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Street cocaine varies in purity and is often adulterated with various compounds. Some of these additives, 
such as lidocaine, may increase the toxicity of cocaine. A new precise, accurate and sensitive reversed- 
phase high-performance liquid chromatography method for the determination of cocaine, its metabolites 
and lidocaine in plasma samples has been developed and validated. This assay employed a phosphate- 
buffered aqueous mobile phase (pH 6.0) with an organic component consisting of acetonitrile and 
methanol and a C-18 column as the stationary phase. Minimum detection limits were 1 ng ml-’ for 
cocaine, 2.5 ng ml-I for ethylcocaine and 5 ng ml-’ for benzoylecgonine, norcocaine, norethylcocaine 
and lidocaine. Linearity was demonstrated over a broad range of concentrations in plasma, with good 
sensitivity for cocaine and cocaine derivatives. 

INTRODUCTION 

Cocaine is an alkaloid that is found in the leaves of 
the South American shrub, Eryrhrox-ylon coca.’ Its use 
has been acknowledged as early as 500 BC in Colombia 
and Peru in ancient religious rituals.’ Cocaine abuse 
is widespread in the USA. In 1990, it was reported 
that 6.2 million Americans have used cocaine, 336000 
of them on a daily basis.’ This widespread abuse 
occurs among all races and sexes. People aged 20- 
39 years accounted for 83.4% of cocaine-associated 
emergency room visits in 1989.4 

Cocaine abusers have been reported to use other 
substances simultaneously with cocaine. It has been 
shown in a study that investigated cocaine abusers in 
an inner city setting that 30% of them have used other 
drugs with it.5 Furthermore, other reports indicate that 
more than 50% of cocaine abusers also use ethanol 
simultaneously.6 Under these circumstances, a unique 
metabolite of cocaine is formed. This metabolite, ethyl- 
cocaine. is pharmacologically active and its presence is 
indicative of simultaneous cocaine and ethanol abuse.’ 

Street cocaine is found in two forms, the hydrochlor- 
ide salt and the free base which is more commonly 
referred to as crack. Cocaine free base is prepared 
from cocaine hydrochloride using common household 
products, such as baking soda, ammonia and kerosene. 
Illicit cocaine is often adulterated with various subst- 
ances.* One of the more common adulterants, lidocaine, 
has been shown to potentiate cocaine’s toxicity.’ A 
study investigating the purity of street cocaine found 
that of 634 cocaine samples, 21 1 had lidocaine in 

t Author to whom correspondence should be addressed. 

varying amounts8 Furthermore, it has been reported 
that cocaine free base prepared from cocaine hydroch- 
loride containing lidocaine retains 74-90.5% of the 
lidocaine in the starting material.’ 

Since cocaine is co-abused and adulterated with 
other drugs, multiple substances may appear in biologi- 
cal fluids. The simultaneous presence of other com- 
pounds with cocaine may increase its potential for 
toxicity. For example, it has been shown that the 
teratogenic potential of cocaine is increased in the 
presence of diazepam.” In order to investigate the 
toxicology of these drug interactions, the ability to 
identify and quantitate each compound is necessary. 
The aim of this study was to develop a method in 
order to detect and resolve cocaine, its metabolites and 
lidocaine by reversed-phase high-performance liquid 
chromatography. 

EXPERIMENTAL 

Animals 

Male Sprague-Dawley rats (275-300 g) were obtained 
from Taconic Farms, Germantown, NY. The rats were 
housed three per cage in a room with constant tempera- 
ture (25°C) and humidity and access to water and 
Purina Lab Chow ad Zibititm. All animals were main- 
tained in accordance with the NIH guidelines for the 
care and use of laboratory animals. Rats were treated 
with cocaine and/or lidocaine, 5 mg kg-’ each, by 
intravenous injection. The injection (200 11.1) was 
administered into the lateral tail vein under restraint 
with a commercially available Plexiglas device 
designed for this purpose. Plasma samples were 
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obtained under light ether anestheisa via cardiac punc- 
ture with a heparinized syringe. The use of animals in 
this protocol was approved by the Institutional Animal 
Care and Use Committee. 

Reagents 
Cocaine.HC1, benzoylecgonine, norcocaine, ethylco- 
caine fumarate and norethylcocaine fumarate were pro- 
vided by NIDA, Bethesda, MD. Lidocaine.HC1 was 
purchased from Astra Pharmaceuticals, Westborough, 
MA. Propylcocaine.HC1 was purchased from Research 
Biochemicals Incorporated, Natick, MA. Monobasic 
potassium phosphate was purchased from Mallinckrodt, 
Inc., Paris, Kentucky. Triethylamine (HPLC grade) was 
purchased from Aldrich Chemical Co., Milwaukee, WI. 
Methanol and acetonitrile (HPLC grade) were obtained 
from JT Baker, Phillipsburg, NJ. Chloroform and iso- 
propanol were purchased from EM Science, Gibbs- 
town, NJ. 

Chromatography 
A Waters (Waters Associates, Milford, MA) high- 
performance liquid chromatography system equipped 
with an automated gradient controller, Model 5 10 
HPLC pump, rheodyne 50-pl loop injector, Model 486 
tunable absorption detector and a 746 data module was 
used. The spectrophotometer was set at a wavelength 
of 235 nm. Separation was achieved on a Waters Nova- 
Pak (4.0 pm, 3.9 x 150 mm; Waters Associates, Mil- 
ford, MA) steel column which was kept at room 
temperature. The aqueous portion of the mobile phase 
consisted of 100 mM monobasic potassium phosphate 
with 30 mM triethylamine, constituting 72% of the 
total mobile phase. The remaining 28% of the mobile 
phase consisted of 60% acetonitrile and 40% methanol 
( v h ) .  Mobile-phase pH was adjusted to 6.0 with phos- 
phoric acid. Prior to use, the mobile phase was filtered 
through a 1.2 pm filter (Waters-Millipore, Milford, 
MA) and degassed under a vacuum. The system flow 
rate was run at 0.55 ml min-’ and increased to 1.0 ml 
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min-’ at 11 min into the analysis in order to elute the 
more hydrophobic compounds. 

Standard solutions 
A stock solution of each compound was prepared in 
methanol at a concentration of 1 mg ml-’. Working 
standard solutions were prepared in the range 1-2000 
ng ml-I. Standards were also prepared in plasma from 
untreated rats. Briefly, 10 p l  of a standard spiking 
solution (0.01-20.0 pg ml-I) and internal standard 
(10.0 pg ml-I) was added to 100 pl of plasma. 

Extraction procedure 
In order to extract the compounds from plasma, hep- 
arinized blood was obtained from untreated rats via 
cardiac puncture under light ether anesthesia. Collected 
blood was centrifuged at 1000 g for 15 rnin to obtain 
plasma. A 100 pl aliquot of blank plasma was spiked 
with 10 pl of a 10.0 pg ml-’ propylcocaine (internal 
standard) solution in methanol, yielding a concentration 
of 1.0 pg m-’ .  The extraction procedure employed a 
modified version of a method described by Lau.” A 
200 (1.1 aliquot of a 1.0 M borate buffer,” pH 9.0, was 
added to 100 pl of plasma in a glass test-tube. To this, 
1.25 ml of a 1:9 mixture of isopropano1:chloroform was 
added, vortexed for 1 min and centrifuged for 5 min 
at 1OOOg at room temperature. The organic layer was 
retrieved and placed in another glass test-tube and 
dried down under a gentle stream of air. The dried- 
down extract was then reconstituted in 100 p1 of 
mobile phase and 50 pl was injected onto the column 
for analysis. 

Precision, reproducibility and accuracy 
In order to test the precision, reproducibility and accu- 
racy of this method, the United States ‘Pharmacopoeia 
XXII was used as a guideline. Assay precision was 
determined as the mean integrator response of five 
replicate injections for the peak of interest at 250 ng 

Figure 1. (a) Blank rat plasma with internal standard, 1.0 pg  ml-l. (b) Spiked rat plasma with 1.0 pg ml-’ of each of the following 
compounds: 1, benzoylecgonine; 2, lidocaine; 3, cocaine; 4, norcocaine; 5, ethylcocaine; 6, norethylcocaine. (c) Plasma obtained 
from a rat 5 min after i.v. injection of cocaine and lidocaine, 5 m g  kg-’ each. 
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Figure 2. Plasma linearity studies for: a, benzoylecgonine; b, lidocaine; c, cocaine; d, norcocaine; e, ethylcocaine; f, norethylcocaine. 

ml-I. Theoretical plate count was determined by the 
formula N = 16(T/W2, where T-retention time of the 
peak and W = width of the peak. The capacity factor 
was calculated as ( t l  - to)/(to), where to = retention 
time of the solvent peak and t ,  the retention time of 
the peak of interest. Resolution was calculated as 2(t2 
- t , ) / (W,  + W,) where t ,  = retention time of the peak 
before the peak of interest, t2 = retention time of the 
peak of interest, W ,  = width of the peak before the 
peak of interest and W2 = width of the peak of inter- 
est.13 

RESULTS AND DISCUSSION 
~ 

Figure 1 shows chromatograms of blank rat plasma 
with internal standard showing no interfering peaks 
with those desired for analysis; rat plasma spiked with 
cocaine, its metabolites, lidocaine and internal standard; 
and plasma obtained 5 min after injection in a male 
Sprague-Dawley rat. Figure 2 depicts the linearity stud- 
ies of cocaine, its metabolites and lidocaine in plasma. 
The graphs are expressed as the peak area ratio of the 
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Table 1. HPLC assay precision 

Relative 
Mean peak Standard standard 

Compound” areab deviation deviation“ 

Benzoylecgonine 42124.4 2741.3 6.51 
Lidocaine 23961.6 1638.8 6.84 
Cocaine 99883.6 945.2 0.95 
Norcocaine 47945.0 1357.5 2.83 
Ethylcocaine 46456.0 1319.5 2.84 
Norethylcocaine 25209.8 1308.9 5.19 

“Listed in order of elution. 
bValues represent mean integrator response from five replicate 
injections of 250 ng ml-l. 
“Calculated as 100 x (standard deviation/mean). 

Table 2. HPLC assay resolution 

Relative 
Standard standard 

Compound” Meanb deviation deviation” 

Benzoylecgonine 1.591 0.003 0.189 
Lidocaine 1.536 0.009 0.586 
Cocaine 1.383 0.014 1.012 
Norcocaine 0.646 0.007 1.084 
Ethylcocaine 1.394 0.004 0.287 
Norethylcocaine 0.693 0.006 0.866 

”Listed in order of elution. 
bValues represent mean of five replicate injections of 250 
ng ml-’. 
“Calculated as 100 x (standard deviatiodmean). 

analyte peak to that of the internal standard peak. 
Minimum detectable concentrations of each standard 
solution were 1 ng ml-’ for cocaine, 2.5 ng ml-’ for 
ethylcocaine and 5 ng ml-’ for benzoylecgonine, norco- 
caine, norethylcocaine and lidocaine. 

Table 1 documents the system precision for each 
compound. Studying the assay precision lends some 
insight into the degree of reproducibility of the method. 
The assay was found to be most precise for cocaine, 
norcocaine and ethylcocaine, producing relative stan- 
dard deviations of 0.95, 2.83 and 2.84, respectively. 
The relative standard deviations for assay precision for 
norethylcocaine, benzoylecgonine and lidocaine were 
5.19, 6.51 and 6.84, respectively. Table 2 depicts the 
assay resolution for each compound. Studying the res- 
olution of the assay gives a measure of the degree of 
separation of each compound relative to each other. 
All of the compounds studied were well resolved from 
the solvent front. Benzoylecgonine was the earliest 
peak eluted in the analysis and the closest to the 
solvent front, however it was well resolved from it. 
All other compounds eluted at later times and were 
separated from each other, including the N-dealkylated 
metabolites of cocaine and ethylcocaine. Table 3 docu- 
ments the calculated theoretical plate counts in order 
to study the effect of each compound on the analysis 
column. Table 4 reports the study of the capacity factor 
for cocaine, its metabolites and lidocaine. Benzoylec- 

Table3. HPLC assay of theoretical plate count 

Relative 
Standard standard 

Compound” Meanb deviation deviation“ 

Benzoylecgonine 74.85 0.19 0.25 
Lidocaine 350.24 1.48 0.42 
Cocaine 245.06 0.76 0.31 
Norcocaine 505.17 0.40 0.08 
Ethylcocaine 528.93 0.41 0.08 
Norethylcocaine 664.24 1.47 0.22 

”Listed in order of elution. 
bValues represent mean of five replicate injections of 250 
ng ml-’. 
cCalculated as 100 x (standard deviation/mean). 

Table 4. HPLC assay capacity factor 

Relative 
Standard standard 

Compound” Meanb deviation deviation” 

Benzoylecgonine 1.23 0.003 0.24 
Lidocaine 2.62 0.008 0.31 
Cocaine 4.04 0.008 0.20 
Norcocaine 4.79 0.002 0.04 
Ethylcocaine 6.41 0.003 0.05 
Norethylcocaine 7.30 0.009 0.12 

”Listed in order of elution. 
bValues represent mean of five replicate injections of 250 
ng ml-’. 
“Calculated as 100 x (standard deviatiodmean). 

gonine had the lowest capacity factor value, then lido- 
caine, cocaine, norcocaine and ethylcocaine, and nore- 
thylcocaine with the highest. 

The mobile-phase conditions reported were found to 
be optimum for achieving adequate peak resolution 
and separation. During assay development, it was found 
that lidocaine’s retention time was very sensitive to 
small changes in pH. Resolution of cocaine, norco- 
caine, ethylcocaine and norethylcocaine was dependent 
on both pH and concentration of the organic compo- 
nent. Benzoylecgonine was most effected by changes 
in the concentration of the organic component and 
least affected by pH: 

Although other methods such as radioimmunoassay 
(RIA) and gas chromatography/mass spectrometry 
( G C N S )  can be employed for the analysis of these 
compounds, HPLC offers some advantages. The high 
level of sensitivity of the method described allows 
quantitation of low analyte concentrations without 
employing radioisotopes. Also, the methodology is fast. 
simple to use and cost effective. 

The application of this method employed an animal 
model. However, the analytical technique described in 
this report is sensitive enough for the quantitative 
and qualitative determination of these compounds in 
biological fluids and tissues even following abuse of 
these substances only on one occasion. 
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