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Abstract 

This study sought to identify the central nervous system-mediated cardiovascular effects of cocaine and to determine if these effects 
result from local anesthetic actions or biogenic amine re-uptake blockade. New Zealand rabbits received multiple i.c.v. doses of cocaine, 
pseudococaine, lidocame or desipramine while recording blood pressure and hear& rate. Moderate dose cocaine produced a decrease in 
heart rate and mean arterial pressure while the highest dose produced increases in heart rate and blood pressure. Lidocaine and 
pseudococaine produced dose-dependent increases in blood pressure while desipramine produced decreases in heart rate and mean arterial 
pressure. In this modei, the central nervous system-mediated cardiovascular effects of cocaine are dose-dependent; low doses produced 
cardiovascular depression while higher doses produced cardiovascular stimulation. The data also suggest that cocaine’s local anesthetic 
effects are responsible for its central nervous system-mediated cardiovascular stimulation, while biogenic atine re-uptake blockade 
causes cardiovascular depression. 
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1. htroduction 

Cocaine ingestion by humans results in stimulation of 
both the cent 71 nervous system and the cardiovascular 
system (Fishman et al., 9985, 9976; Resnick et al., 9977). 
Cardiovascular stimulation is thought to play a ro9e in the 
mytidd cardiovascular complications associated with co- 
caine abuse including sudden death, myocardial is- 
chemia/infarction, myocarditis, arrhythmias, etc. (Virma- 
ni. 9991). Given that cocaine is used regularly by tens of 
millions around the world, cardiovascular morbidity from 
recreationd cocaine use is a major public health problem. 
Thus, understanding the mechanisms of cocaine’s sympa- 
thomimetic effects has potentially important implications 
for preventing aild treating the cardiovascular complica- 
tions of cocaine abuse. However, the mechanisms and 
site(s) of action responsible for cocaine’s cardiovascular 
effects are not clear. 

Animal studies are conflicting with respect to the sites 
of action responsibie for the cardiovascular stimulating 
effects of cocaine. Mu!tiple studies in a variety of species 
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suggest that tie cardiovascular stirrulating effects of co- 
caine are solely the result of catecholamine re-uptake 
blockade within the periphera9 autonomic nervous system 
(Kuhn et al., 9988; Raczkowski et al., 1991; Tella et al., 
9990). However, other studies suggest that the cardio- 
vascular stimulating properties of cocaine result, to a sig- 
nificant degree, from stimulation of sympathetic centers 
within the central nervous system (Chiueh and Kopin, 
1978; Kiritsy-Roy et al., 1990; Kneupfer and Branch, 
9992; Schindler et al., 1992; Wilkerson, 1988). As if co 
underscore the degree of conflict within the literature, 
different studies from the same laboratory have reached 
opposite conclusions regarding the role of the centra9 
nervous system in cocaine’s cardiovascular stimulating 
effects (Schindler et al., 1992; Tella et al., 1990). 

Despite the conflicting literature, a number of well 
conducted studies clearly suggest that the cardiovascular 
stimulating effects of cocaine are, at least in part, mediated 
by *he central nervous system. However, these studies do 

_ . 1- . . 
not mdlcate whtcn or cocame’s ~LIUU~~~.~~.~ U-..v..y -~--..%.0.4n#rL- .x.ri*“c _ 

biogenic amine re-uptake blockade or sodium channel 
blockade - are resvrnsible for the central nervous system- 
mediated c,ardiovascular stimulation observed in these 
studies. Local anesthetics have been shown to produce 
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cardiovascular stimulation by actions within the central Ventricuiocistemal perfusion was established by perfus- 

nervous system (Bemards and Artru, 1991; Heavner, 1986; ing mock cerebrospinal fluid through the ventricular can- 

Kao and Jahn, 1959), while biogenic amines affected by nula at 100 pl/min using a syringe pump. The perfusion 

cocaine have been shown to produce both cardiovascular was considered successful if cerebrospinal fluid pressure 

stimulation and depression, depending on the route and site did not increase above pre-perfusion values and mock 

of central nervous system administration (McCall, 1990). cerebrospinal fluid flowed from the cistemal cannula. If 

Thus, it is not possible to predict which of cocaine’s many ventriculocistemal perfusion failed during an experiment 

pharmacologic actions is responsible for the central ner- (i.e., cerebrospinal fluid pressure increased above pre-per- 

vous system-mediated cardiovascular stimulation docu- fusion values or cerebrospinal fluid did not flow from the 

mented in multiple animal studies. outflow cannula) the data were excluded from analysis. 

The goals of this study were to identify the central 
nervous system-mediated cardiovascular effects of cocaine 
in the rabbit and to determine if these effects are the result 
of local anesthetic actions or biogenic amine re-uptake 
blockade. To address this question, equimoiar doses of 
cocaine, pseudococaine, lidocaine and desipramine were 
administered to anesthetized rabbits by ventriculocistemal 
perfusion and the resulting changes in blood pressure and 
heart rate were followed over time. Multiple doses of each 
drug were studied in order to determine if the response 
was dose-related. 

After completing the surgical preparation, isoflurane 
was decreased to 1.0% inspired concentration, N,O was 
discontinued and the animals were paralyzed by intermit- 
tent i.v. injection of vecuronium (0. I-O.5 mg/kg). Foilow- 
ing the change in anesthetic, at least 20 min elapsed before 
beginning the experiments. 

2.2. Drcrg administration 

2. Materials and methods 

Animal use was approved by the University of Wash- 
ington Animal Care Committee. Guidelines of the Ameri- 
can Association for Accreditation of Laboratory Animal 
Care were followed throughout the study. 

2.1. Experimental preparation 

New Zealand white rabbits of both sexes, weighing 
3.0-5.0 kg, were anesthetized with isoflurane (l-2%) and 
N,O (66%) in 0,. The animals were intubated via a 
tracheotomy and mechanically ventilated with a Harvard 
pump to maintain normal pH and P&O,. The right femoral 
artery was cannulated for blood pressure monitoring and 
blood sampling. The right femoral vein was cannulated for 
venous access. Needle electrodes were inserted at both 
shoulders and both thighs to monitor the electrocardio- 
gram. Temperature was maintained at 38 _t 0.5”C by a 
servo-controlled heat lamp and rectal temperature probe. 
Arterial blood gases were measured using a Coming model 
170 pH/Blood Gas Analyzer. End-tidal CO, and end-tidal 
anesthetic concentrations were continuously measured with 
a Datex model 254 airway gas analyzer. 

Prior to administering any study drugs, each animal 
received plain mock cerebrospinal fluid by ventriculocis- 
temal perfusion for 10 min while recording mean arterial 
pressure and heat? rate. The ventriculocistemal perfusion 
solution was t!sce ch,?nged to the lowest concentration of 
the study drug SK& w~:s then administered at 100 @/min 
for 10 min. The &ugs and concentrations studied were: 
cocaine = 0.08 mM (n = 5), 0.8 mM (n = 6) 8 mM (n = 
5), and 16 mM (n = 6) pseudococaine: 0.8 mM (n = 5), 8 
mM (n =5) and 16 mM (n = 5); lidocaine =0.8 mM 
(n=6), 4 mM (n=6), 8 mh4 (n=5), and 16 mM 
(n = 5); and desipramine = 0.08 mM (n = 51, 0.8 mM 
(n=5), 8 mM (n = 5), and 16 mM (n = 5). -411 drugs 
were mixed in mock cerebrospinal fluid. 

The head was secured in a stereotactic frame and a 20 
gauge needle was inserted into the left lateral ventricle by 
means of a 2 mm Burr hole in the parietal bone. The 
posterior neck muscles were dissected and a 20 gauge 
cammia was inserted between the first cervical vertebra 
and the base of the cranium and into the cistema magna. A 
T-piece connected to the ventricular cannula allowed si- 
muhmus psrfusion of the ventricular-cisterna system 
and measurement of cerebrospinal fluid pressure. 

At the end of 10 min, the ventriculocistemal perfusion 
snlntion was changed back to plain mock cerebrospinal 
fluid at 100 pl/min. Ventriculocistemal perfusion with 
plain mock cerebrospinal fluid continued until at least 20 
min elapsed and a stable baseline blood pressure had 
returned. The animal then received the next higher dose of 
the study drug at the same rate for 10 min. This second 
dose of study drug was again followed by ventriculocister- 
nal perfusion with plain mock cerebrospinai fluid for at 
least 20 min and until a stable baseline blood pressure had 
returned. This sequence of ventriculocistemal perfusion 
with increasing concentrations of the study drug followed 
by plain mock cerebrospinal fluid was continued until the 
animal had received at most four drug doses. Because of 
occasional technical problems with the ventriculocistemal 
perfusion, not all animals received each dose of study 
drug. During ventriculocistermai perfusion, mean arterial 
pressure, heart rate and cerebrospinal fluid pressure were 
continuously recorded on a strip chart recorder. 

Blood samples (4 ml) were withdrawn following the 10 
min infusion of the highest dose of study drug in order to 
determine the plasma concentrations of cocaine, lidocaine 
and desipramme. Cocaine samples were collected in tubes 



containing sodium fluoride to prevent further metabolism 
by plasma cholinesterase. 

2.3. Drug assay 

2.3.1. Lidocairze 
P&ma was alkalinized by addition of sodium hydrox- 

ide and lidocaine was extracted into heptane/ethyl acetate. 
Lidocaine was separated by gas chromatography and de- 
tected by a nitrogen-phosphorous detector, The limit of 
qoantification was 2.5 ng/ml and the coefficient of varia- 
tion at 1 pg/ml was 12.6%. 

2.3.2. Cocaine 
Plasma was alkalinized by addition of sodium hydrox- 

ide and cocaine was extracted into heptane/ethyl acetate. 
Cocaine was separated by gas chromatography and de- 
tected by a nitrogen-phosphorous detector. The limit of 
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quantification was 100 ng/ml and the coefficient of varia- 
tion at 1 pg/ml was 3%. 

2.3.3. Qesipramine 

Plasma was extracted into butyl alcohol nnd back ex- 
tracted in acid. Desipramine was separated by high pres- 
sure liquid chromatography and <e&ted spectrophotomet- 
rically (242 nm). The limit of quantification was 25 ng/ml 
and the coefficient of variation at 70 ng/ml was 9.2% 

2.4. Drug preparation 

The study drugs were: cocaine HCl (Sigma Chemical 
Company, St Louis, MO. USA), desipramine HCl (Sigma 
Chemical Company, St Louis, MO, USA), lidocaine HCI 
(Sigma Chemical Company. St Louis, MO, USA) and 
pseudococaine HCl (National Institute on Drug Abuse, 
Division of Preclinical Research, Bethesda, MD, USA). 
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Fig. 1. Percentage change from baseline mean arterial pressure following ventriculocistemal perfusion with cocaine (A). lidocaine (B), pseudococaine ICI 
and desipramine (DI. ’ The chatgc in mean arterial pressure over time is significantly different from the change in mean arterial ~ESSUK during the 

cankrol period. Error bars have been omitted for clarity. 
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Table I 
Group characteristics 

Group 

Cocaine 
Pseudococaine 

Lidocaine 

Desipramine 

at baseline 

Weight 

3.68 +0.12 

PH PCO, PO, 

7.11 &- 0.01 30 + 1.0 475 f I:! 

f.39 + 0.09 7.41 f 0.07 35 kl.1 163 f 75 

3.53 f 0.15 7.39 * 0.0; 30.4 f I.0 453 * 12. 

4.11 kO.17 il 7.14 * 0.02 36 k7.6 500* I2 

Mean arterial pressure Heati rate 

68.5 + 2.7 228 + 7 

67.3 + I.8 ‘73 f I4 d 

67.9 f 1.8 226k 9 

75.8 + 1.2 221 f I2 

values are means + S.E. a P < 0.05 compared to all other groups. 

Mock cerebrospinal fluid consisted of NaCl 140 meq. doses of desipramine had no significant effect on mean 

N~HCO, 25 meq, KCI 2.9 meq, MgCl, 0.4 meq, urea 3.5 arterial pressure while the highest dose (I6 mM) produced 
meq, glucose 4.0 meq, and CaCI, 2.0 meq. The or -olality a significant decrease in mean arterial pressure. The dose- 
of mock cerebrospinal fluid was 295-300, pH was ad- dependent effects of each study drug on mean arterial 
justed to 7.38-7.42 by bubbling with 5% CO,. All drugs pressure are shown more clearly in Fig. 2 which plots the 
were mixed in mock cerebrospinal fluid and then placed in maximum change in mean arterial pressure produced by 

gas-tight syringes. each drug dose. 
Fig. 3 shows the effect of ventriculocisternal perfusion 

2.5. Smtisticd mlnlwis 

The heart rate and mean arterial pressure just prior to 
beginning each drug administration were used as the base- 
line to calculate the change in mean arterial pressure and 
heart rate caused by the drug. Analysis of variance 
(ANOVA) for repeated measures was used to determine if 
ventriculocisteFal perfusion with the study drugs pro- 
duced changes in t ie animal’s mean arterial pressure LT 
heart rate which were significanti,. greater than those 
which occurred during perfusion with plain mock CCG- 
brospinal fluid at baseline. Bonferroni corrected t-tests 
were used to compare baseline characteristics between the 
groups (weight, mean arterial pressure, heart rate, pH, 
PaO,, P,CO? ). Differences were considered statistically 
significant at P < 0.05. 

.l 1 10 100 
Drug Concentration 

3. Results 

Table I shows group characteristics at baseline. There 
was no difference between the groups in baseline mean 
arterial pressure, PI,O,, PJO, or pH. The desipramine 
group weighed more than the other groups and the pseudo- 
cocaine group had a higher baseline heart rate than the 
other groups. 

Fig. I shows the effect of ventriculocisternal perfusion 
with cocaine, pseudococaine, lidocaine and desipramine on 
mean arterial pressure during the IO min drug infusion 
period. The two lowest cocaine doses (0.08 mM, and 0.8 
mM) had no significant effect on mean arterial pressure. 
The 8 mM cocaine dose produced a decrease in mean 
arterial pressure which did not reach statistical significance 
while the highest dose (16 mM) produced a significant 
mean arterial pressure increase. Both pseudococaine and 
lidocaine produced dose-dependent increases in mean arte- 
rial pressure which reached statistical significance at the 
two highest doses (8 mM and I6 mM). The three lowest 

. . ..)..I ....... - 

.Ol .l 1 10 100 

Fig. 2. Relationship between drug concentration (dose) and maximum 

change in mean arterial pressure iA) and heart rate (B). 
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Fig. 3. Percentage change from baseline heart rate followin, 0 ventriculo~istemal perfusion wirh cocaine (A). Iidocaine (B). pseudowcain? !C) and 

desipramine UN. The change in heart rate over time is significantly different from the change in heart rate during the coctrr! period. Ezor bzrs have 

been omitted for clarity. 

with cocaine, pseudococaine, lidocaine and desipramine on 
heart rate during the IO minute drug infusion period. The 
two lowest doses of cocaine (0.08 mM and 0.8 mM) had 
no effect on heart rate. The 8 mM cocaine dose produced a 
significant decrease in heart rate while the 16 m&l dose 
produced a significant heart rate increase. The two lowest 
lidocaine doses (0.8 mM and 4 mM) produced significant 
heart rate increases while the two highest doses (S and I6 
mM) had no effect on heart rate. Pseudococaine had no 
significant effect on heart rate at any dose. The two lowest 
doses of desipramine (0.08 mM and 0.8 n&l) had no effect 
on heart rate, while the two highest doses (8 and I6 mM) 
produced significant heart rate decreases. The dose-depen- 
dent effects of each study drug on heart rate are shown 
more clearly in Fig. 2 which plots the maximum change in 
heart rate produced by each drug dose. 

Cocaine was not detected in any plasma samples. Lido- 

Caine plasma concentration following the IO min infusion 
of the highest dose (16 mM) was 0.31 + 0.08 pg/ml_ 
Desipramine plasma concentration following the IO min 
infusion of the highest dose (I6 mM) was 0.14 f 0.015 

cLg/ml. 

4. Discussion 

The goals of this study were to identify the central 
nervous system-mediated cardiovascular effects of cocaine 
and to determine whether these effects are the result of 
local anesthetic actions or biogenic amine re-uptake block- 
ade. To achieve these goals, the study drugs were deliv- 
ered to the central nervous system by ventriculocisternal 
perfusion. Ventricu!ocistemal perfusion results in prefer- 
ential distribution of the drugs through the ventricular 
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system and over the surface of the brainstem with little 
spread to more rostra1 structures lying above the tentorium. 
THUS, greatest drug exposure is to the thalamus, hypothala- 
mus, and medulla. Since the neural structures responsible 
for control of the autonomic nervous system reside princi- 
pally within these brain areas. we speculate that the auto- 
nomic control centers are the principal sites of action 
responsible for the cardiovascular effects observed in this 

study. 
The data demonstrate that the central nervous SyStem- 

mediated cardiovascular effects of cocaine are dose-depen- 
dent in this ventriculocistemal perfusion rabbit model. 
Cocaine doses less than 8 mM had no significant cardio- 
vascular effects, while the 8 mM dose of cocaine produced 
a significant decrease in heart rate in the absence of a 
significant change in blood pressure. In contrast, the 16 
mM cocaine dose significantly increased both heart rate 
and mean arterial pressure. These findings demonstrate 
that cocaine can both stimulate and depress the cardio- 
vascular system by actions within the central nervous 
system. The absence of measurable concentrations of co- 
caine in plasma indicate that these effects were mediated 
by central nervous system actions of the drug and were not 
the result of peripheral actions following systemic uptake. 

The central nervous system-mediated cardiovascular 
stimulation observed following the highest dose of cocaine 
is consistent with earlier studies suggesting that the central 
nervous system contributes to cocaine’s cardiovascular 
stimulation. For example, Kiritsy-Roy et al. (1990) demon- 
strated that i.c.v. cocaine administration in rats produced 
dose-dependent increases in blood pressure and that gan- 
glionic blockade prevented cardiovascular stimulation fol- 
lowing intra-arterial cocaine administration. Similar studies 
in conscious dogs (Wilkerson, 1988) and rats (Kneupfer 
and Branch, 1992) also demonstrated that ganglionic 
blockade attenuated the pressor response to systemically 
administered cocaine. These observations led the authors 
of these studies to conclude that cocaine produces cardio- 
vascular stimulation by increasing central sympathetic out- 
flow. Using a different experimental approach, Schindler 
et al. (1992) demonstrated that i-v. administration of co- 
caine methiodide, an ionized quatemary cocaine derivative 
which does not cross the blood-brain barrier, was much 
less effective than cocaine in stimulating the cardio- 
vascular system of conscious squirrel monkeys (Schindler 
et al., 1992). These findings led the authors to reverse their 
conclusions from an earlier study (Tella et al., 1990) and 
to assert that central nervous system actions of cocaine are 
involved in the drug’s cardiovascular stimulating effects. 
Thus, these earlier studies and the present investigation 
support the idea that cocaine’s cardiovascular stimulating 
effects may be, at least in part, the result of a central 
nervous system-mediated increase in sympathetic outflow. 

The heart rate effects of the study drugs are not as 
clearly related to drug dose and are more difficult to 
characterize than the mean arterial pressure effects. This 

may reflect a variable interaction between direct central 
nervous system-mediated chronotropic effects and reflex- 
ive baroreceptor-mediated responses to associated changes 
in mean arterial pressure. 

An additional goal of this study was to determine 
whether cocaine’s central nervous system-mediated cardio- 
vascular effects were the result of biogenic amine re-up- 
take blockade or local anesthetic effects. Pseudococaine is 
an epimer of cocaine which is approximately 3 times more 
potent than cocaine as a local anesthetic (Matthews and 
Col!ins, 19831, but is several fold less potent as an 
epinephrine (Krell and Patil, 1972; Schmidt et al., 1961) 
and dopamine re-uptake blocker (Williams et al., 1977). 
Therefore, the dose-dependent increases in mean arterial 
pressure following pseudococaine administration were 
likely the result of this drug’s local anesthetic effects and 
not its ability to block biogenic amine re-uptake. Consis- 
tent with this ccnclusion is the fact that lidocaine produced 
similar dose-dependent increases in mean arterial pressure 
while desipramine, a biogenic amine re-uptake blocker, 
produced significant decreases in both mean arterial pres- 
sure and heart rate. Based upon these observations, it 
seems reasonable to conclude that the marked increase in 
mean arterial pressure produced by the highest dose of 
cocaine was likely the result of the drug’s local anesthetic 
effects and not the result of biogenic amine re-uptake 
blockade. This conclusion is consistent with eariier reports 
that local anesthetics produce cardiovascular stimulation 
by actions within the central nervous system (Bemards and 
Artru, 1991; Heavner, 1986; Kao and Jalar, 1959). 

As noted earlier, not all studies support the existence of 
a central nervous system-mediated componenr of cocaine’s 
cardiovascular effects. For example, Kuhn et al. (1988) 
found that i.v. coc;i:ne methiodide was just as effective as 
i.v. cocaine in producing cardiovascular stimulation in 
sedated dogs. This contrasts with the findings of Schindler 
et al. (1992) who found i.v. cocaine methiodide to be much 
less potent than i.v. cocaine in stimulating the cardio- 
vascular system of conscious squirrel monkeys. Whether 
species differences or the use of sufentanil sedation ex- 
plains the conflicting findings is unclear. Raczkowski et al. 
(199 1) have also presented evidence that the central ner- 
vous system is not involved in cocaine’s cardiovascular 
stimulation. Using an anesthetized, decerebrate cat model, 
these iirvestigators demonstrated that selective central ner- 
vous system administration of cocaine produces significant 
decreases in both mean arterial pressure and heart rate 
(Raczkowski et al., 1991). The fact lhat the 8 mM cocaine 
dose produced a significant decrease in heart rate in this 
study is consistent with the findings of Raczkowski et al. 
(1991) and suggests that the central nervous system-media- 
ted cardiovascular effects of cocaine can be cardiodepres- 
sant if the appropriate dose is selectively administered into 
the central nervous system, Raczkowski et al. (1991) con- 
cluded that the cardiodepressant effects of cocaine were 
the result of catecholamine re-uptake blockade and not 



local anesthetic effects. This conclusion is consistent with 
findings in this study that i.c.v. administration of de- 
sips-amine, a catecholamine re-uptake blocker, also pro- 
duced marked reductions in mean arterial pressure and 
heart rate. Presumably, the fall in mean arterial pressure 
and heart rate observed in this study and in the study by 
Raczkowski et al. ( 1991) is the result of decreased sympa- 
thetic outflow. The mechanism by which sympathetic out- 
flow is decreased is not clear, but could result from 
q-receptor stimulation following accumulation of nor- 
epinephrine in the synaptic cleft. 

The reason for such contradictory findings with respect 
to the central nervous system-mediated cardiovascular ef- 
fects of cocaine is no? clear, although species and method- 
ological differences are possible explanations. However, 
the finding in this study that cocaine is capable of produc- 
ing both cardiovascular stimulation and depression sug- 
gests that differences in drug dose may also be important 
in determining the centrai nervous system-mediated cardio- 
vascular effects of cocaine. At lower doses, the biogenic 
amine re-uptake biocking effects of cocaine may predomi- 
nate resulting in cardiovascular depression as seen in this 
study and in the study by Raczkowski et ai. (1991). At 
higher doses, local anesthetic effects may predominate 
resulting in cardiovascular stimulation as seen in this study 
and in other studies discussed above. 
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