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Background: The metabolites of cocaine, benzoylecgonine
and ecgonine methyl ester, have been considered pharmaco-
logically inactive when administered systemically. However,
recent in vitro studies suggest that this may not be true. The
current study was designed to evaluate the systemic toxicity
of cocaine and its metabolites when administered systemi-
cally to awake rats fitted with catheters for long-term moni-
toring.

Methods: Cocaine, norcocaine, cocaethylene, benzoylecgo-
nine, and ecgonine methyl ester were infused intravenously to
produce sequential behavioral alterations and central nervous
system and cardiovascular toxic effects. Arterial blood pressure
and heart rate were monitored continuously. Plasma and tissue
samples were analyzed for all compounds by capillary gas chro-
matography—mass spectrometry.

Results: The dose of norcocaine necessary to produce toxic
effects was smaller than that of cocaine and cocaethylene. Ben-
zoylecgonine and ecgonine methyl ester did not produce toxic
manifestations at infusion rates that produced toxicity in the
cocaine, norcocaine, and cocaethylene groups. Furthermore,
30- and 60-fold higher doses of benzoylecgonine and ecgonine
methyl ester, respectively, were necessary to produce only mild
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neurobehavioral changes. Benzoylecgonine was not lethal even
at doses 100 times greater than cocaine.

Conclusions: These results indicate that benzoylecgonine and
ecgonine methyl ester are not as toxic as cocaine, norcocaine, or
cocaethylene when administered intravenously to pharmacologi-
cally naive rats. (Key words: Cocaine; metabolites; toxicity.)

COCAINE is metabolized in mammals mainly in the liver
and the plasma and depends on two metabolic path-
ways: deesterification and N-demethylation." Deesterifi-
cation results in the formation of the major metabolites,
benzoylecgonine and ecgonine methyl ester,”” whereas
N-demethylation results in a pharmacologically active
metabolite, norcocaine.”” Benzoylecgonine and ecgo-
nine methyl ester have been considered pharmacologi-
cally inactive when administered systemically. How-
ever, recent in vitro and in vivo studies have shown that
B [0
contrast to these reports, our recent observations indi-

>

these metabolites are potent vasoconstrictors.

cate that intravenously administered benzoylecgonine
does not alter the behavior or the hemodynamic state of
the rat,'* whereas cocaine, norcocaine, or cocaethylene
in doses equivalent to benzoylecgonine caused neurobe-
havioral changes.'”#"*

Based on our preliminary observations we hypothe-
sized that, at doses equal to cocaine, benzoylecgonine
and ecgonine methyl ester do not cause central nervous
system or systemic hemodynamic sequelae. To test this
hypothesis, we performed a comparative toxicity study
of cocaine and its metabolites in the rats fitted with
catheters for long-term monitoring.

Materials and Methods

Animals

The study protocol was approved by the Columbia
University Animal Care and Use Committee. Forty-two
nonpregnant female Sprague-Dawley rats were pur-
chased from a commercial breeder (CAMM, Ridgefield,
NJ) 1 week before the surgery. They were housed in a
temperature-controlled room and fed laboratory rodent
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chow ad libitum with water. The animals were divided
randomly into five study drug groups: cocaine (n = 10),
norcocaine (n = 8), cocaethylene (n =8). ecgonine
methyl ester (n = 8), and benzoylecgonine (n = 8).

Surgical Procedures

Surgical procedures have been described in detail else-
Phere 1 Briefly, 1-3 days before the toxicity study,
the animals were anesthetized using an intraperitoneal
injection of a xylazine- ketamine combination (6 mg/kg
xylazine and 40 mg/kg ketamine). During sterile condi-
tions, polyethylene catheters (PE 50; Becton Dickinson.
Sparks, MD) were placed into the right carotid artery and
jugular vein of each rat. The catheters were tunneled and
secured outside the animals through a small skin incision
made between the scapulae, and then they were coiled
and covered with a plastic cap that was secured to the
skin. After operation, the animals were allowed to re-
cover from surgery for 1-3 days.

Experimental Procedures

On the day of the study, the awake rat was weighed
and placed in a semidark, closed cardboard box with
small windows on the sides instead of in the rat restraint
holder. The catheters were threaded through a hole at
the top of the box to allow the rat to move freely. The
details regarding this awake, nonrestrained rat model
also have been described before.'!*

Before the study was begun, each animal was allowed
to acclimate to the new environment for at least 1 h.
During that time, the arterial catheter was connected to
a pressure transducer, and arterial blood pressure and
heart rate were monitored subsequently during the
study using a polygraph recorder (Gould Electronics.
Rutherford, NJ) connected to a computer (Apple Com-
puters, Cupertino, CA). The heart rate was monitored
using a cardiotachometer triggered by the arterial pulse
pressure. All compounds were supplied by the National
Institute on Drug Abuse. In the toxicity study, after a 60-
to 90-min stabilization period (baseline), cocaine or one
of the metabolite solutions was infused continuously
into the jugular vein at a rate of 2 mg - kg ' - min ' and
the animal was observed for the onset of changes in
behavioral and stereotypic locomotor activity and for
more advanced central nervous system toxic manifesta-
tions, such as the onset of tonic- clonic convulsions. The
details of behavioral changes have been described be-
f()r('. 15,14

The infusion was continued until circulatory collapse
occurred, which was defined as the disappearance of the
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arterial blood pressure and heart rate from the recorder.
Initially, this infusion rate was chosen based on our
previous cocaine studies.'?! [# However, we observed
in the preliminary studies that, at this infusion rate,
benzoylecgonine and ecgonine methyl ester produced
only a mild increase in locomotor activity but did not
produce convulsions. Therefore, to reliably produce car-
diovascular and neurologic toxic manifestations, the in-
fusion rate for ecgonine methyl ester was increased
incrementally to a final rate of 32 mg - kg ' - min_’
Furthermore, the infusion rate for benzoylecgonine was
increased subsequently to a final study rate of 192 mg °
kg~ ' - min after this compound failed to produce
advanced cardiovascular and neurologic toxic manifes-
tations at a rate of 32 mg - kg ' - min

Animal behavior was recorded every minute, and the
onset of restlessness or agitation was defined in the
following manner: after the baseline behavior was ob-
served, the time was noted when the animal began to
exhibit agitated movements, such as repetitive grooming
behavior and circling.'>'* If this agitated behavior per-
sisted for 3 min, the first minute was defined as the time
of onset of agitation. Similarly, the onset of depression
was the beginning of an interval, lasting at least 3 min, of
behavioral activity, whereby the animal showed no
movement of the extremities and no response to the
touching of earlobes or the nose. These behavioral
changes were noted by the same highly experienced
observer who has been performing behavioral studies
for the past 12 yr. The observer was blinded to the
compound selected.

Because of blood volume limitations and to avoid in-
terference with the animal’s behavior during the early
stages of the response to the compound, 0.3-ml arterial
blood samples were obtained only at the onset of major
signs of intoxication, such as convulsions, hypotension,
and circulatory collapse. Blood samples were collected
in chilled, heparin-prepared syringes and transferred im-
mediately into ice-cold Vacutainer tubes (Becton Dickin-
son) containing 17.5 mg sodium fluoride and 14 mg
potassium oxalate. The samples were centrifuged at
—0°C and the plasma layer was separated and stored at
—70°C for subsequent drug assays. At the end of the
experiment, the brain, heart, and liver were removed
and placed immediately on dry ice. In addition, a urine
sample was aspirated from the bladder and transferred
into the Vacutainer tube containing sodium fluoride and
potassium oxalate. Thereafter, these samples were
stored at —70°C until subsequent drug assays were per-
formed.
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Special Analytic Procedures

All compounds were analyzed by capillary gas chroma-
tography-mass spectrometry using deuterated internal
standards, positive chemical ionization, and simulta-
neous ion monitoring.

Deuterated internal standards for cocaine, cocaethyl-
ene, norcocaine, benzoylecgonine, and ecgonine methyl
ester were added to the plasma or tissue homogenate
before processing. Deuterated cocaine and benzoylecgo-
nine were purchased from Sigma Chemical Company
(St. Louis, MO). Ethylbenzoylecgonine was purchased
from Research Biochemicals (Natick, MA). Deuterated
norcocaine and ecgonine methyl ester were donated by
the National Institute on Drug Abuse, and deuterated
ethylbenzoylecgonine was synthesized in our laboratory
by forming the ethyl ester of trideuterobenzoylecgonine.
The electron impact mass spectra of each of these com-
pounds showed fragmentation patterns with appropriate
mass unit shifts for the deuterated internal standard.

Depending on the nature of the study, the standard
curves encompassed 0-500 ng/ml or g up to 10,000
ng/ml or g in the short studies. In the latter case, larger
amounts of the internal standard were added. Standard
curves for each compounds were
throughout the entire range, with low intercepts and
correlation coefficients of 0.999 or more. The intra- and
intercoefficients of variation for these compounds were

of these linear

less than 6% across the entire range of the samples
tested, and we found the procedure to be highly sensi-
tive and reliable (lowest detectable quantity, 0.5 ng/ml).
Quality control samples at low, medium, and high con-
centrations of cocaine and all metabolites were analyzed
with each analytic run.

Statistical Analysis

Analysis of variance tests were performed using the
null hypothesis and indicated that there were no signif-
icant differences in the mean values among the five
groups of animals. The Scheffé post hoc test was used
when appropriate. All results are expressed as the
mean = SE. P values < 0.05 were considered significant.

Results

The weights of all animals were similar, ranging from
235 g to 315 g, with a mean (* SE) of 261 *+ 6.5 g. The
baseline values for heart rate and mean arterial pressure
were within the normal range for the rat and were
similar in all groups of animals (table 1). All animals
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Table 1. Body Weight, Baseline Heart Rate, and Mean
Arterial Pressure

Blood

Heart Rate Pressure

Toxicity Study Weight (g) (beats/min) (mmHg)
Cocaine (N = 10) 264 == 9.2 W32 =y 119 = 83
Norcocaine (N = 8) 237 2= il 436 = 16.9 118 = 78
Cocaethylene (N = 8) 274 2= 2.9 =400 == 302 124 + 6.0

Ecgonine methyl ester

(N =8) 268 £ 8.9 420 * 33.2 111 =419
Benzoylecgonine (N = 8) 268+ 318 426 =% 0.7 108 =4l

Values are mean + SE
receiving cocaine, norcocaine, or cocaethylene became
restless within 5 min after the infusion began and dis-
played sniffing and repetitive grooming behavior. This
hyperexcitability was followed by more violent types of
agitation: the rats climbed up the walls, frequently
chewed the edges of the cardboard box, and circled
wildly. This behavior was accompanied by a 15-25%
increase in mean arterial blood pressure and a 4-15%
decrease in heart rate. An increase in blood pressure
became more apparent when the animals subsequently
became depressed during the infusion of cocaine and
cocaethylene. Dissimilar to the animals that received
cocaine and cocaethylene, none of the animals receiving
norcocaine exhibited sedation or depression before con-
vulsions began. The first sign of norcocaine toxicity was
restlessness and a significant increase in blood pressure
from the baseline value of 118 = 9 mmHg to 149 = 10
mmHg (P < 0.05), which was followed rapidly by tonic-
clonic convulsions. Furthermore, the norcocaine-in-
duced convulsions were more violent than those pro-
duced by cocaine or cocaethylene: the animals jumped
up high and frequently projected themselves out of the
20-cm-high observation box. We never observed this
degree of convulsant activity with cocaine- or cocaeth-
ylene-induced convulsions. At the onset of convulsions
produced by cocaine, cocaethylene, and norcocaine, the
mean arterial blood pressure increased significantly—
approximately 40% from baseline—and this was accom-
panied by a 15% decrease in heart rate. For example, in
the cocaine group, biood pressure increased from a
baseline of 119 = 4 mmHg to 166 £ 4 mmHg (P <
0.001), and heart rate decreased from 432 = 17 beats/
min to 353 £ 11 beats/min (P < 0.005).
Neurobehavioral and locomotor changes in the ani-
mals receiving ecgonine methyl ester and benzoylecgo-
nine were different from those in animals in the cocaine,
norcocaine, and cocaethylene groups. The animals ex-

—>—"
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stations

Excitement Depression Convulsions Hypotension Circulatory Collapse
Cocaine (N = 10) 8.8 =LA 238.9 = 2 248 £1.9 Sills7e =18 35.2 + 1.6
Norcocaine (N = 8) 3.1 +0.8 L 5:20:4016 7.4 0.9 816N
Cocaethylene (N = 8) (518} == |- 20i85=10 2|) == 2l 2= =0 28.6=="3'8
Ecgonine methyl ester (N = 8) 298.2 + 496 319.6 + 83.0 8499 + 61.6 RIS 2= 7115 1182.3 + 97.9
Benzoylecgonine (N = 8) 96.0 = 13.9 289.2 + 92 2t 2841% 4297 .21 5677.8%

Values are mean + SE.

* None of animals exhibited sedation/depression during norcocaine infusion.

T Somnolence.

% Only one with the infusion rate of 192 mg - kg~ - min '

hibited a subtle degree of restlessness manifested by
vertical and horizontal head swinging. This period was
followed by somnolence. Convulsions in the ecgonine
methyl ester group were characterized by occasional
single bursts of tonic convulsions, rather than by the
intermittent, vigorous tonic- clonic seizures observed in
the cocaine and cocaethylene groups. The tonic- clonic
convulsions that are typical of local anesthetic-induced
excitotoxicity never developed in the animals in the
benzoylecgonine group; however, with higher drug in-
fusion rates (32-64 mg - kg~ ' - min ), they exhibited
myoclonic twitching. Blood pressure and heart rate in
these animals remained essentially unaltered during the
infusion; hypotension and bradycardia occurred in only
one animal in this. group.

Table 2 summarizes the doses necessary to produce all
toxic manifestations. Each toxic manifestation began at
similar doses in the cocaine and cocaethylene groups.
For example, convulsions occurred at a dose of 24.8 +
1.9 mg/kg in the animals receiving cocaine, whereas
theyloeccnrred at avdose of 2195 127 mg/kg in the
animals that received cocaethylene. The animals that
received norcocaine became restless within 2 or 3 min
of the infusion at a dose of 3.1 * 0.8 mg/kg, which was
approximately 33% of the cocaine or cocaethylene dose
necessary to produce similar toxic manifestations. In
contrast, extremely large doses of ecgonine methyl ester
and benzoylecgonine were necessary for the animals to
develop apprehensive behavior, hyperexcitability, and
depression; a benzoylecgonine infusion rate 15-30 times
greater than that of cocaine produced only subtle jerking
movements that occurred during sleep. Further in-
creases in the infusion rate to 160 times greater than the
lethal dose of cocaine resulted in circulatory collapse in
only one animal.

Table 3 summarizes the plasma concentrations of each
compound and its metabolites at the onset of each toxic
manifestation. The major metabolite of cocaine, cocaeth-
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ylene, and norcocaine was benzoylecgonine. For exam-
ple, at the onset of cocaine-induced convulsions, the
plasma cocaine concentration was approximately 70% of
the total detected compound, and the metabolites were
distributed as follows: benzoylecgonine: 26%: ecgonine
methyl ester: 3 to 4%; and norcocaine: 2 to 3%. Although
the dose of norcocaine necessary to produce toxic man-
ifestations was significantly less than cocaine or cocaeth-
ylene (P < 0.01), plasma concentrations of these three
compounds at the onset of each toxic manifestation
were similar. Norcocaine administration resulted in the
formation of a small amount of norbenzoylecgonine, 3 or
4% of the parent compound: 0.62 * 0.31 pg/ml at the
onset of convulsions, and 2.37 * 0.73 ug/ml at circula-
tory collapse.

The tissue concentration patterns of the infused com-
pounds in the brain and heart were similar in the animals
receiving cocaine, norcocaine, and cocaethylene (table
4), and the concentrations of the infused compounds
were significantly greater compared with those for the
liver (P < 0.001). In contrast, the animals in the benzo-
ylecgonine and ecgonine methyl ester groups had
greater concentrations of the infused compounds in the
liver than in the brain (P < 0.001). The norbenzoylecgo-
nine concentration in the brain, heart, and liver after
norcocaine administration was 4.29 + 1.05, 6.31 + 1.36.
and 6.31 = 1.37 ug/g, respectively. In the animals re-
ceiving cocaine, the parent compound was excreted in
the urine, amounting to 107.9 + 18.6 mng/ml, whereas
benzoylecgonine was the major metabolite, amounting
to 44.1 = 5.9 ug/ml.

Discussion

This in vivo comparative toxicity study was designed to
evaluate the tissue distribution of systemically administered
cocaine and its metabolites in conscious, pharmacologi-

_——

20z Iudy £ uo 3sanb Aq jpd°Gz000-00090666 | -27S0000/7L2E0Y/¥891/9/06/4Pd-8]011e/ABO|0ISAY)SaUE/WOD JIeUYDIBA|IS ZESE//:d)Y WOl) papeojumoq




1688

MORISHIMA ET AL.

Table 3. Plasma Concentrations (pug/ml) of Parent Compound and Metabolites at the Onset of Toxic Manifestations

Ecgonine
Infused Compound Cocaine Benzoylecgonine Methyl Ester Norcocaine Cocaethylene
Convulsions
Cocaine (N = 10) 9.30 = 1.08* 3.55 = 0.43 0.43 = 0.08 0.27 = 0.08 ND
Norcocaine (N = 8) ND ND ND 1a57 0867 ND
Cocaethylene (N = 8) 0.02 = 0.001 1.47 = 0.28 ND ND 10.78 = 0.54*
Ecgonine methyl ester (N = 8) ND ND 362.22 + 33.25" ND ND
Benzoylecgonine (N = 8) 54.00 = 6.001 702.76 = 243.24*t ND ND ND
Hypotension
Cocaine (N = 10) 14.69 = 1.90 43588 (0F29 0.62 = 0.09 0.35 = 0.03 ND
Norcocaine (N = 8) ND ND ND 10.98 + 1.85* ND
Cocaethylene (N = 8) 0.03 + 0.001 -4 =105 ND ND 13.32 + 188
Ecgonine methyl ester (N = 8) ND ND 446.65 = 74.63" ND ND
Benzoylecgonine (N = 8) NA NA NA NA NA
Circulatory collapse
Cocaine (N = 10) 54.76 = 8.37* 10.95 = 1.14 .24k 04 0.74 = 0.10 ND
Norcocaine (N = 8) ND ND ND 41.00 = 2.44* ND
Cocaethylene (N = 8) 0.06 = 0.23 2.61 = 0.25 ND ND 38.62 = 9.29*
Ecgonine methyl ester (N = 8) ND ND 723.24 = 638.99" ND ND
Benzoylecgonine (N = 8) NA NA NA NA NA

Values are mean = SE
ND = not detected; NA
* Infused compound.

not applicable.

t Sample taken during sleep

cally naive rats. Our results indicate that cocaine and coca-
cthylene, when administered intravenously, produce simi-
lar systemic toxic effects at comparable doses and plasma
and tissue concentrations. These findings correspond with

approximately equivalent doses.

those of studies reported by other investigators in con-
scious and anesthetized rats and monkeys in which coca-
cthylene produced effects similar to those of cocaine at

718 i vitro, the study of

Table 4. Tissue Concentrations (ug/g) of Parent Compound and Metabolites at the Onset of Circulatory Collapse

Ecgonine Methyl

Infused Compound Cocaine Benzoylecgonine Ester Norcocaine Cocaethylene
Brain
Cocaine (N = 10) 90.0il"==7.83¢ 3.05 = 0.34 1.28 = 0.08 2.17 = 0.20 ND
Norcocaine (N = 8) ND ND ND alS1NNEERE 1228 ND
Cocaethylene (N = 8) 0.49 + 0.002 0.83 = 0.04 ND ND 75:201 05578
Ecgonine methyl ester (N = 8) ND ND 478.43 = 57.89" ND ND
Benzoylecgonine (N = 8) 0.27 = 0:06; RIEIES2A==N 68145 ND ND ND
Heart
Cocaine (N = 10) 100.44 = 12.04* 6.59 = 0.42 2.84 = 0.25 2.39+ 026 ND
Norcocaine (N = 8) ND ND ND 10845 =159 3% ND
Cocaethylene (N = 8) 0.14 = 0.02 225910188 ND ND (TNl == G5y
Ecgonine methyl ester (N = 8) ND ND 1748.22 + 92.65" ND ND
Benzoylecgonine (N = 8) 00270 == 1095 1862 5/=E375 91N ST ND ND ND
Liver
Cocaine (N = 10) 25.34 + 3.44" 14.66 = 1.49 EEOE=NIE28 7/-:81e) = (0) 7T ND
Norcocaine (N = 8) ND ND ND 25153 0] ND
Cocaethylene (N = 8) 0.04 += 0.001 8.42 = 1.28 ND ND 13.68 =+ 4.29*
Ecgonine methyl ester (N = 8) ND ND 2015 051EN=E01572.823 ND ND
Benzoylecgonine (N = 8) 0.04 = 0.001t 1298.44 + 687.88"t 0.15 = 0.04 ND 0.35 £ 012

Values are mean * SE

ND = not detected.

* Infused compound

t Sample taken during sleep.
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the sodium channel blocking properties of the major me-
tabolites of cocaine in single cardiac myocytes also indicate
N that benzoylecgonine and ecgonine methyl ester are inef-
fective blockers at clinically relevant concentrations.'® Fur-
thermore, smaller doses of norcocaine are necessary to
produce lethal effects compared with cocaine or cocacth-
* ylene, although benzoylecgonine and ecgonine methyl es-
ter are not as toxic as has been speculated. In addition. the
- latter two major polar metabolites penetrate poorly into
* brain tissue, so the acute intravenous administration of
» benzoylecgonine may not produce brain concentrations
* high enough to cause central nervous system toxicity.
Norcocaine, a pharmacologically active cocaine metab-
¢ olite formed via N-demethylation by hepatic microsomal
- enzymes, has been shown to possess activity similar to
© cocaine in its ability to inhibit norepinephrine reuptake
@ in brain synaptosomes.' As expected, the proportional
concentration of norcocaine in the liver was greater
(13%) than that found in other tissues, in which norco-
. caine accounted for only 1 or 2% of the total amount of
¢ the compounds measured. In addition, norcocaine and
I its metabolite, norcocaine N-oxide, may play a role in
¢ cocaine-induced hepatotoxicity.”’ Despite the observa-
* tion that norcocaine produced circulatory collapse at a
¢ smaller dose, the plasma and tissue concentration at
¢+ cach toxic end point did not differ from cocaine or
¢ cocacthylene, suggesting a greater bioavailability of this
¢ compound. An earlier report’ documented that norco-
.. § caine is more potent than cocaine, but the brain-plasma
¢ concentration ratios of both compounds at the same
I dose were similar.
Furthermore, when equimolar concentrations of co-
| caine and norcocaine were infused intravenously into
the conscious rat, norcocaine produced convulsions and
respiratory arrest earlier than did cocaine, yet the plasma
concentrations of both compounds were similar.?! Un-
fortunately, these investigators did not collect samples
during convulsions to correlate plasma drug concentra-
tions with central nervous system excitotoxicity. In ad-
dition, plasma norcocaine and ecgonine methyl ester
. could not be detected in almost all of the samples ob-
| tained during the cocaine infusion. In contrast, in the
j current study, all samples obtained at the onset of co-
. caine-induced convulsions, hypotension, or circulatory
collapse had substantial plasma concentrations of the
metabolites of cocaine, indicating that this difference is
clearly related to the sensitivity of the analytic method.
High-performance liquid chromotagraphy was the ana-
Iytic method used in the other study,”' and the detection
limit for cocaine and norcocaine was 80 ng/ml; for ben-
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zoylecgonine it was 35 ng/ml; and for ecgonine methyl
ester it was 100 ng/ml. However, we used gas chroma-
tography-mass spectrometry in our study with sensitiv-
ities of 1 ng/ml for cocaine, norcocaine, and cocaethyl-
ene, and 0.5 ng/ml for benzoylecgonine and ecgonine
methyl ester.

We might argue that the comparisons of in vivo tox-
icity in cocaine and its metabolites by administering an
€quivalent dose rather than an equimolar dose is inap-
propriate, because the molecular weight of cocaine is
339.8 and for ecgonine methyl ester it is 235.1 daltons.
However, despite this difference, the dose of ecgonine
methyl ester to produce each toxic manifestation was
more than 100 times greater than that of cocaine, nor-
cocaine (molecular weight, 289.3), benzoylecgonine
(molecular weight, 289.3) and cocaethylene (molecular
weight, 491.5). Consequently, this argument is not likely
to be a potentially important issue in the current study.

Whether benzoylecgonine and ecgonine methyl ester
are also pharmacologically active has not been shown.
An early report suggested that these metabolites were
significantly less toxic than cocaine or norcocaine.® In
contrast, recent in vitro studies showed that benzo-
ylecgonine and cocaine constrict isolated cerebral arter-
ies in animals, whereas ecgonine methyl ester caused
mild vasodilatation.”'’| When cocaine and its metabo-
lites were infused directly over the brain surface, norco-
caine decreased the arteriolar diameter significantly
more than benzoylecgonine or ecgonine methyl ester
did.® Despite these potentially important /7 vitro and in
vivo findings, no clear data exist with regard to the
tissue concentration of benzoylecgonine or ecgonine
methyl ester necessary to cause such complications or
with regard to the cocaine dose needed to form a toxic
concentration of these metabolites.

In the current experiments, we failed to produce the
typical pattern of cocaine-induced alterations in systemic
arterial blood pressure and heart rate after the adminis-
tration of these metabolites at plasma concentrations
more than 100 times greater than that formed after the

administration of a toxic dose of cocaine. In addition.
circulatory collapse did not occur in the animals receiy-
ing extremely high benzoylecgonine doses. Another po-
tentially important finding was that the distribution of
these two metabolites in the brain tissue was signifi-
cantly less than that found in the heart or liver. These
results suggest that a significant “blood-brain barrier”
exists with respect to these polar metabolites. A similar
trend was observed in the “blood-placental barrier”
when benzoylecgonine was administered to the preg-
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nant rat'; a markedly high concentration of this metab-
olite remained in the maternal side of the placenta com-
pared with the fetal side of the placenta. Given the poor
penetration of these metabolites to brain tissue, it may
not be appropriate to extrapolate the findings of in vitro
studies in vivo. When the brain is exposed directly to
benzoylecgonine via an intracisternal injection, only 1
mg/kg benzoylecgonine caused central nervous system
hyperexcitability, whereas intravenous administration of
250 mg/kg produced no observable pharmacologic ef-
fects in the rat.” A more recent report indicates that
benzoylecgonine, when injected intrathecally in small
doses, produces a greater seizure frequency than co-

>

caine does in awake rats,”” indicating the importance of
the route of administration when the toxicity of cocaine
is compared with that of its metabolites.

In conclusion, this comparative toxicity study in the
awake rat indicates that the major metabolites of co-
caine, benzoylecgonine and ecgonine methyl ester, are
unlikely to be as harmful as previously believed when
administered systemically. The relative uptake of these
polar metabolites in the brain is less than that of the
parent compound. Although a smaller dose of norco-
caine than of cocaine is needed to produce lethal effects,
the amount of this metabolite, formed after cocaine is
administered acutely to the rat, did not reach concentra-
tions great enough to produce toxic effects. Further
study is necessary to explore the mechanisms of the
neurotoxic effects of benzoylecgonine and ecgonine
methyl ester in subjects exposed to cocaine for long
periods, because the elimination halflives of benzo-
ylecgonine and ecgonine methyl ester are significantly
longer than that of cocaine.”**"

The authors thank K. Khan, B.S., B. Katof, M. Meister, and D. Allen
for their technical assistance.
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