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squirrel monkeys

Charles W. Schindler a,), Ji-Wang Zheng b, Steven R. Goldberg a

a Preclinical Pharmacology Section, NIHrNIDA Intramural Research Program, 5500 Nathan Shock DriÕe, Baltimore, MD 21224, USA
b National Institute on Drug Dependence, Beijing Medical UniÕersity, Beijing 100083, China

Received 3 July 2001; received in revised form 10 September 2001; accepted 17 September 2001

Abstract

The effects of cocaine and the cocaine metabolites norcocaine, ecgonine methyl ester, benzoylecgonine and cocaethylene were
evaluated in conscious squirrel monkeys for their effects on blood pressure and heart rate. Norcocaine, ecgonine methyl ester and
benzoylecgonine are produced in vivo following cocaine use. Cocaethylene is produced in vivo following concurrent cocaine and alcohol
use. Increases in both blood pressure and heart rate were observed following cocaine doses of 0.3–3.0 mgrkg. Ecgonine methyl ester and
benzoylecgonine had no effect on either parameter up to doses of 10.0 mgrkg. Norcocaine increased blood pressure, but was less potent
than cocaine. Norcocaine did not affect heart rate at doses up to 3.0 mgrkg. In contrast to the other metabolites, cocaethylene increased
blood pressure and heart rate similarly to cocaine. These results suggest that ecgonine methyl ester and benzoylecgonine are devoid of
cardiovascular effects at doses comparable to cocaine and would not be expected to contribute to cocaine’s overall cardiovascular effects.
Norcocaine’s effect on blood pressure might contribute to the cardiovascular effects of cocaine, but this metabolite is produced only at
low levels in vivo. The one metabolite that might be expected to contribute to cocaine’s overall cardiovascular effect is cocaethylene,
although the degree of this contribution is not clear. Published by Elsevier Science B.V.
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1. Introduction

Cocaine is metabolized in vivo to ecgonine methyl
ester, benzoylecgonine and norcocaine. Norcocaine is a
relatively minor metabolite in humans. When cocaine is
used concurrently with alcohol, cocaethylene is produced.
While a number of reports have pointed to potent cardio-

Žvascular effects of norcocaine Erzouki et al., 1993;
.Mahlakaarto et al., 1998; Wilson et al., 1978 and cocaeth-

Ž .ylene Erzouki et al., 1993; McCance-Katz et al., 1993 , it
was originally thought that ecgonine methyl ester and
benzolyecgonine were inactive. Recent evidence, however,
points to a potential role of these metabolites in the
cardiovascular effects of cocaine. For example, Pane et al.
Ž .1997 report that ecgonine methyl ester produces cerebral
vasodilation in neonatal sheep and Madden and Powers
Ž .1990 report that benzolyecgonine can mediate potent
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Ž .vasoconstrictor effects. Erzouki et al. 1993 reported ef-
fects for both ecgonine methyl ester and benzolyecgonine
that tended to be opposite those of cocaine.

The role the metabolites might have in producing
cardiovascular effects under typical drug administration

Ž .situations is less clear. Hollander et al. 1994 reported that
chest pain following cocaine administration began a me-
dian of 60 min following use and persisted for 120 min.
With the half-life of cocaine in humans being approxi-
mately 60 min for an i.v. dose, this leaves open the
possibility that metabolites may be contributing to these

Ž .cardiovascular complications. Brogan et al. 1992 re-
ported coronary vasoconstriction in humans 90 min follow-
ing intranasal cocaine, again suggesting a role of the

Ž .cocaine metabolites. Recently, Pan and Hedaya 1998
performed a pharmacokineticrpharmacodynamic analysis
of cocaine’s cardiovascular effects in rats and also sug-
gested a role for the cocaine metabolites.

The purpose of the current study was to investigate
whether the cocaine metabolites ecgonine methyl ester,
benzolyecgonine, norcocaine and cocaethylene produce
cardiovascular effects when studied in vivo using the
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conscious squirrel monkey model. Comparisons were made
directly to the parent compound, cocaine. While a number
of previous studies have investigated the cardiovascular
effects of the cocaine metabolites, few have directly com-
pared more than one or two of the metabolites with
cocaine. Further, most of those studies have looked at rats
Ž .e.g., Erzouki et al., 1993 , where the cardiovascular re-
sponse is much different from that of humans. The few
monkey studies have looked at only a single metabolite
Ž .e.g., Wilson et al., 1978 . An evaluation of multiple
metabolites within a single species whose cardiovascular
response is similar to humans should provide a clearer
picture of the relative contribution of the metabolites to
cocaine’s cardiovascular effects. The squirrel monkey
model has proven useful in past studies, as the squirrel
monkey’s cardiovascular responses to cocaine, both in
terms of size and duration, are similar to those of humans
Ž .Schindler, 1996 . Also, following systemic cocaine ad-
ministration, moderate levels of both ecgonine methyl ester
and benzolyecgonine are observed in squirrel monkeys
Ž .Carmona et al., 2000 , suggesting a similar metabolic
pathway for cocaine in squirrel monkeys and humans.

2. Materials and methods

2.1. Subjects

The subjects were 11 adult male squirrel monkeys
Ž .Saimiri sciureus housed in individual cages in rooms in
which light, temperature and humidity were controlled.
Fresh water was continuously available. The monkey’s
daily food intake was restricted to maintain their body
weights between 800 and 1000 g. A venous catheter for
the delivery of drug and an arterial catheter for the mea-
surement of blood pressure were implanted during a single
sterile surgery. The general surgical procedure has been

Ž .described in detail elsewhere Herd et al., 1969 . In brief,
polyvinyl chloride catheters were implanted in the external
iliac vein and the internal iliac artery during anesthesia
with halothane–oxygen or flurothane–oxygen mixtures.
The distal ends of the catheters were passed s.c. out
through the skin in the middle of the back. Monkeys wore
nylon jackets at all times to protect the catheters. Follow-
ing a 2-week recovery period, experiments were begun.
Catheters were flushed with heparinized saline at least
twice weekly and sealed with stainless steel obturators
when not in use.

All animals used in this study were maintained in
facilities fully accredited by the American Association for

Ž .the Accreditation of Laboratory Animal Care AAALAC .
All procedures were conducted in accordance with the
guidelines of the Institutional Care and Use Committee of
the NIDArIRP and the Guide for the Care and Use of

Ž .Laboratory Animals National Research Council, 1996 .

2.2. Apparatus

The monkeys sat in Plexiglas chairs similar to the one
Ž .described by Hake and Azrin 1953 and were loosely

restrained in the seated position by a waist lock during
experimental sessions. The monkeys were fully adapted to
these chairs prior to experimentation. The chairs were

Ženclosed in ventilated, sound-attenuating chambers model
.AC-3; Industrial Acoustics, Bronx, NY that were pro-

vided with continuous white noise to mask extraneous
sounds. The distal end of the arterial catheter was con-
nected via polyethylene tubing to a blood pressure trans-

Žducer no. T42-20, Coulbourn Instruments, Lehigh Valley,
.PA .
The arterial catheter was continuously flushed with

saline at a rate of 1.8 mlrh. The transducer was connected
Žto an associated amplifier no. S72-25, Coulbourn Instru-

. Žments and blood pressure processor no. S77-34, Coul-
.bourn Instruments outside the experimental chamber. The

blood pressure processor analyzed the raw transducer sig-
Ž . Ž .nal, giving analog outputs of systolic SP , diastolic DP

Ž wŽ . x.and mean pressure DPq SPyDP r3 after each car-
diac cycle. The signal for the end of the cardiac cycle was
fed into an Apple II or Macintosh computer. For each
cycle, the computer measured the time between cycles
with a resolution of 1 ms and read the analog signals for
pressure from the blood pressure processor with a resolu-
tion of 1 mm Hg. These values were summed and aver-
aged over periods of 30 s for subsequent analysis. Only
mean blood pressure and heart rate were used for statistical
analysis. The distal end of the venous catheter was passed
outside the experimental chamber via polyethylene tubing
and connected to a syringe for the injection of either saline
or drug.

2.3. Procedure

The monkeys were fully adapted to the restraint chair
and chamber prior to surgery. Following recovery from
surgery, the monkeys were placed in the experimental
chamber each weekday, with injections of drug typically
occurring on Tuesdays and Fridays with saline adminis-
tered on Thursdays. When they were administered, drug or
saline were given i.v. 30 min into the 90-min session. On
any given test day, only one dose of a test drug was
administered. In general, animals were tested with two to
five of the test drugs over a period of 3–6 months. The
order of drugs and doses was unsystematic.

2.4. Drugs

Ž .Cocaine hydrochloride NIDA, Baltimore , cocaethy-
lene hydrochloride, norcocaine hydrochloride, ecognine

Žmethyl ester mesylate and benzoylecgonine RBI, Natick,
.MA were dissolved in sterile saline. Doses are expressed

as the salt.



( )C.W. Schindler et al.rEuropean Journal of Pharmacology 431 2001 53–59 55

2.5. Data analysis

Five-minute means were determined from the 30-s
means stored by the computer. Peak changes in blood
pressure and heart rate after were calculated from these
5-min means from the 30-min period after saline or co-
caine administration, by subtracting the value from the
5-min period just prior to the saline or drug injection as the

Ž .baseline. The area-under-the-curve AUC was calculated
from the 5-min change scores over the first 30 min follow-
ing the injection, the time at which peak effects were
typically observed. All data were subjected to a least
squares analysis-of-variance with Fisher follow-up tests to

Ž .determine individual effects Wilkinson, 1992 . A P-0.05
was considered significant.

3. Results

Prior to saline administration, mean blood pressure was
91.6"4.7 mm Hg. Heart rate was 219.3"7.7 beatsrmin.
The baseline blood pressure and heart rate prior to drug
administration did not differ significantly from these val-
ues for any of the drugs tested.

Fig. 1 shows the peak effects of each drug compared to
saline control. The peak effect was calculated as the

Fig. 1. Peak effects of cocaine and the metabolites on blood pressure
Ž . Ž .upper panel and heart rate lower panel . Peak effects were calculated
from 5-min means over the first 30 min following the injection. The
5-min period prior to the injection was used as the control. Values are
mean"S.E.M. All injections were i.v. Significantly different from saline
control: )P-0.05, ))P-0.01, )))P-0.001.

maximum 5-min change score over the first 30 min follow-
Žing the injection of saline or drug. Cocaine ns5–

. Ž . Ž7rdose , cocaethylene ns5–8rdose and norcocaine n
.s4–5rdose produced significant increases in blood pres-

Ž .sure Fig. 1, top panel . The effects for cocaine and
Ž .cocaethylene were comparable. For cocaine, F 5,36 s

11.6, P-0.001, doses of 0.3 mgrkg and above were
significantly different from saline, while for cocaethylene,
Ž .F 5,38 s16.2, P-0.001, doses of 0.1 mgrkg and above

Ž .were different from saline. Norcocaine, F 4,34 s13.9,
P-0.001, was clearly less potent than either cocaine or
cocaethylene, with significant effects observed only at the
1.0 and 3.0 mgrkg doses.

Ž .Cocaine, F 5,36 s4.4, P-0.01, and cocaethylene,
Ž .F 5,38 s2.6, P-0.05, also produced significant in-

Ž .creases in heart rate Fig. 1, bottom panel . As with blood
pressure, cocaine produced significant increases in heart

Ž .rate at the 0.3 mgrkg and higher doses P-0.05 . For
cocaethylene, the effects of the 0.1, 1.0 and 3.0 mgrkg
doses were significantly different from the saline control.
Norcocaine did not produce significant effects on heart

Ž .rate, and ecgonine methyl ester ns4–6rdose and ben-
Ž .zolyecgonine ns4–6rdose did not produce changes in

either blood pressure or heart rate.
Since a 5-min mean was used to calculate the peak

pressor effect, pressor effects of a shorter duration might
have been obscured. Table 1 shows the peak blood pres-
sure change for cocaine and the metabolites calculated
from 30-s mean values for the first 10 min following drug
administration. The 5 min prior to the drug injection was
still used as the baseline. For comparison, the peak 30-s
change for saline was 12.1"2.8 mm Hg. As with the
5-min mean values, cocaine and cocaethylene produced the
largest effects and were both approximately equipotent.
Norcocaine also produced a pressor effect similar to co-
caine at the highest dose tested, but was clearly less potent
than cocaine. Benzoylecgonine and ecgonine methyl ester
did not produce effects that were different from saline.
Also shown in Table 1 are the mean times at which the
peak effect was observed. For cocaine, cocaethylene and
norcocaine, the peak effect was typically observed within 2
min of drug administration. There was a tendency for the
highest dose of each drug to peak after 2 min. For both
benzoylecgonine and ecgonine methyl ester, for which no
significant increases were observed, there was less consis-
tency on when the peak effect was observed. Nevertheless,
the peak was often observed within 2 min of administra-
tion. This may reflect the monkey’s ability to detect the
injection, which results in a slight increase in blood pres-
sure. In fact, even for saline the peak effect occurred soon

Ž .after the injection 2.4"0.4 min .
Fig. 2 shows the AUC measures for cocaine and the

metabolites. For blood pressure, the statistical results for
AUC essentially replicated those of the peak blood pres-

w Ž .sure measure for each drug cocaine F 5,36 s10.0, P-
Ž .0.001; cocaethylene F 5,38 s12.7, P-0.001; norco-



( )C.W. Schindler et al.rEuropean Journal of Pharmacology 431 2001 53–5956

Table 1
Peak effect of cocaine and metabolites on blood pressure over 30-s intervals

Ž .Dose mgrkg Cocaine Cocaethylene Norcocaine Benzoyl-ecgonine Ecgonine methyl ester
aŽ . Ž .0.03 25.8"6.2 1.7"0.2 25.2"6.1 1.5"0.2

bŽ . Ž . Ž . Ž .0.1 23.8"4.3 1.4"0.1 33.0"8.0 2.0"0 10.5"1.5 1.8"0.3 11.7"2.4 5.7"1.4
b bŽ . Ž . Ž . Ž . Ž .0.3 63.9"15.1 1.9"0.2 25.0"5.7 2.2"0.6 12.5"1.7 1.2"0.3 9.9"3.0 2.5"1.5 9.3"3.3 2.7"1.0

b b bŽ . Ž . Ž . Ž . Ž .1.0 37.8"4.9 1.6"0.1 41.3"3.1 1.6"0.2 27.2"4.5 1.6"0.1 14.0"4.2 3.8"4.2 8.2"2.2 1.1"0.1
b b bŽ . Ž . Ž . Ž . Ž .3.0 45.0"6.6 2.9"0.2 45.2"8.2 3.0"0.4 37.4"4.3 2.3"0.4 8.7"2.9 2.4"1.0 6.6"1.0 1.1"0.2

Ž . Ž .10.0 7.8"3.7 1.1"0.5 8.0"0.7 2.8"1.9

a Values in parentheses are time of the peak response in min following the injection of drug.
b Ž . Ž .Significantly P-0.05 different from saline 12.1"2.8 , values are mean mm Hg"S.E.M.

Ž . xcaine F 4,24 s4.5, P-0.01 . However, it appears that
norcocaine was not just less potent than cocaine, but that
the maximal effect on the blood pressure AUC was re-
duced. Again, benzolyecgonine and ecgonine methyl ester
had no significant effect on the blood pressure AUC, and
norcocaine, as well as benzolyecgonine and ecgonine
methyl ester did not affect the heart rate AUC measure.

Ž .Cocaine, F 5,36 s2.6, P-0.05, again produced signifi-
cant increases in the heart rate AUC at the 0.3 mgrkg and

Ž .higher doses. The effects of cocaethylene, F 5,38 s2.5,
P-0.05, on heart rate AUC were more variable than for

Ž .Fig. 2. Area-under-the-curve AUC for the effects of cocaine and the
Ž . Ž .metabolites on blood pressure upper panel and heart rate lower panel .

The AUC was calculated from 5-min mean change scores over the first
30 min following the injection. The 5-min period prior to the injection
was used as the control. Values are mean"S.E.M. All injections were i.v.
Significantly different from saline control: )P-0.05, ))P-0.01,
)))P-0.001.

cocaine, as only the effect at 1.0 mgrkg dose reached
significance.

Because it has been suggested that cocaethylene may
Žhave prolonged effects when compared to cocaine Mc-

.Cance-Katz et al., 1998 , Fig. 3 shows a time-effect func-
tion for doses of cocaine, cocaethylene and norcocaine that
produced comparable peak increases in blood pressure. For
the first 10 min following the injection, 30-s change scores
are shown, while 5-min change scores are shown for the
rest of the session. The effect of cocaethylene is slightly
above that of cocaine, although this difference was not
significant. When an exponential decay function was fitted
to these curves, there were no significant differences ob-
served in the decay parameters between cocaine and co-
caethylene. The effect of norcocaine on blood pressure,
however, clearly returned to baseline more quickly than
the other drugs. This accounts for the lower AUC mea-
sures seen for norcocaine in Fig. 2.

Fig. 3. Time course for the effects of cocaine, norcocaine and cocaethy-
lene on blood pressure. The doses are in mgrkg. The measure presented
is the blood pressure change score using the 5 min prior to drug injection
as the control. For the first 10 min following the injection, 30-s change
scores are shown. After 10 min, 5-min change scores are presented.
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4. Discussion

In general, cocaine produced increases in blood pres-
sure that were highest at the highest doses tested. In
contrast, the effects of cocaine on heart rate peaked at 1.0
mgrkg, with smaller effects seen at the higher 3.0 mgrkg
dose. These effects of cocaine were similar to previous

Žresults reported for squirrel monkeys Gonzalez and Byrd,
.1977; Tella et al., 1990; Schindler et al., 1992 .

Like cocaine, norcocaine increased blood pressure, al-
though norcocaine was less potent than cocaine and had a
shorter duration of action. Blood pressure increases with
norcocaine were clearly dose-dependent. Norcocaine did
not increase heart rate. This last result was surprising as a
number of investigators have reported that norcocaine has

Žcardiovascular effects similar to cocaine Barber and Tack-
.ett, 1992 . However, many of these studies involved rats

where the predominant effect of cocaine was a heart rate
Ždecrease Erzouki et al., 1993; Mahlakaarto et al., 1998;

.Pan and Hedaya, 1999 . Norcocaine has been shown to
produce tachycardia in rhesus monkeys, but no change in

Ž .heart rate for cynomolgus monkeys Wilson et al., 1978 .
These results suggest that the effects of norcocaine may
vary across species. Like cocaine, norcocaine binds po-
tently to monoamine transporters in the brain and also has
local anesthetic effects. However, norcocaine is less potent
than cocaine at the dopamine transporter, and is much

Žmore potent than cocaine at the serotonin transporter Ritz
.et al., 1990 . Norcocaine also produces a use-dependent

block of sodium channels like cocaine, but recovery from
Žthe block is much quicker with norcocaine Crumb and

.Clarkson, 1992 . One would expect that norcocaine’s po-
tency in blocking sodium channels would work against
increases in heart rate. Therefore, the present results, sug-
gest that norcocaine would contribute little to the overall
toxicity of cocaine. The effects observed here were clearly
less than for cocaine and of a shorter duration. Further,
norcocaine represents a small fraction of the overall meta-
bolic product from cocaine.

Previous reports have suggested that both ecgonine
methyl ester and benzolyecgonine might have cardio-

Žvascular effects on their own Erzouki et al., 1993; Mad-
.den and Powers, 1990; Pane et al., 1997 . In conscious

squirrel monkeys, neither benzolyecgonine nor ecgonine
methyl ester produced any significant changes in blood
pressure and heart rate at doses up to 10 mgrkg. This
confirms results from a number of labs that very large

Ždoses of these drugs are required to produce toxicity Mets
and Virag, 1995; Morishima et al., 1999; Pan and Hedaya,

.1999 . In general, these results suggest that neither ben-
zolyecgonine nor ecgonine methyl ester contribute to the
toxicity associated with cocaine. However, it is possible
the these drugs have more prominent central nervous
system effects, which are obscured by their poor penetra-
tion to the central nervous system. When cocaine is admin-
istered, these metabolites might be produced once cocaine

reaches the brain. However, ecgonine methyl ester is pro-
Žduced almost exclusively by plasma esterases Warner and

.Norman, 2000 . Benzoylecgonine can be produced both
Žspontaneously and enzymatically Warner and Norman,

.2000 , but little benzolyecgonine is found in the brain of
Žmice following systemic cocaine administration Benuck et

.al., 1987 . Therefore, one would expect benzolyecgonine
and ecgonine methyl ester to have their greatest effects in
the periphery. Given that no changes were observed in
either heart rate or blood pressure following doses up to 10

Žmgrkg 30 times the dose required for cocaine to produce
.significant effects , it would appear than these metabolites

do not contribute to the overall cardiovascular toxicity of
cocaine.

In contrast to the other metabolites, cocaethylene pro-
duced clear increases in blood pressure and heart rate that
were comparable to cocaine. These results confirm those
of other investigators who have reported that cocaethylene

Žhas potent effects on the cardiovascular system e.g., Hen-
ning and Wilson, 1996; McCance-Katz et al., 1998; Mor-

.ishima et al., 1999; Perez-Reyes, 1993 . A number of
authors have reported that cocaethylene has a slower elimi-

Žnation half-life than cocaine McCance et al., 1995;
.Perez-Reyes et al., 1994 , however, it is not clear that this

longer half-life leads to larger effects. Pan and Hedaya
Ž .1999 report that cocaethylene had more potent and pro-
longed effects on heart rate than did cocaine. In the current
study, the time-course for the blood pressure effect was not
significantly longer than for cocaine and some investiga-
tors have reported that cocaethylene produces smaller ef-

Žfects than cocaine Hart et al., 2000; Perez-Reyes et al.,
.1994 . In humans, when cocaine and alcohol are used

concurrently, cocaethylene levels reach a peak concentra-
Žtion of about 1r5 those of cocaine McCance-Katz et al.,

.1993; Perez-Reyes et al., 1994 . Therefore, even the small
increases in effect size and duration of action that have
been reported would be unlikely to greatly contribute to
cocaine’s overall cardiovascular toxicity. Nevertheless, co-
caethylene was the one compound studied which did pro-
duce effects comparable to cocaine alone. Therefore, with
repeated administrations, as might occur during AbingeingB,
the role of cocaethylene in producing cardiovascular toxic-
ity might become more prevalent. A complicating factor in
the effects of cocaethylene in humans is the interaction
that can occur between cocaine and alcohol independent of

Ž .cocaethylene Henning and Wilson, 1996 . That is, the
cardiovascular effects of cocaine and alcohol in combina-
tion can be greater than either alone even in the absence of
significant cocaethylene.

It might be argued that effects observed for some of the
metabolites have been underestimated because of the use
of mg doses rather than molar doses. However, cocaine,
cocaethylene and norcocaine, the only compounds to pro-
duce significant cardiovascular effects, have very similar

Žmolecular weights 339.82, 353.85 and 325.79, respec-
.tively . Therefore, the mgrkg doses approximate equiva-
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Ž .lent molar doses. Benzoylecgonine 289.33 and ecgonine
Ž .methyl ester 235.71 have lower molecular weights than

cocaine, which would translate into larger doses on a
molar basis for the equivalent mg dose. They were also
tested at doses higher than cocaine. Therefore, the failure
of benzolyecgonine and ecgonine methyl ester to produce
cardiovascular effects cannot be attributed to differences in
molecular weights.

The toxicity of cocaine in humans is probably related to
a variety of factors including the pre-existing condition of
the individual involved and cocaine’s potent local anes-
thetic effects, which may induce arrhythmias or be proar-
rhythmic. However, the sympathomimetic effect of co-
caine is also thought to be an important factor in cocaine’s

Žtoxicity Bauman et al., 1994; Billman, 1995; Hollander,
.1996; Mouhaffel et al., 1995 . The increases in blood

pressure and heart rate following cocaine increase the
workload on the heart and myocardical oxygen demand.
Coupled with cocaine’s ability to constrict coronary arter-

Ž .ies Lange et al., 1989 , myocardial infarction and arrhyth-
mias can result. Therefore the increases in blood pressure
and heart rate produced by cocaine can be an important
part of its overall toxicity. To the degree that the metabo-
lites also increase blood pressure and heart rate, they may
contribute to cocaine’s toxicity via these same mecha-

Žnisms. Other factors not studied here i.e., sodium channel
.blockade are almost certainly involved in cocaine’s over-

all cardiovascular toxicity. In addition, we cannot rule out
the possibility that interactions between cocaine and the
metabolites, or between the metabolites themselves, may
also increase toxicity. That is, while benzolyecgoine and
ecgonine methyl ester alone may not increase blood pres-
sure, when given together they might. As both are seen in
blood following cocaine administration, there is the possi-
bility of this type of interaction. Nevertheless, the changes
in blood pressure and heart rate observed in the current
study are important aspects of cocaine’s overall toxicity.

In conclusion, cocaine produced significant effects on
both blood pressure and heart rate in the conscious squirrel
monkey. Of the four cocaine metabolites studied, only
cocaethylene produced effects that were comparable to
cocaine. However, cocaethylene blood levels approximat-
ing those of cocaine would be required to produce similar
effects, negating cocaethylene’s overall contribution to
cocaine toxicity. With repeated doses, this metabolite might
become a factor. Norcocaine also produced increases in
blood pressure, but not heart rate. Norcocaine was clearly
less potent than cocaine and its duration of action was less
than cocaine. Because norcocaine represents a relatively
minor metabolite in vivo, these factors would suggest that
norcocaine does not contribute to cocaine’s overall cardio-
vascular effects. Finally, benzolyecgonine and ecgonine
methyl ester had no effects on either blood pressure or
heart rate, even at doses well above those for cocaine that
produced significant effects. Therefore, these metabolites

would not be expected to contribute to any cardiovascular
changes following cocaine use.
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