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Abstract

Objective The purpose of this study was to validate the method of determining
methamphetamine (MA) and amphetamine (AP) in hair, using derivatization coupled
with solid-phase microextraction (SPME) and Gas chromotography-Mass spectrometry
(GC-MS). Then, applying this method to the examination of hairs from drug abusers.

Method Hair specimens were collected from YABA abusers who participated in a
double-blind control behavior intervention. Negative control hairs were collected from
drug-free volunteers. Hair was washed with distilled water and acetone. Twenty mg of
hair-extracted under alkaline conditions was derivatized with heptafluorobutyric anhydride
(HFBA) mixed with heptafluorobutyric chloride (HFBCI). After validation, this protocol
was used for measuring MA and AP from 45 abusers.

Results  The standard curves (0.2-10 ng/mg of hair) showed linearity with r* > 0.99. The
precision was less than 15% for both MA and AP. The accuracy was within 110.36% for
both analytes. The limit of detections (LODs) for MA and AP were 0.10 and 0.15 ng/mg
of hair, and the limit of quantitation (LOQ) were 0.15 and 0.20 ng/mg of hair, respectively.
Using this method, MA was detected in 46.67% of abusers and the concentration was 0.20-
20.06 ng/mg of hair. AP was detected in 33.33% of cases, with a concentration of between
0.22 and 2.76 ng/mg of hair. When compared to hair analysis without reported sample
derivatization, there was excellent agreement MA analysis between both protocols, but not
for AP.

Conclusion This method is more sensitive and complies with international hair analysis
guidelines. Itis not so complicated and the automated SPME makes this protocol suitable for
simultaneous hair analysis of MA and AP. Chiang Mai Medical Journal 2011;50(2):31-
41.
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Drug abuse is still a significant problem
in Thailand. The data from the Office of
Narcotics Control Board of Thailand showed
that the number of arrested drug trafficking
suspects had increased each year from 36,854
in 2006 to 48,693 in 2008.1
important type of drug abuse in Thailand is
still YABA, which contains methampheta-
mine (MA) and caffeine. Some tablets also

The most

contain amphetamine (AP) and ephedrine.®

The detection of MA or its metabolites
in the body is crucial for diagnosis of MA
abuse. Biological specimens commonly
used in the laboratory test are blood and
urine. Generally, a biological specimen from
a subject has to be screened by a sensitive
laboratory technique such as colour test,
immunoassay test or thin layer chromato-
graphy. If a screening test shows a positive
result, that specimen is subjected to a more
specific confirmation test such as high per-
formance-liquid chromatography (HPLC)
or gas chromatography-mass spectrometry
(GC-MS).®

A blood sample is the specimen of choice
in forensic work, since it represents acute
use, and its concentration correlates very
well with clinical manifestation. However,
its window of detection is narrow and col-
lection of blood specimens is not always
convenient. Urine is used most widely for
drug abuse monitoring. The detection time
of substance is longer in urine than in blood.
Urine collection is less invasive than taking
a blood specimen. However, MA and AP
derivatives can be detected in urine for ap-
proximately 2-3 days depending on dosage,
urine pH and analytical techniques.®

These limitations lead to the explora-
tion of other biological matrixes to monitor
drug abuse. Hair is a tissue in which many
substances are deposited and it can be used
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to detect many compounds.®” Considering
drug abuse, hair analysis has been applied
to forensic and drug monitoring work for a
prolonged period of time. However, the in-
troduction of hair analysis in Thailand has
not been customary and still needs more
laboratory verification to support its applica-
tion. In 1979, Baumgartner et al, published
the first report on the detection of morphine
in the hair of heroin abusers by using a
radioimmunoassay (RIA) test.®) Since then,
many techniques and applications of hair
analysis for drug abuse have been report-
ed. Recently, gas chromatography coupled
with mass spectrometry (GC-MS) has been
a popular technique for hair analysis. The
GC-MS method is quite sensitive for detec-
tion of low amounts of drugs in hair, and this
instrument is available in many Thai foren-
sic laboratories. The sensitivity of GC-MS
analysis also depends on the property of the
target compound. The more the compound
volatization, the greater the sensitivity of
detection. Finding a technique to increase
MA and AP volatization was the main pur-
pose of this study.

Headspace solid-phase microextraction
(HS-SPME) coupled with a GC-MS applied
to hair analysis of drugs has been published
by Gentili ef al.® Their study increased the
sensitivity of drug abuse detection in hair.
Later, derivatization procedures were de-
veloped extensively, resulting in increased
sensitivity for detection. Derivatization is
the process of modifying a target substance
to produce a more volatile and stable com-
pound, which can be analyzed properly by
a GC.1"9 Skender et al, used heptafluorobu-
tyric anhydride (HFBA) for the derivatiza-
tion of AP and MA in hair, and their limit of
detections (LODs) of AP and MA were 0.20
and 0.05 ng/mg of hair, respectively.!V Lee



Hair analysis of drug abuse

and co-workers reported the determination
of AP and MA in hair using derivatization
with trifluoroacetic anhydride (TFAA).(1?

Sample preparation procedures using sol-
vents are time-consuming, labour-intensive
and multi-stage operations. SPME, which
is another method of extraction introduced
by Arthur and Pawliszyn in 1990, has been
used widely in different fields of analytical
chemistry.'¥ Tt minimizes the sample prepa-
ration steps and potential sample contami-
nation.!"” Derivatization of target substance
followed by SPME also is introduced to the
area of drug abuse analysis.!®

In 2008, our forensic toxicology labora-
tory, Faculty of Medicine, reported hair
analysis for MA and AP in YABA abusers.!?
The method used was HS-SPME coupled
with GC-MS and the results showed that
the LOQ for MA and AP were 0.5 and 2.5
ng/mg of hair, respectively. The LOQ for
MA complied with the Société Francaise de
Toxicologie Analytique (SFTA) guideline
that states LOQ for hair analysis should be
lower than 0.5 ng/mg of hair.'”? However,
results showed that the sensitivity of AP
was inadequate. Furthermore, this previous
protocol still does not meet international
standards, namely the Substance Abuse
and Mental Health Services Administration
(SAMHSA)"® and the Society of Hair Test-
ing (SoHT).!"”

The derivatization procedure is necessary
for sample preparation, which can improve
the chromatographic properties and detec-
tion sensitivity of hair in our laboratory.
The purpose of this study was to develop a
more sensitive method for the determination
of MA and AP in hair by using derivatiza-
tion coupled with SPME, and applying this
verified method to examine 45 hair samples
from other drug abuse intervention project.
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MATERIALS AND METHODS

Chemicals and reagents

Amphetamine hydrosulfate (AP-HSO,),
methamphetamine hydrochloride (MA-HCI)
and pentadeuterated methamphetamine hy-
drochloride (MA-d5-HCl) were purchased
from Lipomed (Arlesheim, Switzerland).
The derivatizing reagents, heptafluoro-
butyric chloride (HFBCI) and heptafluoro-
butyric anhydride (HFBA), were purchased
from Tokyo Chemical Industry Co. Ltd.
(Tokyo, Japan).

Equipment

The GC-MS instrument used in this study
was an Agilent Technologies 6890N GC
coupled with 5973 MSD (Agilent Techno-
logies, USA). The GC column was an HP-
SMS, 30 m x 0.25 mm (i.d.) x 0.25 pm film
thickness fused silica capillary column (Ag-
ilent Technologies, USA). A fiber, coated
with polydimethylsiloxane divinylbenzene
(PDMS/DVB) was purchased from Supelco
(Bellefonte, PA, USA). Automatic sampling
was used with a GERSTEL multipurpose
sampler (GERSTEL, Germany).

Samples

The study was approved by the Ethical
Committee of the Faculty of Medicine, Chi-
ang Mai University, according to document
number 0515(015)/053. Forty five of 95 hair
samples from subjects in the previous drug
abuse intervention project, were selected
randomly and they were analyzed for MA and
AP by our previous analysis protocol.'®

Negative control hair samples, collected
from healthy subjects with no history of drug
abuse, were used as blank hairs or spiked
with MA and AP. Hair specimens were kept
at room temperature until analyzed.
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Standard solutions and internal standard
(I.S.) solution

Stock solutions of MA and AP (500 ug/
ml) and the internal standard (MA-d5) were
prepared in methanol and stored at 4 °C until
use. The standard substances were diluted
with 0.5M sodium hydrochloric giving final
concentrations of 0.2, 0.5, 1, 2.5, 5 and 10
ng/mg of hair in spiked hair samples. MA-d5
(2.25 ng/mg of hair) was used as an internal
standard.

Chromatographic conditions

The GC operating condition was as fol-
lows: the oven temperature was held at 60 °C
for 2 min, then increased to 250 °C at 20 °C/
min and held for 1 min. The temperatures
of the injection port and interface were set
at 250 °C and 280 °C, respectively. A split-
less injection mode was used. Helium was
used as a carrier gas at a flow rate of 1.0
mL/min. Quantitation ions used for selected
ion monitoring (SIM) mode were m/z 240,
118 and 91 for AP, m/z 254, 210 and 118 for
MA and m/z 258 and 213 for MA-d5 (all as
HFB derivatives). lons used for quantitation
were m/z 240 for the AP derivative, m/z 254
for the MA derivative and m/z 258 for the
MA-dS5 derivative.

Sample preparation

A 3 cm length of hair was collected from
the vertex posterior region of the scalp from
a subject experienced in YABA abuse over
a three month period. The hair was washed
3 times with 5 ml of distilled water, then
washed again for the last time with 5 mL of
acetone. A 20 mg portion of washed hair
was placed into a 10 mL volume extraction
vial. Sodium hydroxide (0.5 M, 200 pL) and
MA-d5 (300 ng/mL, 150 pL) were added
into the vial, which was closed with a cap.
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The sample was heated at 70 °C for 30 min-
utes to dissolve the hair. After cooling to
40 °C, the extract was separated and placed
into a new vial before adding to 50 uL of
HFBCI:HFBA (8:2 v/v) for derivatization.
Finally, 1,650 puL of 1 M potassium carbon-
ate was placed in the vial, which was sealed
immediately. The derivatized sample was
analyzed by HS-SPME GC-MS, and started
by incubating the vial in a heat tray for 5
minutes at 90 °C. The vapors of the analytes
were diffused into the headspace of the
vial. The compounds in the headspace were
adsorbed by the extraction fiber in the needle
of the SPME device for 10 minutes at 90 °C.
After extraction, the fiber was pulled back
into the needle, which was then inserted into
the injection port of the GC—MS. The fiber
was exposed for 5 minutes in the injection
port at 250 °C for desorption of the analytes
from it.

Validation of method

MA and AP in hair samples were mea-
sured by an HS-SPME GC-MS. The HFB-
CI:HFBA mixture of 8:2 v/v was used as a
derivatizing reagent. The validation of this
analytical method followed the US FDA
guideline.®” These parameters were evalu-
ated: linearity, accuracy, precision, limit of
detection (LOD) and limit of quantitation
(LOQ).

In order to demonstrate linearity, six sets
of standard solutions (0.2, 0.5, 1, 2.5, 5 and
10 ng/mg of hair) were prepared and ana-
lyzed (n=15; 3 replicates per day). The ac-
curacy and precision of the method were
examined by analyzing hair samples spiked
with low (0.5 ng/mg of hair), medium (2.5
ng/mg of hair) and high (10 ng/mg of hair)
concentrations of MA and AP (n=19). The
seven aliquots of each sample were analyzed



Hair analysis of drug abuse

on the first day, followed by triplicates for
four consecutive days. For LOD and LOQ
determination, hair samples spiked with MA
and AP at concentrations below 0.20 ng/mg
of hair (0.10, 0.15 and 0.20 ng/mg of hair)
were evaluated, and the analyte concentra-
tions were calculated by a calibration curve
(n=10).

Analysis of hair samples from YABA abus-
ers

The validated method was utilized for the
analysis of hair from subjects in the previous
drug abuse intervention project. The result of
MA and AP hair analysis was compared to
that reported by a previous protocol of analy-
sis using the HS-SPME GC-MS technique.

Statistical analysis

The statistical analysis was carried out
using SPSS for Windows Evaluation Version
17.0. The result of extraction and derivatiza-
tion compared two variables using the One-
Way ANOVA, to evaluate statistical differ-
ence. Statistical significance was evaluated
at the p value= 0.05 level. Cohen’s kappa
was used to compare the degree of consen-
sus between the results from the current and
previous protocol.
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RESULTS

Validation of method

The calibration curves showed linearity
in the range from 0.20 to 10.0 ng/mg for
MA and AP in hair (Table 1). The correla-
tion coefficients of the calibration curves for
MA and AP were 0.9992 and 0.9971, respec-
tively.

The intra-day and inter-day coefficients
of variation (C.V.) for 0.5, 2.5 and 10.0 ng
of MA and AP per one mg of hair were 1.76
to 4.00% and 6.37 to 14.93%, respectively
(Table 2). The relative recovery (R.R.) of
the MA and AP from the spiked hair was,
96.16 to 109.55% and 93.82 to 110.36%,
respectively. The accuracy and precision of
this method was within a 15% range as in-
dicated by the % R.R. and % C.V., respec-
tively, which is acceptable criteria following
the US FDA guideline.

To identify the LOD and LOQ, three low
concentrations, of MA and AP were used in
this experiment. The MA was identified in
all three low concentrations, but only 0.15
and 0.20 ng/mg of hair showed acceptable
accuracy and precision (% R.R. and % C.V.
less than 20%).?” Therefore, the concentra-
tion of 0.15 ng of MA/mg of hair was se-
lected as the LOQ and 0.10 ng/mg of hair
as the LOD (Table 3). Concerning the AP,

Table 1. Linearity of MA and AP hair analysis (n=15 of each concentration)

Analyte Linear range® Regression equation® Correlation
(ng/mg of hair) coefficient (%)

MA 0.2-10 y =0.4696(+0.0134)x - 0.043(+0.0178) 0.9992(+0.0005)

AP 0.2-10 y =0.2145(x0.0185)x - 0.027(+0.0196) 0.9971(+0.0017)

* Linear range at concentration of 0.2, 0.5, 1, 2.5, 5 and 10 ng/mg of hair.

® x is the amount of analytes (ng/mg of hair) and y is the peak area ratio.
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the result indicated that only 0.2 ng/mg of
hair showed a %R.R. and %C.V. of less
than 20%. Therefore, this concentration of
AP was used as the LOQ. The AP at 0.15
ng/mg of hair could be identified, but the
accuracy and precision were over 20%, so
this concentration was indicated as the LOD
for AP analysis. The summary of method
verification of MA and AP hair analysis is
shown in Table 4.
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Analysis of hair samples from YABA abus-
ers

Forty-five hair samples were collected
from 45 subjects, who participated in the
previous drug abuse intervention project,
and analyzed for MA and AP using this cur-
rent protocol. These subjects admitted using
YABA at least three times during the past
three months. A chromatogram example
of MA and AP in the hair from one subject
is shown in Figure 1. MA was detected in

Table 2. Accuracy and precision of MA and AP hair analysis

Expected Measured conc. Precision Accuracy
conc. (ng/mg of hair) (+ SD) C.V. (%) R.R. (%)°
Analyte (ng/mg of Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day
hair) (n=7) (n=12) n=7) (n=12) (n=7) (n=12)
MA 0.5 0.55 (£0.01)  0.55 (+0.02) 2.45 4.00 109.55 109.32
2.5 2.40 (£0.05) 2.42 (+0.04) 2.19 1.76 96.16 96.89
10 9.83 (+0.26) 10.01 (£0.21) 2.63 2.07 98.33 100.09
AP 0.5 0.55 (£0.04)  0.50 (+0.06) 6.79 12.52 110.36 100.68
2.5 2.62 (£0.32)  2.35(+0.15) 12.12 6.37 104.87 93.82
10 9.65 (£0.92) 10.04 (£1.50) 9.58 14.93 96.50 100.42
*C.V,, coefficient of variation; ° R.R., relative recovery.
Table 3. LOD® and LOQ® of MA and AP
Analyte Expected conc.  Measured conc. C.V. (%) R.R. (%) LOD and LOQ
(ng/mg) (ng/mg) (+ SD)
0.20 0.19 (£0.01) 3.78 92.58
MA 0.15 0.13 (£0.01) 4.68 88.77 LOQ
0.10 0.07 (£0.004) 5.72 71.25 LOD
AP 0.20 0.23 (+0.03) 14.13 117.35 LOQ
0.15 0.23 (£0.04) 17.11 150.50 LOD
0.10 Not detect - -

Ten replicates for each concentration point: 0.10, 0.15 and 0.20 ng/mg of hair in spiked hair samples

were calculated by calibration curve range 0.2-5 ng/mg of hair.
* LOD = limit of detection; identified by %R.R., %C.V. and relative abundance (mass/ratio).
® LOQ = limit of quantitation; identified by %R.R., %C.V. and relative abundance (mass/ratio).
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Table 4. Summary of method verification
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Correlation
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Figure 1. Extracted ion chromatograms of the derivatives from a YABA abuser

46.67% of cases, with a concentration range
from 0.20 to 20.06 ng/mg of hair. AP was
detected in 33.33% of cases, with a concen-
tration range from 0.22 to 2.76 ng/mg of
hair (Table 5).

DISCUSSION

The analysis of drugs
fluids is important in diagnosing drug abuse.
Although blood and urine are specimens
of choice, hair is increasing its role in drug
abuse monitoring. Drugs can be detected in
hair for a longer period of time after use than
blood and urine.®?V However, the level of

in biological

substances in hair is quite low. Therefore, the
analysis method has to be sensitive enough
to detect low amounts of drugs. A recom-
mended method for MA and AP hair analysis
is GC-MS. An extraction with SPME was
applied for MA and AP hair analysis, since it
is less complicated and not time-consuming.

Table 5. Hair analysis of MA and AP from 45
YABA abusers

Hair sample MA AP

21 (46.67) 15 (33.33)
0.20-20.06  0.22-2.76

No. of positive (%)
Range
(ng/mg of hair)
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From our previous MA and AP hair analysis
protocol, we used SPME coupled with a GC-
MS technique to detect MA in hair of YABA
abusers. However, AP could not be detected
using that protocol.!'® The LOQ from previ-
ous methods for MA detection complied with
the Société Francaise de Toxicologie Analy-
tique (SFTA) guideline.!'” Nevertheless, the
sensitivity of AP hair analysis did not fit the
SFTA guidelines. To improve the sensitivity
of MA and AP hair analysis, we conducted
specimen derivatization. This process trans-
formed MA and AP into more stable and
These
reagents can reduce chemical polarity by

volatile compounds. derivatizing
replacing active hydrogens with an alkyl or
acyl group of esters, ethers, alkyl amines or
acyl halide.®® The appropriate reagents for
the derivatization of amine compounds such
as MA and AP are acylation reagents, for in-
stance, HFBA,?» TFAA,"» HFBCI"> and N-
Methyl-bis(trifluoroacetamide) (MBTFA), 2%
and silylation reagents like N-(t-butyldi-
methylsilyl)-N-methyltrifluoroacetamide
(MTBSTFA).®» Most of these derivatizing
reagents are hydrolytically unstable and
they must be protected from moisture.?®
Furthemore, uncontrolled formation of un-
expected minor derivatives can be produced
if the conditions of the reaction are not well
established.®® Meanwhile, HFBCI can be
used for derivatization in aqueous solution
and more stable for analysis.!> However,
using only HFBCI is expensive and sample
preparation has some difficulties, because it
drips rapidly and evaporates quickly. The
mixture of HFBCI and HFBA could over-
come these problems. Therefore, HFBCI
combined with HFBA (8:2 v/v) in aqueous
solution was used in this study as dervatiz-
ing reagent, and the sample was analyzed
for MA and AP derivatives.
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In this study, we have established an au-
tomated GC-MS method for the analysis of
MA and AP in human hair using an in-matrix
derivatization and SPME technique. A good
linear range was observed from 0.2 to 10 ng/
mg of hair for both MA and AP. The corre-
lation coefficients were greater than 0.99 for
both MA and AP.
day and inter-day was less than 110.36%, as

Accuracy of both intra-

expressed in the relative recovery. Preci-
sion of both intra-day and inter-day was less
than 14.93%, as expressed in the coefficient
of variation. The methods of accuracy and
precision were within US FDA guidelines.
The LOQ in this method was 0.15 and 0.2
ng/mg of hair for MA and AP, respectively.
This sensitivity complied with the SoHT
guideline in that the LOQ for hair analysis
should be lower than 0.2 ng/mg of hair. This
validation method is suitable for use in the
intended field.

This validated method was applied to
analyze 45 hair samples from subjects who
admitted using YABA at least three times
during the past three months. MA was de-
tected in 46.67% of cases with a concentra-
tion range from 0.20 to 20.06 ng/mg of hair.
AP was detected in 33.33% of cases, with
a concentration range from 0.22 to 2.76 ng/
mg of hair. A comparison between results
from the current protocol (SPME GC-MS
with sample derivatization) and the previ-
ous one (SPME GC-MS without sample
derivatization) is shown in Table 6. With
sample derivatization, more cases of MA
and AP were detected. In 15 samples, we de-
tected AP only when using this recent meth-
od. To investigate the agreement between
both protocols, the kappa statistic was used.
The calculation is based on the difference
between previous results and this current one.
A kappa value of 0.819 was considered ac-
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Table 6. Comparison of the results from current protocol with previous protocol

Current results

Previous reports MA® AP®

Positive Negative Positive Negative
Positive 17 0 0
Negative 4 15 30

@ Kappa = 0.819; very good of agreement; ° Kappa = 0; poor of agreement

ceptable for MA analysis in both methods.
This means sample derivatization does not
affect MA hair analysis significantly. On the
other hand, both protocols showed a poor
degree of agreement when analyzing of AP
in hairs. Without sample derivatization, AP
could not be detected,'® but the recent tech-
nique could detect AP in more than 33%
of the subjects. In terms of proving YABA
abuse, both MA and AP should be identified
as a proper ratio in a particular subject.®”

In conclusion, we reported a method to
verify MA and AP hair analysis. The protocol
starts with cleaning hair with distilled water
and acetone, followed by sodium hydrox-
ide extraction, and then derivatization with
HFBCI combined with HFBA (8:2 v/v). The
sample is then subjected to HS-SPME for
extraction and analyzed by a GC-MS. This
validated method is sensitive and complies
with international hair analysis guidelines.
The protocol is not so complicated and the
automated SPME make easier and suitable
for routine forensic and clinical analysis of
MA and AP in hair.
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