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SWMMARY 

Benzoylecgonine, 2 polar metabohte of cocaine, was extracted and purified 
from urine using 2 reversed-phase high-performance liquid chromatographic column. 
The portion of the eluent corresponding to ehttion of the drug was collected, 
derivatized, and quantitkd using gas chromatography-mass spectrometry with se- 
lected ion monit6ring. Using this procedure, analysis of 1 ng/ml of benzoykcgonine 
in urine can be achieved. 

It is presently very di&ult to detect and quantify cocaine in body fluids of the 
drug abuser. This is due primarily to the rapid and extensive metabolism of cocaine 
in the body to the metabolites benzoykgotieand ecgonine. OnIy about 1 ‘A of the 

parent drug is excreted in the urine2. Benzoykcgonine is excreted in higher concentra- 
tion than ecgoninti and has been the metabohte of choice for drug monitoring. 
Benzoylecgonine has been analyzed by thin-layer chromatography3*“, enzyme 
muhiphed immunoassaf, and gas chromatography with flame ionization5*6, electron 
capture’, and nitrogen detection 8. A review has been published by Bastos and Hoff- 
mang. 

A major problem in the analysis of benzoylecgonine is the difficulty of extract- 
ing the metabohte from biological media. Since the molecule contains both amine and 
carboxyl functions, it is amphoteric and therefore highly lipophobic. Solvent extrac- 
tion from aqueous media requires exhaustive continuous extraction”, or 2 salting out 
proceed&, or liquid-solid extraction of previously Iyop’hilized material”. These 
methods are cumbersome, inefkient, and relatively unselective. 

We have developed 2 high-performance liquid chromatographic (HPLC) 
procedure which is capabIe of estracting and sufficiently purifying benzoylecgonine 
from urine to enable its analysis by gas chromato,mphy-mass spectrometry (GC- 
MS) without further cleanup. This development has led to a simple analytical 
procedure for the analysis of benzoylecgonine in urine which shows promise of wide 
applicability to other drugs and their metabolites. By using the combination of 
HPLC and X-MS with selected ion monitoring and and isotope-labeled variant as 



an internal standard, analysis bf btnzoyl&cgonine has been achieved at conce&atilbns 
as low as f n&ml of urine. 

A reversed-phase HPLC colum (,uBondap& Crs, Waters Assoc., Milford, 
Mass., U.S.A.) was rrsed to simultaneously extract and purify ben.zoyZecgonine from 
urine. A -5-cm pre-column packed v&& @iicufar reversed-phase part&&s ivas used 
to protect the analytical column. A solvent prc&am* was generated by a Yarian 5500 
liquid cbromatograph and the column eluent was monifored at 254 nm (DuPont, 
Model 837). One hufidreb II, m of pentadeuterated benzoylecgonine -were added to 
each of the l-ml urine samples as inten& standard. The l-ml samples were then intro- 
duced o?to the column via 8 large-volume loop injector (Rkeodynei Model 7105). 
The mobile phase Eow-rate was maintained at ZOO ml//h resulting in an initial column 
pressure drop of 1500 p.s.i. at room temperature. Distilled-in-glass methanol and dis- 
tilled water were used as mobile phase solvents. The portion of the efffuent fapprox. 4 ml) 
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Fig. 1. Cbrornato_- of i’ml of LKiae f -) and 3 t(g of benzoyI~~e <----)_ collmla, 
,uBondqak C,,; solvent, 5 min ismti S, 5 oA methzmol in water; 10 min gradient, 5 o/m metbanol/min; 
5 min grdient, 10% methnol/mh; flow-r&e: 100 ml/h; UV attentitiati: urine, absorbawe 0.128; 
ba.zoykcgonine, absoti~ 0.08. 

* SO~V~t pmgmm : 5 min isstic, 5 % methaaoi in water; :O mix3 grzdlent, 5 % methmol/min; 
5 min gadient, 10a~~me#tioI/min; reset +a initizl conditions. 



HPLC AND GC-_W OF BEBiZOYLECGONENE IPI URINE 719 

wrres~onding to where benzoykcgonine elnted (the window is as shown in Fig. 1) 
was coikcted. The ethuent was evaporated at 40” under a gentle stream of nitrogen 
and then trimethylsilylated with 25 pi of bis(trimethyls~y~triflrroroacetamide (??ierce, 
Rockford, III., U.S.A.). A 2- to 4~1 vofume of the bzimethylsilylated solution was 
injected onto a 6 ft. x 2 mm cohunn pa$sed with 3 % OV-I. The cohunn temperature 
was kept at 220”. Methane which was used as the carrier gas entered directly into the 
ion source. Ammonia (0. E torr) was also bled into the ion source so that a mixture of 
-methane and ammonia @:I) was the chemical Zonk&ion reagent gas. The source 
pressure was approximately 1 torr. The protonated-molecule ions of trimethylsilyi 
benzoykcgonine (m/e 362) and the internal standard (&CT 366) were monitored by a 
Finnigan 3200 mass spectrometer (Fig._2). 

Fig. 2. The snefhne-ammonia chemical ionization mass spectnun of triine~&ykiiyl benzoylecgotie. 

The ion soume voltages were adjusted to give maximum sample ion intensities 
under methane chemiti ionization conditions while unit resolution and symmetric&y 
shaped peaks were maintained. Typical operating conditions were: ionization energy, 
200 eV; ion rendler, 0 V; lens, -20 V; Namerat emission, 1 mA; ion source tempera- 
ture, 130 to 160”; gnd electron multiplier gain, 5 x lo4 to 7 x 105. 

The pentadente~mted benzoyfecgonine was obtained from National Institute 
on DLug Abuse. The mass spectrum of the deuterated compound shows that it is not 
isotopically pure. The most intense ion at the molecular ion region is for the d,- 
variant (m/e 366); therefore, this ion was monitored as the internal standard. 

Reversed-phase liquid chromatography is a useful technique for extracting 
and purifying benzoykcgonine from urine prior to analysis by GC-MS. Although the 
metabolite benzoylecgonine is a polar compound, it is retained considerably longer 
on a reversed-phase cohnnn than most polar urinary constituents and therefore it can 
be efEctivel,v purifkd (Fig. 1). This has been verified by collecting the portion of the 
eluent (& = 16-18 min) corresponding to where benzoylecgonine elutes, silylating, 



a$d analyzing ,Eor triniethytsil~l &lzoykgonine by K-MZ5 with se&ted rood 
mo&tori&. Fig? 3 shows t&k mm peak dorrespondikg to T ng ~o~‘be&oykcgonke cc& 
lected from the HPLC cohan. Hardly any intefierences from endogeneous c&mponnds 
were observed while monitoring this mass number (m/e 362). 

Before incorporating this fFPLC procedure into an analysis -method for 
benzoykcgoniye, three important studies were performed: the reproducibility in 
HPLC retention, the iifetime of the reversed-phase columil, and the quantihcation of 
benzoylecgonine by GC-MS. 
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Fig. 3. An@sis of 1 ng of bszoykcgonine in 1 ml of urine by GC-MS with sekcted ion monitoring 
(m/e 362.4)). Benzoyltcgonine was extmcted snnd purifkd by the method ihtited in Fig. 1. 

Since the quantities of benzoylecgonine being analyzed are below the detection 
l&nit of the ultraviolet &IV) photometer, a time window corresponding to the elution 
ofthe d-rug is colkcted. It is therefore extremely iinportant that the retention time of 
the drug remaiaskorstant. We monitor the reprodu&ility in retention by injecting 
3,sg of standard benzoylecgonine before and after injection of urine samples. The 
relative standard deviation was 0.64% over 12 measurenients in 29 &ys (retention 
times 2011.33 -J= 6.46 set). The reprodukibility in retention of-latei ehztikg &x&s Ike 
gradient elntion is more dependent on the reproducibility of the solvent _gradient than 
on the initial solvent conditions. Cohmm re-equilibration is therefore shortened (10 
min)_ This a.Uows a fast sample throughput time 4-30 tin) while maintaining a 
repro&%&z r&xlti%?a time_ 

An additional concern-was the ability of the reversed-&se co!amn to main&n 



its performance (Le., efficiency; permeability, am2 retention reproducibility) after in- 
jection% of large quant?ties of biological ffuid_. c To date over 2ifv l-ml urine samples 
have been injected with essentially no change in cofurnn perforrnatnce. Also, there has 
not yet-been a need to replace the pre-cofumn. Column performance is continually 
being measured to determine its useful Iifetime. 

Once the HPLC conditions had been determined, a GC-MS quantificatibn 
proeeciure sprciic for henzoykcgonine was developed using selected ion monitoring. 
A Pm1 volume of water-methanol (1 :l) (to approximate the collected duent) was 
spiked w&b 100 ng of deuterated benzoykcgonine and 1, 3, 6, 10, -and 50 ng of 
benzoyleegonine. These solutions were evaporated at 48” with a gentle stream of 
nitrogen, derivatized and analyzed by GC-MS (see Experimental)_ Fig. 4 shows the 
standard curve in which the correlation coefficient obtained was 1.000. 

Sample Weighf 

Fig. 4. Standard curve for the range O-SO ng of benzoylecgonine using LOO ng of internal standard. 

GC-MS with selected ion monitoring constitutes a highly specific and sensitive 
method for the analysis of many drugs and related compounds”. Nevertheless, the 
analysis of some drugs and their metabolites, especially the more polar ones, has been 
hampered due to poor extraction and cleanup techniques. Often, similar drugs require 
two entirely different extraction and purification steps to allow their analysis by GC- 
MS. 

There are a number of advantages in using RPEC for the extraction and 
~purifkation of drugs and their metabolites from body fluids prior to GC-kLS analysis. 
Using benzoylecgoriine as an exampIe, we have demonstrated that a polar metabohte, 
previously very diBkult to concentrate in biological &tids, can be easily extracted 
and +%kd using HPLC. Twitchett and Moffat I3 have listed retentions of a large 
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number of drugs, on reversed-phase colmpns, all of which behave similar to benmyl- 
~gO!liile. 

This approach, therefore, shows promise as a general method for the extraction 
and cleanup of drugs from body fluids. Additional advantages are: extra&on sekc- 
tivity can be enhanced for- polar, ionic drugs by controlling the pH of the mobile 
phase”; several drugs can be extracted and puritied in a single run; and ‘rhe extraction 
and purification prosedure can now be automated. The combination of HPLC and 
GC-MS with selected ion monitoring allows very sensitive drug analysis with mini- 
mum sample preparation. 
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