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Abstract

An HPLC/chemiluminescence detection (HPLC/CL) method of analyzing
methamphetamine (MA) and its metabolites, which is most frequently abused among
illegal drugs, was developed, and the analysis was performed using the urine and hair
samples from MA addicts. The following results were obtained. First, MA and its
metabolites including glucuronide conjugates were detected in as small as 2 ml of
urine, and this method could reveal that present ratio of MA and its metabolites in the
urine of MA addicts. Second, this method allowed detection of MA and its major
metabolite, amphetamine (AP), using only a single hair, and was shown to be an
excellent analytical method when collection of a large quantity of hair was difficuit or
their contents in hair were low. Third, hair was shown to be an excellent sample for
proving drug use from discussion of the results of analysis of hair and urine samples
together with the situation of MA use. Fourth, since this analysis could be performed
using only a single hair, black hair and white hair of addicts could be separately
analyzed, and it was found that MA and AP contents of white hair were lower than
black hair, suggesting the affinity of these compounds with melanin. Fifth, it was

demonstrated that the contents of MA and AP decreased after permanent wave, dye
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and decolorant treatments of natural black hair of addicts containing these
compounds.
Chapter 1. Determination of MA, AP and piperidine in human urine

Determination of MA, AP and piperidine in human urine has been developed. The
three compounds, extracted into diethyl ether from alkaline urine, were derivatized
with dansyl chloride, then separated on a reversed-phase column and
chemiluminogenically detected after reaction with bis(2,4,6-trichlorophenyl)oxalate
(TCPO) and hydrogen peroxide. The corresponding peaks obtained from human urine
were identified as the dansyl derivatives by mass spectrometry. MA levels as low as
37 pg/ml in urine were determined. The sensitivity of the method is higher than that
of Simon's reagent test and gas chromatography. (Refer to Fig. 1)
Chapter 2. Determination of MA, AP and other metabolites in urine

MA, AP and other metabolites (norephedrine (NE), p-hydroxymethamphetamine
(pPOHMA)), p-hydroxyamphetamine (p)OHAP)) were derivatized with dansyl chloride.
They were separated on a reversed phase column with gradient elution using an
acetonitrile -~  tetrahydrofuran - imidazole buffer mobile phase and
chemiluminogenically determined using TCPO and hydrogen peroxide as post
column reagents. AP, NE and pOHAP were derivatized with naphthalene-2,3-
dicarboxaldehyde, and were separated on a reversed phase column using an
acetonitrile — imidazole buffer mobile phase and chemilumigenically determined.
Enzymatic hydrolysis of glucuronide conjugates (G) allowed them to be determined
as pPOHMA and pOHAP, respectively. Utilizing the two methods, MA and all
metabolites were determined in urine samples of MA addicts. The tendency, in order
of decreasing concentration was: [MA] > [AP] > [pPOHMAG] > [pOHMA] > [NE] >
[POHAPG] > [pOHAP]. Although ephedrine was detected in several samples, it was
not considered to be a metabolite of MA but rather a component derived from cough

medicine. (Refer to Fig. 2)
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Fig. 1. The mechanisms of derivatization and
chemiluminescence reaction
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Fig. 2. Relative concentrations of MA metabolites

in addict urine samples

Each column and horizontal bar represent the mean and S.D.
of the nine samples.
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Chapter 3. Determination of MA and AP in a single hair

Determination of MA and AP in a single human hair sample has been developed in

which TCPO and hydrogen peroxide are the post column reagents. After washing a

single hair sample with water and
methanol, it was cut into pieces,
and extracted with a mixed
solution of methanol and
hydrochloric acid for 1 h under
ultra-sonication and allowed to
stand at room temperature
overnight. Then the organic
phase was evaporated to dryness.
To the residues, 0.1 mi of
carbonate buffer and 0.1ml of
dansyl chloride solution were
added and the solution was
heated at 45°C for 1 h. An
aliquot of the reaction mixture
was then subjected to HPLC/CL.
MA and AP were
chemiluminogenically detected
as their dansyl derivatives from
only a single hair sample. The
detection limit was about 2 pg in
an injected volume (20 pl), and
about 20 pg in a single hair
sample. This detection limit was

smaller than that by GC/MS/SIM

Table 1. MA and AP concentrations in hair samples
* te ek
Sample_ Days Hair Urine***
No. yrine hair MA ng/mg AP ng/mg AP/MA

1 1 7 244+£320 164+£029 007 D
2 1 5 446+142 0.88+0.75 020 D
3 1 3 513+443 040+028 008 D
4 3 3 276+153 228+025 0.08 D
5 1 1 273+£936 3.02+0.87 011 D
6 4 4 440+£3.19 016007 004 D
7 1 7 6.71+£389 137+044 0.20 D
8 4 25 219+549 1341034 006 D
9 2 25 0.53+£033 020+008 038 D
10 1 16 027+019 0.10+0.05 037 D
11 1 11 980+141 080+014 008 D
12 2 16 195+070 550+141 028 D
13 1 30 730+£071 090+007 0.12 D
14 2 4 137050 045+0.07 033 D
15 2 9 880375 1.00+036 011 D
16 2 2 033+015 008+002 024 D
17 1 2 6.88+499 105+045 0.15 D
18 3 9 186081 033+005 018 D
19 3 2 80.7+£226 922+446 0.10 D
20 1 21 290+424 3.20+081 011 D
21 3 21 128+606 239+1.14 0.19 D
22 un (2) 252+586 246+064 0.10 D
23 un  (2) 2354121 287+106 012 D
24 1 20 381177 ND D
25 1 1 2.71+£043 ND D
26 9 43 0401029 ND D
27 2 2 1.38 +0.56 ND D
28 1 10 781%273 ND D
29 3 13 ND ND D
30 2 16 ND ND D
31 2 24 ND ND D
32 16 16 077£027 024+0.09 031 ND
33 52 60 481 +£253 118+034 024 ND
34 1317 250129 105+035 042 ND
35 10 10 164041 040+028 024 ND
36 15 20 317175 093+035 029 ND
37 6 20 047+021 0.121009 026 ND
38 7 17 628137 0.59+0.19 0.09 ND
39 10 18 0.21 £0.09 ND ND
40 7 8 0.15+£0.13 ND ND
4] ) 8 1.74 £ 0.80 ND ND
42 120 120 ND ND ND
43 20 20 ND ND ND
44 - 23 030+0.07 0.10+003 033 -

*, days between last use and sampling (urine and hair) (2), 2 days after
urine sampling; -, no sample.
** mean + SD; n=2 - 10; ND, not detected.
*** D, both MA and AP were detected; ND, neither MA nor AP was
detected; -, not analyzed.
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method.
Chapter 4. Determination of MA and AP in hair from 44 MA users
Determination of MA and AP in hair samples obtained from 44 MA users. Of
these, 31 samples showed both MA and AP, 8 samples showed only MA and 5
samples showed neither MA nor AP. Seven MA users whose hair samples contained
both MA and AP, neither compound was detected in the urine. Because the present
method can be performed on a single hair, it is easier to procure samples and to obtain
the subjects’ willingness to provide samples. (Refer to Table 1 and Fig. 3)
Chapter 5. Determination of MA and AP in black and white hair
Black and white hair samples were obtained from black-, gray- (i.e., a mixture of
black and white hair) and white-haired MA users, and MA and AP were defermined.
MA and AP were detected in black hair, which were contained in the part of the hair
that grew in the period of MA use. In the same subjects, MA concentrations were

lower in white hair than those in black hair. AP was not detected in white hair. This

T ; | . . .
AP-DNS MA-DNS able 2. Results of hair analyses of black and white hairs
Black Hair White Hair
Sample
No. MA AP MA AP
ng/mg ng/mg ng/mg ng/mg
1 1.37+0.50 0.51 (r=1) 050(»=1) ND
10mv (n=3) 0.40 (n=1) 039 (n=1) (n=3)
ND (i=1) trace (n=1)
2 89.7+226 9.22+446 244(n=1) ND
(n=5) (n=5) 150 (r=1) (1=2)
v 3 102+486 1.88+097 020(»=1) ND
(n=5) (n=5) trace (n=3) (#=5)
ud\«w e
No. 20 4 23.5+121 287+106 1.10(»=1) ND
l l (n=5) (n=5) 0.40 (n1=1) (n=5)
WA A trace (n=2)
No. 25 L\.L l ND (r=1)
No. 30 5 481253 1.18+0.34 ND (n=3) ND
(n=5) (n=5) (n=3)
0 10 20 30 40 6 ns ns ND (r=5) ND
min (r=5)
Fig. 3. Typical chromatograms of extracts
of hair samples ns, no hair sample, ND, not detected.
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difference may be related to an affinity of MA and AP with melanin. (Refer to Table
2)
Chapter 6. Effects of permanent wave, dye and decolorant treatments on MA
and AP in hair
Black hairs that had been removed from a MA addict were treated with permanent
wave, dye or decolorant treatments, respectively, and MA and AP were detected. The

concentrations of MA and AP in the hair decreased significantly in all cases. In

separate experiments, both MA and AP 2
O O MA
were found to be stable in the permanent © AP
= Mean
20 O
wave treatment solutions, but not stable in
the dye or decolorant treatment solutions. sl ©
Therefore, MA and AP were eluted from E: -
hair in the permanent wave treatment 10 8
solutions, and destroyed in dye or 8
5t ©
decolorant treatment solutions. These é 8 3
T
results suggested that treatments of 0 - 0% c &
na pw dy dc

permanent wave, dye or decolorant Treatments

Fig. 4. Comparison of MA and AP

concentrations of natural black hairs before and
after permanent wave, dye or decolorant

disturb determination of MA and AP from

hair of MA addicts. (Refer to Fig. 4) treatments
na, natural black hair; pw, permanent wave treated hair; dy,
Chapter 7. Conclusions dve treated hair; dc, decolorant treated hair.

In conclusion, the HPLC/CL method is very useful for proving the use of MA
using the urine and hair samples, and is considered to be applicable to analysis of
other drugs. Among them, it is considered to be readily applicable to analysis of a
fluorescent  psychedelic, lysergic acid diethylamide (LSD), and 34-
methylenedioxymethamphetamine (MDMA) with structures similar to that of MA. In
addition, since the result of hair analysis reveal previous intake status, this analysis is
applicable to survey of long-term exposure to environmental pollutants that were

taken unconsciously and this report was considered to be useful for such study.
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