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SUMMARY 

A high-performance hqmd chromatographlc procedure for the determmatlon of cocame and 
selected metabohtes (benzoylecgomne, norcocame and benzoylnorecgonme) from human and 
canme serum has been developed The analytes are extracted from 0 5-ml serum samples usmg 
strong catlon-exchange and octadecylsdane sohd-phase extractron columns Chromatographlc 
separation was accomplished on coupled cyanopropyl and slhca columns usmg acetomtnle-6 25 
mM phosphate buffer, pH 2 9 (80 20 v/v) as eluent and a flow-rate of 1 1 ml/mm Low-wave- 
length UV detectIon (228 nm, cadmium lamp) allowed detectlon of 1 ng/ml for each analyte The 
assay was linear from 0 to 200 ng/ml (r*=O 997-O 999, n= 15 for each analyte) and showed good 
precision (relative standard devlatlon=O 66-13 8%, n=6) and accuracy (98-115% relative 
recovery) 

INTRODUCTION 

There is an mterest m these laboratories m a study of cocame and norco- 
came pharmacokmetlcs m dogs. Apart from its legitimate use as a local anes- 
thetic m surgery and endoscoplc procedures [ 11, cocaine has become the drug 
of choice for recreational abuse m the U S.A [2,3] Cocame 1s rapidly and 
extensively metabohzed to ten known metabohtes mainly by non-specific serum 
esterase and/or base-catalyzed hydrolysis and oxldatlve deammatlon [ 4-81 
Benzoylecgonme, one of the major metabohtes, is usually selected as the ana- 
lyte of choice for drug momtormg m urine [S] Norcocame IS the only phar- 
macologically active metabohte [ 9,101 and benzoylnorecgonme 1s tZhe major 
metabohte of norcocaine There are numerous references m the scientific ht- 
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Fig 1 Structures of cocame (R, = R,= -CH,), benzoylecgonme (R, = -CH,, R2= -H ), norco- 
came ( R1 = -H, R, = -CH3 ) and benzoylnorecgonme (R1 = R2 = -H 1 

erature descrlbmg the analysis of cocame and/or selected metabohtes m blo- 
logical fluids Gas chromatographlc (GC) procedures m conJunction with m- 
trogen-phosphorus detection [ 111, electron-capture detection [ 121 or mass 
spectrometrlc (MS) detection [13] appear to be the most favored methods 
due to their sensltlvity and selectivity However, the GC! procedures usually 
require chemical derlvatlzatlon of the analytes for successful chromatography 
and there is a substantial investment in MS equrpment and expertise 

The reported high-performance hqurd chromatographlc (HPLC ), thin-layer 
chromatographlc (TLC) and immunoassay methods suffer from a lack of se- 
lectivity and/or sensitivity and do not allow the concurrent analysis of cocame 
and any of the other desired metabohtes from serum samples [8,14-201 In 
this paper, an HPLC assay for the simultaneous determination of cocaine, 
benzoylecgomne, norcocame and benzoylnorecgonme in human and canine 
serum 1s reported The structures of the individual compounds are shown m 
Fig. 1 The compounds are separated from the serum matrix usmg sohd-phase 
extraction techniques and are chromatographed on tandem cyanopropyl-slhca 
columns m the reversed-phase mode The method will be used m our study of 
cardiovascular pharmacokmetlcs of cocaine and norcocaine in dogs. 

EXPERIMENTAL 

Chemtcals and reagents 
Cocaine hydrochloride and tolazohne hydrochloride were obtained from 

Sigma (St Louis, MO, U S A ) Benzoylecgomne was synthesized using a 
modlfrcatlon of the procedure by Findlay [ 211 Cocame hydrochloride (500 
mg) was dissolved m 50 ml of 10% sodmm bicarbonate and extracted three 
times with 25 ml of dlethyl ether The ether solution was then washed with 
distilled water, dried with anhydrous magnesium sulfate, and the ether was 
evaporated to dryness under vacuum The residue contammg cocaine base was 
refluxed for 24 h in 50 ml of HPLC water The aqueous solution was then 
allowed to cool to ambient temperature, washed twice with diethyl ether and 
then stored at 5°C overnight in a refrigerator. White needles of benzoylecgo- 
nine were collected, recrystallized from HPLC water and dried over phospho- 
rus pentoxide in a drying pistol. A melting point (m.p. ) of 193’ C (lit, 195 “C) 
was obtained. The synthesis of norcocame was inrtlally attempted using recent 
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hterature references [ 22,231, but it was finally synthesized according to a pro- 
cedure described by Werner et al [ 241 [ m.p 79-81’ C (lit. 82 ‘C ) 1. Benzoyl- 
norecgomne was synthesized in a similiar manner as described above for ben- 
zoylecgonme except that norcocaine was used as the startmg material The 
molecular weights and structures of all the synthesized analytes were con- 
firmed by direct-probe MS and ‘H NMR All compounds were shown to be 
chromatographically pure, the analytes were mjected into the herein described 
HPLC system at a concentration of 1 E/ml at the most sensitive detector 
setting with no extraneous peaks being observed. 

Acetomtnle, methanol, chloroform, toluene and water were HPLC grade 
(J.T Baker, Phillipsburg, NJ, U S A ) Monobasic sodium phosphate, concen- 
tratedphosphorlc acid, glacial acetic acid, sodium carbonate, sodium blcarbon- 
ate, sodium fluoride, phosphorus pentoxide and &ethyl ether were Baker-ana- 
lyzed reagents Chromerge was obtained from Fisher Sclentlfic (Fairlawn, NJ, 
U S.A ) and hexamethyldlsllazane was purchased from Aldrich (Milwaukee, 
WI,USA) 

Instrumentatzon 
Chromatography was performed on an HPLC system consisting of a Varlan 

Model 2510 HPLC pump (Walnut Creek, CA, U S A ), a Rheodyne Model 
7125 injector equipped with a 50-~1 mjectlon loop (Cotatl, CA, U S.A ) and a 
Beckman Model 160 UV detector (San Ramon, CA, US A.) fitted with a cad- 
mium lamp (228 nm; UVP, San Gabriel, CA, U.S A ) . Separation was accom- 
plished on tandem 5-pm cyanopropyl and silica columns (Brownlee Labs, 
Santa Clara, CA, U.S.A., 100 mm ~4.6 mm I D. ) Two 7-p slhca precolumns, 
15 mm x 4.6 mm (Brownlee Labs ) were also used; one was inserted before the 
injector and the other was placed before the analytical columns The mobile 
phase consisted of acetomtnle-6.25 mM aqueous sodium dlhydrogen phos- 
phate (80 20 v/v), pH adjusted with concentrated phosphoric acid to 2 9 The 
flow-rate was set at 1 1 ml/mm 

Data collectton and man@.atton 
The UV detector was set at its maximum sensltlvlty (0 001 a u f s ) with no 

digital filtering and a 0.5-s time constant The 10 mV full scale detector output 
was fed into a preamplifier/analogue filter with a gain of 1000 (fabricated m- 
house, circuit diagram and flow chart for data acquisition are shown in Fig 2 ) 
The resulting 10-V signal was collected and digitized with an IBM data acqui- 
sition and control Adapter (12 bit resolution, Boca Raton, FL, U S A ) on an 
AT compatible computer (Jameco Electronics, Belmont, CA, U S A.) Data 
reduction and analysis were performed using Unkelscope 2 + software (Unkel 
Software, Lexington, MA, US A ) and a Spectra-Physics Model SP 4290 com- 
puting integrator (San Jose, CA, U S.A.) Data were sampled and digitized at 
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Fig 2 &cult diagram and flow chart of amplifier and data acqulsltlon hardware The zero-offset, 
amplifier and voltage dlvlder were built m-house from simple electromc components using stan- 
dard operational amphfier clrcults After amphfxatlon, the detector signal IS dlgltlzed, filtered, 
converted back mto an analog slgnal, gamed down to 1 V full scale and fed into an Integrator 

a rate of 5 Hz. The raw data were then smoothed with a high-pass filter (8 Hz) 
and drift was removed usmg a low-pass filter (0 00025 Hz) 

Sample collectum and storage 
All glassware was acid-washed and silylated usmg a 10% hexamethyldlslla- 
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zane solution m toluene 
Pooled canme serum was obtained from healthy, drug-free dogs by vem- 

puncture mto lo-ml serum separator tubes (Vacutainer Systems, Rutherford, 
NJ, U.S A ) contammg 50 mg sodium fluoride. After coagulation and centrlf- 
ugatlon, the serum was transferred into chilled polypropylene tubes and stored 
at - 20” C until used Pooled human drug-free serum was obtamed from Blo- 
logical Specialty (Lansdale, PA, U S A ) and stored at - 20°C until used 

Extractmn procedure 
Canine or human serum samples contauung cocame, benzoylecgonme, nor- 

cocaine and benzoylnorecgonme were allowed to thaw at ambient temperature 
and then kept m an ice bath at 0°C until assayed A 0 5-ml serum ahquot and 
1 ml of tolazolme hydrochloride internal standard solution (125 ng/ml m ace- 
torntrlle) were plpetted mto polypropylene conical centrifuge tubes (Part No 
223-9501, Blo-Rad Labs , Richmond, CA, U.S A ) The tubes were capped and 
vortex-mixed at high speed for 30 s and allowed to sit m an ice bath at 0’ C for 
5 mm before being centrifuged for 5 mm at 1240 g relative centrifugal force 
(Sorvall Model TB6000, DuPont, Wllmmgton, DE, U S A ) The supernate 
was diluted with 4 ml of 1% (v/v) aqueous acetic acid and mtroduced into a 
strong cation-exchange sohd-phase extraction column (Part No 617101, Bond 
Elut, Analytichem International, Harbour City, CA, U S A mounted m a Vat 
Elut ) that had been prevrously conditioned with two column volumes each of 
50% (v/v) chloroform m absolute methanol, absolute methanol and 1% aqueous 
acetic acid The diluted supernate was aspirated at 15-20 kPa vacuum The 
extraction column was washed twice with one column volume each of 1% 
aqueous acetic acid, HPLC water and absolute methanol at 35-40 kPa before 
being eluted with one column volume of 50% (v/v) absolute methanol m 0 5 
Mcarbonate buffer (pH 10) The eluent was collected, diluted with 5 ml HPLC 
water and transferred to a octadecylsllane sohd-phase extraction column (Part 
No. 607101, Analytichem International) that had been previously conditioned 
with two column volumes each of 50% (v/v) chloroform m absolute methanol, 
absolute methanol and HPLC water The column was washed twice with one 
column volume each of HPLC water and 10% aqueous methanol before bemg 
au-dried at 70-100 kPa vacuum for 10 mm The analytes were eluted with one 
column volume of 50% (v/v) chloroform m absolute methanol at lo-15 kPa, 
evaporated under a gentle stream of dry nitrogen gas m a 40°C water bath to 
near dryness and redissolved m 350 ~1 acetomtrlle prior to unectlon A 50-~1 
sample was inJected into the hquld chromatograph 

Preparataon of standard curves 
Standard curves were prepared from drug-free canme and human serum 

spiked with 0, 1, 5, 10, 20, 50, 100 and 200 ng/ml cocaine, benzoylecgonme, 
norcocame and benzoylnorecgonine and extracted as described above Quan- 
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tltatlon was based on linear regression analysis of area ratios of analyte to 
Internal standard versus analyte concentration in ng/ml 

RESULTS AND DISCUSSION 

The separation and quantltatlon of cocaine, benzoylecgomne, norcocalne 
and benzoylnorecgonlne in blologlcal fluids presented many dlfficultles The 
concentrations of the compounds in serum are at trace levels (low ng/ml) due 
to the rapid metabohsm of cocaine Only a few assays have been reported that 
are able to analyze for cocame and/or benzoylecgonme and can also concur- 
rently detect other selected metabohtes m serum [&l&19], albeit at modest 
sensltlvities 

Chromatographrc separation of the four analytes of interest was achieved on 
a lo-cm slhca column using an acetonltrlle-aqueous phosphate buffer mobile 
phase Other major metabohtes of cocaine, such as ecgomne and ecgomne 
methyl ester, can also be separated (retention time for ecgomne 2 9 mm, ec- 
gornne methyl ester 4 2 mm) However, due to the lack of a suitable chromo- 
phore, the limit of detection of these metabohtes was only in the low microgram 
range at 195 nm Their expected concentration range m serum would be much 
lower Therefore analysis of these compounds was not deemed possible based 
on this UV detection method and therefore not pursued further at this time 

It has been reported that aqueous mobile phases are very amenable to the 
chromatography of organic bases on bare silica with excellent peak shape and 
column stability being observed for most of the basic analytes studied [25] 
However, retention of an analyte on bare silica 1s influenced by mechanisms 
and factors other than or m addltlon to those normally present in conventional 
reversed-phase chromatography As summarized by Law [ 251, retention may 
be governed by such things as a quasi reversed-phase mechamsm, electrostatic 
forces, ion-exchange, adsorption and Ion-pair partltlon In our expenments, it 
was observed that retention and separation of the cocaine analytes were greatly 
influenced by the lonlc strength of the mobile phase buffer component As 
shown in Fig 3, minor changes in lonlc strength resulted in drastic changes in 
analyte retention, thus pomtmg to a competltlon effect on the slhca column 
The concentration of the organic modifier acetonltrlle in the mobile phase 
appeared to be of lesser importance In analyte retention Generally, It was 
observed that a high concentration of organic modifier improved the analyte 
peak shape The optimal mobile phase for this separation was determined by 
testing various acetonltnle-phosphate buffer mixtures of different lonlc 
strength and organic modifier concentration A mobile phase pH of 2 9 was 
selected for stablhty reasons, the slhca column had much shorter equlllbratlon 
times, the baseline was smoother and solvent peaks following mJectlons were 
less prominent than at higher pH values Retention times for the analytes were 
recorded and plotted as a function of lonlc strength and orgaruc modifier con- 



Fig 3 Response surfaces of cocaine, benzoylecgonme, norcocame and benzoylnorecgonme gen- 

erated for each analyte from retention data, lomc strength and orgamc modlfler concentration of 

the mobile phase (condltlons m text) An optimal mobile phase composltlon was obtamed by 

superlmposmg the plots, the appropriate lomc strength and organic modlfler concentration were 

determined from an area where all analytes were well separated under 10 mm (Note due to 

hmltatlons of the software, the z-axIs 1s not drawn to scale Retention time (mm) 1s multlphed 

by 10, lomc strength (u) IS multlphed by 10 000 The plots are not smoothed ) 

centratlon After mterpolatlon, response surfaces were generated, each set was 
then searched for a mobile phase composltlon that would give baseline sepa- 
ration of all the analytes m less than 10 mm (Fig 3) This was accomplished 
by converting each three-dlmenslonal plot to a topographical map The maps 
were then superimposed and the appropriate loruc strength and orgamc mod- 
lfier concentration were determined from an area where the analytes were well 
separated under 10 mm Using this procedure, a mobile phase conslstmg of 
acetomtnle-aqueous phosphate buffer (76 24 v/v) with an lomc strength of 
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0 00625 u was chosen For convenience, the mobile phase composrtron was 
adJusted to acetomtrrle-aqueous phosphate buffer (80 20, v/v) with the same 
lomc strength This change did not result m any slgmficant effect on the sep- 
aration of the analytes. A typical chromatogram of the four analytes IS show 
m Fig 4 

As mentioned above, cocame and rts metabohtes are easily metabohzed and/ 
or decomposed both m vlvo and m vitro, and also exhlblt widely different po- 
larities and pK, values. Therr very different physrcal and chemical properties 
do not easily afford a smtable extraction from serum and chromatographlc 
separation Published procedures almost exclusively rely on hqmd-hqmd ex- 
traction with very polar organic solvents which lead to unwanted coextractlon 
of endogenous components m the blologlcal matrix These endogenous blolog- 
lcal components were also troublesome m our mvestlgatlons The absorbance 
maxrma of cocame and its metabolrtes occur at 229 nm, but this 1s not a specific 
wavelength for detection of these compounds, smce proteins and peptldes along 
with a host of other substances are also known to absorb strongly m this region 

Blank Serum 

NC 

i 

IS 

C 1 
0 2 4 6 8 10 

lime (mmtes) 

Fig 4 Typlcal chromatograms of blank and spiked human serum (0 5 ml) fortlfled with 50 ng/ 
ml of each analyte and 125 ng mternal standard Peaks BNE=benzoylnorecgonme (4 8 mm), 
BE = benzoylecgonme (5 5 mm ), NC = norcocame (7 2 mm), IS = mternal standard (8 1 mm ), 
C = cocame (8 6 mm) 
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Because of the use of 228-nm detection comhmed with a lOOO-fold detector 
signal amplification to obtam ng/ml sensltlvlty, there was a necessity to have 
a thoroughly clean extractron procedure for the various cocame analytes from 
serum 

Several unsuccessful attempts were made m this laboratory to isolate the 
cocame analytes from serum by classical liquid-hqmd extraction Using both 
non-polar extraction and polar, pH-adJusted back-extraction procedures, good 
recoveries were obtamed for cocaine and norcocame, but very poor recoveries 
( < 50% ) were obtamed for the more polar benzoylecgonme and benzoylnorec- 
gomne compounds In addition, a multitude of mterfermg compounds were co- 
extracted from serum Liquid-hquid extraction appeared to be limited m Its 
appllcatron to the microgram concentration range when used with low-wave- 
length UV detection at 228 nm Due to the trace concentrations and different 
physical and chemical properties of the various cocame analytes encountered 
m this study, sohd-phase extraction was mvestlgated as a more promising serum 
clean-up technique. Usmg an octadecylsilane sohd-phase extraction column 
and chloroform elutlon, it was possible to analyze for cocame and norcocame 
without the polar metabohtes. Quantltatlve recoveries of cocaine and norco- 
came and very clean chromatograms were obtamed The polar metabohtes were 
not extracted from serum using the chloroform elutions If a more polar elutlon 
solvent was used on the octadecylsllane column, all the desired cocame ana- 
lytes as well as a multitude of serum mterferents were eluted No single sohd- 
phase extraction phase, neither conventionally derlvatized silica nor polymer- 
based cyclodextrm, was found that would cleanly extract all four analytes from 
serum. It was also found m this laboratory that the purity claims of the various 
manufacturers regardmg the sohd phase extractron columns have to be taken 
with caution Several conditionmg washes were necessary to remove umden- 
tlfied mterferents from the extraction columns 

The solid-phase extraction procedure that was finally developed used both 
cation-exchange and octadecylsllane extraction columns and an mitral precip- 
itation of serum protems with acetomtrile (Fig 5). Cocame 1s reported to be 
highly protein-bound ( > 90% ) and, most hkely, so are the other analytes [ 261 
Solid-phase extractron alone did not appear to release all the protein-bound 
analytes Thus, the add&on of a protein precipitation step prior to solid-phase 
extraction aided the efficiency of the sample clean-up and tended to improve 
the final chromatogram Absolute recoveries or extraction efficlencles ranged 
from 75 to 86% (Table I) for all four analytes, as determmed by splkmg a 
serum sample with 100 ng/ml of all four analytes and comparmg peak areas of 
the extract with standard analyte solutions of 100 ng/ml Higher extractron 
efficiencies were obtamable, but mterfermg matrix components made quantl- 
tatron of the compounds impossible below 50 ng/ml Relatrve recoveries of all 
four analytes were performed at three levels (150, 15 and 5 ng/ml) to assure 
adequate recoveries and accuracy over the entire standard curve range 
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Protein 
Preclpltatlon 

lml of Internal Standard Solution 

Solid Phase 
Extractmn 

Add 4 ml 1% Acetic Ald 

Wash 2 ml 1% Acetlc Acid 

2 ml water sex Column 

2 ml Methanol 

Elutlon 1 ml 50 50 Methanol/ 

I 
Carbonate Buffer (0 5 M, pH 10) 

I -1 
Duscard 
Wash 

Add 

Wash 2 ml Water 

2 ml 10% Methanol m 

4 ml Water 

Elutlon 1 ml 50 50 Methanol/ 

chloroform 

Add 350 ul Acetonknle 

Fig 5 Flow chart of the extra&on procedure 

Splklng the serum sample with 1 ml of an internal standard solution m ace- 
tonrtrlle served the dual purpose of precipitating serum proteins and adding 
internal standard The precision of the assay was greatly improved by the ad- 
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TABLE I 

LINEARITY, ACCURACY, PRECISION AND RELATIVE AND ABSOLUTE RECOVERY 
FOR HUMAN SERUM SAMPLES SPIKED WITH ALL FOUR COCAINE ANALYTES 

Serum samples were spiked with 100 ng/ml of the respectwe analyte 

Analyte rZa Concentration (ng/ml) 

Spiked Foundb 

Relative R S D ’ Absolute 
recovery (So) recoveryd 
(%) (%) 

Cocame 09970 5 488iO84 97 7 
15 155 214 103 3 

150 1499 t-1 4 99 9 
Benzoylecgonme 09998 5 497&066 99 3 

15 158 +082 105 3 
150 1479 f26 98 6 

Norcocame 09986 5 57 ?069 115 3 
15 159 f068 106 0 

150 1488 258 99 2 
Benzoylnorecgonme 0 9995 5 56 +063 1116 

15 153 t13 102 0 
150 1508 &55 100 5 

” Based on lmear regresslon with n= 15, spiked from 0 to 200 ng/ml 
b Mean ? standard devlatlon based on n =6 
’ Based on n = 6, day-to-day variation 
d Mean f standard devlatlon based on n = 6 

10 3 75+3 
931 
6 66 
6 46 86+4 
5 18 
1 78 

13 8 77k3 
6 77 
3 86 

12 6 79+5 
8 76 
3 68 

dition of a rather large concentration of internal standard as compared to sep- 
arately spiking the serum with the mternal standard m a small aqueous vol- 
ume It is also noteworthy that there was no discernable difference between 
canine and human serum usmg this analytical method. 

Even though an excellent chromatographlc separation of the cocame ana- 
lytes and internal standard was obtained on the bare slhca column, mterfermg 
matrix components present m the final analytical sample necessitated a slight 
modification m the stationary phase A cyanopropyl column was connected m 
tandem with the sihca column It was shown that the cyano column would not 
separate the analytes by itself nor would it alter the relative retention of the 
analytes However, it did change the retention of some of the interferences so 
that a cleaner chromatogram could be obtained 

Irutially, some problems were encountered with data acqursition from the 
HPLC system The lOOO-fold amphficatlon of the 22%nm signal made the 
system prone to pick up and amphfy transients and envrronmental sources of 
noise. An unstable, noisy baseline containmg spikes and exhibltmg long-term 
drift was observed Much of the electromc mterference was traced to a ground 
loop situation and to the field created by fluorescent lights m our laboratory 
Replacmg all wireleads with coaxial and shielded cable and mterruptmg ground 
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leads improved the quahty of the detector signal In addition, a simple analog 
filter conslstmg of a 0 01-,BF capacitor ehmmated the spikes The resultmg 
detector signal was then digitally filtered to remove any remannng white noise 
and drift 

In summary, an accurate, precise and sensitive HPLC assay for cocame, 
benzoylecgonme, norcocame and benzoylnorecgonme m canme and human 
has been developed To our knowledge, this is the first report m the hterature 
m which a bare silica column operated m the reversed phase mode has been 
used for the analysis of a drug and related compounds extracted from a blolog- 
lcal matrix The use of simple, mexpenslve HPLC equipment makes this pro- 
cedure attractive for the analysis of large numbers of serum samples Low- 
wavelength UV detection (228 nm, cadmium lamp) allowed detection of 1 ng/ 
ml for each analyte The assay was hnear from 0 to 200 ng/ml (r’=O 997- 
0 999, n= 15 for each analyte) and showed good wlthm-day and day-to-day 
precision (R SD =0 66-13 8%, n=6) and accuracy (98-115% relative 
recovery) 
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