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Abstract. The simultanecus administration of cocaine and alcohol implies a pharmacological
interaction at pharmacodynamic and pharmacokinetic levels. The latter involves an alteration of
cocaine kinetics and metabolism, as well as the biosynthesis of newly achve metabolites, such as
cocaethylene. Cocaethylene is metabohzed along the same pathways as cocaine. Its detection in
biological samples indicates the combined consumption of cocaine and alcohol. From epidemio-
logical and toxicological data, it has been suggested that the combination of alcohol and. cocaine
produces an increased toxicity in addition to bebavioral changes. There has been some debate -
.tegarding the contribution: of cocaethylené to this rise of toxicity. Its pharrnacolog;lcai and tox-
icological profile is very similaT fo cocaine. During the inferaction of both substances, the rise in
cocaine plasma concentrations: can explain many of cardiovascular and behavioral effects ob-
served. The contribution of cocaethylene to the interaction is probably minor; its effects are likely
additive to those of cocaine. Perhaps its longer elimination haif-ife can Lnelp in understanding
’ long-lastmg effects .of the alcohoi-cocaine combination. - .
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1. Cocaine aﬁdAkdhOl Cohsumﬁtiéﬁ: Epidemiological h
and Toxicological Data - I S

11 Epidem'ioiogi};:al,Ddta ' T

The simultaneous use of cocairie and alcohol is very common. In the 1985 - |
national survey on drug abuse done in the United States, prevalence rates for -~

the simultaneous use of alcohol and cocaine (defined as the use of both drugs®- - " -

at the same time or within 2 hr) were 2.4% for the past month and 4.7% for . .
the past year. Population estimates associated with these figures might sug. .~~~

gest that 4.5 million Americans are using this drug combination each month.1 -

 Recent data seem to indicate that a large proportion (64%) of patients . -

-who reported simultanecus ‘cocaine and alcohol use most of the time (more
than 50%) when using cocaine met criteria for alcohol dependence.? In-a
sample of 212 problem drinkers who participated in an’ alcohol treatment
program, the prevalence of polydrug use was investigated, particularly the.

. luse of alcohol and other drugs in combination or on the same day. The

majority of subjects (61%) reported simultaneous polydrug use. The most .
frequent alcohol-drug combination was alcohot with cocaine (60% of subjects -
reporting polydrug use) followed by alcohol with marijuaria (561%) and alco- -
hol and sedatives (31%).2 , L o

It appears that important différences could be found between cocaine- -
~dependent subjects and subjects who-fulfill criteria for both cocaine and alco-
hol dependence. Cocaine-alcohol-dependent persons had higher depression
and global severity scores and were more likely to experience paranoid psy-
chosis with cocaine use and to-abuse of additional sitbstances. The combina: -

- tion-dependent subjects attended fewer therapeutic sessions. These features
suggest that these patients coirld require a more intensive treatment.* It has
.. been described that simultaneous use of alcohol and cocaine contribuited to.a _
“high prevalence of violent behavior. Patienits using both substances had a

- higher likelihood of assodiated current homicidal behavior than cocaine-only .

.and alcohol-only abusers.5. .~ . . o L

- Cocaine abusers reported that the administration of alcohol produced an

increase both in magnitude and duration of some of the euphoric effects of

© cocaine, and additionally a reduction of some of the unpleasant symptoms

associated with the warning of cocaine effects (“crash”).¢ In an interesting

study on drug preference, it has been demonstrated that alcohol pretreatment
significantly increased choice of cocaine versus placebo in nondependent co-
caine users. Ratings of pleasurable-related effects and cardiac output were -
higher in those subjects who chose cocaine and were pretreated with.ethanol

. as compared ‘with those who selected cocaine but did not receive alcohol.”

1.2, Toxicological Data

The use of cocaine has been related to the appearance of social pr‘oblemé,. .
mainly related to violent behaviors, including homicides, suicides, and acci-




. caethylene.6.15-18 - :
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- dents, The use of cocaine and alcohol seems to increase the risks of medical - -
. and legal complications. , ~ A R

- In forensic studies, cocaine and ethanol are frequently identified in bio- -
logical samples from fatally injured drivers.8? and in homicide victims.¥In a

. sarhiple of driver fatalities, it was found that almost one of four drivers had .. -

- used cocaine within 48 hr of death. Fifty-six percent of all drivers killed in fatal .
traffic accidents had cocaine metabolites, alcohol, or both detected at autopsy.
* In'10% of all fatalities, cocaine metabolites and alcohol were found.8 © -~
In a study designed to assess the presence of differént: drugs of abuse in: -

2824 homicide victims, cocaine or benzoylecgonine were found in 31:’3%-0_1? o

victims, cocaine-benzoylecgonine without other drugs in 13.4%, cocaine— |
‘benzoylecgonine with ethanol in 10.6%, cocaine-benzoylecgonine with opi--
ates in 7.3%, alcohol alone in 21.1% and opiates alone in 2%.1% -~ -
A group of 325 cocaine abusers seen in an emergency room was divided
into those who scréened positive for benzoylecgonine (n = 190) and those
positive for benzoylecgonine and alcohol (n = 135). Patients positive for both
drugs were' more frequently involved in violent trauma and. presénted higher
heart rate and blood pressure levels on admission than cocaine-only-positive
patients. Two subjects with myocardial infarction were positive .for both °
. drugs, but the incidence of rhabdomyolysis was lower in this group of pa-
tients.11 : ' ' - ;
.. Cocaethylene, as a marker of simultanedus cocaine and ethanol use,2
was detected in 25% of patients examined in a hospital emergency room who
had positive urines for benzoylecgonine irt a urinary screening for drugs of
-abuse.’®In a sample of 416 trauma patients, urine was tested for the presence
of benzoylecgonine. A total of 158 (38%) subjects tested positive for this. -
metabolite. In 114 of these patients, a blood sample was obtained in order to
determine cocaine, cocaethylene, and ethanol. Cocaéthylene was detected in
blood samples in 60% of tested patients, with a mean conceftration of 41
. ng/ml (range 3 to 213 ng/ml). All patients tested positive for cocaine, with a
mean. concentration of 92.9 ng/ml (fange 3.8 to 699.9 ng/ml), but only 56%
were positive for ethanol. The results suggest that:cocaethylene could be
present in more-than half of the subjects who tested positive for cocaine (more
. precisely, benzoylecgonine present in urine samiples).14 - '

‘)2. Cocaine and Alcohol Interactior‘gs in Humans

2.1 Phannacolbgical 'Eﬁecf's of the Cocaine and Alcohol Combination

The effects of the combination of cocaine and ethanol in healthy volun- .

teers have been assessed in a number of studies, all of which included the
evaluation of subjective and physiological effects; several studies presented.
data on the pharmacokinetics of cocaine ‘and its metabolites, ihcluding_ co-
7 Summarizing the results of these sfudies, it séems that the adfninistraﬁon [
of cocdine in subjects who had consumed social-like doses of ethanol pro- .
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- duced an enhancement or an antagomsm of some of the charactenstlc effects:' i
of each drug. The combination of both drugs induced a significant increase in
“euphoriclike effects (“high,” “good effects,” “liking”) and caused a cl:mca]ly
; 51gruf1cant increase in the cardiovascular effects of cocaine with a very impor-
fant rise of heart rate and blood pressure. Cocaine also antagonized in part
some of the deleterious effects of alcohol, producing lower ratings of drunk

feelings and an amelioration of some psychomotor performance tasks altered - .~ N

" by alcohol. Subjects performed better undér.the drug combination condition - T

“than under the use of alcohol alone but significantly worse than under place-
bo or cocaine alone.!7.19 At the.neuroendocrine level, the drug combination -
induced an increase in cortisol levels!® that was greater than that observed

after cocaine administration. Cocaine alone seems to decrease serum prolactin -
" levels,?® which is in contrast with that reported for ethanol. ‘However, the

administration of cocaine did not change the i increase irv prolachn mduced by - o

the admlmstratlon of alcohol i

2.2, Pharmacokmettcs of the Cocame-—Alcohol Interaction

In several clinical tnals in healthy volunteers, where. dlfferent doses of?_ '

" alcohol and cocaine were coadn'umstered “similar pharmacokmetxc results

_have been observed.6.16.18.19° .
Plasma levels of cocaine in the drug combination condition were hlgher .
than in the cocaine-only condition, and cocaine plasma dearance was reduced '
by one half. No differences were found in the elimination half-life values _
Plasma levels of berizoylecgonine were significantly higher in the cocaine
. condition than in the drug combination conditien. No differences were found. _
between conditions in the elimination halflife and in any of the phar- .
' macokinetic parameters derived from ¢ ecgomne methyl ester plasma concen-’
trations. Plasma levels of norcocaine in the drug combination were hxgher].
than in the cocaine condition.&19 :
The metabolites cocaethylene and norcocaethylene were present only in
the condition recewmg the drug combination. When the area under the curve
(AUC) of cocaine and - cocaethylene were compared at 0 and 8 hr, plasma
levels of cocaethylene accounted for about one fifth of those calculated for
cocaine. No significant differences were observed in the alcohol phar—_
. macokinetics.51% :
.In summary, cocaine plasma concentration are lugher in the c0mb1nat10n _
conditions. However, benzoylecgonine plasma concentrations are lower in .
‘the same condition. Combining these observations with the absence of differ- | .
ences in cocaine elimination half-life and reduction by half of its’ plasma

clearance, there is strong support for the hypothesis of a metabolic inhibition . -

in ‘the metabolism of cocaine'in the presence of alcohol. Cocaine is metabo-

lized to benzoylecgonine by spontaneous hydrolysis in plasma and by the . 7 _
action of a hepatic nonspecific carboxylesterase.2!.22 In the presence of eth-. -

anol, this enzyrne is resp0n51ble for the imnsestenﬁcanon of cocame forming -
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 the active metabolite cocaethylene 2,24 Some of the pharmacokmetic ﬁndm

‘could be explained by a competitive mechanism between both substrates,
since the same enzyme regulates both metabolic pathways. Cocaine and co- - .
caethylene metabolic reactions are su_mmanzed in Fig. 1. The order of drug :
administration could be a crucial factor in this interaction, In one study, no-
{differences in cocaine plasma concentrations were observed wheén alcohol'

was administered 30 min after cocaine snorting.2-

3. Cocaethylene

Cocaethylene (benzoylethylcocame) isa pharmacologlcally active metab-
olite of cocaine m1t1aﬂy found in cases of cocaine and ethanol intoxication. 1226 -

It has been identified in plasma and urine of healthy volunteers,$27 as well as
in postmortem samples’ from trauma victitms:28-30 Cocaethylene has been
found in urine, blood, and tissues of subjects who consumed cocaine and
alcohol simultaneously. Recent reports have do¢umented the presence of
high levels of cocaethylene in blood samples of patients who:had recently
ingested cocaine and ethanol. In some cases, concentrations of cocaethylene
were higher than those of cocaine. In a series of 41 patients, the ratio of
cocaethylene—cocame concentrations in plasma showed a mean value of 1.3,
. ranging from 0.1 t0 4.7.30"

3.1. Basic Phqrmacology

Cocaethylene has a pharmacological proﬁlé similar to that of co:

caine.2-31-33 [t displays equal affinity for the dopamine transporter as cocaine. -

It also blocks dopamme uptake at the presynaptic level, increasing concentra-
tions of dopamine in the synaptic cleft. Apparently, cocaethylene is a more
selective indirect dopamine agonist, as it is a lesser inhibitor of serotonine

uptake than cocaine. In animal models, cocaethylene increases locomotor

activity and it is self-administered by nonhuman primates.

3.2. Pharrfmco[ogical Effeéts’ of Cocaefhyle_ne'in Humans

There are three published studiés where cocaethylene was administered
by different routes (intravenous or intranasal) to evaluate its pharmacologlcal

effects in comparison with those of cocaine.

- In a pilot study® that included three male recreahonal users of cocaine, -

cocaethylene was administered at doses of 0.025, 0.05, 0.1, 0.15, 0.20, and

0.25 mg/kg by the intravenous route (as a bolus during 1'min). After that, the -
same subjects were given an intravenous injection of cocaine (0.25 mg/kg). In .

the case of cocaethylene; no effects on subjective or cardiovascular parame-
ters were reported for doses below 0.15 mg/kg. The subjective. effects, de-
scribed as increases in the feelmgs of arousal, pleasure, and increased energy,

v An International Perspectivé ‘




rated more intensely in.a dése-dependent ;_I‘ianner. These feelings were stron-
- ger at 0.25 mg/kg dose. Also, a dose-response effect was observed on heart’ -
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rate (30% increase from baseline at the highest dose), but minimal chahges & " .

were observed on blood pressure. In comparison to cocaine, cocaethylene.
produced tachycardic effects of similar magnitude, and subjects judged the -

effects of cocaethylene as more pleasant but less intense than those produced -
by cocaine. e . . : L

In a single-blind, cross-over study,® six male recreational users of co-. -

. caine were given intravenous injections of cocainé (0.25 mg/kg as a cocaine . °

base) and cocaethylene (0.25 mg/kg as a cocaethylene base). Several variables - o
~ were collected over a period of time including subjective effects (“high®), - -
cardiovascular parameters (heart rate, blood pressure), and blood samples to |

measure cocaine and cocaethylene. The results showed that cocaethylene was ~
less potent than cocaine, producing changes of lower magnitude in “high”
feelings (65%) and heart rate (43%) as compared with.cocaine. .

-In a third study,® eight male cocaine abusers (mean dose 3.6 g/week) '
who were not seeking treatment participated in four experimental sessions. '

One of the following drugs by intranasal route was given in each sassions . '

cocaethylene (0.48 or 0.95 mg/kg), cocaine (0.92 mg/kg), or placebo (lactose, 1
mg/kg). Different variables were measured at baseline and after drug admin-
istration. These included different self-rated visual analogue scales (“high,”
“pleasant”, ‘etc) and physiological measures (heart rate, blood pressure).-
Blood samples were obtained to determine the concentrations of cocaine and -
- cocaethylene. Cocaethylene 0.95 mg/kg and cocaine produced similar effects .
on “high” rating; but peaks were observed some minutes later in the’ co-
‘caethylene condition (15 vs. 30 min). Subjects were unable to distingitish )
between both conditions. With regard to cardiovascular parameters, similar .
" effects on heart rate and blood pressure were recorded, but after cocaethylene
- administration these effects peaked later. The effects induced by the lowest *
- cocaethylene dose were significantly lower than those induced by cocaine and
the highest cocaethylene dose. As a summary, equimolar doses of cocaine
and cocaethylene produced similax sitbjéctive and cardiovascular effects. - -

3.3. Phqﬁnacbkine'tics‘ of Cocééthyléne

~ Most of the pharmacokinetic parameters of cocaethylene derive either
from two experiments®3 in humans, where this substance was administered.
* by the intranasal and the intravenous route at different dose levels, or from
studies of cocaine alcohol interaction.61? While studies that administer pure.
cocaethylene are more suitable for the estimation of pharmacokinetic parame-
ters, it is closer to the real situation to evaluate it in the context of the concomi- .
tant consumption-of alcohol and cocaine. In experimental studies in volun-
teers using social doses ‘of both cocaine and ethanol, the concentrations of
cocaethylene were lower than those of cocaine. The ratios of peak concentra-
tions or AUC between both substances, seems to be around 15-25%.6.1° Table -
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_ I'summarizes pha:macokmehc parameters of cocaethylene in both situations.
‘Pharmacokineti¢ parameters of ‘cocaine calculated for each experiment have. - -

~been included as a “control” group for better comparison with those esti-
- mated for cocaethylene. There is' good agreement between experiments on.

" pharmacokinetic parameters either: for cocaine or cocaethylene. The main | -

differences between both drugs are related to their body clearence. Cocaethyl- -

* ene appears to be eliminated more slowly than cocaine, and thus might be " . :‘
expected to accumulate during & binge, which is consistent with analyses of . ..
“forensic and clinical samples,3” Differences observed 'in plasma half-lifes3s - . - -

between cocaine and cocaethylene may be explained because of renal tubular
reabsorption of cocaethylene. This observation is most probably related to the
‘higher hydrophobicity of cocaethylene as compared with cocaine. .
, Norcocaethylene, an N—demethylated product of cocaethylene, has also -
been detected in plasma and urine of subjects given alcohol and cocaine
concomitantly. Its estimated elimination half-life is 162 = 59 mm, whxch is
greater than that of norcocaine (110 = 29 min).2?
. Urinary recoveries (24 and 48 hr) for cocaethylene and norcocaethylene
are presented in Table II. Urinary excretion rates are presented in Fig. 2. One
- interesting finding that deserves further research is that recovery of oxidative
products like norcocaine in addition to norcocaethylene in the combination
- groups is higher (100%) than in the cocaine groups. It is unclear whether this

~ observation is a direct effect of alcohol on liver metabolism or a larger avail-

ability of substrate (i.e., cocaine), because of metabolic inhibition, for oxida-
tion. In addijtion, and based on plasma AUC ratios between cocaethylene and
norcocaethylene and urinary recoveries, there is apparently an increase in
- oxidative metabolism of cocaethylene as compared with cocaine. Table III
“summarizes cocaine and metabolite urinary concentrafions in subjects (n=

48) testing positive for cocaine metabolites by fluorescence polarization im-

munoassay (FPIA) in-a noncontrolled setting. Subjects were not overdose or
trauma victims but were a population of heroin addicts (n = 354) consuming
cocaine concomitantly.” Samiples testing positive for cocaine by FPIA were
reanalyzed by gas chromatography/mass spectrometry (GC/MS).3 Among
other substances, cocaethylene was detected in'a 71% of cocame-posmve :
A tested samples (34 of 48). S

34, Cocaethylene and Codaine Métébblisrﬁ

What is known about cocaethylene metabolism is quite close to cocaine
(see Fig. 1). In summary,’ cocaine is extensweiy metabolized in humans and
only a small percentage is excreted unaltered in urine. 224041 Cocaine is rap-

idly metabolized to ecgonine methyl ester by plasma and liver cholinester- .-

ases.23.42~# Cocaine is also spontaneously hydrolyzed in plasma to ben- ‘
zoylecgonine?# and also by .a recently identified human liver

Carboxylesterase 23.24 Both are known as the main metabolites excreted in
urine. The percentage of these metabolites found in plasma depends on the
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: _Téb_lg Il .Urinary R,ecoveﬁés of Co'caine' and Cocaethylene in Heolth'y_‘ Subjects

' 'Iiecovefy (umoleyr - Ré(‘:ow.'el;y %Dy

" Compownd - - ¢ . ¢ - CIA . c oA

A.- Uririary excretion recovery at )

24 hr of cocaine and its main me- . . o o "
tabolites in healthy volunteers - .~ ‘ ”

(n = 7} after thie simultaneous use

.of cocaine intranasal (100. mg)’ and .

ethanal {1 g/kg) 7 - L R S
Cocaine . ‘ . 56%31  1L.7£43 19*1) - 40=x14
Benzoylecgonine 723+ 164 59.0*156 24657  20.1=x53

- Ecgonine methyl ester - : 66.8 +389 667 x258 22711322 22788
Cocaethylerie. - . TND 1908 ND . - 0.6x02
Norcocaine . . 065026 134+052 022+009 0.46=0.18

- Total - : © 145,35 140.64 49.42 ©. 4786

B. Urinary excretion recovery at .- 0 '

48 hr of cocaine and it3 main me-
tabolites (n = 6) after simul- )
- taneous ise of cocaine intranasal .
{100 mg) and ethanol (0 8 glkg) N . T
Cocaine 29 08 "94=%x25 0.9+02 32208

Benzoylecgomne T 89.0 +'17.9 840=*189 302%61. 28564
Ecgonine méthyl ester - 670142 739134 22848 - 25146
Cocaethylene - . . ND 21+08 . ND - 0.7£03
Norcocaine - 019008 034+013  006%003 012004 -
Notcocaethylene . 'ND 0:18 + 0.08- ND - 0.06 = 0.00
Total ~ o ©. 15909 169.92.- ' 53.96 .. 57.68

ﬂThe results are expressed as wmole (mean standard dev:ation) and the- percentage of the dose (D 2943
p.mole of cocaine base).

5C, cotaine group CIA combmahon group ND not detected.

administration route. In human studies carried out after intranasal adminis-
tration of doses of 2 mg/kg~! of cocaine, plasma concentrations of ecgonine
methyl ester were about one third of those of benzoylecgonme %5 When co-
caine was smoked or injected, the concentrations of ecgonine methyl ester
were lower (about 5% of those of benzoylecgomne) 46,47
Norcocaine is a N-demethylated minor active metabalite ‘of cocaine in
humans (between 2 and 6% of the:dose)?! produced by liver i isoenzymes of.
_ the cytochrome P450 (CYP3A)*.% and also through FAD mono-oxygenases,
- which form first the N-oxide of cocaine and then it is N-demethylated by the

_ action of the cytochrome P450 to form norcocaine.50-53 The subsequent oxida=

tion of norcocaine has been assodated with hepatotoxicity derived from co- -
caine consumpnon in expenmental animal rnodels-”2 54-56 and ‘also in hu-
mans.>7-58 :

Cocaethylene is formed by the interaction between cocaine and ethanol. ‘
The human liver carboxylesterase recently identified?*24 ig responsible not
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Figure 2. Urinary excretion rates of cocaethylene (uiaper) and norcocaethylene (low- - - ‘
er) in a collection' period 0-48 hr after the simulatneous use of cocaine 100 mg and
ethanol 0.8 mg/kg. e ' :

only for the hydrolysis of cocaine to berizoylecgenine but also of cocaethylené
formation by ethyl transesterification of cocaine in the presence of ethanok. It
~ also has been shown that cocaethylene is not formed from benzoylecgonine -
- by transesterification.?*32 Recently, it has been reported that the enzyme re-
sponsible for the esterification of fatty acids in the presence of ethanol can also -
produce cocaethylene from eocaine.® Cocaethylene seems to be. metabolized - -
to benzoylecgonine and ecgonine ethyl ester in the same way as cocaine. The
corresponding N-demethylated metabolite of cocaethylene (equivalent to nor- -
“cocaine for cocaine), norcocaethylene, is present in plasma and urine of indi-

viduals using cocaine and :alcchol concurrently,19.39
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There also are some other minor metabolites of cocaine; such as'methyl
ecgonidine derivatives, the corresponding ethyl derivatives of which are pre-
sent in urines of individuals who are concomitant consumers of cocaine and. o
alcohol.?9 Nevertheless, it is still controversial whether these compounds are*
degradation products from dehydration reactions occurring either in the pro-
cess of smoking (crack)06! or during the analysis of biological fluids by, gas.
chromatographic techniques,®2 or whether they are real metabolites of co- .
caine and cocaethylene. Urinary metabolic profiles of cocaine administered’
alone or concomitantly with alcohol are shown in Fg. 3. o

3.5. Coaaefhyfene-Tt)-x'iciiy

Cocaethylene toxicity is a controversial issue, The combination of cocaine
and ethanol has shown higher toxicity compared with the administration of
_cocaine and ethanol alone:63.6 It is unclear what is the contribution of co-
caethylene to' this general observation. Some reports suggested that co- - -
caethylene was more potent than cocaine in mediating lethality.s5 There are -
several studies that suggest that it can be more hepatotoxic than cocaine 65
However, some clinical studies do not seem to support data found in in vitro.
studies and in animal models. For'example, hepatotoxicity is not increased in . ‘
- alcoholics with positive urinary cocaine metabolites. Alcoholics abusing co-- .
caine do not have a larger prevalence of severe hepatotoxicity; in those cases
where it is observed, it may represent comorbidity.6é Several clinical studies

“have described an increase in cocaine oxidative metabolism. In particular,
cocaethylene seems to be oxidized to norcocaethylene in a larger proportion
to what is observed for cocaine. Its significance in terms of hepatotoxicity is .

" still unknown.619 In addition, animal models seem to support that cocaine-
induced liver injury appears to be reversible.67 o S

Cocaethylene shows similar immunotoxicity to. that associated with co-
caine,% and especially to N-demethylated metabolites (norcocaine and nor-
cociethylene and their rise during cocaine-alcohol interaction), which are
potentiated by ethanol.8? This observation is not surprising, since cocaine .
(cocaethylene) immunotoxicity is related to cytochrome P450 activation by ..
cocaine,’0 ' T o T ,

Cocaethylene is as cardiotoxic as cocaine, but it is less toxic than cocaine
plus ethanol, probably because of the pharmacological interaction; in fact,

~ cocaine at the same doses produced similar effects to cocaethylene.” It has
been reported to reduice cardiac function in a dose-dependent manner and
may be responsible for the delayed but substantial cardiotoxicity that occurs
in individuals who use both cocaine and alcohol.72 S '

Most probably, the increased toxicity in those individuals who combine
cocaine and alcohol comparéd with that observed for these drugs abused
alone is due to increased cocaine plasma concentrations; this is most likely
because the metabolic interaction described previously is marginally related to-
cocaethylene. There also are several other factors that are involved, such as
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the route of administration, . acute. versus chronic use, and the order:and - o

timing of administration that can modify effects.

 In summary, the simultaneous administration’ of cocai_ﬁé and alcoh'cal.‘ifnl.;-
plies both a pharmacological interaction-at a pharmacodynamic level and-a".

te

pharmacokinetic interaction. The latter involves an alteration of cocaine kinet-..

Vs An intemat,idqal P'egspe'cﬁv'ef

. jcs and metabolism and also the biosynthesis of newly active-metabolites, s

‘such as cocaethylene.’ Cocaethylene is metabolized according to the same’

pathway as cocaine and its detection in-biclogical fluids is indicative ofithe”” -

concomitant consumption of cocaine and alcohol.
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