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Methamphetamine (MP) has been used as an excellent sympathomimetic
agent for a long time. However, the abuse of this drug has caused serious social
problems. Therefore, for pharmaceutical studies on its metabolism, distribution
and excretion, and for its identification in illegal circumstances, a sensitive and
selective determination method of MP is necessary. Many methods have been
developed: gas chromatography (GC) [1-3], gas chromatography—mass spec-
trometry (GC-MS) [4-6], thin-layer chromatography [7], polarization fluoroim-
munoassay [8,9] and high-performance liquid chromatography (HPLC) [10,11].
The GC method is the most popular, but its sensitivity is not so high. The GC-
MS method is very sensitive and able to detect femtomole levels of MP, but it
needs a special and expensive instrument.

Recently, as the alternative to GC-MS, Hayakawa er af. [12] developed an
HPLC method with chemiluminescence (CL) determination for amphetamine-
related compounds. They used dansyl chloride as a precolumn labelling reagent
and bis-(2,4,6-trichlorophenyl) oxalate and hydrogen peroxide as post-column
chemiluminogenic reagents. The sensitivity of the method is superior to that of
GC-MS.

Luminol derivatives are known as excellent chemiluminogenic reagents for
many compounds. Among them, N-(4-aminobutyl)-N-ethylisoluminol (ABEI)
was used as a precolumn labelling reagent for the sensitive determination of
amines or carboxylic acids [13] and eicosapentaenoic acid or some fatty acids {14].

This paper describes a sensitive HPLC—-CL method for MP using ABEI as a
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precolumn labelling reagent. The method was applied to the determination of MP
in human serum.

EXPERIMENTAL

Materials and reagents

Acetonitrile and methanol (HPLC grade) were purchased from Wako (Osaka,
Japan). ABEI, sodium 1-octanesulphonate, fS-cyclodextrin and imidazole (re-
agent grade) were obtained from Tokyo Kasei Kogyo (Tokyo, Japan). Hydrogen
peroxide, potassium ferricyanide, N,N’-disuccinimidyl carbonate (DSC), sodium
hydroxide and triethylamine (TEA) were of reagent grade (Wako).

MP-HCI was obtained from Dainippon Pharmacy (Osaka, Japan). MP-HCI
was dissolved in methanol or water to give a 10~* M solution. The solution was
diluted to appropriate concentrations with methanol or water prior to use.

Normal human serum specimens were obtained from healthy volunteers in our
department. A serum sample from an MP addict was kindly provided for this
investigation by Forensic Science Laboratory of Nagasaki Prefectural Police
Headquarters.

Apparatus

The HPLC system consisted of three HPLC pumps (LC-6A, Shimadzu, Kyo-
to, Japan), a 7125 injector with a 20-ul loop (Rheodyne, Cotati, CA, U.S.A), a
guard column (30 mm x 4.6 mm 1.D.) packed with TSKm Guardgel ODS-80TM
(Toyo Soda, Tokyo, Japan), a Shimpack CLC-C; g separation column (150 mm X
6 mm I.D., particle size 5 um, Shimadzu), an R-01 recorder (Rikadenki, Tokyo,
Japan) and a luminomonitor (AL-2220, Atto, Tokyo, Japan) with a spiral flow-
cell of 60 ul.

Stainless-steel tubing (0.5 mm 1.D.) was used in all flow lines. To obtain an
optimum CL intensity, the lengths of mixing coils for MC; and MC; were set a
200 and 100 mm, respectively.

A schematic diagram of the system is shown in Fig. 1.

Fig. 1. Schematic flow diagram of the HPLC—CL system. P = pump; I = injector; M = mixing tee; MC =
mixing coil; D = detector; RE = recorder; E = eluent (methanol-water, 54:46, containing 30 mM sodium
{-octanesulphonate); Ra = 1.5-1072 M K, Fe(CN), in 2.5 M NaOH (aqueous); Rb = 0.3 M hydrogen
peroxide containing 10 mM f-cyclodextrin; Column. reversed-phase Shimpack LCL-C,, (Shimadzu, Ja-
pan).
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Operating conditions

The mobile phase for separation of the ABEI derivative was methanol-water
(54:46, v/v) containing 30 mAM sodium 1-octanesulphonate. The flow-rate was set
at 1 mi/min. The CL reaction of the ABEI derivative was performed with
1.5-107 2 M potassium ferricyanide in 2.5 M sodium hydroxide and 0.3 M hydro-
gen peroxide containing 10 mAM f-cyclodextrin. The flow-rate for both solutions
was 1.0 ml/min.

Derivatization of MP with ABEI

A 5-umol amount of ABEI in 2 ml of methanol and 5 umol of DSC in 2 ml of
acetonitrile were mixed in a 10-ml screw-capped test-tube and allowed to stand
for 2 h. To 500 ul of the resulting solution (ABEI-DSC) were added 500 ul of MP
in methanol and 20 ul of 0.5% TEA in methanol in a 5-ml screw-capped vial.
After vortex-mixing, the mixture was heated at 80°C for 30 min. After cooling to
room temperature, a 20-ul aliquot of the mixture was injected into the HPLC
column.

Procedure for determination of MP in serum

To 100 ul of normal serum were added 10 ul of the aqueous solution contain-
ing MP-HCl (0.05-0.5 nmol). After vortex-mixing, 1 ml of acetone was added.
The solution was further vortex-mixed for 2 min and centrifuged at 2000 g for 10
min. A 500-ul aliquot of the supernatant was used for the derivatization proce-
dure.

A serum sample from an MP addict, which contained 3.6 ug/ml MP as deter-
mined by GC, was diluted ten-fold with water, and 100 ul of diluted serum was
treated as described above.

RESULTS AND DISCUSSION

ABEI has been synthesized by Schroeder et al. [15] and used as a label for
chemiluminescent immunoassay of steroid or protein. Recently, Kawasaki ez al.
[13] reported that ABEI is an excellent chemiluminogenic labelling reagent for
HPLC-CL of primary and secondary amines or carboxylic acids. Although the
method developed is very sensitive and can detect femtomole levels of ABEI
derivatives, the results reported were achieved by using only authentic samples
[13]. The application studies of ABEI as a chemiluminogen seem to be helpful to
analytical researchers, since HPLC-CL of ABEI derivatives is very sensitive.
More recently, Yuki ef al. [14] successfully applied this method to the determina-
tion of eicosapentaenoic acid in serum. Thus, we applied this sensitive method to
the detection of MP in human serum.

Derivatization of MP with ABEI consisted of two steps (Fig. 2). In the first
step, the ABEI-DSC intermediate was prepared according to the literature [13].
For the second step, the preparation of MP-ABEI, the reaction temperature,
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Fig. 2. Derivatization reaction of methamphetamine with ABEI.

time, catalyst and ABEI-DSC concentration were examined. In preliminary ex-
periments, TEA was found to be a suitable catalyst for the condensation of
ABEI-DSC with MP. Therefore, the effect of TEA on the condensation was
examined and it was found that the use of 10-20 ul of 0.5% TEA in methanol was
effective for the esterification of MP with ABEI-DSC. ABEI-DSC was treated
with MP at 25, 60 and 80°C for 15-120 min. The highest reaction yield was
obtained at 80°C for 30-60 min. The effect of ABEI-DSC concentration was
examined for 10~ 7 M MP. The maximum and constant reaction yield was ob-
tained over 500 uM of ABEI-DSC. The use of sodium 1-octanesulphonate was
effective for the separation of MP-ABEI from the reagent blank. Under the con-
dition described in Experimental, complete separation takes ca. 30 min.

The conditions for the chemiluminescence reaction of the ABEI derivative
were examined. It was found that 1.5-107* M potassium ferricyanide in 2.5 M
sodium hydroxide and 0.3 M hydrogen peroxide aqueous solution resulted in the
greatest CL intensity. These results were very similar to those in the literature
[13]. Although microperoxidase could be used instead of potassium ferricyanide
[14], we chose the latter because it is inexpensive. Addition of 10 mAM f-cyclo-
dextrin to the hydrogen peroxide solution slightly increased the CL intensity and
improved the stability of the baseline.

The calibration curve of MP was linear over the range 0.05-5 pmol (r = 0.998)
per injection. The detection limit for MP was 20 fmol at a signal-to-noise ratio of
3. The reproducibility of the peak height for MP (500 fmol) was 3.32% (n = ).
The proposed method was applied to the determination of MP in serum. The
serum pretreatment was very simple and needed only deproteinization with ace-
tone. The percentage recovery of MP was calculated from the slopes of cali-
bration curves obtained from standard solutions and spiked serum. By adding 10
ul of an aqueous solution of known concentration of MP to 100 ul of normal
serum, a calibration curve for spiked serum was prepared. The recovery for MP
was 99.0%. The detection limit for MP spiked was the same as that for a standard
solution (2-107*! mol/ml of serum). In addition, as a practical exercise, serum
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Fig. 3. Chromatograms of MP-ABEI in human serum. (a) Normal human serum; (b) serum of MP addict
(MP, 2.8 pmol). Other conditions as in Fig. 1.

from an MP addict was tested for the determination of MP. The net volume of
this serum needed was only 10 pl. The amount of MP determined was 5.05+ 0.07
ug/ml (n = 5), which was 1.4 times greater than the value determined by GC. The
reason for this difference is not clear, since the GC value came from another
institute. More samples should be determined to compare the correlation between
the two methods. The chromatogram obtained is shown in Fig. 3.

In conclusion, it is clear that ABEI is an excellent chemiluminogenic labelling
reagent for MP. The proposed method is very sensitive and can detect as low as
20 fmol of MP. The sensitivity is comparable with that of the GC-MS method [6]
and the HPLC-fluorescence method [12], but slightly lower than that of the
HPLC-peroxyoxalate CL method [12]. Furthermore, the method can be success-
fully applied to the determination of MP in serum. Thus it should be useful for
the identification of MP in illegal circumstances and for biomedical studies, in
which only small amounts of biological samples should be treated.
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