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ABSTRACT 

A sensitive high-performance liquid chromatographic method using 3-bromomethyl-6,7-dimethoxy-l-methyl-2(IH)-quinoxalinone 
(Br-DMEQ) as a fluorescent labeling reagent is described for the determination of benzoyleegonine (BE) and ecgonine (EC). The 
Br-DMEQ derivatives of BE and EC were separated on a C t s column and detected at 455 nm with excitation at 370 nm. The detection 
limits of the proposed method were 18.7 fmol for BE and 12.5 pmol for EC at a signal-to-noise ratio of 3. Relative standard deviations 
of five replicate measurements were 1.94% (10 pmol) and 2.98% (50 pmol) for BE and 6.3% (250 pmol) and 5.62% (1.25 pmol) for EC. 
This method was applied to the determination of BE in human urine. BE was extracted from urine by solvent extraction with 
chloroform-isopropyl alcohol (9:1, v/v) solution. Levels of 2.5 - 10-s M BE in urine (25 pmol/ml) could be determined. 

INTRODUCTION 

Abuse of cocaine has caused serious social 
problems; for this reason a sensitive and selective 
method for the determination of cocaine and its 
metabolites has been desired in the fields of fo- 
rensic, medical and pharmaceutical sciences 
[1-5]. Of the metabolites, benzoylecgonine (BE) 
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is the main one [6,7] which could be detected in 
urine 48-72 h after intranasal administration of 
cocaine [8]. Recently, 3-bromo-6,7-dimethoxy-1- 
methyl-2(1H)-quinoxalinone (Br-DMEQ) has 
been developed by one of the authors as a highly 
fluorescent labeling reagent for carboxylic acids 
and applied to the determination of fatty acids 
[9,10], phenylacetic acid [11], p- and m-hydroxy- 
phenylacetic acids [12] and prostaglandins [13]. 

In this paper, a high-performance liquid chro- 
matographic (HPLC) determination of BE and 
ecgonine (EC) was developed using Br-DMEQ as 
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fluorescent label. The method was successfully 
applied to the assay of BE in human urine. 

EXPERIMENTAL 

Reagents and materials 
Br-DMEQ was prepared by a procedure de- 

scribed previously [9]. BE and EC were prepared 
by published procedures [14,15]. 18-Crown-6 and 
tetra-n-butylammonium bromide were obtained 
from Tokyo Kasei Kogyo (Tokyo, Japan). Ace- 
tonitrile and other reagents were analytical-re- 
agent grade and purchased from Wako (Osaka, 
Japan). Bond Elut C8 cartridge was purchased 
from Varian (Harbor City, CA, USA). Deion- 
ized, glass-distilled water and distilled methanol 
were used for the preparation of the buffer solu- 
tions and the HPLC eluents. 

Chromatography 
A high-performance liquid chromatograph 

consisting of a Model LC6A pump (Shimadzu, 
Kyoto, Japan), a Model 7125 loop injector (Rhe- 
odyne, Cotati, CA, USA) with a 20-#1 loop for 
sample loading, an analytical column (150 mm x 
4.6 mm I.D.) packed with TSK-gel ODS-80TM 
(particle size 5 #m; Tosoh, Tokyo, Japan), a 
guard column (15 mm × 3.2 mm I.D.) packed 
with TSK-guard gel ODS-80TM (Tosoh), a 
Model F1000 fluorescence spectrophotometer 
(Hitachi, Tokyo, Japan) and a Model 561 record- 
er (Hitachi) was used. The eluent used was meth- 
anol-phosphate-borate buffer (0.1 M KH2PO4- 
0.05 M NazB407 • 10HzO, pH 7.5) (60:40, v/v) 
containing 5 m M  tetra-n-butylammonium bro- 
mide. The flow-rate was 0.8 ml/min. Separations 
were carried out at ambient temperature. Fluo- 
rescence of the DMEQ derivatives were moni- 
tored at 455 nm with excitation at 370 nm. 

Derivatization of BE and EC with Br-DMEQ 
To 500 #1 of a mixture of BE and EC in aceto- 

nitrile were added 250/~1 of 10 m M  18-crown-6 in 
acetonitrile and ca. 5 mg of K2CO3 (and ca. 2 g 
of Na2SO4 for the urine sample), and sonicated 
for 1 min. After adding 250 /A of 2 mM Br- 
DMEQ in acetonitrile, the mixture was heated at 

80°C for 20 min. After cooling to room temper- 
ature, 20-pl aliquots of the mixture were applied 
in the HPLC system. 

Extraction of BE from urine 
To 1 ml of urine were added 10/A of BE in 

acetonitrile. The pH was adjusted to ca. 9 with 
ammonia water. After 5 ml of chloroform-iso- 
propyl alcohol (9:1, v/v) had been added, the 
mixture was mechanically shaken for 10 min and 
centrifuged at 1000 g for 10 min. The organic 
layer (4 ml) was evaporated, the residue was dis- 
solved in 500 ~1 of acetonitrile, and the resulting 
solution was used for derivatization with Br- 
DMEQ. 

RESULTS AND DISCUSSION 

Fluorescence derivatization reaction 
The fluorescence derivatization reactions of 

BE and EC with Br-DMEQ were examined. Fig. 
1 shows the effect of the concentration of Br- 
DMEQ on peak height. At concentrations great- 
er than 1 mM, maximum and constant peak 
heights for BE and almost the same results for 
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Fig. 1. Effect of the concentration of  Br-DMEQ on peak heights 
of  DMEQ-BE and BMEQ-EC. To 250 #1 each of  4 #M BE, 100 
~M EC and 10 m M  18-crown-6 in acetonitrile were added 5 mg 
of  K2CO 3 and the mixture was sonicated for 1 rain. After the 
addition of  250 ,ul of  Br-DMEQ in acetonitrile (0.25-3 raM), the 
mixture was heated for 20 rain at 80°C, and applied in 20-#1 
aliquots to HPLC. ( 0 )  DMEQ-BE; (©) DMEQ-EC. 
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Fig. 2. Effect of the concentration of 18-crown-6 on peak heights 
of DMEQ-BE and DMEQ-EC. ( e )  BE, 4 #M; (©) EC, 100 #M; 
Br-DMEQ, 10 mM. Other derivatization conditions are as in 
Fig. 1. 

EC were obtained. Thus 2 m M  Br-DMEQ was 
used for the subsequent experiments. 

18-Crown-6 and K 2 C O 3  w e r e  used to promote 
the reaction. As shown in Fig. 2, peak heights 
were increased 3-fold for BE and 1.5-fold for EC 
above 4 m M  18-crown-6. The peak heights ob- 
tained in the absence of  K2COa were very small 
and inconsistent compared to those obtained in 
the presence of 5 mg of K 2 C O 3 .  The reaction 
yields were almost equal in the range 5-20 mg of 
K2CO3. However I min sonication of  the mix- 
ture after adding K 2 C O 3  gave high and repro- 
ducible peak heights. A saturated solution of  
K 2 C O 3  in acetonitrile was also tried instead of  
powder. In this case, the reproducibility of the 
reaction yield was not so good. In this experi- 
ment, 10 m M  18-crown-6 and 5 mg of K 2 C O 3  

were used. 
The time course of  the reaction of Br-DMEQ 

with 4 / tM BE and 100 # M  EC at various temper- 
atures was measured. The maximum peak 
heights for BE and EC were obtained after more 
than 10 min at 800C. The yields at 60 and 25°C 
were lower than those at 80°C. Consequently 
80°C and 20 min were chosen for the reaction 
temperature and time. 

H P L C  separations 
A methanol-water system, which is generally 

used as an eluent for reversed-phase HPLC, was 
tested for its ability to separate BE-DMEQ and 
EC-DMEQ from reagent blank peaks. However, 
favorable separations could not be achieved by 
changing the methanol-to-water ratio. Thus 0.1 
M phosphate-0.05 M borax buffers at three dif- 
ferent pH values were examined instead of water. 
A methanol-0.1 M phosphate-0.05 M borax 
buffer (pH 7.5) (60:40, v/v) eluent gave relatively 
good separation, but the BE-DMEQ peak slight- 
ly overlapped the blank peak. To improve the 
separation, a cationic surfactant, tetra-n-butyl- 
ammonium bromide, was used. The retention 
time of  BE-DMEQ was affected by the concen- 
tration of  tetra-n-butylammonium bromide (Fig. 
3). In this experiment 5 m M  tetra-n-butylammo- 
nium bromide, which gave a satisfactory separa- 
tion, was used in the mobile phase. A representa- 
tive chromatogram is shown in Fig. 4. 

Calibration curves and detection limits 
The calibration curves for BE and EC were lin- 

ear over the ranges 0.1-50 pmol (r = 0.999) and 
25-1250 pmol (r = 0.998), respectively. The de- 
tection limits were 18.7 fmol (BE) and 12.5 pmol 
(EC), at a signal-to-noise ratio of 3. Relative 
standard deviations for five replicate measure- 
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Fig. 3. Effect of tetra-n-butylammonium bromide on the reten- 
tion time of DMEQ-BE. Eluent: methanol~).l M phos- 
phate0.05 M borax buffer (pH 7.5) (60:40, v/v) containing vari- 
ous concentrations of tetra-n-butylammonium bromide. 
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Fig. 4. Chromatogram of DMEQ-BE and DMEQ-EC. BE, 4/aM 
(20 pmol per injection); EC, 100 ~M (500 pmol per injection). 
Other experimental conditions are as described in the text. 
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ments were 1.94% (10 pmol) and 2.98% (50 
pmol) for BE and 6.3% (250 pmol) and 5.62% 
(1.25 nmol) for EC. 

It is evident that the sensitivity of EC was very 
low compared to BE and was not good enough to 
determine EC in human urine [16]. This might be 
caused by the lower reactivity of EC towards Br- 
DMEQ. Consequently the proposed method was 
applied to the assay of BE in human urine. 

Assay of  BE in urine 
Several methods to extract BE from urine have 

been reported. From the literature, solid-phase 
extraction using the Bond Elut Cs cartridge has 
been examined in detail [17]. Although good re- 
covery for the BE standard solution was ob- 
tained, no reproducible, high recovery for BE in 
urine could be attained. Thus solvent extractions 
using a chloroform-isopropyl alcohol system 
were adopted. After the pH of urine had been 
adjusted to ca. 9 with ammonia water, BE was 
extracted with three different chloroform-isopro- 
pyl alcohol systems: 9:1, 8:2 and 6:4 (v/v). As a 
reference, BE in 0.5 M ammonia buffer (pH 9) 
was used instead of urine sample. In the case of 
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Fig. 5. Chromatogram of blank and BE-spiked urine. BE spiked, 2 nmol/ml; other experimental conditions are as described in the text. 
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the reference, the extraction ratio increased with 
increase in isopropyl alcohol content. On the oth- 
er hand, for the urine samples, the background 
intensity (baseline level) was increased by high 
isopropyl alcohol content. In this experiment, a 
chloroform-isopropyl alcohol (9:1, v/v) system 
was chosen as extraction solvent. The means of 
the recoveries for seven measurements at 2 and 5 
nmol/ml were 58 and 61%, respectively. The 
working curve for BE-spiked urine was linear 
over the range 0.125-5 nmol/ml (r = 0.985), and 
the detection limit was 25 pmol/ml at a signal-to- 
noise ratio of  3. The relative standard deviations 
for seven replicate measurements were 2.9% (2 
nmol/ml) and 1.9% (5 nmol/ml). A representa- 
tive chromatogram for the BE-spiked urine sam- 
ple is shown in Fig. 5. 

In conclusion, a highly sensitive HPLC meth- 
od for the assay of  BE in urine has been devel- 
oped. The sensitivity is higher than those of other 
HPLC methods [1,2,17,18] and comparable to 
those of  gas chromatography-mass spectrometry 
[19,20]. The proposed method should be useful 
for the identification of  BE in forensic medicine 
and for biomedical or pharmaceutical studies of 
cocaine. 
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