer, 100 nL of a 100 nM 

aqueous solution of propylphenidate (internal standard) and 100 of butyl 

chloride were added. Tubes were vortexed for 5 sec and then centrifuged for 

1.5 min at 10,000g in a microcentrifuge (Fisher Scientific, Denver, CO). 

Exactly 2 nL of the top organic layer (butyl chloride) was then injected with a 10 

syringe (Hamilton,) into a 5890 GC equipped with a nitrogen-phosphorus 

detector (NPD) (Hewlett Packard, Palo Alto, CA). 
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Whole blood alcohol assay: Rapid headspace method 

Whole blood samples (50 ^L) collected in mlcrotubes were removed 

from the -IQ^C freezer and allowed to thaw to room temperature. Blank rat 

blood, 50 (xL each, was transferred to 4 empty microtubes labeled 0.1, 1.0, 2.0 

and 3.0 mg/mL ethanol. To each of the 4 microtubes containing blank rat 

blood, 50 of Setpoint ETH™ aqueous ethanol standards (Stephens 

Scientific, Riverdale, NJ) at 0.1, 1.0, 2.0 and 3.0 mg/mL were added. Exactly 

50 |iL of Mill-Q HzO was added to each rat blood sample. Next, 100 ^1 of 0.45 

mg/mL n-propanol was added as the internal standard to all samples and 

calibrator solutions in microtubes (Phenix Research Products, Hayward, CA). 

The microtubes were vortexed and 150 iiL of each sample was transferred to 

individual 6 mL capacity 23 x 38 mm borosilicate clear glass headspace vials 

(Scientific Resources Inc., Eatontown, NJ). Headspace vials were crimp 

capped with 20 mm silcone/Teflon septa crimp caps (Scientific Resources Inc., 

Eatontown, NJ) and placed in a 60°C water bath for exactly 4 min. After the 

short incubation period, 100 ^1 of headspace was collected and injected via a 

100 pil gas-tight syringe (Hamilton Co., Reno, NV) into a 5890 gas 

chromatograph (GC) equipped with a flame ionization detector (FID) (Hewlett 

Packard, Palo Alto, CA). The column used was a 25m x 0.32 mm i.d. CP-WAX 

57CB capillary column (Chrompack Inc., The Netherlands). The GC 

temperature program was set isothermally at 90°C, and the injector and 
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detector temperatures were each 220''C. The retention times for ethanol and n-

propanol were 1.96 and 2.76 min, respectively with a total run time of 3.5 min. 

GC/MS analysis: Drug incubation and esterase inhibition samples 

Analysis of the extracted samples from the rat S9 drug incubation and 

enzyme inhibitor experiments was accomplished using a 5890 gas 

chromatograph (GC) equipped with a 5970 mass selective detector (MSD) 

(Hewlett Packard, Palo Alto, CA). The column was a Supeico crosslinked 5% 

phenyl methyl silicone at 12 x 0.2 mm with 0.33-nm film thickness. The 

electron multiplier was operated at 400 V above the tune value. The carrier gas 

used was ultra high purity (UHP) helium (60 cm/sec). The injection port was 

set in the split mode (20:1) and 2 |xL of reconstituted extracted samples were 

manually injected via a 10 nL Hamilton syringe. The GC oven was mn 

isothermally at 200° C for a total run time of 4 min. The injection and transfer 

line temperatures were 250°C and 270"C, respectively. The retention times for 

methylphenidate, ^Hs-ethylphenidate and tropacocaine (internal standard) 

were 1.9, 2.1 and 3.5 min, respectively. Selected ion monitoring (SIM) was 

utilized to maximize sensitivity and specificity. The quantitation and qualifier 

Ions were chosen by examining full-scan mass spectrum of each compound 

after Injecting -200 ng of each analyte into the GC/MSO. The selection of 3 

ions per compound was based on the following criteria: (A) the base peak or 
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most abundant ion was selected;. (B) the molecular weight (MW) ion was 

selected, if possible; (C) the most abundant ion(s) other than the MW or base 

peak was selected. Ion signals of mass to charge {mAt) 82 ,124, and 245 were 

used to identify the intennal standard tropacocaine. Methylphenidate and ^Hs-

ethylphenidate were identified by monitoring nvi 84, 91. and 150; and m/̂  84, 

91, and 169, respectively. Quantitation of methylphenidate and ^Hs-

ethylphenidate was accomplished by calculating base peak ion signal ratios of 

analyte to internal standard tropacocaine (25 ^M) (m/z 84 / 82 for both 

analytes) and comparing to a standard curve of methylphenidate 

concentrations extracted through the method (3.125, 6.25, 12.5, 25 and 50 

liM). The limit of detection and limit of quantitation of the assay were 1.0 and 

3.125 (iM, respectively. 

GC/NPD analysis : Enzyme kinetics in rat and human S9 

Analysis of the extracted rat and human S9 samples for KM and VMAX 

employed a 5890 GC equipped with a nitrogen phosphorus detector (GC/NPD) 

(Hewlett Packard, Palo Alto, CA). The column was a HP-5 crosslinked 5% 

phenyl methyl silicone at 30m x 0.53 mm with 0.88 lam film thickness. The GC 

oven temperature was held isothennally at 180®C for 5 min total run time. The 

injection and detector temperatures were both 250°C. Propylphenidate (100 

nM) was used as the internal standard. The retention times for 
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methylphenidate, ethylphenidate and propylphenidate were 2.44, 2.97, and 

3.90 min, respectively. The limit of detection and limit of quantitation of the 

assay were 1 and 5 |iM, respectively. 

GC/MS analysis : In Vivo rat plasma 

Analysis of the extracted rat plasma samples employed a 5890 GC 

equipped with a 5972 MSD and 7673A autosampler (Hewlett Packard, Palo 

Alto, CA). The column was a HP-5 crosslinked 5% phenyl methyl silicone at 

12.5m X 0.2 mm with O.SS-pim film thickness. The electron multiplier was 

operated at 400 V above the tune value. The carrier gas used was UHP helium 

(59 cm/sec). The injection port was set in the splitless mode with a purge-off 

time of 0.0 min and purge-on time 1.5 min and 2 JAL of reconstituted extracted 

and trifluoracetic (TFA) derivatized samples were injected via a HP 7673A 

autosampler. The initial GC oven temperature was 70°C, and was held for 1.0 

min, then ramped to 270°C at 20''C / min and held for 3 min. The total run 

time was 14 min. The injection and transfer line temperatures were 250°C and 

280''C, respectively. Propylphenidate-TFA was used as an internal standard to 

quantitate methylphenidate-TFA and ethylphenidate-TFA. The retention times 

for methylphenidate, ethylphenidate, and propylphenidate were 8.04, 8.27, and 

8.66 min, respectively. Selected ion monitoring (SIM) was utilized after 

examining full scan mass spectra generated from known standards, each 
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derivatized with trifluoroacetlc acid anhydride (TFAA) (Figure 4-5). 

Methylphenidate-TFA, ethylphenidate-TFA and propylphenidate-TFA were 

identified by monitoring ions 150, 180, and 181; m/z 164, 180, and 181; 

and mA 178, 180, and 181; respectively. Quantitation of methylphenidate and 

ethylphenidate was accomplished by calculating ion signal ratios of 

methylphenidate-TFA and ethylphenidate-TFA to internal standard 

propylphenidate-TFA (1000 ng/mL) {m/z 180/180 for both analytes) and 

comparing to a standard curve of methylphenidate and ethylphenidate 

extracted through the method (10, 25, 50, 100, 250, 500,1000, and 2000 

ng/mL). The limit of detection and limit of quantitation of the assay were 5 and 

10 ng/mL, respectively. 

Locomotor activity study 

Four male Sprague-Dawley rats (290-326g), were utilized in a cross

over design locomotor activity experiment All rats were individually housed in 

cages with standard bedding and unlimited access to lab rat chow and water. 

The experiment was conducted over three successive days and rats received 

an i.p. Injection of either saline, methylphenidate (20 mg/mL) or ethylphenidate 

(20 mg/mL). On day one, two rats received saline, one methylphenidate and 

one ethylphenidate. On day two, the two rats having received a saline injection 

were administered methylphenidate and ethylphenidate. The two other rats. 
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which received drug on day one, received a saline injection on day two. On 

day three, all 4 rats received either methylphenidate or ethyiphenidate, 

whichever compound they had not been administered the two previous days. 

On the day of the experiment each rat was removed from its home cage and 

placed into 4 separate locomotor activity cages (Omnitech Electronics, Inc., 

Columbus, OH) for a 30 min acclimation period. After the acclimation period, 

rats were individually removed from the cages and given an i.p. injection of 

either saline, methylphenidate (20 mg/mL), or ethyiphenidate (20 mg/mL) and 

then immediately placed back into the perspective locomotor cage. Activity 

was monitored for 4 hr and then each rat was returned to its home cage with 

unlimited access to lab rat chow and water. The experiment was performed 

approximately the same time every day ± 1 hr. 

Data analysis. 

Concentration-time profiles of methylphenidate, and ethyiphenidate {in 

vivo) or ^Hs-ethylphenidate {in vitro) were constructed and kinetic parameters 

were obtained using area analysis. The ti/2 values were calculated by 0.693/k 

where k is the slope of the log concentration versus time plot and AUC via the 

trapezoidal rule using a non-compartmental analysis in WinNonlin™, (1995). 

Statistical analysis of the half-life (ti/j), area under the concentration-time 

curve (AUC), apparent KM and VMAX values, and locomotor activity results was 
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accomplished using Bonferroni's t- test (SigmaStat™, 1994). The hamionic 

mean and "pseudo" standard deviation of ti/2 values were calculated (Lam et 

al., 1985). 
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Results 

The protein concentration of the rat S9 was determined to be 40 mg/mL. 

Mean esterase activity from freshly thawed rat S9 homogenate was 305 ± 4 

nmol/min per mg of protein. Esterase activity did not change significantly after 

1 and 2 hr of incubation (303 ±14 nmol/min/mg and 293 ±13 nmol/min/mg, 

respectively). After 4 hours of incubation only 10% of esterase activity was lost 

(272 ± 5 nmol/min/mg) (Chap II, Figure 2-1). While this was determined to be a 

statistically significant difference from the control measurement (p< 0.05), it 

represents a trivial practical loss in activity. The protein concentration of 

human S9 was determined to be 25 mg/mL. Esterase activity from freshly 

thawed human S9 was 426 nmol/min per mg of protein. Human esterase 

activity decreased with increasing incubation time. After 2 hr of incubation at 

37°C, human esterase activity was 393 nmol/min/mg and after 4, 8, and 20 hr of 

incubation, human esterase activity dropped to 345, 203 and 103, nmol/min/mg 

respectively (Chap II, Figure 2-2). 

The concentration-time profiles of unlabeled methylphenidate in the 

presence of ^He-ethanol and the formed ^Hs-ethylphenidate are illustrated in 

Figure 4-6. These data clearly indicate that ethyl-ester exchange occurs 

between unlabeled methylphenidate and ^Hg-ethanol. The exchange process 

begins immediately upon incubation as measurable concentrations of ^Hs-

ethylphenidate are seen within 5 min (Figure 4-6, solid triangles). No change 
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in the methylphenidate disappearance rate was seen in vitro after the addition 

of ^He-ethanol. The methylphenidate concentration-time profile under control 

conditions {i.e., no ethanol, Figure 4-6, open circles) was virtually identical to 

the methylphenidate time-profile in the presence of ^He-ethanol (Figure 4-6; 

solid circles). There were no statistically significant differences between those 

profiles for or AUC (Table 4-1; hamrionic mean Ua , 179.9 ± 18.6 min. vs. 

178.1 ±12.1 min.; mean AUC, 9138 ± 1037 ̂ M*min vs. 9665 ± 1298 nM*min). 

The experiments utilizing enzyme Inhibitors yielded an "all or nothing" 

response. When methylphenidate was incubated with S9 and ethanol in the 

presence of BNPP, a specific carboxylesterase inhibitor, no formation product, 

ethylphenidate, was detected (Table 4-2). Therefore, BNPP, a specific 

carboxylesterase inhibitor, totally blocked the transesterification of 

methylphenidate in the presence of ethanol. As expected, no ethylphenidate 

was detected in the buffer condition [negative control], and when saturated 

NaF, a non-specific esterase inhibitor, was added (Table 4-2). However, when 

physostigmine, a cholinesterase inhibitor, was added to the S9, ethanol and 

drug Incubation mix, the formation product, ethylphenidate, was detected in 

the same concentration as under positive control conditions (S9 with no 

Inhibitors) (Table 4-2). Therefore, the ethanolic transesterification of 

methylphenidate is most likely catalyzed by liver carboxylesterases. 
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For the enzyme kinetic analysis, the rate of ethylphenidate formation 

was measured at different substrate concentrations and the data fit to the 

MIchaelis-Menten equation with the aid of a hyperbolic regression computer 

analysis program. The apparent ku and VMAX values for ethylphenidate 

formation from methylphenidate and ethanol In rat S9 was 1569 ± 334 and 

535 ± 32 pmol/mln/mg, respectively (Figure 4-7). The apparent km and VMAX 

values for ethylphenidate formation from methylphenidate and ethanol in 

human S9 were 4754 ± 726 jiM and 817 ± 38 pmol/min/mg, respectively 

(Figure 4-8). The human and rat enzyme kinetic values, kwi and VMAX. were 

significantly different from each other (p < 0.05) (Table 4-3). 

A representative whole blood concentration-time profile of ethanol In rats 

dosed with ethanol (3.0 g/Kg) and methylphenidate (20 mg/Kg) Is illustrated In 

Figure 4-9. Absorption was first-order and the time to peak (Tmax) and peak 

concentration (Cmax) were 60 min and 1.88 mg/mL, respectively. Elimination 

followed zero-order kinetics and the elimination rate for ethanol was 0.144 

mg/mL per hr. 

Urine from a rat dosed with ethanol (3.0 g/Kg) and methylphenidate 

(20mg/Kg) and rat liver S9 Incubated for 30 min with methylphenidate (50 |iM) 

and ethanol (50 mM) were both qualitatively assayed for the presence of 

methylphenidate and ethylphenidate. Ethylphenidate was conclusively 

confirmed In both in vitro and in vivo samples. Conclusive Identification of 
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ethylphenidate was accomplished by analyzing full mass spectra from 

extracted rat liver S9 and urine and comparing to a known standard of 

synthesized ethylphenidate (Figures 4-10 and 4-11, respectively). 

Rat plasma extracted for methylphenidate and ethylphenidate was 

analyzed by a GC/MSO SIM method previously described. Figure 4-12 depicts 

a typical total ion chromatogram (TIC) of methylphenidate-TFA, ethylphenidate-

TFA, and propylphenidate-TFA (internal standard) extracted from the plasma of 

a rat dosed with ethanol and methylphenidate. 

Plasma concentration-time profiles of methylphenidate in rats dosed 

with methylphenidate (20 mg/kg) alone [control] or in the presence of ethanol 

(3.0 g/Kg) are depicted in Figure 4-13. These data cleariy indicate 

transesterification of methylphenidate to ethylphenidate. The concentration-

time profile for methylphenidate administered alone is virtually identical to the 

methylphenidate concentration-time profile in the presence of ethanol (Figure 

4-13; solid circles and squares, respectively). There were no statistically 

significant differences between the methylphenidate ti/2 values (Table 4-4; 

harmonic mean Uiz, 36.9 ± 3.0 min. vs. 38.5 ± 4.5 min). Volume of distribution 

(V/F) and i.p. clearance (CL,p/F) were not significantly altered with the addition 

of ethanol (Table 4-4). Ethylphenidate, formed in vivo, had a ti/2 of 37.0 ± 4.5 

min, indistinguishable from the methylphenidate values. 
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Locomotor activity of rats dosed with methylphenidate and 

ethylphenidate was measured in Omnitech Activity cages utilizing Digipro 

Software (Omnitech Electronics, Inc., Columbus, OH). The software allowed 

measurements of up to 21 different vanables of movement. The average total 

activity (horizontal activity) as a function of time in rats dosed with either saline, 

methylphenidate, or ethylphenidate is illustrated in Figure 4-14. The software 

was programmed to record the total number of infrared light beam breaks 

every 5 min. The average curves generated from the locomotor activity of rats 

dosed with methylphenidate (20 mg/Kg) and ethylphenidate (20 mg/Kg) are 

practically superimposed on each other. This would indicate a relatively equal 

effect of each drug's ability to increase the locomotor activity of rats. This, of 

course, provided that the same percentage of the dose of each drug 

administered intraperitoneally (i.p.) reaches the site of action. Table 4-5 

depicts the results of horizontal activity, vertical activity and stereotypy counts 

under all three conditions (saline [control], methylphenidate and 

ethylphenidate). Horizontal activity counts record the total number of beam 

breaks during the measurement period indicating overall activity. Vertical 

activity records breaks of only the raised beams and therefore can measure 

rearing or jumping behavior. Repetitive movement is saved under the variable 

stereotypy counts and indicates stereotypic behavior. Total activity 

significantly increased, ^10 times, from the control condition for both 
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methyiphenidate and ethylphenidate administration (Table 4-5, 5127 ± 2321 vs 

51790 ± 19686 and 52280 ± 6443, resp)ectively, p < 0.05, Bonferroni's t-test). 

Mean total activity counts after ethylphenidate injections were almost identical 

to total counts from methyiphenidate injections (Table 4-5, 52280 ± 6443 vs 

51790 ± 19686). The results of the stereotypy counts were similar to horizontal 

activity. Methyiphenidate and ethylphenidate stereotypy counts (30050 ± 

13650 and 31930 ± 4578, respectively Table 4-5), were not significantly 

different from each other, however, each was greater than 10 times the control 

counts (2562 ± 1170, Table 4-5). Vertical activity increased after 

methyiphenidate and ethylphenidate administration, however, only the 

ethylphenidate results were significantly different from control (1976 ± 466 vs 

75 ± 74.2, respectively. Table 4-5). 
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Discussion 

The results of the present study have demonstrated, for the first time, 

ethanolic transesterificatlon of methylphenidate to ethylphenldate both in vitro 

and in vivo. In all in vitro experiments performed where methylphenidate was 

incubated with rat or human S9 in the presence of ethanol, the 

transesterificatlon product, ethylphenidate was detected. Figure 4-12 depicts a 

full mass spectrum of ethylphenidate-trifluoroacetyl (TFA) derivative generated 

from the urine of a rat dosed with methylphenidate and ethanol. The m/z 164 

ion represents a molecular fragment of the molecule containing the ethyl-ester 

moiety, ethylphenidate. This molecular fragment is comparable to the m/z 150 

ion generated by the methyl-ester moiety of methylphenidate (Figure 4-3), and 

represents the major difference, other than retention time, of the 2 mass 

spectra generated from methylphenidate and ethylphenidate. The 

ethylphenidate mass spectrum, from extracted rat urine, matches a standard 

ethylphenidate mass spectrum (Figure 4-4), conclusively proving its presence. 

The transesterificatlon of methylphenidate was also confirmed in vitro, in the 

Incubation of methylphenidate with ethanol in rat S9. 

The pharmacokinetic parameters of methylphenidate remained 

unaltered after the addition of ethanol in both in vitro and in vivo time course 

experiments. This data were consistent with the cocaine and ethanol in vitro 

experiment described in Chapter II as well as the rat in vivo work performed in 
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our laboratory by Kim et aL (1997). In these in vivo experiments, cocaine, a 

methyl-ester-containing compound, formed cocaethylene, its ethyl-ester 

derivative ,in the presence of ethanol, without significantly altering the 

concentration-time profile of cocaine. Methylphenidate, a methyl-ester-

containing compound, behaved similarly to cocaine pharmacokinetically, no 

significant change in Un, AUC, CL or Vd was observed, when comparing 

control to ethanol conditions in vitro and in vivo (Tables 4-1 and 4-4). 

The extent of transesterification of methylphenidate appeared to be less 

than any other drug investigated in this study (cocaine, cocaethylene and 

meperidine). In the in vitro rat S9 drug incubation study the AUC of ^Hs-

ethylphenidate was --.06 times the area of is parent, methylphenidate (Table 4-

1, 570 vs 9665 amin, respectively). Identical experiments for cocaine, 

cocaethylene, and meperidine yielded AUC values that were 1.2, 4.4, and 10.5 

times the area of the parent compound, respectively (Chap II, Table 2-1 and 

Chap III, 3-1). 

The results of the in vitro enzyme inhibition experiments indicate that the 

transesterification of methylphenidate occurs via a carboxylesterase-mediated 

reaction. Carboxylesterase enzymes are a class of enzymes belonging to the 

family of microsomal 8-esterases which are membrane-associated proteins 

located on the cytosolic side of the endoplasmic reticulum (Akao and Omura, 

1972). The sensitivity of microsomal B-esterases to physostigmine determines 
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the enzyme class: cholinesterases, those that are inhibited by physostigmine; 

or carboxylesterase, those which are insensitive to physostigmine (Heymann, 

1980). Our results showed that the transesterification of methylphenidate to 

ethylphenidate was not inhibited by physostigmine (100 (iM), thus, supporting 

the role of a carboxylesterase-mediated reaction. Furthermore, BNPP (100 

^M), a specific carboxylesterase inhibitor, and NaF, a non-specific esterase 

inhibitor totally blocked the transesterification of methylphenidate. 

The carboxylesterase transesterification reactions examined in this 

study obeyed simple Michaelis-Menten kinetics. The apparent Km and Vmax 

values for methylphenidate when combined with ethanol to form ethylphenidate 

in rat liver S9 were 1569 ± 334 iiM and 535 ± 32 pmol/min/mg protein, 

respectively. Both apparent Km and Vmax values in human S9 were higher than 

rat, 4754 ± 726 |iM and 817 ±38 pmol/min/mg protein, respectively. From 

these data it appears that the rat carboxylesterase more efficiently catalyzes 

the ethanoiic transesterification of methylphenidate than the human enzyme. 

The lower kM value (1569 vs 4754 nM) indicates that the enzyme has a greater 

affinity towards methylphenidate in the rat than human with respect to ethanoiic 

transesterification. However, the higher VMAX (817 vs 535 pmol/min/mg) 

indicates a more rapid transesterification of methylphenidate under similar 

conditions of substrate concentrations in the human vs rat. 
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A preliminary investigation into the pharmacology of ethylphenidate was 

performed with the use of locomotor activity cages. It is well documented that 

methylphenidate, a CNS stimulant, increases locomotor activity in animals 

(Patrick et al., 1987). To investigate the potential activity of ethylphenidate, 

rats were administered equivalent doses of methylphenidate and 

ethylphenidate. Saline injections served to measure baseline activity. Rats 

dosed with ethylphenidate responded very similarly to rats given equivalent 

doses of methylphenidate (Figure 4-14). Both methylphenidate and 

ethylphenidate significantly increased locomotor activity in rats and the total 

activity for both groups was not significantly different from each other (Table 4-

5). A conclusion about equipotency would be premature since the route of 

administration (i.p.) does not lend itself to one-to-one comparisons of potency. 

Intraperitoneal administration allows the drug to undergo first-pass metabolism 

in the liver before reaching other sites (e.g.,. brain). Therefore, if one drug is 

more extensively metabolized via a first pass effect then less drug would reach 

the site of action. To further characterize the potency and efficacy of 

ethylphenidate relative to methylphenidate several more 
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These initial findings indicate ethylphenidate has a similar pharmacological 

effect in rats as methylphenidate, with respect to locomotor activity. 

In summary, the observation that methylphenidate transesterifies to, an 

active metabolite, ethylphenidate is perhaps the most important and novel 

aspect of this study. Co-ingestion of ethanol and methylphenidate could result 

in the formation of ethylphenidate in humans. The in vitro human data supports 

the likelihood that this could occur, however the high kM value seen in humans 

may diminish the probability of significant ethylphenidate formation in humans 

in vivo. 
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TABLE 4-1 
Methylphenidate (MPH) metabolism in the rat liver 9,000g (S9) fraction in 

the absence and presence of ̂ Ht-ethanol. 

Experiment 11/2 (min)* AUC (uM«min)' 

MPH Control 179.9 ±18.6 9138 ±1037 
(no ethanol) 

MPH + ̂ He-Ethanol: 
MPH 178.1 ±12.1" 9665 ±1298" 
^Hs-EPH 104.6 ±11.1 579 ± 100 

" Average expressed as the harmonic mean and "pseudo" standard 
deviation of 3 separate experiments. AUCs are reported as the arithmetic 
mean of 3 separate experiments ± the standard deviation. 

" No Statistical significant difference fi'om MPH control condition, p > .05, 
Bonferroni's t-test 
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TABLE 4-2 
Methylphenidate (MPH) (SO ̂ M) incubated at ZTC 

with rat S9 (or buffer) with and without ethanoi (EtOH) (SOmHIi) 
in the presence of specific and non-specific esterase inhibitors 

(EtOH) 
Condition Omin' 

iMPH((iM) 
30 min" 

EPH (|xM) 
0 min' 30 min" 

S9 [Control] 45.4 30.2 + 0.9 n.d. 3.5 ±0.1 

Buffer Only 45.8 43.1 ±1.7 n.d. n.d. 

S9 + NaF 47.9 49.2 ±2.7 n.d n.d 

S9 + Physo® 49.1 28.4 ±0.8 n.d. 3.5 ±0.1 

S9 + BNPP" 46.5 48.6 ±1.9 n.d. n.d. 

 ̂Concentration reported is from a single sample 

 ̂Concentration reported as the mean of three samples ± the standard deviation 

*^Physo = physostigmine 

 ̂BNPP = bis-nitrophenyl phosphate 

n.d. = none detected 



216 

TABLE 4-3 
kMand Vrmx Values in Rat and Human S9 

for Ethylphenidate (EPH) Fonmation from Methylphenidate (MPH) 
in the presence of Ethanol (EtOH) 

Experiment Vmax* 
(uM) (pmol/min/mg) 

RAT 

MPH EPH 1569 ± 334" 535 ± SI'' 
(MPH+ EtOH) 

HUMAN 

MPH -> EPH 4754 ± 726" 817 ± 38= 
(MPH + EtOH) 

 ̂Km and Vmax values are reported as the arithmetic mean of 3 separate 
experiments ± the standard deviation. 

Statistically significant difference, (p < 0.05), Students t-test 

 ̂Statistically significant difference, (p < 0.05), Student's t-test 
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TABLE 44 
Pharmacokinetic parameters of rats dosed orally with either ethanoi (EtOH) 

(3.0 g/Kg) or vehicle (H2O) and 20 mg/kg methylphenidate (MPH) (i.p.). 
Values are reported as the mean ±the standard deviation 

(n=3 for each condition). 

Parameter Control MPH EtOH + MPH 
(No EtOH) MPH EPH 

t1/2(min)* 36.9 ± 3.0 38.5 ±1.4 37.0 ±4.5 

V/F ( UKg)" 11.8 ± 2.7 10.7 ± 2.3 

CLip/F* 221 ±45 194 ±50 
(ml/min/Kg) 

a^No statistically significant difference between groups, p = 0.800, One Way 
ANOVA 

b=No statistically significant difference between groups; p = 0.6147, t - test 

c=No statistically significant difference between groups; p = 0.5090, t - test 
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TABLE 4-5 
Locomotor Activity of rats dosed with i.p. saline, methyiphenidate (RIIPH) 
(20 mg/Kg) or ethyiphenidate (20 mg/Kg) and tiien placed into Omnitech 

activity cages for 4 hr. 

Parameter Saline* 
fControl] 

MPH* EPH" 

Horizontal 
Activity Counts 

5127 ± 2321 51790 ±19686" 52280 ± 6443" 

Vertical 
Activity Counts 

75 ±74.2 1161 ±889 1976 ±466" 

Stereotypy 
Counts 

2562 ±1170 30050 ±13650" 31930 ± 4578" 

a Values are expressed as the mean of 4 experiments ± the standard deviation 

b Statistically significant difference from control condition, (p < 0.05), 
Bonferroni's Method 
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Figure 4-1. Molecular Structure of Methylphenidate 
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Figure 4-5. Full mass spectra of A. methylphenidate-TFA, 

B. ethylphenidate-TFA and C. propylphenidate-TFA. 
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Figure 4-6. Methylphenidate (MPH) and ^Hs-ethyiphenidate (^Hs-EPH) 

concentrations as a function of time. MPH (50 ^M) was incubated in rat liver 

9,000g supernatant (S9) fraction for 4 hr at Unlabeled MPH 

concentrations as a function of time in the absence (O) [control condition] and 

in the presence (•) of ^Hs-ethanol (51.3 mM) and the resulting ^HyEPH 

concentrations (•). Each value is the mean of 3 experiments and the cross-

hatched vertical bars represent the standard deviation of the mean. 
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Figure 4-7. Rate of ethylphenidate (EPH) formation as a function of 

methylphenidate (MPH) concentration for determination of kvi and Vmax values. 

Methylphenidate (100 - 20,000 ^M) and ethanol (50 mM) were incubated in rat 

liver supernatant 9,000g (S9) fraction at 37'C for 10 min: Km = 1569 ± 334 îM; 

Vmax = 535 ± 32 pmol/min/mg. The top horizontal dotted line is placed at the 

Vmax value. The bottom horizontal and vertical dotted lines are positioned at 

VMAX/2 and KM, respectively. 
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Figure 4-8. Rate of ethylphenidate formation as a function of methylphenidate 

concentration for determination of KM and VMAX values. Methylphenidate (25 -

50,000 (iM) and ethanol (50 mM) were incubated in human liver supernatant 

9,000g (S9) fraction at 37°C for 10 min: KM = 4754 ± 726 ^LM: VMAX = 817 + 38 

pmol/min/mg. The top horizontal dotted line is placed at the Vmax value. The 

bottom horizontal and vertical dotted lines are positioned at Vmax/2 and Km, 

respectively. 
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Figure 4-9. Rat blood ethanol concentration as a function of time. Rat was 

dosed with 3 g/Kg ethanol by oral gavage followed by an i.p. injection of 

methylphenidate (20 mg/Kg) 30 min later. 
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Figure 4-10. Underivatized ethylphenidate mass spectra (MS). The top MS 

was produced from an extraction of rat S9 (1mL) containing methylphenidate 

(50 nM) and ethanol (50 mM) incubated at for 30 min. The bottom 

spectrum is an injection (2^L) of ethylphenidate standard (100 ng/̂ L) In 

methanol. The retention times for both mass spectra were 10.4 min. 
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Figure 4-11. Full mass spectrum of ethylphenidate-TFA from the urine of a rat 

dosed with 3 g/Kg ethanol p.o. and 20 mg/Kg methylphenidate. 
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Figure 4-12. A. Total ion chromatogram of methylphenidate-trifiuoroacetyl 

(TFA) derivative , retention time (RT) 8.04; ethylphenidate-TFA, RT 8.27 and 

propylphenidate-TFA, RT 8.66. TIC was generated from extracted plasma, 

collected 20 min post methylphenidate administration, of a rat dosed with 

methylphenidate (20 mg/Kg) i.p. and ethanol (3 g/Kg) p.o. B. The selected ion 

monitoring mass spectrum of ethylphenidate-TFA (RT 8.66) from TIC A. 
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Figure 4-13. Plasma methylphenidate (MPH) and ethylphenidate (EPH) 

concentrations as a function of time. Sprague-Dawley rats were injected i.p. 

with 20 mg/Kg MPH 30 min after oral gavage of either 3.0 g/Kg ethanol (•) or 

H2O (•) [control]. EPH (A) was formed when MPH was administered in the 

presence of ethanol. Each value is the mean of 3 experiments and the cross-

hatched vertical bars represent the standard deviation of the mean. 
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Figure 4-14. Average locomotor activity as a function of time for rats dosed i.p. 

with either saline (•), methylphenidate (20 mg/Kg) (•), or ethylphenidate (20 

nig/Kg) (•). All data points represent the mean of 4 separate experiments. 
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CHAPTER V. SUMMARY AND CONCLUSION 

All three compounds investigated here, cocaethylene, meperidine and 

methylphenidate, underwent transesterification in the presence of ethanol. 

These results demonstrated that the transesterification of cocaine in the 

presence of ethanol is not a "unique" phenomenon and potentially any 

compound with a carboxylester group could undergo a similar 

transesterification. The findings presented here may represent the discovery of 

a new class of ethanol-drug interactions; ethanol ic transesterification of 

carboxylester xenobiotics. The transesterification of methylphenidate to 

ethylphenidate is similar to the well-known transesterifcation reaction of 

cocaine. The major difference was a significantly smaller amount of formation 

product, ethylphenidate, compared to cocaethylene formation from cocaine. 

The transesterification of the two ethylester compounds meperidine and 

cocaethylene may represent a new drug-interaction category, within the class 

of ethanol-drug interactions, previously undetected. The ethyl ester exchange 

of ethanol with meperidine and cocaethylene results in no change in molecular 

structure, therefore, the formation product is the original parent drug and Is 

Indistinguishable from administered parent drug. This observation provided an 

analytical challenge to monitor the ethylester exchange. Our experimental 

design resolved this dilemma and a profile for this reaction was obtained 

through the use of labeled ethanol. The significance of these reactions is that 
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an alteration in the pharmacokinetic profile of the parent drug occurs solely due 

to enzyme-mediated transesterification of drug with ethanol. To our knowledge 

there is no comparable drug interaction and this represents a novel alteration 

of the metabolic disposition of a drug. As previously mentioned in the 

discussion sections of Chapters II and III. the increased half-life and reduced 

clearance may prolong the phanmacological and toxicological effects of these 

two compounds. The concurrent use of ethanol with meperidine and continued 

use of ethanol during a cocaine binge, in humans, could result in serious 

pharmacological and toxicological consequences. Human studies, in vivo, 

should be performed in the future to determine the presence, extent and 

significance of these reactions. 

Another important observation was the involvement of the 

carboxylesterase enzyme system. Ethanolic transesterification did not occur in 

buffer [no enzyme] for all drugs tested ruling out a non-enzymatic chemical 

transesterification reaction. Viable esterase activity was necessary to conduct 

the transesterification reaction which was evidenced by the blocking of 

transesterification in the presence of NaF, a non-specific esterase inhibitor. 

BNPP, a specific carboxylesterase inhibitor totally blocked the 

transesterification reaction of methylphenidate, meperidine and cocaethylene. 

Physostigmine, a cholinesterase inhibitor had little or no effect on the 

ethyiester formation products in ail three reactions. These findings implicate a 
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carboxylesterase-mediated transesterification of methylphenidate, meperidine 

and cocaethylene and are consistent with the findings of Dean et al. (1991) 

who determined carboxyiesterase involvement for cocaine transesterification. 

A direct comparison of enzyme activity for each substrate was 

accomplished, via drug incubation experiments in in vitro rat S9 and enzyme 

kinetic analysis in rat and human in vitro S9 preparations. An attempt was also 

made to compare rat vs human activity towards each substrate, but these 

comparisons should be viewed with caution, since many variables exist. The 

results of the human S9 experiments represent a single liver, as experiments 

were performed in liver obtained from one individual. We cannot assume that 

that liver represents the normal population. Certainly genetics, age, disease 

state and history of past drug use could effect the results. However, results 

obtained from in vitro incubation of cocaine over 4 hours are consistent with the 

published data of Bailey. (1994). As previously mentioned in Chapter II the 

calculated U^s of cocaine comparing our data in human S9 to Bailey's data in 

crude liver homogenate were practically identical. Another problem in 

interpreting these results is the lack of a pure system. Ideally, a cloned human 

carboxyiesterase enzyme might be the most appropriate in vitro model. Lack of 

cloned carboxyiesterase in our laboratory prevented the use of this model, 

however, future studies may employ this design. Direct comparison of different 

substrate activity is appropriate within species in the S9 model, since all other 
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variables were controlled. For example, different drugs were tested under the 

same conditions of S9 preparation including, incubation temperature, 

incubation time, protein concentration, general esterase activity, molar 

concentrations of drug and ethanol. 

In the rat S9 drug incubation experiments, area under the concentration-

time curves (AUC) were determined for parent (p) drug and transesterification 

product (tp) for each reaction. To quantitatively estimate the extent of 

transesterification the AUCtp is divided by the sum of AUCtp and AUCp. The 

(AUCtp / AUCtp + AUCp) values for cocaine, cocaethylene, meperidine and 

methylphenidate transesterification in the presence of ethanol or ^Hs-ethanol 

are 0.542, 0.814, 0.913 and 0.060, respectively. Both meperidine and 

cocaethylene in the rat S9 incubation experiments showed a greater extent of 

transesterification (0.814 and 0.913, respectively) than cocaine (0.542). The 

extent of transesterification exhibited by methylphenidate transesterification to 

ethylphenidate (0.060) was considerably less than the control cocaine 

experiment (0.542). The rank order of extent of ethanolic transesterification for 

all 4 drugs was: meperidine > cocaethylene > cocaine » methylphenidate. 

Enzyme kinetic analysis was done for all 4 drugs using rat and human 

S9. The Km values calculated in each experiment give an indication of the 

affinity of the enzyme for substrate, the lower the value the higher the affinity. 
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In the rat the Km values for the ethanoiic transesteriflcation of cocaine, 

cocaethylene, meperidine, and methylphenidate were 348.5, 234.7, 1770 and 

1569 |iM, respectively. The rank order substrate affinity based on ascending 

Km values is: cocaethylene > cocaine » methylphenidate > meperidine. The 

order of apparent Km values in the rat for cocaine, cocaethylene and 

methylphenidate are consistent with the drug incubation experiments and 

extent of transesterification calculations, however, meperidine's ranking 

appears to be inconsistent with the initial incubation results. A possible 

explanation for this discrepancy is a more cautious interpretation of the Km 

value. It is true that the Micahaelis constant Km is associated with the strength 

of binding of substrate to enzyme (Mathews and van Holde, 1990). This holds 

true when the kcat constant, called the tunnover number, is very small. The /feat 

represents the maximum number of substrate molecules which can be 

converted to product per molecule of enzyme per unit time and is obtained from 

the equation, Vmax= kcA [Eo], where Vmax'S the maximum Initial velocity and [Eo] 

Is total enzyme concentration (Palmer, 1995). However , a /feat can be very 

large and lead to a large Km. Therefore the interpretation of Km as a 

dissociation constant requires some caution. Based on the equation, Vmax = 

/feat [Eo], Vmax is directly proportional to the k t̂ or turnover number, therefore, a 

high Vmax would equate to a high /feat at equal enzyme concentrations. The 

Vmax value in rat S9 for meperidine transesterification was 3968 pmol/min/mg. 
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significantly higher than the Vmax values of cocaine (315 pmol/min/mg), 

cocaethylene (436 pmol/min/mg), and methylphenidate (535 pmol/min/mg). 

Therefore, the high Km of meperidine transesterification may not be directly 

correlated to the other drug Km values and does not necessarily reflect the 

efficiency at which the reaction occurs. Perhaps a more appropriate measure 

of catalytic efficiency would be to incorporate the Vmax term with the Km value of 

each reaction. The catalytic efficiency of a Michael is-Menten reaction is 

defined by the term keat / Km. Because the concentration of the enzyme is 

unknown, substitution of the directly proportional Vmax value into the equation 

will give us a relative scale of apparent catalytic efficiencies between each 

substrate. The more efficient the reaction the higher the VMAX/KM value should 

be. The mg of protein is factored out to yield units of min" .̂ Vmax/Km values for 

cocaine, cocaethylene, meperidine and methylphenidate transesterification 

reactions were 1.81 x 10"  ̂ 3.71 x 10'̂  4.48 x 10'̂  and 6.82 x 10*  ̂ min"\ 

respectively. The rank order of relative catalytic transesterification efficiency in 

rat S9 is meperidine (4.48 x 10"  ̂min'̂ ) > cocaethylene (3.71 x 10'̂  min'̂ ) > 

cocaine (1.81 x 10*  ̂ min* )̂ >methylphenidate (6.82 x 10'̂  min" )̂. This is the 

same rank order obtained from the drug incubation experiments, in rat S9, 

calculating extent of transesterification based on AUCs. 

Results from the human S9 preparation gave similar but not identical 

ranking of substrates in the Michaelis-Menten experiments. The kM values 
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obtained for the transesterification reactions of cocaine, cocaethylene, 

meperidine and methylphenidate were 68.5, 104.5, 2718, and 4754 ^M, 

respectively. The rank order of enzyme affinity for substrate based on 

ascending Km values was: cocaine > cocaethylene > meperidine > 

methylphenidate. Therefore, cocaine demonstrated the highest affinity and 

methylphenidate the lowest in human S9, based on Km values alone. The 

Vmax/Km values for cocaine, cocaethylene, meperidine, and methylphenidate 

were 4.57 x 10" ,̂ 2.80 x 10'̂ , 4.67 x 10" ,̂ and 4.08 xlO'̂  min'\ respectively. 

Based on Vmax/Km values in human S9 the rank order of apparent catalytic 

efficiency of transesterification is cocaine > methylphenidate > cocaethylene > 

meperidine. 

To further characterize carboxylesterase-mediated transesterification, 

future studies could employ a pure human enzyme model and compare the 

enzyme kinetics of a homologous series of ester compounds. For example, the 

KM and VMAX values could be determined for the ethanolic transesterification 

reactions of methylphenidate, ethylphenidate, propylphenidate and 

butylphenidate. Cocaine (methylbenzoylecgonine), cocaethylene 

(ethylbenzoylecgonine) . propylbenzoylecgonine and butylbenzoylecgonine 

could also be used to determine the effect that carboxylester-chain-length 

might have on transesterification. In addition, derivatives of meperidine, which 

differ in non-carboxylester functional groups, might be used to assess 
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structure-activity characteristics of carboxylesterase-mediated ethanolic 

transesterification. 
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Appendix A Table A-1 

Esterase enzyme activity in rat liver 9,000g supernatant (S9) fraction 
before and after different incubation times at ZfC as measured with 

methyiumbelliferylacetate assay 

Enzyme Activity (nmol/min/mg protein) 
0 hr 1 hr 2 hr 4 hr 

300.3 315.5 299.3 274.4 

306.6 287.5 301.5 276.1 

308.0 306.7 278.7 267.0 
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Appendix A Table A-2 

Cocaine (COC) and cocaethylene (CE) concentration-time data from 
incubation of cocaine (SOpM) with ethanoi (SOmM) in rat S9 under shaking 

and static incubation conditions at 37*'C. 

Shaking Static 
Time (min) COC (uM) CE (uM) COC (nM) 1 lo

 
im

 

0 50.6 54.0 
5 46.5 2.1 42.8 3.2 

10 43.1 4.5 43.0 5.3 
15 38.6 6.5 42.4 5.8 
30 32.7 9.6 31.3 11.1 
45 24.6 12.8 22.5 12.8 
60 21.2 12.2 18.0 13 
120 11.7 10.1 8.0 9.1 
180 4.2 7.3 3.3 5.4 
240 4.3 4.6 3.1 3.2 
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Appendix A Table A-3 

Cocaine (COG) and ̂ Hs-cocaethylene (^Hs-CE) concentration-time data 
from incubation of cocaine (50 ̂ M) alone and in the presence of 

ethanol (̂ H«-EtOH) (51.3 mM) at 37*'C in rat liver supernatant 9,000 (S9) 
fraction 

Trial #1 
Cocaine [control] Cocaine + ^He-EtOH 

Time (min) COC fwM) COC (ulVI) CE (uM) 
0 42.5 37.0 
5 40.5 28.6 2.5 

10 18.1 25.6 4.8 
15 22.8 23.3 6.7 
30 16.9 14.8 7.2 
45 11.5 8.8 9.5 
60 8.0 7.3 9.3 
120 3.0 3.3 5.2 
180 1.4 1.4 4.2 
240 0.9 1.2 2.8 

Trial #2 
Cocaine [control] Cocaine + ^He-EtOH 

Time (min) COC (uM) COC (uM) CE (uM) 
0 70.4 65.0 
5 58.4 66.9 6.6 

10 63.4 64.9 13.6 
15 43.4 41.4 12.9 
30 23.3 27.6 18 
45 17.3 17.3 17.1 
60 10.8 14.7 20.8 
120 3.3 5.5 16.4 
180 1.7 2.1 6.8 
240 
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Appendix A Table A-3 (continued) 

Cocaine (COC) and ̂ Hs-cocaethylene (̂ Hs-CE) concentration-time data 
from incubation of cocaine (50 ̂ M) alone and in the presence of ̂ Hs-

ethanol (̂ He-EtOH) (51.3 mM) at 37*'C in rat liver supematant 9,000 (S9) 
fraction 

Trial #3 
Cocaine [control] Cocaine + He-EtOH 

Time (min) COC (uM) COC (uM) CE (uM) 
0 49.2 39.3 
5 42.1 40.1 1.9 

10 32.8 36.8 5.3 
15 26.4 32.2 7.9 
30 17.7 24.1 12.9 
45 12.4 16.8 13.7 
60 8.8 11.0 13.5 
120 2.6 3.5 8.2 
180 1.5 1.8 5.9 
240 1.1 0.8 
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Appendix A Table A-4 

Cocaethylene (CE) and ̂ Hs-cocaethylene (̂ Hg-CE) concentration-time data 
from incubation of cocaethylene (50 ̂ M) alone and in the presence of 

ethanol (EtOH) (50 mM) or ̂ H«-ethanol (̂ He-EtOH) (51.3 mM) at src in rat 
liver supernatant 9,000 (S9) fraction 

Trial #1 
CE rcontrol] CE + EtOH CE + 'He-EtOH 

Time (min) CE (̂ xM) CE (mM) CE (̂ iM) ^Hs-CE 
(uM) 

0 54.8 52.2 55.0 
5 37.4 44.2 39.6 10.4 

10 26.0 48.7 31.3 17.2 
15 18.0 43.8 13.2 26.5 
30 9.0 29.2 7.8 27.5 
45 25.8 4.1 23.4 
60 20.6 20.8 
120 9.4 12.2 
180 6.5 
240 5.2 6.9 

Trial #2 
CE rcontroll CE + EtOH O

 
m

 
+ 

I
 

0
 

li
i 

(o 
1
 

Time (min) CE (̂ M) CE (nM) CE (tiM) 'Hs-CE 
(UM) 

0 46.4 42.9 54.0 
5 42.0 44.5 35.1 9.1 

10 36.7 40.9 31.3 30.8 
15 26.2 35.3 26.2 21.4 
30 10.5 26-3 7.2 23.0 
45 5.4 21.4 3.3 19.1 
60 18.8 18.6 
120 8.8 9.8 
180 5.7 6.9 
240 4.4 5.2 
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Appendix A Table A-4 (continued) 

Cocaethylene (CE) and ̂ Hs-cocaethylene (^Hs-CE) concentration-time data 
from incubation of cocaethylene (50 ̂ M) alone and in the presence of 

ethanol (EtOH) (50 mM) or ̂ He-ethanol (̂ H.-EtOH) (51.3 mM) at zrc in rat 
liver supernatant 9,000 (S9) fraction 

Trial #3 
CE fcontroll CE + EtOH O

 
m

 
+ ^Hs-EtOH 

Time (min) CE (uM) CE (nM) CE inM) 'Hs-CE 
(uM) 

0 45.4 40.7 41.4 
5 41.2 43.7 31.8 8.3 

10 34.5 31.2 19.7 13.1 
15 27.3 36.3 13.2 20.0 
30 10.6 23.6 6.0 20.9 
45 5.5 21.8 4.3 20.8 
60 16.4 14.8 
120 7.6 9.4 
180 5.0 5.4 
240 4.2 4.5 
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Appendix A Table A-5 

Cocaethylene (CE) concentration-time data from incubation of 
cocaethylene (50 ̂ M) alone, or in the presence of ethanol (EtOH) (50 mM), 

or in the presence of ̂ He-ethanol (̂ He-EtOH) at ST'C in pH 7.4 buffer (no 
S9) 

Trial #1 Cocaethylene concentration (̂ M) 
Time (hr) CE [control] CE + EtOH CE + 'Hs-

EtOH 
0 51.1 50.3 47.7 
1 49.6 49.8 47.9 
2 49.9 45.7 46.8 
4 41.7 40.0 42.8 

Trial #2 Cocaethylene concentration (|xM) 
Time (hr) CE [control] CE + EtOH CE + ̂ Hfi-

EtOH 
0 49.6 47.7 48.1 
1 50.9 51.9 47.4 
2 49.3 47.5 46.3 
4 41.9 42.4 42.7 

Trial #3 Cocaethylene concentration (iiM) 
Time (hr) CE [control] CE + EtOH CE + ̂ He-

EtOH 
0 48.8 48.2 47.7 
1 49.9 50.0 46.7 
2 50.5 49.5 46.8 
4 41.0 42.4 43.2 
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Appendix A Table A-6 

Rat liver supernatant 9,000g (S9) ethanol (EtOH)concentration-time data 
from 4hr incubation at ZTO of EtOH (50 mM) in the presence of 

cocaine (COC) (SO ^M) or methylphenidate (MPH) (50 ̂ M) 

EtOH + COC EtOH + MPH 
Time (min) EtOH (mM) EtOH (mM) 

0 41.8 43.7 
5 46.2 48.3 

10 47.4 47.5 
15 50.3 47.5 
30 44.4 46.7 
45 44.7 45.9 
60 43.8 43.8 

120 46.6 46.2 
180 43.5 45.7 
240 39.3 40.9 
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Appendix A Table A-7 

Cocaethylene (CE), ̂ Hs-cocaethylene (̂ Hs-CE) and benzoylecgonine(BE) 
concentration-time data from incubation of cocaethylene (2500 nM) 

in the absence [control] or presence of ̂ He-ethanol (̂ Hs-EtOH) (50 mM) 
at 37*'C in rat liver supernatant 9,000 (S9) fraction 

Trial #1 
CE rcontroll CE + ̂ HyEtOH 

Time (min) CE (nM) BE (nM) CE (nM) ^Hs-CE (nM) BE 
(nM) 

0 1933 170 2134 0 116 
5 1654 795 1610 325 349 
10 931 1280 887 404 455 
15 730 1440 710 452 555 
30 368 1675 384 519 802 
45 328 1787 244 481 944 
60 323 1705 178 522 1042 
120 277 1768 46 368 1247 
180 238 1789 24 332 1208 
240 265 1697 8 363 1125 

Trial #2 
CE [controll 

Time (min) CE (nM) BE (nM) 

0 1852 163 
5 1292 848 
10 937 1212 
15 705 1405 
30 364 1538 
45 316 1626 
60 287 1578 
120 225 1768 
180 203 1578 
240 194 1760 

CE + ̂ Hs-EtOH 
CE (nM) ^Hs-CE (nM) BE 

(nM) 
2101 0 135 
1470 308 264 
921 419 470 
756 475 572 
352 512 832 
222 506 997 
142 450 1127 
138 336 1048 
29 331 952 
8 358 1217 
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Appendix A Table A-7 (continued) 

Cocaethylene (CE), ̂ Hs-cocaethylene (^Hs-CE) and benzoylecgonine(BE) 
concentration-time data from incubation of cocaethylene (2500 nM) 

in the absence [control] or presence of ̂ H«-ethanol (̂ Hs-EtOH) (50 mM) 
at 37**C in rat liver supernatant 9,000 (S9) fraction 

Trial #3 
CE rcontroll CE + ^Hs-EtOH 

Time (min) CE (nM) BE (nM) CE (nM) ^Hs-CE 
(nM) 

BE 
(nM) 

0 1870 117 2084 0 164 
5 1178 809 1492 308 285 
10 784 1075 982 436 468 
15 532 1404 724 498 638 
30 385 1558 390 504 891 
45 376 1587 261 485 843 
60 305 1642 152 478 1104 
120 210 1818 42 372 1192 
180 256 1613 35 309 1299 
240 252 1698 21 295 1084 
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Appendix A Table A-8 

Cocaethylene (CE) and benzoylecgonine (BE) concentration-time data 
from incubation of cocaethylene (2500 nM) in pH 7.4 buffer for 4 hr at ZfC 

Time (min) Trial #1 Trial #2 Trial #3 
CE (nM) CE (nM) CE (nM) 

0 2726 2328 2565 
5 2589 2538 2760 
10 2368 2500 2562 
15 2348 2277 2372 
30 2130 2260 2532 
45 2494 2162 2217 
60 1969 2226 2187 
120 2245 2218 2237 
180 2350 2244 2434 
240 2457 2134 2703 

BE (nM) BE (nM) BE (nM) 
0 n.d n.d n.d 
5 n.d n.d n.d 
10 n.d n.d n.d 
15 n.d n.d n.d 
30 62 136 176 
45 152 256 195 
60 113 222 229 
120 270 299 260 
180 188 323 221 
240 200 207 242 

n.d. = none detected 
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Appendix A Table A-9 

Cocaine (COC) and cocaethyiene (CE) concentration-time data from 
incubation of cocaine (50 ̂ M) in the presence of ethanoi (EtOH) (50 mM) 

at 3T'C in human liver supematant 9,000 (S9) fraction 

Time (min) COC (uM) CE (uM) 
0 56.26 
5 54.56 3.18 

10 56.78 4.14 
15 56.25 3.44 
30 50.62 6.82 
45 45.68 8.12 
60 40.78 9.03 
120 40.65 14.87 
180 33.74 16.87 
240 29.68 13.20 
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Appendix A Table A-10 

Cocaethyiene (CE) concentrations and rate of formation (velocity) from 
incubation of different substrate concentrations of cocaine (COC) (10-

2500 ̂ M) and a constant ethanol concentration (50mM) for 10 min at 37^*0 
in rat liver supernatant 9,000 (S9) fraction to determine km and Vnux values 

Substrate Concentration Formation Concentration Velocity 
COC (uM) CE (uM) (pmol/min/mg protein) 

10 2.2 11.0 
10 2.3 11.5 
10 2.2 11.0 
25 4.6 23.0 
25 4.5 22.5 
25 4.4 22.0 
50 7.7 38.5 
50 7.9 39.5 
50 8.1 40.5 

100 12.5 62.5 
100 11.3 56.5 
100 12.1 60.5 
250 27.6 138.0 
250 26.7 133.5 
250 27.1 135.5 
500 37.2 186.0 
500 37.9 189.5 
500 38.3 191.5 

1000 46.3 231.5 
1000 46.7 233.5 
1000 48.1 240.5 
2500 55.8 279.0 
2500 53.3 266.5 
2500 55.5 277.5 
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Appendix A Table A-11 

^Hs-Cocaethyiene (2H8-CE) concentrations and rate of formation (velocity) 
from incubation of different substrate concentrations of cocaine (COC) 

(10-2500 ̂ M) and a constant ̂ Hs-ethanol concentration (50mM) for 10 min 
at 37*'C in rat liver supematant 9,000 (S9) fraction 

to determine Icm and Vmax values 

Substrate Concentration Formation Velocity 
Concentration 

COC (uM) ^Hs-CE (uM) (pmol/min/mg protein) 
10 1.9 9.5 
10 2.0 10.0 
10 2.1 10.5 
25 4.1 20.5 
25 4.0 20.0 
25 4.3 21.5 
50 7.0 35.0 
50 7.2 36.0 
50 7.7 38.5 

100 12.0 60.0 
100 12.0 60.0 
100 12.3 61.5 
250 26.8 134.0 
250 27.1 135.5 
250 26.6 133.0 
500 38.7 193.5 
500 37.7 188.5 
500 36.6 183.0 

1000 46.7 233.5 
1000 46.4 232.0 
1000 48.8 244.0 
2500 57.0 285.0 
2500 56.0 280.0 
2500 54.4 272.0 
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Appendix A Table A-12 

^Hs-Cocaethylene (2H6-CE) concentrations and rate of formation (velocity) 
from incubation of different substrate concentrations of cocaethylene 

(CE) (10-2500 ̂ M) and a constant ̂ Hs-ethanol concentration (50mM) for 10 
min at 37*'C in rat liver supernatant 9,000 (S9) fraction 

to determine Icm and Vmax values 

Substrate Concentration 

CE (nM) 

Formation 
Concentration 
^Hs-CE (nM) 

Velocity 

(pmol/min/mg 
protein) 

10 3.7 18.5 
10 3.9 19.5 
10 4.0 20.0 
25 8.6 43.0 
25 8.6 43.0 
25 8.7 43.5 
50 14.9 74.5 
50 15.5 77.5 
50 15.1 75.5 

100 25.3 126.5 
100 26.0 130.0 
100 26.0 130.0 
250 45.3 226.5 
250 46.0 230.0 
250 46.1 230.5 
500 59.0 295.0 
500 59.8 299.0 
500 59.7 298.5 

1000 67.8 339.0 
1000 71.3 356.5 
1000 67.2 336.0 
2500 75.3 376.5 
2500 79.4 397.0 
2500 87.8 439.0 
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Appendix A Table A-13 

Cocaethylene (CE) concentrations and rate of formation (velocity) from 
incubation of different sut>strate concentrations of cocaine (COC) 

(12.5 -1,000 ̂ M) and a constant ethanoi concentration (SOmM) for 15 min 
at 37*'C in human liver supernatant 9,000 (S9) fraction 

to determine km and Vmax values 

Substrate Concentration Formation 
Concentration 

Velocity 

COC (nM) CE (nM) (pmol/min/mg 
protein) 

12.5 777 2.18 
12-5 823 2.31 
12.5 772 2.16 
25 1314 3.69 
25 1093 3.07 
25 1077 3.02 
50 1925 5.40 
50 2028 5.69 
50 1980 5.55 

100 2712 7.61 
100 2734 7.67 
100 2826 7.93 
250 3658 10.27 
250 2804 10.68 
250 3875.9 10.88 
500 4212.6 11.82 
500 4100.7 11.51 
500 4137.3 11.61 
1000 4327.7 12.14 
1000 4204.5 11.80 
1000 4395 12.33 
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Appendix A Table A-14 

^Hs-Cocaethylene (CE) concentrations and rate of formation (velocity) 
from incubation of different substrate concentrations of cocaine (COC) 

(12.5 -1,000 ̂ M) and a constant ̂ Hs-ethanol concentration (SOmlUI) for 15 
min at 3^C in human iivcri supernatant 9,000 (S9) fraction 

to determine km and VMAX values 

Substrate Concentration Formation 
Concentration 

Velocity 

COC (hM) ^Hs-CE (nM) (pmol/min/mg 
protein) 

12.5 784.5 2.20 
12.5 780.4 2.19 
12.5 801.9 2.25 
25 1238 3.47 
25 1272 3.57 
25 1183.2 3.32 
50 1900.7 5.33 
50 1872.9 5.25 
50 1993.7 5.59 

100 2674.1 7.50 
100 2701.9 7.58 
100 2632.7 7.39 
250 3150.4 8.84 
250 3396.7 9.53 
250 3533.2 9.91 
500 3715.5 10.43 
500 3710 10.41 
500 3846.1 10.80 
1000 3814.3 10.71 
1000 4002.1 11.23 
1000 3954.2 11.10 
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Appendix A Table A-15 

^Hs-Cocaethylene (CE) concentrations and rate of formation (velocity) 
from incubation of different substrate concentrations of cocaethylene 

(CE) (12.5 -1,000 ̂ M) and a constant ̂ Hs-ethanol concentration (50mM) for 
15 min at 37**C in human liver supernatant 9,000 (S9) fraction 

to determine Icm and Vmax values 

Substrate Formation Velocity 
Concentration Concentration 

COG (nM) ^Hs-CE (nM) (pmol/min/mg 
protein) 

12.5 377.2 1.06 
12.5 376.3 1.06 
12.5 353.1 0.99 
25 705.4 1.98 
25 739.3 2.07 
25 715.3 2.01 
50 1329-3 3.73 
50 1305.2 3.66 
50 1323.4 3.71 

100 2160.4 6.06 
100 2221-7 6.23 
100 1931.9 5.44 
250 3546.2 9.95 
250 3474.3 9-75 
250 3134.2 8.79 
500 3979.1 11.17 
500 3981 11.17 
500 3701.6 10.39 

1000 3812.4 10.70 
1000 3748.1 10.52 
1000 3358.4 9.43 
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Appendix A Table A-16 

Meperidine (MEP) and ̂ Hs-meperidine (̂ Hs-MEP) concentration-time data 
from incubation of meperidine (50 ̂ M) alone and in the presence of 

ethanol (EtOH) or ̂ H«-ethanol (̂ He-EtOH) (51.3 mM) at ZfC In rat liver 
supematant 9,000 (S9) fraction 

Trial #1 
MEP [controll MEP + EtOH MEP + ̂ He-EtOH 

Time (min) MEP (̂ iM) MEP (̂ M) MEP (uM) ^Hs-MEP 
(uM) 

0 37.4 37.1 37.1 
5 31.2 32.6 28.7 3.8 

10 17.7 31.2 21.4 9.9 
15 16.7 29.1 18.8 10.4 
30 7.3 27-7 4.8 22.9 
45 4.0 27.0 2.8 24.3 
60 3.2 25.1 1.9 23.2 
120 20.8 20.8 
180 15.0 15.0 
240 11.1 11.1 

Trial #2 
MEP rcontroll MEP + EtOH MEP + ̂  Hs-EtOH 

Time (min) MEP (nM) MEP (hM) MEP (piM) 'Hs-MEP 
(uM) 

0 48.0 43.6 41.2 
5 32.3 31.2 31.4 5.0 

10 29.0 34.8 26.8 6.5 
15 23.8 32.6 16.7 13.7 
30 12.6 29.0 8.2 20.2 
45 8.6 29.7 3.5 24.8 
60 5.5 23.4 3.1 23.8 
120 22.2 22.0 
180 17.5 15.2 
240 14.4 13.0 
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Appendix A Table A-16 (continued) 

Meperidine (MEP) and ̂ Hs-meperidine (̂ Hg-MEP) concentration-time data 
from incubation of meperidine (50 ̂ M) alone and in the presence of 

ethanol (EtOH) or ̂ H.-ethanol (̂ H«-EtOH) (51.3 mM) at ZfC in rat liver 
supernatant 9,000 (S9) fraction 

Trial #3 
MEP rcontroll MEP + EtOH MEP + ̂ He-EtOH 

Time (min) MEP (̂ M) MEP (nM) MEP (nM) ^Hs-MEP 
(uM) 

0 59.5 60.8 56.4 
5 40.0 36.5 39.3 9.1 

10 33.1 46.6 24.8 12.9 
15 20.7 40.1 15.8 11.6 
30 6.7 31.8 2.8 28.9 
45 4.2 24.0 1.4 26.8 
60 2.1 26.6 1.0 28.0 
120 18.9 18.4 
180 12.6 13.8 
240 8.7 12.1 
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Appendix A Table A-17 
^Hs-Meperidine (MEP) concentrations and rate of formation (velocity) from 

incubation of different substrate concentrations of meperidine (MEP) 
(10 - 20,000 ̂ M) and a constant ^H«-ethanol concentration (50mM) 

for 10 min at in rat liver supematant 9,000 (S9) fraction 
Substrate Concentration Formation Velocity 

Concentration 
MEP (nM) ^Hs-MEP (̂ M) (pmol/min/mg 

protein) 
10 7.2 36 
10 7.4 37 
10 7.2 36 
25 12.4 62 
25 12.1 60.5 
25 12.1 60.5 
50 17.2 86 
50 17.3 86. 
50 18.2 91 
100 27.6 138 
100 26.9 134.5 
100 29.2 146 
250 65.1 325.5 
250 65.3 326.5 
250 70.4 352.0 
500 133.7 668.5 
500 112.2 561.0 
500 135.7 678.5 

1000 263.1 1315.5 
1000 266.6 1333.0 
1000 274.6 1373.0 
2000 389.2 1946.0 
2000 434.4 2172.0 
2000 438.0 2190.0 
5000 737.4 3687. 
5000 645.1 3225.5 
5000 675.9 3379.5 
10000 727.2 3636.0 
10000 708.2 3541.0 
10000 
20000 644.7 3223.5 
20000 669.3 3346.5 
20000 624.7 3123.0 
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Appendix A Table A-18 

^Hs-Meperidine (MEP) concentrations and rate of formation (velocity) from 
incubation of different substrate concentrations of meperidine (MEP) 
(250 - 20,000 ^M) and a constant ̂ H«-ethanol concentration (SOmM) 
for 10 min at 3T'C in human liver supernatant 9,000 (S9) fraction 

to determine km and Vrmx values 

Substrate Concentration 
MEP (̂ M) 

Formation Concentration 
^Hs-MEP (nM) 

Velocity 
(pmol/min/mg 

protein) 
250 0.9 2.53 
250 0.9 2.53 
250 0.9 2.53 
500 1.8 5.05 
500 1.8 5.05 
500 1.7 4.77 

1000 5.1 14.31 
1000 4.6 12.91 
1000 5.3 14.87 
2000 7.6 21.33 
2000 
2000 7.1 19.93 
5000 15.0 42.1 
5000 15.5 43.5 
5000 15.0 42.1 

10000 14.0 39.29 
10000 13.7 38.46 
10000 12.1 33.96 
20000 15.2 42.67 
20000 19.2 53.89 
20000 16.0 44.91 
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Appendix A Table A-19 

Whole blood ethanol / ̂ H«-ethanol concentration-time data from rats that 
received 1.5 g/Kg ethanol or^He-ethanol by oral gavage and 15 mg/Kg 

meperidine i.p. 30 min post oral dosing. 

Ethanol ^H«-Ethanol 
Rat# M2 M5 Mil M1 M6 

Time (min) (mg/mU (mg/mL) (mg/mL) (mg/mL) (mg/mL) 
0 0.00 0.00 0.00 0.00 0.00 
15 0-90 0.59 0.55 1.01 0.86 
35 1.11 0.95 0.85 1.19 1.13 
40 1.20 1.08 0.92 1.18 1.11 
50 1.05 1.28 0.93 1.32 1.12 
60 1.15 0.91 1.05 1.11 
75 0.97 1.19 0.75 1.07 1.11 
90 0.82 1.11 0.55 1.06 1.03 
120 0.86 0.87 0.50 0.83 1.01 
150 0.72 0.89 0.34 0.76 0.96 
210 0.48 0.64 0.05 0.50 0.9 
270 0.14 0.39 0.01 0.25 0.45 
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Appendix A Table A-20 

Rat plasma meperidine (MEP) and nomieperidine (NMEP)concentration-
time data from rats that received H2O [control] or 1.5 g/Kg ettianol oral 
gavage followed by 15 mg/Kg meperidine i.p. 30 min post oral dosing. 

Condition Control Ethanol 
Rat# M3 M2 

MEP NMEP MEP NMEP 
Time (min) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

5 544 126 333 43 
10 1215 406 598 96 
20 762 451 564 137 
30 387 412 712 175 
45 253 347 623 225 
60 93 274 481 348 
90 66 390 454 390 

120 30 152 384 470 
180 151 90 365 
240 67 28 242 

Condition Control Ethanol 
Rat# M4 M5 

MEP NMEP MEP NMEP 
Time (min) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

5 1670 25 763 29 
10 1353 28 625 42 
20 1006 97 28 
30 841 42 622 70 
45 643 100 247 97 
60 530 53 335 107 
90 467 62 186 82 

120 178 43 166 104 
180 42 34 131 91 
240 16 24 117 73 



265 

Appendix A Table A-20 (continued) 

Rat plasma meperidine (MEP) and nomfieperidine (NMEP)concentration 
time data from rats that received HzO [control] or 1.5 g/Kg ethanol oral 
gavage followed by 15 mg/Kg meperidine i.p. 30 min post oral dosing. 

Condition Control Ethanol 
Rat# M12 M13 

MEP NMEP MEP NMEP 
Time (min) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

5 1146 539 1207 83 
10 1204 784 1326 267 
20 709 580 1069 355 
30 412 417 884 397 
45 227 359 711 372 
60 229 283 590 423 
90 83 196 353 388 

120 33 116 254 
180 10 68 96 355 
240 34 33 185 
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Appendix A Table A-21 

Rat plasma meperidine (MEP), nonneperidine (NMEP), ̂ Hs-meperidine (̂ Hs-
MEP) and ̂ Hs-nonneperidine (̂ Hs-NMEP) concentration-time data from rats 

that received 1.5 g/Kg ̂ Hs-ethanol oral gavage followed by 15 mg/Kg 
meperidine i.p. 30 min post oral dosing. 

Rat#M1 MEP ^Hs-MEP NMEP ''Hs-NMEP 
Time (min) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

5 661 54 34 
10 1815 116 57 
20 1157 115 191 13 
30 948 137 198 43 
45 903 194 337 89 
60 447 152 382 137 
90 239 124 351 148 

120 96 70 282 144 
180 19 19 177 90 
240 4 5 130 67 

Rat # M6 MEP ''Hs-MEP NMEP 'Hs-NMEP 
Time (min) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

5 1067 29 19 
10 1318 53 65 9 
20 1170 113 165 35 
30 803 175 178 50 
45 612 175 215 77 
60 369 158 290 133 
90 104 84 199 126 

120 55 67 188 130 
180 11 17 100 73 
240 3 5 57 41 
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Appendix A Table A-21 (continued) 

Rat plasma meperidine (MEP), nomieperidine (NMEP), ̂ Hs-meperidine (̂ Hs-
MEP) and ̂ Hs-nonneperidine (̂ Hs-NMEP) concentration-time data from rats 

that received 1.5 g/Kg ̂ Hs-ettianol oral gavage followed by 15 mg/Kg 
meperidine i.p. 30 min post oral dosing. 

Rat#M13 MEP ''Hs-MEP NMEP 'Hs-NMEP 
Time (min) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

5 1433 149 148 16 
10 772 219 536 225 
20 486 125 537 245 
30 444 155 434 234 
45 350 
60 293 102 301 151 
90 178 77 184 108 

120 77 58 145 84 
180 27 21 87 54 
240 5 6 51 31 
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Appendix A Table A-22 

Methyiphenidate (MPH) and ̂ Hs-ethylphenidate(̂ H5-EPH) concentration-
time data from incubation of methyiphenidate (50 ̂ M) alone [control] and 

in the presence of ̂ Hs-ethanol (̂ Hs-EtOH) (51.3 mM) at ST'C in rat liver 
supernatant 9,000 (S9) fraction 

Trial #1 MPH [control] MPH + ''Hs-EtOH 
Time (min) MPH (^M) MPH (nM) ''He-EPH 

(wM) 
0 47.8 44.7 
5 40.3 44.5 1.8 

10 35.5 35.6 2.3 
15 29.3 35-4 2.9 
30 24.9 27.9 2.9 
45 27.7 25.2 2.8 
60 23.4 2.4 

120 18.5 17.4 1.4 
180 15.6 23.6 
240 14.7 15.4 

Trial #2 MPH [control] MPH + ^He-EtOH 
Time (min) MPH (nM) MPH (nM) ^He-EPH 

(nM) 
0 51.6 52.2 
5 50.0 52.6 1.9 

10 38.6 44.2 2.6 
15 38.0 47.5 3.2 
30 30.0 35.5 3.3 
45 26.3 29.3 2.8 
60 24.7 26.4 2.7 

120 20.8 23.0 1.9 
180 18.9 21.3 1.1 
240 19.9 22.2 1.3 
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Appendix A Table A-22 (continued) 

Methyiphenidate (MPH) and 'H6-ethylphenidate(̂ Hs-EPH) concentration-
time data from incubation of methyiphenidate (50 ̂ M) alone [control] and 

in the presence of ̂ Hs-ethanol (̂ He-EtOH) (51.3 mM) at ZTC in rat liver 
supernatant 9,000 (S9) fraction 

Trial #3 MPH [control] MPH + ̂ He-EtOH 
Time (min) MPH (wM) MPH (uM) ^Hs-EPH 

0 41.3 42.0 
5 38.8 40.2 2.2 

10 31.0 33.6 2.8 
15 36.4 
30 
45 26.3 24.2 3.2 
60 23.2 23.6 2.9 

120 22.9 23.0 1.6 
180 18.1 18.5 1.5 
240 16.0 
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Appendix A Table A-23 

Ethylphenidate (EPH) concentrations and rate of formation (velocity) from 
incubation of different substrate concentrations of methylphenidate 

(MPH) (100- 20,000 ̂ M) and a constant ethanol concentration (SOmM) 
for 10 min at ZTO in rat liver supernatant 9,000 (S9) fraction 

to determine Icm and Vmax values 

Substrate Concentration 
MPH (nM) 

Formation Concentration 
EPH (nM) 

Velocity 
(pmol/min/mg 

protein) 
100 8.0 40.2 
100 6.5 32.6 
100 6.4 31.8 
250 12.1 60.6 
250 13.8 69.4 
250 14.1 70.6 
500 21.8 109.2 
500 24.4 122.2 
500 24.9 124.5 

1000 40.5 202.7 
1000 40.3 201.3 
1000 42.4 212.1 
2000 57.0 285.3 
2000 68.9 344.5 
2000 50.6 253.0 
5000 88.8 443.9 
5000 88.8 444.3 
5000 79.7 398.4 
10000 89.2 446.0 
10000 99.4 496.8 
10000 103.4 517.0 
20000 85.4 426.9 
20000 94.3 471.6 
20000 98.5 492.6 
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Appendix A Table A-24 
Ethylphenidate (EPH) concentrations and rate of formation (velocity) from 

incubation of different substrate concentrations of methyiphenidate 
(MPH) (100- 20,000 ̂ M) and a constant ethanol concentration (50mM) 

for IS min at 37**C in human liver supernatant 9,000 (S9) fraction 
Substrate Concentration Formation Velocity 

Concentration 
MPH (nM) EPH (nM) (pmol/mln/mg 

protein) 
25 2.2 6.2 
25 2.2 6.2 
25 2.2 6.2 
50 3.6 10.2 
50 3.8 10.7 
50 3.6 10.2 

100 6.6 18.5 
100 6.6 18.5 
100 6.6 18.5 
200 12.1 34.1 
200 12.6 35.5 
200 12.9 36.2 
500 29.7 83.2 
500 30.0 84.2 
500 30.7 86.2 

1000 59.7 167.6 
1000 59.8 167.8 
1000 60.6 170.3 
2000 97.2 272.9 
2000 101.7 285.6 
2000 104.6 293.6 
5000 128.3 360.2 
5000 122.8 344.7 
5000 124.4 349.1 
10000 193.8 544.1 
10000 199.7 560.5 
10000 200.1 561.6 
20000 243.6 683.9 
20000 244.3 685.7 
20000 243.0 682.1 
50000 267.7 751.6 
50000 278.2 780.9 
50000 248.7 698.1 
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Appendix A Table A-25 

Whole blood ethanol concentration-time data from rats that received 
3.0 g/Kg ethanol by oral gavage and 20 mg/Kg methylphenidate i.p. 

30 min post oral dosing. 

Rat# J122 J122C* 
Time (min) EtOH (mg/mL) EtOH (mg/mL) 

0 0 0 
15 1.08 0.44 
30 1.49 0.54 
4 1.53 0.57 
50 1.72 0.61 
60 1.88 0.65 
90 1.75 0.76 
120 1.68 0.69 
150 1.56 0.56 
210 1.56 0.50 
270 1.31 0.46 

* Incomplete oral gavage of rat # J122C, did not receive full dose 



Appendix A Table A-26 

Rat plasma methylphenidate (MPH) and ethylphenidate (EPH) concentration-time data from rats that 
received H2O [control] or 3.0 g/Kg ethanoi by oral gavage followed by 20 mg/Kg methylphenidate i.p. 30 

min post oral dosing. 

Condition MPH [controll MPH + EtOH 
concentration (ng/mL) concentration (ng/mL) 

Rat# J130 J121 J135 J131 J122C J122 
Time (min) MPH MPH MPH MPH EPH MPH EPH MPH EPH 

5 2576 2180 1928 75 2035 29 2392 82 
10 2063 2221 1601 2262 68 
20 1437 1524 1041 1205 90 1848 75 1747 118 
30 1025 1206 805 889 78 1342 67 1270 116 
60 410 705 373 405 46 743 42 574 64 
90 188 342 208 208 28 428 23 343 38 
120 102 230 135 116 18 255 9 179 20 
180 49 95 77 45 96 88 8 
240 17 30 24 38 38 2 

CO 
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Appendix A Table A-27 

Total 4 hr locomotor activity counts of horizontal activity (HACTV)> 
vertical activity (VACTV) and stereotopy (STRPY) as measured with 

Omnitech activity cages for rats dosed i.p. with saline (SAL), 
methylphenidate (MPH) (20 mg/Kg) or ethylphenidate (EPH) (20 mglKg). 

Rat# condition HACTV VACTV STRPY 
J130 SAL 4491 63 2324 

MPH 74511 2267 45701 
EPH 45479 1632 30207 

J131 SAL 8418 179 4204 
MPH 27399 434 12400 
EPH 56857 1975 35314 

J132 SAL 2962 3 1432 
MPH 55359 1495 30537 
EPH 48155 1663 26249 

J133 SAL 4638 56 2287 
MPH 49893 448 31562 
EPH 58631 2636 35952 
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