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Determination of cocaine and benzoylecgonine in guinea pig’ s hair
after a single dose administration by LC-MS/MS
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Abstract: A sensitive LC-MS/MS method to determine cocaine and its major metabolite
benzoylecgonine in guinea pig’ s hair has been established. About 20 mg of decontaminated hair sample
was hydrolyzed with 0.1 mol - L™" HCl at 50 °C ovemight, in the presence of cocaine-d, and
benzoylecgonine-dg used as internal standards, and then extracted with dichlormethane. The analysis was
performed by liquid chromatography-tandem mass spectrometry ( LC-MS/MS ). Positive electrospray
ionization (ESI + ) and multiple reactions monitoring ( MRM) mode were used. The limit of detection
(LOD) for cocaine and benzoylecgonine was 1 pg - mg™'. The calibration curves of extracted standards
were linear over the range from 5 pg - mg™"' t0 250 pg - mg ™' (*=0.999 7). The method was validated
and applied to the analysis of guinea pig’ s hair after a single dose administration of cocaine hydrochloride.
Cocaine and benzoylecgonine were not only detected, but also quantified in guinea pigs hair.
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Introduction

In the scene of forensic toxicology, hair enjoys a
growing reputation in drug testing because it provides a
larger surveillance window, as well as its easy and no
intrusive way of sample collection. In particular, to
identify or quantify some specific chemicals in hair
after a single dose administration is of great importance
in drug-facilitated crimes ( DFC), such as sexual

assault and robbery'"’.

However, hair analysis after a
single dose administration is characterized by low drug
concentration but significant background noise coming
from hair matrix. Yet, with the help of high-perform-
ance liquid chromatography tandem mass spectrometry
(LC-MS/MS) , which is of high sensitivity and specifi-
city in identifying drugs from complex biological matrix,
it is possible to achieve such trace analysis in hair.

As a potent central neural system stimulant,
cocaine ( COC) is a drug of widespread abuse.
Benzoylecgonine ( BZE) is its major metabolite in
body. To identify these two chemicals in biological
samples can help to confirm the consumption of
COC'™. So far, published literatures mostly described
the determination of COC after repeated administra-
tion """, Although Hubbard™"’, Henderson'' and
Jurado™’ had adopted a single dose administration of
COC (or COC-ds) , they used a gas chromatography/
mass spectrometry device to determine the analytes in
hair. The sensitivities of these methods (with a LOD
around 0.1 ng - mg™") are not adequate for hair
analysis involved in a single dose administration, which
requires a LOD/LOQ at pg - mg ™" level'’.

The aim of this work is to establish a specific and
sensitive method to detect COC and its main metabolite
BZE in hair using LC-MS/MS. By applying this
method to analyze hair samples from guinea pigs who
received a single dose of COC, we could verify if it
would be possible to detect COC and BZE in animal’ s

hair after a single administration.

Materials and methods

Chemicals and reagents Deionized water was
purified using a Milli-Q system (Millipore, Molsheim,
France). Solid COC and BZE came from the National
Narcotics Lab ( Beijing, China). Methanol solutions
of COC-d; (1.0 mg-mL™") and BZE-d; (1.0
mg * mL™") were obtained from Cerilliant ( Texas,
USA ). Methanol ( HPLC gradient grade ) was
purchased from Fisher ( Fairlawn, NJ, USA).
Ammonium acetate and formic acid were got from Fluka

(Buchs, Switzerland ). All the other solvents and
inorganic chemicals were of analytical grade. COC
hydrochloride used in animal experiment was supported
by the National Narcotics Lab.

Stock solutions and quality control samples
Solid COC and BZE were dissolved in methanol to get
1.0 mg - mL ™" solution.

For simultaneous determination of COC and BZE,
a mixed 100 ng-mL™' of COC-d, and BZE-d,
methanol solution was prepared as internal standard
(IS). Also a mixed 50 ng - mL™"' of COC and BZE in
methanol was prepared as standard stock solution.

COC hydrochloride was dissolved in water so that
0.4 mg - mL™"'and 10 mg - mL™" of COC injection
solutions were obtained.

Hair sample collection  Hair samples were
obtained from a controlled animal treatment
experiment. Eight guinea pigs ( Shanghai, China)
weighing 200 — 450 g were kept in a constant
environment at 26 C, with an alternating 12 h light-
dark cycle. Clean food and water were available.
Animals were housed individually in hanging wire
cages to prevent urine or saliva contamination from
each other. Before the experiment, a 3 cm x4 cm area
of hair stem on the animals’ back was shaved to the
skin with an electric shaver and drug-free hair was
preserved. Four guinea pigs which had multiple
colored hairs ( white, brown or black) were injected
with high dose of COC (10 mg - kg™") and the other
four received low dose (0.4 mg - kg™') intraperi-
toneally. Afterwards, hair samples were collected on
the 7th and 14th day. Hair of different color was
collected and saved separately. All samples were stored
at ambient temperature before analysis.

Sample preparation Prior to analysis, deconta-
mination was performed following the procedure
reported by Xiang, et al'*. Hair samples were
washed with 0.1% sodium dodecyl sulfate (SDS),
water and acetone successively. After dried, hair was
cut into segments of 1 —2 millimeter with a scissors.
20 mg of decontaminated hair was incubated in 1 mL of
0.1 mol -L™" HCL, at 50 °C overnight, in the
presence of IS. The cooled homogenate was neutralized
with 2.5 mol + L™' NaOH 0.05 mL and 1 mol - L'
phosphate buffer ( pH 6.8 ) 2 mL. Afterwards,
dichloromethane 2 mL was added and the vortex-mixed
mixture was centrifuged at 868 % g for 3 min. The
organic layer was then transferred into a 5 mL glass

tube and evaporated to dryness at 60 C. Finally the
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residue was reconstituted in 100 p.L methanol and 5 pL
was injected into the LC-MS/MS system.
Chromatography and MS/MS conditions The
LC-MS/MS system consisted of an Agilent (Palo Alto,
USA) 1100 HPLC system equipped with a triple
tandem mass spectrometer API-4000
( Applied Biosystems/MDS  SCIEX,
Toronto, Canada). Analyst 1.4 software package was

quadrupole
instrument

used for instrument control and data acquisition.

The analytical column was a Restek ( Bellefonte,
Pennsylvania ,USA) Allure PFP column (100 mm x
2.1 mm ID, 5 pm) preceded with a Phenomenex
( Torrance, CA, USA) guard column (12.5 mm x2. 1
mm ID, 5 um), at room temperature. The mobile
phase was a mixture of methanol and 20 mmol - L™
ammonium acetate buffer containing 0. 1% formic acid
(80:20, v/v), with a flow rate of 0.2 mL - min~".

The mass spectrometer was operated in the
positive electrospray ionization mode with ion spray
voltage of 5.5 kV and source temperature 450 °C.
Nitrogen was used as nebulizing gas (GS 1, 241 kPa or
35 psi) , turbo spray gas (GS 2, 241 kPa or 35 psi)
and curtain gas (172 kPa or 25 psi). Declustering
potential (DP) was optimized while ion spray voltage,
nebulizing and curtain gas conditions were used in
default mode. The dwell time was set at 100 ms.

The product ion spectrum ( MS/MS ) was
generated at optimized DPs to identify the prominent
product ions of the analytes using nitrogen as the
collision gas. Collision energies (CE) optimization for
the precursor to product ions transition was obtained by
CE ramping by direct infusion. The established MRM
operating conditions and retention times for COC, BZE
and IS are listed in Table 1. All the quantification of
analytes was calculated with the first MRM transition of
each.

Table 1 MS/MS conditions and retention times for
COC, BZE and IS
Analyte Ton transition Declus'tering Collision I'{etentit')n
potential/’V  energy/eV  time/min
CoC 304.2—182.3 60 28 6.54
304.2—150. 1 35
BZE 290.2—168.3 70 26 2.50
290.2—105. 1 43
COC-d;(IS) 307.1—185.3 60 27 6.54
307.1-153.2 35
BZE-dg (IS)  298.3—171.0 60 27 2.50
298.3—110.2 46

Method validation

Specificity Drug-free hair samples from guinea
pig were analyzed to ensure no endogenous interference
with the mass transitions chosen for COC, BZE and IS
at the appropriate retention times.

Calibration curves COC and BZE standards of
6 concentration levels at 5, 10, 25, 50, 100, and 250
pg - mg~"' (2 replicates) were spiked to blank hair.
Then the hair samples were extracted and assayed. The
calibration curves (Y = aX + b) were constructed by
plotting the ratio of analytes’ peak area to IS’ s against
the spiked concentration. Linear regression 1/x
weighting was used.

LOD and LOQ The LOD was defined as the
spiked drug concentration in hair which corresponded
to three times the baseline noise (S/N=3). The LOQ
was defined as the lowest concentration on the
calibration curve at which precision and accuracy were
within +20%.

Accuracy and precision  The intra-day and
three

concentration levels (5, 50 and 200 pg - mg™"). The

inter-day precision were determined at
intra-day variation was determined by assaying 6 spiked
hair samples at each concentration level on the same
day and inter-day variation was assayed for 24
replicates on four days. The precision was expressed as
the relative standard deviation (% RSD). Calculated
from the intra-day data, accuracy was established by
comparing the determined concentration with the spiked
concentration. Provided an 85% -115% accuracy, a
% RSD no more than 15% in measuring range (20%
at LOQ) was demanded.

Recovery
comparing the peak area ratio of analytes of extracted

The recovery was calculated by

samples with those of extracted blanks spiked with the
same amounts of analytes. This procedure was repeated
for samples at three concentration levels.

Evaluation of matrix effect Matrix effect ( co-
eluting, undetected endogenous matrix compounds that
may influence objects ionization) was investigated by
extracting blank hair. The extract was spiked with
controlled amount of COC and BZE at three concentra-
tion levels, and evaporated to dryness at 60 “C. The
residue was reconstituted in 100 pL methanol. These
samples were analyzed and the peak areas of analytes
(A) were compared with those in pure neat solutions
(B) with the same amounts of analytes. The matrix
effect was expressed as A/B x100% .
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Autosampler stability  Autosampler stability
was measured by analyzing samples immediately after
workup, and repeating the analysis 24 hours later.
Concentrations were calculated and the corresponding
means were compared. The results within 10%

deviation would be accepted.

Results and discussion
1 ESI mass spectra and MS-MS conditions

The analytes gave high MS responses in positive
When tuned with flow injection
standard
protonated molecules [ M + H] * were observed in Q1

ionization mode.

analysis using single solution, obvious
full-scan. Then fragments of protonated molecules were
obtained in product ion scan at collision cell. Figure 1
presents the mass spectrum and product ion spectrum
of protonated COC, BZE and IS. The MS/MS analysis
showed the predominant fragment ions for COC were at
m/z 150. 1 and 182. 3 while those for BZE were at m/z
105.1 and 168. 3.

As Figure 2 shows, the similar structure
determines that COC and BZE have the same loss of
benzoic acid (m/z 122).

2 Validation results

2.1 Specificity High specificity was found in MRM
mode for the determination of COC and BZE in hair
samples, for no interfering compounds from endogenous
substances observed at the retention times of COC and

BZE, as shown in Figure 3.
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Figure 2 The fission procedure of COC (a), and
BZE (b)

Table 2 Calibration curves and LOD for COC and
BZE in hair
Range LOD
Analyte _ Calibration curve/n =6 72 _
T /pg - mg”! /pg - mg~!
COC 5-250 Y=0.0119X+0.0023 0.9999 1
BZE 5-250 Y=0.0296X-0.0011 0.9997 1

2,2 Calibration and sample quantification Over
concentration range from 5 to 250 pg - mg ™', regression
analysis indicated that there was a good linearity
between peak area ratio and analyies’ concentration
(r*20.999 7). Calibration curves for COC and BZE
are shown in Table 2.

2.3 LOD and LOQ The LOD value in hair for
both analytes was 1 pg - mg™", with a signal-to-noise
ratio of 3. The LOQ was defined as the lowest
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Figure 1 MS/MS spectrum of COC (a), COC-d,(b), BZE (c), and BZE-d,(d)
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Figure 3 Representative MRM chromatograms of COC in hair; COC (a) and BZE (b)-free hair; COC (c)
and BZE (d) standards spiked hair samples (5 pg - mg™")

Table 3 Summary of the precision, accuracy, recovery, mairix effect and autosampler

stability of the method (n =6)

Analyte Concentration RSD /% Recovery Accuracy  Matrix effect Auto's?.mpler
/pg + mg~! Intra Inter(n =24) /% /% /% stability/ %

COC 5 4.2 3.3 98.0 96.6 91.9 5.1
50 1.0 1.7 95.0 100 91.2 3.2

200 1.3 1.1 100 99.9 94.8 3.3

BZE 5 5.6 4.1 99.0 97.4 71.4 6.7
50 3.0 2.5 106 99.9 66.2 4.2

200 1.6 4.0 101 100 75.0 3.1

concentration on the standard curve that can be
measured with acceptable accuracy and precision,
which was found to be 5 pg + mg ™" in hair for COC and
BZE.
2.4
samples was calculated to estimate the precision and

Precision and accuracy Data from spiked

accuracy of the method. The deviation of intra-day
precision was no more than 6% for both analytes and

the accuracy was within (100 = 5)%. Table 3
presents the results. The inter-day precision deviations
were less than 5% . As the deuterated COC and BZE
the % RSD of
precisions was much less than demanded.

2.5 Recovery
under the liquid-liquid extraction condition are

displayed in Table 3. The recoveries for COC and BZE

were used as internal standards,

The extraction recoveries of COC
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were about 100% at all three concentration levels.
2.6 Matrix effect The results listed in Table 3
demonstrates that hair matrix contained little co-eluting
and undetected compound which would influence the
ionization of COC, but had a significant ion-
suppression to BZE.
2.7 Autosampler stability Table 3 presents acce-
ptable autosampler stability for COC and BZE.
3 Application to controlled animal experiment
After a single dose of COC (0.4 or 10 mg -
kg™') administration, the concentrations of COC and
BZE were measured. Some of them were out of the
range of calibration curve. So, another piece of the
same hair sample was incubated in 10 mL of 0.1
mol - L™" HCl and 1 mL of the homogenate was
prepared following Section 2.4. Thus, hair samples
contained high concentration of COC and BZE were
diluted and determined within the range of present
calibration curves. The resulis are shown in Table 4.

Table 4 The concentrations of COC and BZE in
guinea pig’ s hair following a single dose administration

of COC

COC/pg - mg™' BZE/pg - mg™' Ratio:[COC]/

Sample d7 d14 d7 d14 [BZE](d7)
L1-black hair 4.2 12.8  -® - -
12-black hair 37.6 7.4 7.7 - 0.20
13-black hair 43.6 4.7 +5 - -
I4-black hair  169.9 8.9 6.1 - 0.04
Hl-white hair ~ 629.7 76.5 76.4 - 0.12
Hi-black hair ~ 874.6 156.2 101.6 - 0.12
H2-brownhair  108.7 99.6 8.9 - 0.08
H2-black hair 1011  136.8 104.3 - 0.10
H3-white hair ~ 385.3 - 2.5 - 0.07
H3-black hair 2071.5 191.8 176.3 - 0.09
H4-brown hair  346.9 28.5 54.2 - 0.16
H4-black hair 1365.9 113  309.7 - 0.23

*Not detected ; "Detected, not quantified; L; Low dose (0.4
mg - kg™') group; H: High dose (10 mg - kg™ ) group

Although there was only one administration, COC
and BZE could be detected in almost all samples
collected in the first week, except L1. And compared
with the second week’ s results, the concentrations
were much higher, which indicated that the majority of
COC and BZE incorporated into hair in the first week.
When it came to the second week, BZE could no
longer be detected, while COC still had a lower
concentration.

Apart from [4-black, all [ COC]/[ BZE] values
were higher than 0. 05, ranging from 0. 07 to 0.23.

According to the criteria proposed by the Society of
Hair Testing[lsj , the analytes detected could be
regarded as being incorporated into guinea pigs’ hair
rather than external contamination.

Comparing the black hair samples of two dose
groups, it shows the higher dose of COC administrated
the higher concentration of COC and BZE occurred in
guinea pig’ s hair.

In our study, concentrations of COC in hair were
much higher than those of BZE. That result was
consistent with those reported in earlier publications.
Nakahara et al. """ explained that is because COC is
more lipophilic to penetrate the cell membrane than
BZE. And Jurado, et al'®'. added that with a higher
alkalinity, COC is easier to shift from alkalic blood
matrix to acid hair matrix.

Some published literatures indicated that there
was a close relationship between the drug concentration

13,18,19]

and the melanin in hair analysis' . In present

work , our data also showed that higher concentration of
COC and BZE occurred in black hair than those in
white and brown ones. Figure 4 displays COC and BZE
determined in different hair samples collected from high

<

dose group.
2500 - Cocaine determined in guinea pig’s hair
A O White
2000 Brown
Black
1500+
1000+
. 7
‘o0
g 500 %
il
Sl B
g H1 H4
E=
% 400 - Benzolyecgonine determined in guinea pig’s hair
g B O White
8 300 F Brown
Black
200
“l % r—%
1 =
H1 H2

H3

Hair sample

Figure 4 COC (A) and BZE (B) determined in hair
samples from guinea pigs which received high dose (10
mg - kg™") of COC

One suggested explanation is that analytes
incorporated with eumelanin, one major subtype of

melanins , in hair by electrostatic force. And black hair
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has more eumelanin than other color hair'""**’.

On the other hand, in white hair which contains
no melanin, COC and BZE were found out, too. This
that
predominant factor in the mechanism of analytes’

. . . [20,21
Incorporation into ha.lr[ 2,

result supported melanin is not the only

Conclusion

A rapid LC-MS/MS method has been established,
which is of high specificity and sensibility to analyze
COC and its major metabolite BZE in hair after a single
And the validated method was
successfully applied to guinea pigs who received one
single dose of COC. Both COC and BZE could be
detected in the first week and [ COC ]/[ BZE ]
Additionally,
there was a higher concentration of COC than that of
BZE occurred
physicochemical properties; and incorporation of COC
and BZE into hair is highly related with given dose and
hair color.

dose administration.

indicated few external contamination.

in hair because of their different
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