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ABSTRACT

Background: The possibility exists that cocaine use in the absence of frank clinical presentation of acute cardiac events
may be associated with subclinical injury including the release of myoglobin which is a nonspecific marker for cardiac
and skeletal muscle damage. Objectives: This investigation examined urine specimens for potential differences be-
tween cocaine use and the expression of myoglobin (a marker associated with cardiovascular damage, inflammation and
oxidative stress). Methods: 40 urine specimens were assayed for cocaine metabolites, creatinine, total protein (BSA)
and myoglobin using ELISA and colorimetry. Results: We observed significant differences between male control and
male cocaine positive urines for myoglobin. Interestingly, there was no statistically significant difference in females
between control and cocaine positive urines. Conclusion: Differences in the urinary expression of myoglobin may be
important in evaluating the gender based effects of cocaine use and may have potential clinical applications which may

be related to gender differences in signs and symptoms of cocaine toxicity.
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1. Introduction

Cocaine (benzoylmethylecgonine) is an alkaloid derived
from the leaves of Erthroxylon coca, a shrub indigenous
to South America [1]. Despite restrictions on importation
and distribution, cocaine has become one of the most
commonly used illicit drugs. In 2006, The Substance
Abuse and Mental Health Administration (SAMSHA) re-
ported more than six million Americans ages 12 and
older had used one or more forms of cocaine in the pre-
vious year [2]. Cocaine is the most frequently reported
illicit drug associated with emergency department (ED)
admissions [3].

Cocaine is a powerful sympathomimetic capable of va-
soconstriction and increasing heart rate, blood pressure,
contractility, respiration, myocardial oxygen demand and
body temperature [4]. Cocaine use is linked to athero-
sclerosis, myocardial ischemia, myocardial contraction
band formation and sudden death [5]. The vasoconstric-
tion associated with cocaine usage is thought to result
from its blockade of norepinephrine and dopamine reup-
take at preganglionic sympathetic nerve endings; the ex-
tended catecholamine presence increases heart rate and
blood pressure [6]. Hypertension is associated with dis-
ruptions in endothelial cell function and oxidative stress.
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Myoglobin from myolysis, common with syndromes like
rhabdomyolysis, may cause oxidative stress [7].
Cocaine-induced chest pain is the most common symp-
tom reported by emergency department patients and is
likely due to myocardial ischemia [6,8]. The rate of co-
caine use is almost twice as high in males when com-
pared to females; however, SAMSHA statistics indicate
males and females have comparable rates of cocaine re-
lated emergency department visits [9]. Significant gender
dimorphism has been documented in cardiovascular and
other diseases. Higher male susceptibility to cardiovascu-
lar disease may be due to genetic, hormonal, or lifestyle
factors or to a combination of mechanisms [10]. Gender
differences in lifestyle risk factors (i.e. smoking, exercise
and diet) for cardiovascular disease appear to contribute
to the gender gap in cardiovascular disease; however,
these lifestyle factors do not completely account for the
dimorphism. Sex-based differences in the clinical pres-
entation, diagnosis, and treatment outcomes of cardiac
disease have long been recognized. Despite the fact that
men suffer from higher rates of cardiovascular disease,
the total number of deaths from cardiovascular disease
has been higher for women than for men [11]. Up to one
quarter of AMIs in patients under the age of 45 are asso-
ciated with cocaine use [4]. Some of these patients ex-
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hibited elevated CK-MB levels or electrocardiogram
(ECG) changes consistent with acute myocardial infarc-
tion (AMI); however, the majority reported recurrent
chest pain subsequent to cocaine use following discharge
[12].

Cocaine use has been linked to inflammation and oxi-
dative stress and may result in the release of biomarkers
into blood [13]. Oxidative stress has also been implicated
as an early triggering event of cocaine-induced cardio-
myopathy and atherosclerosis [13]. Cocaine use is also
linked to cardiac and skeletal muscle dysfunction and
rhabdomyolysis [1,14]. Cocaine induced hyperpyrexia
may trigger rhabdomyolysis and therefore the possibility
exists for the presence of elevated levels of myoglobin to
be released. The rhabdomyolysis from acute cocaine in-
toxication has generally been associated with uncon-
trolled thermoregulation and acute cardiac crisis. An es-
timated 24% of cocaine users develop rhabdomyolysis
[15].

The possibility exists that cocaine use in the absence
of frank clinical presentation of acute cardiac events may
be associated with subclinical injury including the release
of myoglobin which is a nonspecific marker for cardiac
and skeletal muscle damage. As most toxicological
screens for illicit substances primarily utilize urine speci-
mens, we examined the possibility of establishing a rela-
tionship between the expression of myoglobin and co-
caine use [16]. As albuminuria, typically determined us-
ing an albumin/creatinine ratio, is considered a standard
measure of kidney function, the urinary expression of to-
tal protein (BSA) was also examined.

2. Materials and Methods

This study was approved by the Institutional Review
Board governing the policies and procedures for research
involving human subjects. Male and female urine sam-
ples were assayed for cocaine metabolites, total protein
(BSA), creatinine and myoglobin. Urine specimens were
obtained from the Agency for Community Treatment and
Services of Tampa (ACTS) and were tested at the univer-
sity’s toxicology Laboratories. Following enzyme multi-
plied immunoassay technique (EMIT) testing performed
on an Olympus AU400e, specimens were further studied
for biomarkers.

A modified 10 drug National Institute on Drug Abuse
(NIDA) panel, which includes delta-9-tetrahydrocannabi-
nol, opiates, amphetamines, barbiturates, cocaine, ethanol,
benzodiazepines, propoxyphene, methadone and oxycod-
one, was used to screen urine samples. The inclusion cri-
teria for this study required that specimens were negative
for alcohol and all other illicit substances and adultera-
tion according to standard drug screening methods for
color, odor, creatinine concentration and specific gravity.
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Creatinine was assayed according to standard method-
ology (Cayman Chemical Company, USA). The assay
relies on Jaffe’s reaction in which a yellow or orange
color is formed when the metabolites are treated with
alkaline picrate. The color of the creatinine is destroyed
at acidic pH. The difference in color intensity measured
at 495 nm before and after acidification is proportional to
the creatinine concentration. A creatinine standard curve
was constructed for urine creatinine concentration deter-
mination.

Total protein (BSA for bovine serum albumin) was
assayed using the Bradford method (Thermo Scientific
Life Research Products, Rockford, IL). Briefly, in the
acidic environment of the reagent, protein binds to the
Coomassie dye. This results in a spectral shift from the
reddish/brown form of the dye (absorbance maximum at
465 nm) to the blue form of the dye (absorbance maxi-
mum at 610 nm). The difference in optical density is
measured at 595 nm. The total protein concentration in
the specimens was determined using a standard curve
constructed from known values of albumin standards.

The Cocaine metabolite assay (ELISA kit—Immuna-
lysis Corporation, Pomona, CA) is based upon the com-
petitive binding to antibody of enzyme labeled antigen
and unlabeled antigen, in proportion to their concentra-
tion in the reaction mixture. Briefly, a 10 pl aliquot of
urine diluted with phosphate buffered saline is incubated
with a 100 pl dilution of horseradish peroxidase labeled
benzoylecgonine (BE) derivative in antibody coated mi-
croplate wells. The wells are then washed and the chro-
magen 3,3°,5,5’-tetramethylbenzidine (TMB) is subse-
quently added. The color produced is stopped using 1 N
hydrochloric acid stop solution and the wells read at 450
nm using a TECAN Infinite M200. The intensity of the
color developed is inversely proportional to the concen-
tration of drug in the sample.

Urine samples were considered to be positive for co-
caine using standard forensic guidelines to establish po-
sitive and negative metabolite (BE) cutoff levels. The co-
caine negative specimens contained less than 25 ng/ml
BE urine, averaging 6 ng/ml BE. Anything above 25 ng/
ml BE urine was considered positive for cocaine use; the
cocaine positive urine specimens ranged from 40 ng/ml
BE and higher.

Myoglobin was assessed using an ELISA kit (ALPCO
Diagnostics, Salem, NH). Briefly, the samples were ad-
ded to antibody coated microplates, incubated, washed
with the kit-specific wash buffer, incubated in the pres-
ence of the chromagen TMB before the reaction was
terminated with an acidic stop solution. The plate is then
at 450 nm.

A total of 40 urine specimens [20 cocaine metabolite
negative (10 males and 10 females) and 20 cocaine meta-
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bolite positive (12 males and 8 females)| were analyzed.
A Student’s t test for significance (JMP Start Statistics,
Release 4.0.4 SAS Institute, 2001) was used to compare
biomarker concentration in the cocaine metabolite nega-
tive and cocaine metabolite positive specimens for male
and female urine specimens. A p value of <0.05 was
considered to be statistically significant.

3. Results

There were no statistically significant differences in ei-
ther the myoglobin or the total protein concentrations in
cocaine negative and cocaine positive female urine speci-
mens (Figure 1).

A statistically significant difference (p = '0.03) was
observed in myoglobin concentrations of cocaine nega-
tive and cocaine positive male urine specimens; however,
the differences in the total protein concentrations in co-
caine negative and cocaine positive male urine specimens
were not statistically significant (Figure 2).

Again, the mean concentration of myoglobin was sig-
nificantly higher in male cocaine positive urine when
compared to controls. This was not observed in females
(Table 1).
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Figure 1. Female myoglobin and total protein boxplots,
myoglobin standardized to mg. Creatinine cocaine negative
(control) and cocaine positive urine specimens, total protein
(BSA) standardized to mg. Creatinine cocaine negative
(control) and cocaine positive urine specimens.
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Figure 2. Male myoglobin and total protein boxplots, my-
oglobin standardized to mg. Creatinine cocaine negative
(control) and cocaine positive urine specimens, total protein
(BSA) standardized to mg.

4. Discussion

Cocaine is well absorbed mucosally in the oral cavity and
the pulmonary system and metabolized almost immedi-
ately by serum cholinesterase [17,18]. Cocaine is also
metabolized by hepatic carboxylesterases. The serum half-
life of cocaine is less than an hour. The pharmocodyna-
mics do not change substantially for different routes of
entry despite differences in onset of action, peak absorb-
ance and duration of effect. BE and ecgonine methyl
ester (EME) are the primary metabolites. BE and EME
have both been shown to elevate blood pressure [19].
Cocaine increases intracellular oxygen demand, ele-
vates heart rate, arterial blood pressure and body tem-
perature [20]. The dopaminergic action of cocaine is
thought to contribute to cocaine-induced hyperthermia;
cocaine inhibits the reuptake of dopamine by downregu-
lating D2 receptor activity in the hypothalamus [17,21].
D2 receptors are involved with processes that decrease
core body temperature. Hyperthermia may also result
from excessive muscular activity coupled with warm am-
bient temperature and high [22]. Left untreated, hyper-
thermia can lead to rhabdomyolysis [22]. The mortality
rate among patients with cocaine induced rhabdomyoly-
sis syndrome is quite high and, in large measure, is the
result of hyperexia [23]. Rhabdomyolysis is characterized
by myolysis and the subsequent release of cellular con-
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Table 1. Male and female control and cocaine positive urine specimens.

Male Female
Assay
Control Cocaine Positive p Control Cocaine Positive p
(n=10) (n=12) (n=10) (n=8)
"Total Protein [pg] 322+12.1 66.7+22.4 0.24 65.9+20.8 474+32 0.44
"Myoglobin [ng] 155+938 36.9+4.8 0.03 26.5+9.1 459+938 0.16

All values are expressed as mean + standard error of the mean (SEM); “values standardized per mg creatinine; "significant at p < 0.05.

tents, particularly myoglobin. Abnormal levels of my-
oglobin typically are released within 2 to 4 hours of sig-
nificant myocardial or skeletal muscle injury [24,25].
Levels peak 6 to 12 hours following the pathophysiologic
event; returning to normal levels within 36 hours. My-
oglobin is a general marker of cardiac and skeletal mus-
cle derangement; clevated levels are considered sugges-
tive of cardiovascular, skeletal muscle or other damage,
particularly in the presence of confirmatory symptoma-
tology.

5. Limitations

Our study has several limitations. The blinded specimens
provided by ACTS did not provide information on age,
medical history or substance abuse habits of the donor.
The absence of this information could skew the results,
particularly if the donor had underlying chronic diseases
such as diabetes, cardiac or renal pathology, or dimin-
ished nutritional status. While the urine specimens in the
study were not obviously cloudy, discolored or strong-
smelling, all of which may be suggestive of a urinary
tract infection; the possibility exists that female specimen
donors may have been suffering from a subclinical uri-
nary tract infection. Such infections may impact the uri-

nary expression of markers associated with inflammation.

Finally, examinations of myoglobin and total protein in
urine have been based almost exclusively on timed urine
collections. The urines collected by ACTS were spot
urines with an undetermined volume.

6. Conclusion

The data suggest that there were gender based differ-
ences between control and experimental urine means for
myoglobin. There were no statistically significant results
for total protein. The increased level of myoglobin ob-
served in male cocaine positive urine may result from
either a direct effect of cocaine on muscle or may be sec-
ondary to elevation of core body temperature. It may be
related to a greater muscle mass in male subjects in gen-
eral when compared to females. Our results further sug-
gest that myoglobin may potentially be a useful prognos-
tic indicator of subclinical pathological changes associ-
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ated with the use of cocaine. We currently do not know
the mechanism underlying our observations. While we
recognize the limitations of our study, the results suggest
that differences in the expression of myoglobin may be
an important noninvasive way to assess cocaine induced
injury. A prospective study is deemed to be further nec-
essary to obtain demographic data and medical back-
grounds of study participants that we were blinded to in
this pilot study so that the pathophysiological mecha-
nisms that may be occurring can be more clearly eluci-
dated.
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