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Abstract: A high selectivity analytical method for p-hydroxymethamphetamine

(pOHMA) in urine is presented. After extraction, the analyte was analyzed by high

performance liquid chromatography with post-column oxidation using potassium

hexacyanoferrate(III) and sodium hydroxide to detect the fluorophor of pOHMA.

The recovery of pOHMA is 86.5%, and the calibration curve for pOHMA is linear

in the range of 5–75mg/mL (r2 ¼ 0.997). The coefficients of variation determined

for spiked samples are 2.2% for 10mg/mL and 2.3% for 5mg/mL pOHMA (each

n ¼ 5), and the detection limit for pOHMA is 1mg/mL (20 ng; S/N ¼ 3). Analysis

for pOHMA in forensic samples is performed successfully, without interference

from endogenous fluorophors, yielding concentrations in the appropriate range for

methamphetamine abusers.
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INTRODUCTION

Methamphetamine (MAMP) is a stimulant of a sympathomimetic amine and

is strictly controlled under Japanese law as an illegal drug. MAMP is the most

widely abused drug in Japan, and is increasingly represented in criminal

proceedings.[1] MAMP is metabolized in the liver after intake and is

excreted mainly as amphetamine (AMP), p-hydroxymethamphetamine

(pOHMA), and p-hydroxyamphetamine (pOHAP) (Fig. 1), in addition to

free MAMP. In forensic laboratories, MAMP and AMP in urine are

analyzed simultaneously by a routine procedure. However, testing for

pOHMA should also be conducted to ensure the reliability of the results

because AMP is the famous illegal drug in USA and Europe, and it is

possible to criminally smuggle it into Japan. Several analytical methods for

pOHMA have been described,[2 – 17] including methods based on high

performance liquid chromatography (HPLC). Although the analysis of

trifluoroacetyl or heptafluorobutyl derivatives of pOHMA by gas chromato-

graphy or other fluorescent derivatization by electrophoresis allow for the

detection of pOHMA with high sensitivity, good separation, and short analyti-

cal time, these methods pose reliability problems with respect to the use of

unstable derivatives and potential sensitivity to ultraviolet (UV) light.

HPLC has been widely used to analyze polar substance and substances that

are unsuitable for chemiluminescence or fluorescence detection due to

instability upon heating or change in pH. However, HPLC usually requires

large sample volumes, and involves tedious extraction and pre-derivatization

procedures using reagents. Therefore, a simple yet sensitive and specific

HPLC method is needed for the reliable determination of pOHMA.

Para-substituted phenolic compounds are known to yield the 2,20-dihy-

droxydiphenyl derivative as a fluorophor by oxidative treatment with hexacya-

noferrate(III) under alkaline conditions or with peroxidase and hydrogen

peroxide.[18,19] However, there are no reported HPLC methods for the

separation and detection of the fluorophor formed from pOHMA. In this

study, a new forensic analytical method based on HPLC was developed for

the selective and reliable detection of pOHMA. In this method, pOHMA is

post-column derivatized to the fluorophor with hexacyanoferrate(III) in an

alkaline medium. The proposed method is successfully used to test for

pOHMA in urine.

Figure 1. Chemical structures of methamphetamine and its metabolites. R1 ¼ CH3,

R2 ¼ H: methamphetamine; R1 ¼ H, R2 ¼ H: amphetamine; R1 ¼ CH3, R2 ¼ OH:

p-hydroxymethamphetamine; R1 ¼ H, R2 ¼ OH: p-hydroxyamphetamine.
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EXPERIMENTAL

Materials and Reagents

pOHMA was purchased from Sigma-Aldrich (California, USA). A standard

stock solution of 0.10 mg/mL pOHMA in water was prepared in advance

and stored in a refrigerator at 2298C. pOHAP was synthesized by the

procedure reported by Buzas et al.[20]

The Bond Elut C18 cartridge (100 mg/1 cc) used in the analyses was

purchased from GL Science (Tokyo, Japan) and activated prior to use with

10 mL of methanol and 10 mL of water. The Oasis MCX cartridge (30 mg/
1 cc) used was purchased from Nihon Waters (Tokyo, Japan) and activated

prior to use by the addition of 10 mL of 2% ammonia-methanol, 10 mL of

methanol, and 30 mL of water, sequentially.

Potassium hexacyanoferrate(III) was obtained from Kanto Kagaku

(Tokyo, Japan). All other chemicals used were of analytical grade.

Apparatus

A schematic diagram of the system is shown in Fig. 2. The HPLC system

consists of two HPLC pumps (LC-10ADVP and LC-10AD; Shimadzu,

Kyoto, Japan), equipped with a 20mL sample loop for the injection, a fluo-

rescence detector (RF-10A XL; Shimadzu) with cell temperature controller

(258C) set at 320 nm for excitation and 405 nm for emission, an analytical

column (Mightysil RP-18 GP; Kanto Kagaku; 150 � 3.0 mm ID, 3.0mm

particle size), an oven (RE-8010; Tosoh, Tokyo, Japan), and a data recorder

(D-2000 chromato-integrator; Hitachi, Tokyo, Japan). The column tempera-

ture was left at ambient (approx. 258C), and the oven temperature was set

at 958C to yield the fluorophor of pOHMA by reaction with the derivatization

reagents in a stainless steel coil (13.3 m � 0.25 mm ID) with 10 clockwise and

10 anticlockwise turns. The mobile phase, consisting of 5% acetonitrile in

Figure 2. Schematic diagram of proposed HPLC system. 1: Reservoir (eluent), 2–3:

reservoir (post-column reagent), 4–5: pumps, 6: injector, 7: separation column, 8: mix-

ing device, 9: oven, 10: reaction coil, 11: fluorescence detector, 12: integrator, 13: waste.
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25 mM phosphate buffer (pH 6.0), was supplied at a flow rate of 0.50 mL/min.

The post-column reagents, 4 mM potassium hexacyanoferrate(III) and 0.2 M

sodium hydroxide, were delivered separately at a flow rate of 0.125 mL/
min. Thus, the total flow rate was 0.75 mL/min. Potassium hexacyanoferrate

(III) and sodium hydroxide produce a yellow sediment after lengthy mixing.

The pumps for the reaction reagents were separated to avoid mixing

reagents during long analytical runs. The fluorescence detector and pump

used to deliver the post-column reagent were washed with 6.5 M nitric acid

after use.

Urine Samples

The urine samples (2 mL) analyzed in this study were samples obtained from

normal subjects and forensic urine samples (residue), with MAMP and AMP

removed for forensic analysis by extraction with 0.5 mL of n-hexane from

samples treated with 0.2 mL of 2.5 M sodium hydroxide.

Optimization of Fluorophor Formation in Flow Injection Analysis

and HPLC

The optimal reaction time for the formation of the fluorophor of pOHMA

was explored by varying the length of the reaction coil (0.5–13.3 m),

the reaction temperature (40–1008C), the flow rate of the mobile phase

(0.1–0.5 mL/min), the pH of the alkaline medium (7.5–11.5), and the

concentration of potassium hexacyanoferrate(III) (1–10 mM). The reaction

temperature in flow injection analysis (FIA) was examined using the longest

reaction coil (13.3 m), and the separation of pOHMA, pOHAP, and endogen-

ous fluorophor was examined using a mobile phase consisting of 25 mM

phosphate buffer and acetonitrile. Post-column reaction was employed in

this experiment because pre-column methods are unable to discriminate

between the S and R enantiomers or between similar structures of pOHMA

and pOHAP. The post-column reagents were set at each 1/4 of the volume

(total 1/2 volume) of the mobile phase.

Extraction of pOHMA

pOHMA extraction was attempted by solid-phase extraction (SPE) using the

C18 or MCX cartridge and by liquid-liquid extraction (LLE) with

acetonitrile,[21] to determine which methods provide the best removal of

endogenous fluorophors in urine samples. These extractions were examined

using the absolute calibration curve method for FIA. The procedures for

SPE are essentially identical to those described previously (C18
[3] and

N. Kato et al.3102
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MCX[4]). Briefly, the urine sample (2 mL) was transferred to the activated C18

or MCX cartridge. The C18 cartridge was washed with 10 mL of water, 10 mL

of 5% methanol, and 4 mL of acetonitrile, sequentially, after which the

compounds retained in the cartridges were eluted with 3 mL of a mixture of

acetonitrile and 1 M HCl (9 : 1 v/v). The MCX cartridge was washed with

2 mL of water and 10 mL of methanol, sequentially, and the retained

compounds were subsequently eluted with 3 mL of 2% ammonia-methanol.

For LLE with acetonitrile, 0.4 g of sodium carbonate was added to a 2 mL

urine sample, followed by the addition of 2 mL of acetonitrile and vigorous

mixing for a few seconds on a vortex-mixer. The mixture was then centrifuged

at 3000 rpm for 10 min, and the supernatant (acetonitrile phase) was separated

from the aqueous phase. This procedure was repeated three times and the

acetonitrile solutions were combined. The final combined solution was eva-

porated to dryness under reduced pressure. The mobile phase of 0.50 mL

was added to the residue, and 20mL of the solution were injected to the

FIA or HPLC to determine the recovery of pOHMA. LLE was carried out

with acetonitrile rather than a mixture of chloroform and isopropanol, as the

method used here is less toxic and considered more useful.

RESULTS AND DISCUSSION

Determination of Optimum Conditions for Fluorophor Formation

The fluorophor formation of pOHMA was investigated with 10mg/mL of

pOHMA standard solution. The effects of reaction temperature, pH of

the alkaline medium, and concentration of potassium hexacyanoferrate(III)

are summarized in Fig. 3. Increasing the temperature improved the

fluorescence intensity to a maximum at temperatures over 908C (Fig. 3(A)).

To obtain reproducible results, the reaction temperature was, therefore, set

at 958C. Similarly, the fluorescence intensity reached an optimal level at pH

greater than 10.5 (Fig. 3(B)). A potassium hexacyanoferrate(III) concentration

of 4 mM yielded the highest fluorescence intensity (Fig. 3(C)), and this

concentration was used in the main analyses.

Increasing the reaction time by increasing the coil length and reducing the

flow rate also improved the fluorescence intensity, although the peak became

slightly broader with increasing reaction time (data not shown). The highest

fluorescence intensity was obtained using a 13.3 m reaction coil, and a flow

rate of 0.50 mL/min for the mobile phase and 0.125 mL/min for each of

the post-column reagents, corresponding to a reaction time of 77 s.

The separation of pOHAP and pOHMA was achieved using the mobile

phase (5% acetonitrile in 25 mM phosphate buffer, pH 6.0) with a retention

time of 8.0 and 9.0 min, respectively. Although PMAP and AMP of concen-

tration from 1 to 500mg/mL were analyzed for 30 minutes by this method,

the fluorescence peaks were not confirmed on the chromatogram.

Fluorescence Analysis for pOHMA by HPLC 3103
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Linearity, and Limits of Detection and Quantitation

The linearity of the method was evaluated by pOHMA standard solution at

nine non-zero concentrations over the range of 0.1–100mg/mL. A linear

regression analysis of the calibration curves, which were obtained in the range

5–75mg/mL yielded the equation Y ¼ 14237X–86774 (r2 ¼ 0.997) for

pOHMA. The fluorescence intensity, peak height (Y), was related to the

mg/mL (X) with high linearity. The limits of detection (LOD) (S/N ¼ 3) and

quantitation (LOQ) (S/N ¼ 20) were 1 and 5mg/mL for pOHMA, respectively.

Recovery from Sample

As shown in Table 1, SPE using the MCX cartridge and LLE with acetonitrile

achieved high recovery rates for pOHMA (90.3 + 3.5 and 93.7 + 3.6%,

respectively) by FIA, whereas SPE with the C18 cartridge gave very limited

recovery (51.2 + 1.3%). However, as endogenous fluorophors in the urine

samples could not be eliminated by extraction with the MCX cartridge and

subsequent HPLC analysis with acetonitrile, LLE extraction with acetonitrile

was combined with SPE using the MCX cartridge to ensure complete removal

Figure 3. Effects of (A) reaction temperature, (B) pH, and (C) concentration of potas-

sium hexacyanoferrate(III) on post-column fluorogenic derivatization of pOHMA.
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of endogenous fluorophors. In this combined process, after the virgin urine

samples were subjected to LLE with acetonitrile, the pH of the extract was

adjusted with an equal volume of diluted HCl or phosphate buffer. The

adjusted solutions were then applied to the activated MCX cartridge for extrac-

tion by the procedure outlined above. As shown in Table 2, the recovery of

10mg/mL of pOHMA by this process was highest (86.5 + 3.1%) for

samples adjusted to pH 6.0 prior to injection onto the MCX cartridge. Under

these conditions, a clear peak was produced on the chromatogram without

any interference or overlap from other fluorophors (Fig. 4(B)).

Precision

The coefficient of variation (C.V.) for pOHMA in spiked urine samples was

2.2% for 10mg/mL and 2.3% for 5mg/mL (each n ¼ 5). With these data,

the same concentration of spiked samples was carried out intra-day and

different concentrations carried out inter-day.

Analysis of Forensic Samples

pOHMA and pOHAP in two forensic samples of MAMP suspects determined

by the proposed method were investigated. The result of one of the MAMP

Table 1. Absolute recoveries of pOHMA from 10mg/mL

of spiked urine

Extraction

Absolute recovery

(mean % + S.D.)

SPEa Bond Elut C18 51.2 + 1.3

Oasis MCX 90.3 + 3.5

LLEb Acetonitrile 93.7 + 3.6

Note: n ¼ 4.
aSPE ¼ Solid phase extraction; bLLE ¼ liquid–liquid

extraction.

Table 2. Effect of pH on recovery of pOHMA from 10mg/mL of spiked urine

pH (mean % + S.D.)

1.5 4 6 7.8

AcCN-MCX 27.40.5 71.9 + 9.7 86.5 + 3.1 40.6 + 1.1

Note: n ¼ 3.

Fluorescence Analysis for pOHMA by HPLC 3105
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suspects is shown in Figs. 4(C) and (D). After extraction by the proposed

method, the extract was dried under low pressure and, then, to the residue,

was added 0.250mL of the mobile phase due to bending of the calibration

curve in the range of 5–75mg/mL. This solution was concentrated 8X in

comparison with 2 mL of forensic urine. In Fig. 4(C), the peaks of pOHMA

and pOHAP did not appear on the chromatogram. pOHMA was detected as

a clear symmetric peak without any interference from endogenous fluoro-

phors, while the peak due to pOHAP was partially overlapped by endogenous

interference (Fig. 4(D)). The concentrations of pOHMA in these samples,

Figure 4. Chromatograms of normal and one of the forensic urine samples. A: Blank

urine sample. B: Normal sample spiked with pOHMA. C: Forensic sample without

post-column reaction. D: Forensic sample after post-column reaction. pOHMA concen-

tration of this sample is 3.0mg/mL. pOHAP and pOHMA peaks are indicated by

arrows 1 and 2, respectively.
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determined by the absolute calibration curve method, were 1.2 and 3.0mg/mL

(7.39 � 1026 and 1.82 � 1025 M), respectively. These results are similar to

those obtained for unconjugated pOHMA in the urine of MAMP abusers, as

reported by Hayakawa et al.[10] Thus, the proposed HPLC technique

appears to be viable as a simple forensic analysis for pOHMA.

CONCLUSION

A new analytical method for the quantitative detection of pOHMA as a

fluorophor without endogenous interference, and with high selectivity and

qualitative detection of pOHAP was proposed. The HPLC based technique

is relatively easy and inexpensive, and was shown to be capable of

detecting indicative levels of pOHMA in urine. Although this method is

unable to discriminate between S and R enantiomers, it is readily applicable

to the detection of para-substituted phenolic compounds in urine, irrespective

of endogenous or exogenous origin.
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