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APPLICATION BENEFITS INTRODUCTION

B Fast extraction protocol (45 min) In the field of forensic toxicology, several challenges exist with quantification
m Trace level detection (ppt) analysis of cocaine in post mortem samples, including its rapid half-life due
to hydrolysis within hours of death and postmortem redistribution. Cocaine
SO ez can prove difficult to quantify in blood, urine, and soft tissues and correlate
findings with drug dosage before death. Alternative matrices, such as hair,
nails, and bone could prove useful in detecting chronic drug use in post-
mortem toxicology cases. If a human body has undergone decomposition
and putrefaction, toxicology screens of soft tissue samples are difficult to

accomplish as well.

Detection and quantification of drugs in complex matrices is difficult to
accomplish due to time-consuming extraction processes, and inability to
detect an analyte at trace levels. Further, analysis of drugs in hard tissues,
such as hair and bone, has only been attempted in recent years. Even
fewer studies have investigated detection of drugs following decomposition
of remains, specifically outdoor decomposition. A robust extraction and
clean up methodology, in which a homogenization step precedes, is
required to efficiently extract drugs from complex matrices, reach a
target limit of detection (LOD) and to maintain instrument performance.
The use of advanced hyphenated instrumentation platforms, such as
UPLC®-MS/MS has allowed analysts to detect trace levels of analytes.
However, there is a delay in analysis due to the out-dated, extensive

and time-consuming sample preparation protocols required to reach

sub ng/mL levels. Traditional solid phase extraction techniques used

in most laboratories require a lengthy evaporation step, which can take
hours. A micro extraction protocol combined with a multi-dimension

chromatography can decrease sample preparation time without
WATERS SOLUTIONS sacrificing the quality seen with current single dimension
ACQUITY UPLC*® with 2D Technology, chromatography techniques."234

MassLynx 4.1, Xevo® TQD n
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EXPERIMENTAL

Two MRM transitions (quantification and confirmation) for Cocaine, Benzoylecgonine, and Ecgonine methyl ester were selected
and optimized. The MRM conditions are listed in Table 1.

Drug lon Mode Precursor ion Cone Product ion CE
182.1 20
Cocaine ESI + 304.1 30
82.1 25
168.1 15
Benzylecgonine ESI + 290.1 30
105.1 30
) 182.1 15
Ecgonine Methyl Ester ESI + 200.1 30
82.1 20
) 185.1 20
Cocaine D3 ESI + 307.10 30
85.1 30
) 171.1 20
Benzylecgonine D3 ESI + 293.1 30
105.1 30
. 185.1 20
Ecgonine Methyl Ester D3 ESI + 2031 30
85.1 25

Table 1. MRM transitions for cocaine, benzylecgonine, and ecgonine methyl ester.

All rat specimens used for this study underwent 10-12 week chronic intravenous self-administration of cocaine. This was followed
by a six-week period of abstinence, followed again by a three-week period of cocaine self-administration before being euthanized.
Average daily dosages for each rat fell within a range of 13-19 mg/kg. Fourteen cocaine positive rats were placed outside and above
ground in a gated facility for a period of 12 months. All recoverable skeletal samples were collected for testing. Drug free control rat
bones were also acquired by placing drug-free rats outdoors, above ground, until full decomposition occurred.

For this application, finding the optimum extraction and

chromatographic condition for this multi-residue analysis
posed a significant challenge. As seen in Figure 1, Cocaine,
Benzoylecgonine, and Ecgonine methyl ester share a common
rigid aromatic structure. The chromatographic conditions were
tested on several trapping chemistries (Oasis® HLB, XBridge® C,q
and XBridge C;) and separation chemistries (BEH C,,). The
loading (low pH, high pH & neutral pH) and eluting mobile

phase (MeOH + 0.5% formic acid & ACN + 0.5% formic acid) cocaine Benzylecgonine
were also optimized using an automated 6x6 process. 0. _O0CHj,

The homogenization process started by measuring 0.5 g of HsC-N

bone followed by an addition of 4 mL of methanol ina 15 mL @

plastic tube. The bone sample was homogenized using a high

speed impact process of 6000 rpm with ceramic ball bearings Ecgonine Methyl Ester

for approximately 5 minutes. The methanol homogenate

was centrifuged at 4000 rpm for 5 min and the supernatant
collected for further extraction. The solid homogenate was
re-extracted with 4 mL of water and the aqueous supernatant Figure 1. Chemical structure of cocaine, benzylecgonine, and ecgonine

was pooled with the previous method extract for the next step. mettiyiesten
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The pooled extracts were then filtered using a 0.45 um size
PTFE filter. The final filtered extract was then diluted in 100 mL
of MilliQ water. The extraction process was performed

on pre-conditioned mixed mode reversed-phase/ion

exchange sorbent (Oasis MCX 6 cc SPE barrel). The mixed
mode approach yields two eluting fractions, one fraction
comprised of neutral and acidic entities and the other fraction
concentrating the analytes with basic functionalities. The
cartridge was washed with 2 mL water with 0.1 N HCI, followed
by 2 mL of MeOH with 2% formic acid. The target analytes were

eluted with 2 mL 100% MeOH with 5% ammonium hydroxide
(See Figure 2). From an acetonitrile stock solution of 100 ppb,
20 pL of IS mix (Cocaine D3, Benzoylecgonine D3, Ecgonine
methyl ester D3) was added to the 2 mL elution to attain a final
internal standard (IS) concentration of 1 ppb. The use of a 2D
LC-MS/MS technology eliminates the need for an evaporation
step in the extraction method. The manual extraction and
sample preparation of the bone samples was completed in less
than one hour. The analysis was performed using 100 pL of the
final organic solvent (MeOH) extracts.

Step A

Add 4 ceramic ball bearing

v

Step B

«

3 days

A * Weight 1 g Bones
* Add 4 mL ACN

B < Homogenize 2 x 90 sec
 Centrifuge at 4000 RPM (5 min)
 Collect Supernatant

C - Filter Supernatant 4000 RPM (5 min)
D -« Repeat extraction with H,O
E ° Pool ACN + Water supernatant

F < Dilute with 100 mL MilliQ water
* Load onto MCX 150 mg cartridge

« Wash A: 5 mL 100 % Water + 0.1 N HCI
*« Wash B: 5 mL 100 % MeOH + 2% FA

G ° Elute 2 mL MeOH 5% NH,OH
» add 20 pL IS deuterated Mix

Caution: Do Not Evaporate to Dryness

.| H - Inject 100 uL

Figure 2. Extraction protocol for cocaine, benzylecgonine, and ecgonine methyl ester in rat bones.
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Chromatography and

MS/MS conditions

Loading conditions

Column:

Loading:

Flow rate:

At-column dilution:

UPLC conditions
UPLC system:

Runtime:

Column:

Column temp.:
Mobile phase A:
Mobile phase B:

Elution:

Flow rate:

Injection volume:

MS conditions
MS system:

lonization mode:
Capillary voltage:
Cone voltage:
Source temp.:
Desolvation temp.:
Desolvation gas:

Cone gas:

Oasis HLB 20 pm - 40 mg
(3.9 x5 mm)

MilliQ Water
(pH 10, 2% NH,OH)

2 mL/min

5% (0.1 mL/min Loading
pump and 2 mL/min
Diluting pump)

ACQUITY UPLC with 2D
Technology configured
for “Trap & Elute” with
At-column dilution

10 min

ACQUITY UPLC HSS T3,
21x50 mm, 1.7 ym

60 °C
Water + 0.5% formic acid

Acetonitrile +
0.5% formic acid

5 minute linear gradient
from 5% (B) to 95% (B)

0.5 mL/min
(Elution pump)

100 pL

Xevo TQD
ESI Positive
3.0 kV
90.0V

150 °C

550 °C

1100 L/hr
50 L/hr

RESULTS AND DISCUSSION

2D LC METHOD DEVELOPMENT

The analysis of cocaine, benzoylecgonine and ecgonine methyl ester
started with the chromatography optimization of the 2D LC-MS/MS.

The 2D LC-MS/MS is setup as depicted in Figure 3. This configuration

was constructed with two binary pumps, one set for gradient elution and the
second pump was re-plumbed for At-column dilution to create two streams.

‘LI—> —2> MS

Injector N
Loop D 1
Trapping
{» Dimension
f B

1

D 2 Resolving

waste N ;
Dimension

Separation Chemistries

BSM

Pum . o
R P Trapping Chemistries

Eluter

Loader/Diluter \

Loading Conditions Eluting Conditions

Figure 3. 2D LC configuration with At-column dilution.

The A side was set for loading the extracts from the injection loop onto a

50 pL mixer, while the B side was set at high flow rate for dilution following
a re-focusing effect on the trap column. From the chemical structures of the
target analytes, a high retention strength sorbent material (Oasis HLB) was
selected for the trap column, while a high strength silica C,; sorbent (HSS
T3) was chosen for the analytical column. The next phase of the optimization
was to select the trapping and elution conditions. As seen in previous
publications, a 6x6 2D LC evaluation grid (see Figure 4) gives an excellent
starting point to provide an overview of the chromatographic behavior for a
target analyte. For this application, the 2D LC optimization process focused
with methods 3, 6, 9, 12, 15, and 18. The results are tabulated in Table 2.
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6x6 Method Optimization (36 permutations)
10 min LC Run Time/18 hours

3x3 Method Optimization (9 permutations) 3x6 Method Optimization (18 permutations)
10 min LC Run Time/4.5 hours 10 min LC Run Time/9 hours
A 7| cus 8| nB 9 cs 16 | c18 17| uie 18
pH 10 Loading pH 10 Loading pH 10 Loading A pH 10 Loading pH 10 Loading pH 10 Loading
T pH 3 ACN Elution | pH 3 ACN Elution | pH 3 ACN Elution pH 10 ACN Elution | pH 10 ACN Elution pH 10 ACN Elution
oY I
o cs 4| c18 5| HLB 6 o cs 13| c18 14| HLB 15
c pH 7 Loading pH 7 Loading pH 7 Loading 8’ pH 7 Loading pH 7 Loading pH 7 Loading
'-6 pH 3 ACN Elution pH 3 ACN Elution pH 3 ACN Elution _6 pH 10 ACN Elution pH 10 ACN Elution pH 10 ACN Elution
@©
(o) cs 1 c18 2 HLB 3 @ c8 10 | c18 11| HB 12
) ) ) (@) ) )
- pH 3 Loading pH 3 Loading pH 3 Loading 1 pH 3 Loading pH 3 Loading pH 3 Loading
pH 3 ACN Elution pH 3 ACN Elution pH 3 ACN Elution pH 10 ACN Elution pH 10 ACN Elution pH10ACN
. Elution
Trap Retention Strength Elution pH
cs 25 | c18 26|y 21 cs 34 | c18 35| nB 36
pH 10 Loading pH 10 Loading pH 10 Loading pH 10 Loading pH 10 Loading pH 10 Loading
T pH 3 MeOH Elution pH 3 MeOH Elution | pH 3 MeOH Elution pH 10 MeOH Elution | pH 10 MeOH Elution pH 10 MeOH Elution
o
o c8 22 | c18 23| yie 24 cs 31 | c18 32| B 33
C pH 7 Loading pH 7 Loading pH 7 Loading pH 7 Loading pH 7 Loading pH 7 Loading
'-6 pH 3 MeOH Elution pH 3 MeOH Elution | pH 3 MeOH Elution pH 10 MeOH Elution | pH 10 meOH Elution pH 10 MeOH Elution
@©
@) 19 | c1s8 20 21 Cc8 28 | c18 29 HLB 30
- cs HLB i H 3 Load
pH 3 Loading pH 3 Loading pH 3 Loading pH 3 Loading ) pH 3 Loading . pH . ’(\J/la (\)ﬂg Eluion
pH 3 MeOH Elution pH 3 MeOH Elution | pH 3 MeOH Elution pH 10 MeCOH Elution | pH 10 MeOH Elution p © utio
Elution Polarity :

Figure 4. 6x6 method optimization with 36 permutations.

The color coded chart was created to identify which analytical conditions give the best chromatographic profile with a quick visual
survey. The green box depicts a Gaussian peak shape for quantification analysis. The yellow box was used to flag chromatography
issues, such as peak split, tailing, shoulder or leading profiles. Finally, the red box indicates an absence of signal, most likely due to
breakthrough effect during loading phase on the trap column or poor elution from the trap onto the analytical column. Additional
parameters can be adjusted to ensure proper mass transfer during loading and elution phase. One parameter in particular is the
sorbent bed mass on the first dimension. Two sorbent bed masses (40 mg vs 80 mg) were evaluated for the retention and elution of
the target analytes. As shown in Table 2, method 9 using an HLB 80 mg bed mass provided the best chromatography performance
for Cocaine, Benzoylecgonine, and Ecgonine methyl ester. The conditions for method 9 showcases a high pH loading (pH 10) using
a high retention trap sorbent, indicating that ecgonine methyl ester can only be trapped effectively as a neutral entity (pka 9.57)
(see Figure 5).
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Meth3 Meth3 Meth6 Meth6 Meth9 Meth9 Meth12 Meth12 Meth15 Meth15 Meth18 Meth18
40mg 80mg 40mg 80mg 40mg 80mg 40mg 80mg 40mg 80mg 40mg 80mg
HLB HLB HLB HLB HLB HLB HLB HLB HLB HLB HLB HLB

Ecgonine methyl ester (water)

Ecgonine methyl ester (MeOH)

Ecgonine methyl ester (ACN)

Benzylecgonine (water)

Benzylecgonine (MeOH)

Benzylecgonine (ACN)

Cocaine (water)

Cocaine (MeOH)

Cocaine (ACN)

Table 2. 6x6 grid results.

pH3 pH3

pH7

pH7

pH10

pH10

pH3

pH3

pH7

pH7

e7 trail  e8tail

pH10 pH10

e8 tail

Fig 5A 1: MRM of 2 Channels ES+ Fig 5B
B of 2 Channels 1: MRM of 2 Channels ES+ 1: MRM of 2 Channels ES+ . 2: MRM of 2 Channels ES+ 2: MRM of 2 Channels ES+
TIC (ecgonine methyl ester) TIC (ecgonine methyl ester) TIC (ecgonine methyl ester) 2 MRM of 2 Channels ES+ TIC (benzoylecgonine) TIC (benzoylecgonine)
3.57e5 359 96200 362 (benzoylecgonine) g
1007 - X .62¢! 1001 4.44 1.31e8 - 4.49 4.94e7 4.44. .63e8
Meth 3 Meth 6 Meth 9 Meth 6 Meth 9
ACN ACN ACN Vet s ACN ACN
PH3 pH7 pH 10 PH3 pH7 pH 10
S = K = B B
T200 300 | 400 500 600 300 400 | 500  6.00 200 300 400 | 500 | T200 300 | 400 500 | 6.00 N 300 400 500 600 200 300 400  5.00
1: MRM of 2 Channels ES+ 1: MRM of 2 Channels ES+ ]mr:m{w of 2 Char‘\;\e‘ls E‘S; 2 M’}:\éc(:ggngg;rgé;l:nﬁ; 2:MRM OLZ Cha‘nnels Es+) 2: MRM of 2 Channels ES+
TIC (ecgonine methyl ester) 3.5 i ‘ecgoninemethyl ester) TIC (benzoylecgonine, TIC (benzoylecgonine,
1007 {ecy viested . TIC (ecgonine methyl ecter) 364 P 1007 443 2937 - 442 27067 7 442 e e
Meth 3 Meth 9 Meth 3 Meth 6 Meth 9
MeQt! Yoot MeOH MeOH MeOH MeOH
pH3 PHT pH 10 pH3 PHT pH 10
B e S = = =
200 300 400 500 6.00 300 400 500  6.00 200 300 400 500 200 300 400 500 600 300 400 500  6.00 200 300 400 500
1: MRM of 2 Channels ES+ 1: MRM of 2 Channels ES+ 1: MRM of 2 Channels ES+ 2: MRM of 2 Channels ES+ 2: MRM of 2 Channels ES+ 2: MRM of 2 Channels ES+
1007 TIC (ecgonine methyl ester) _ TIC (ecgonine methyl ester) _ 3.63,TIC (ecgonine methyl ester) TIC (benzoylecgonine) TIC (benzoylecgonine) TIC (benzoylecgonine)
1.25e5 3.63e4 § 3.95e5 1007 443~ 5.62e7 1 442 5.05e7 442 7.40e7
Meth 3 Meth 6 Meth 9 Meth 6 Meth 9
Water Water Water Meth 3 Water Water
pH3 pH7 pH 10 Water pH7 pH 10
= = b = 3 =]
0~ T T T T T T T ™ Time Time T T h T T T T Time
Ti Time Time
200 300 400 500 600 300 400 500 600 200 300 400 500 200 300 400 500 600 300 400 500  6.00 200 300 400 500
Fig 5C
3:MRM of 2 QH(a:n(nels Es+) 3: MRM of 2 Channels ES+ 3: MRM of 2 Channels ES+
cocaine) TIC (cocaine] TIC (cocaine,
1009 473 2638 - 472 ( 2. 898) 1 aqi T 2,6898)
Meth 3 Meth 6 Meth 9
ACN ACN ACN
pH3 pH7 pH 10
B = B
200 300 400 500 6.00 300 400 500 6.0 200 300 400 500
3: MRM of 2 Channels ES+ 3: MRM of 2 Channels ES+ 3: MRM of 2 Channels ES+
473 TIC (cocaine) 472 TIC (cocaine) 471 TIC (cocaine)
1007 8.14e7 . ] 1.01e8
Meth 3 Meth 6 Meth 9
MeOH MeOH MeOH
pH3 pH7 pH 10
B S B
200 300 400 500 6.00 300 400 500  6.00 200 300 400 500
3: MRM of 2 Channels ES+ 3: MRM of 2 Channels ES+ 3: MRM of 2 Channels ES+
~ 4.74 TIC (cocaine) 472 TIC (cocaine) 471 TIC (cocaine)
100 8.14e6 ] 6.41e6 ] 7.27e6
Meth 3 Meth 6 Meth 9
Water Water Water
pH3 pH7 pH 10
B = =4
Time Time 0-T T T T T T T Time
200 300 400 500 6.00 300 400 500  6.00 00 300 400 500

Figure 5. Results for method 3,

6, and 9 with 80 mg HLB bed mass: A- Cocaine, B- Benzylecgonine, C- Ecgonine methyl ester.
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Therefore, the final protocol will use a pH

10 loading onto an 80 mg HLB on the first
dimension, followed by an elution with
acetonitrile at pH 3 onto a HSS T3 analytical
column. The final separation showed excellent
Gaussian peak shapes for all three analyte.
However, for a water spike, lower intensities are
usually expected due to secondary interactions
with the active sites, most likely due to ion
exchange retention with the glass vial surface.
The ionic interaction can be eliminated by simply
changing the diluent. In this case, methanol and
acetonitrile diluents both gave higher intensities.

SPE EXTRACTION EVALUATION

After selecting the optimum 2D LC conditions,
the bulk of the work focused on the extraction
optimization for cocaine, benzoylecgonine

and ecgonine methyl ester. Since all three
analytes contain a nitrogen atom in their distinct
structures, it was expected that these molecules
would exhibit high pKa values. As such, cocaine
is a weak base with a pKa of 8.6, ecgonine methyl
ester has a strong pKa value of 9.57, however,
benzoylecgonine displays two stronger pKa's,
one acidic at 3.35 and one basic at 10.82 value.

In this application, since the target matrix is very
high on the complexity scale (Class C matrix),
the extraction protocol will require a robust clean
up methodology and an evaluation of optimum
extraction conditions during the homogenization
process. Therefore, the first step was to choose
a solid phase extraction (SPE) protocol with

a superior clean up capability. In Figure 6, a
mixed mode sorbent (Reversed-Phase/Cation-
Exchange) was evaluated for the retention and
elution of the three target analytes spiked at 1 ppb
in 100 mL water. The results are listed in Table 3.
For maximum retention, two bed masses were
evaluated. The bed mass sizes included a 60 mg
(3 cc volume capacity) and 150 mg (6 cc volume
capacity). With the 60 mg and 150 mg cartridge,
the extraction values for cocaine showed
consistent levels for all six elution solvents, while
only the methanol elution on the 150 mg bed
mass demonstrated acceptable responses for
benzoylecgonine and ecgonine methyl ester.

(o] Benz Ecg

MCX 60 mg (Area) (Area) (Area)

Wash step (MeOH) 5497 483 747
MeOH (pH 10) 25808 2199 5515
Wash step (MeOH) 2472 100 559
ACN (pH 10) 34316 813 3187
Wash step (MeOH) 3128 42 189

Acetone (pH 10) 18699 52 8

Wash step (MeOH) 3452 194 570
50/50 MeOH/ACN (pH 10) 31471 1529 1371
Wash step (MeOH) 3680 73 567
95/5 ACN/Ethyl Acetate (pH 10) 33225 388 1243
Wash step (MeOH) 21 37 469
95/5 ACN/MTBE (pH 10) 46281 699 1013
Coc Benz Ec

MCX 150 mg (Area) (Area) (Arega)
Wash step (MeOH) 29 391 98
MeOH (pH 10) 29915 10978 10366
Wash step (MeOH) 12 181 201
ACN (pH 10) 36711 3192 5833
Wash step (MeOH) 16 69 232
Acetone (pH 10) 24350 133 17
Wash step (MeOH) 15 244 249
50/50 MeOH/ACN (pH 10) 35306 8130 4652
Wash step (MeOH) 64 77 285
95/5 ACN/Ethyl Acetate (pH 10) 39660 1138 3147
Wash step (MeOH) 22 48 376
95/5 ACN/MTBE (pH 10) 46354 896 3148

Table 3. Recovery values for MCX 60 mg versus MCX 150 mg cartridge.

Step F

A ° Spike 100 mL MilliQ water @ 1.0 ppb
* Load onto MCX 60 mg or 150 mg cartridge

B « Wash A: 5 mL 100% Water + 0.1 N HCI
* Wash B: 5 mL 100% MeOH + 2% FA

c Elution Optimization:
* Elute 2 mL MeOH 5% NH,OH

* Elute 2 mL ACN 5% NH,OH

¢ Elute 2 mL Acetone 5% NH,OH

* Elute 2 mL 50/50 MeOH/ACN 5% NH,OH

* Elute 2 mL 50/50 ACN/Ethyl Acetate 5% NH,OH
* Elute 2 mL 50/50 ACN/MTBE 5% NH,OH

Caution: Do Not Evaporate to Dryness

D ¢ Inject 100 uL

Figure 6. Elution optimization protocol.
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The next phase of the application was to optimize
the solid-liquid extraction of the solid sample

(rat bones) and evaluate the proper loading
condition onto the mixed mode SPE sorbent. The
homogenization process is typically performed
with a common kitchen blender or a hand-held
homogenizer (ex: Polytron). Those techniques

can be cumbersome and are difficult to apply

to small mass samples. In recent years, novel
developments with ceramic or stainless steel ball
bearings in combination with high speed orbital
shakers have shown the ability to reach complete
cell membrane breakdown in less than 60 seconds
(see Figure 7). With variable cycle speed, this novel
homogenization protocol can process sample sizes
from 0.1to 5 grams. In this application, the mass
range of rat bone sample was between 0.2 and

0.8 grams. Once a sample was completely
homogenized, it was centrifuged into a solid

pellet on the bottom of the tube with the organic
supernatant above. The organic supernatant was
then filtered and decanted. Depending on the
extraction conditions (pH and polarity), the target
analyte is expected to be in solution and un-bound
in the extraction solvent. In some applications, this
crude extract can be used directly for quantification,
however there is a high risk the raw sample extract
will seriously reduce the robustness of the
LC-MS/MS performance after a few injections. In
traditional SPE protocols, when the target analyte
is dissolved in a high percentage of organic solvent,
the supernatant is usually evaporated to dryness
and reconstituted in an aqueous diluent for further
clean up. In instances where an evaporation-to-
dryness step is needed, there is a risk of evaporative
loss or possible re-dissolution issues. An effective
way to avoid this lengthy step is to simply dilute

the organic supernatant in a large agqueous volume
at an organic/water ratio of less than 5%. A water
volume between 100 and 200 mL is more than
adequate to reach low organic ratio without any
risk of breakthrough on the trapping column during
loading phase. It may be perceived as a drawback,
since the loading volume is quite large. However,
with a loading flow rate at 10 mL/min and using a
large bore SPE barrel (6 cc with 150 mg bed mass),
a 100 mL sample can be concentrated in 10 min,
while evaporating to dryness can take several
hours to complete.

Detection of Cocaine and Its Major Metabolites in Rodent Bone Following Outdoor Decomposition

Figure 7. High speed homogenization process.

For this application, the bone samples were extracted with two solvents
using two sequential steps. Preliminary results indicated that a bone sample
extracted with methanol, followed by a second extraction with water would
yield better results for the two metabolites, which appear to have a higher
affinity for aqueous interaction than with polar solvents. For this portion

of the work, a 0.5 gram bone sample was used to optimize the solid-liquid
extraction pH and loading pH onto the Oasis MCX cartridge. The results
revealed consistent values for cocaine regardless of pH during extraction
and SPE loading. The challenge was to find the optimum condition for the
two metabolites. The extraction using methanol and water with no additive
combined with a high pH loading gave the best recoveries for all three
analytes (See Table 4).

COC ooy BeNZ (11 ECY (a1
Unextracted standards
MeOH 138434 58633 26338
Extracted standard MCX 6cc
meoh load pH 1 132113 57354 11875
meoh load pH 7 125769 55301 11809
meoh load pH 10 112949 42164 1725

Bone extracts

pH 1load - meoh/water/2% HCI 75568 28767 3971
pH 1load - meoh/water /NA 80143 31748 9701
pH 7 load - meoh/water/2% HCI 62008 24017 4880
pH 7 load - meoh/water/NA 78449 29321 10813
pH 10 load - meoh/water/2% HCI 72581 30894 6569
pH 10 load - meoh/water/NA 97985 32071 9758

Table 4. Loading pH study for bone extraction using MCX 150 mg cartridge.
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With the extraction protocol finalized, the chromatograms in Figure 8 show the chromatography profile for a methanol standard,

water extracted standard and a spiked bone sample at 500 ppt level. It is worth mentioning the stable baseline and the presence
of one single interference in the ecgonine methyl ester trace in both the water and bone extract. This suggests that the extraction
protocol is producing a very clean extract with an extraction time of 45 minutes.

5: MRM of 2 Channels ES+ 5: MRM of 2 Channels ES+ 475 5: MRM of 2 Channels ES+
100 475 TIC (Cocaine) 475 TIC (Cocaine) s TIC (Cocaine)
3.44e5

- gz?’g‘f‘d - \évpe?‘keero 5ppb = ggﬁfe 0.5 ppb

Un-extracted :
0
2.00 3.00 4.00 5.00 6.00 7.00 2.00 3.00 4.00 5.00 6.00 7.00 3.00 4.00 5.00 6.00 7.00
3: MRM of 2 Channels ES+ 3: MRM of 2 Channels ES+ 447 3: MRM of 2 Channels ES+
100 448 TIC (Benzoylecgonine) 448 TIC (Benzoylecgonine) TIC (Benzoylecgonine)
258e5 1.43¢5 6.80e4
= = =
0
2.00 3.00 4.00 5.00 6.00 7.00 200 300 4.00 5.00 6.00 7.00 3.00 4.00 5.00 6.00 7.00
1: MRM of 2 Channels ES+ 1: MRM of 2 Channels ES+ 1: MRM of 2 Channels ES+
100 361 TIC (Ecgonine Methyl Ester) 362 TIC (Ecgonine Methyl Ester) 362 TIC (Ecgonine Methyl Ester)
1.81e5 6.30e4 5.

u\a - = Figure 8. Chromatogram for MeOH
std, water extracted std, water
and matrix match extracted std

m E Time for Cocaine, Benzylecgonine, and
200 300 400 500 600 7.00 me 200 300 400 500 600 7.00 me 300 400 500 600  7.00 3 ’ y g ’
Ecgonine methyl ester.

SAMPLE QUANTIFICATION

When analyzing highly complex sample types (class C matrix or solids
samples), the extraction recoveries are most often overwhelmed by matrix
effects, which can lead to either suppression or enhancement in the MS
detector. These effects are related to the inability of the extraction protocol
to remove interferences from the raw sample. In this work, the extraction
protocol relies on a dilution effect (50:1) to avoid the time consuming
evaporation to dryness. With the solvent exchange step eliminated, the
organic extract from the homogenization process can simply be diluted

to reduce the organic content below 5% (optimum value for loading
without breakthrough effect during the trapping phase). However, large
volume loading will lead to an enrichment effect, which, if poor water
quality is utilized, will lead to possible enrichment of additional sources of
interferences. For this reason, optima grade water was used for the dilution
step. In most cases with complex sample analysis, the use of a deuterated
internal standard (post or pre spike) is an effective technique to leverage
suppression or enhancement effect from the total recovery. Also, the use
of matrix match standards versus neat standards, either extracted

or un-extracted, can lead to successful quantification.
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Figure 9. Recovery calculation in water vs. rat bone extracts. A- Cocaine, B- Benzylecgonine,
C- Ecgonine methyl ester.
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The calibration curve (0.05 to 10 ppb range) in
bone extracts gave excellent linearity response
with an R? value of 0.998 for Cocaine. For the two
Cocaine metabolites, the linear range was set
from 0.1to 10 ppb with a linear curve fitting

and R?values of 0.998 and 0.997 from
Benzoylecgonine and Ecgonine methyl ester.
The results for the biological specimens
collected immediately after euthanizing, T,,
(vertebrae, innominate, femur, ulna16, and
Humerus) are listed in Table 5. Representative
chromatograms for selected rat bones for
cocaine, benzoylecgonine and ecgonine methyl
ester are shown in Figure 10A, 10B, and 10C. The
results are tabulated in Table 5. As seen, Cocaine
and Benzoylecgonine can be detected in the
0.001to 0.1 ng/g range. The chemistries used for
this application gave an excellent performance
analyzing well over 1000 sample injections.
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Figure 10. Rat bone chromatograms at T, year and T2 year.
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Coc. Benz.

ng/g ng/g ng/g
A 0.052 0.050 ND
B 0.137 0.050 ND
C 0.183 0.029 ND
D 0.016 TLD ND
Ref 0.040 0.165 0.201
A:Innominate 3
B: Femur 19
C: Humerus + Ulna 16
D: Tibio-Fibula 10
Ref: Vertebrae T,
Coc. Benz. Ecgo. Coc. Benz. Ecgo.
ng/g ng/g ng/g ng/g ng/g ng/g
Innominate 1 0.007 0.052 ND Femur 1 TLD TLD ND
Innominate 2 TLD 0.065 ND Femur 2 TLD 0.026 ND
Innominate 3 0.052 0.050 ND Femur 3 TLD 0.115 ND
Innominate 4 0.005 TLD ND Femur 4 TLD 0.100 ND
Innominate 5 0.001 0.022 ND Femur 5 TLD 0.021 ND
Innominate 6 0.050 0.027 ND Femur 6 TLD 0.054 ND
Innominate 7 0.001 0.033 ND Femur 7 TLD TLD ND
Innominate 8 0.008 0.019 ND Femur 8 TLD 0.033 ND
Innominate 9 TLD TLD ND Femur 9 0.04 0.024 ND
Innominate 10 0.01 0.003 ND Femur 10 0.12 0.005 ND
Humerus + ulna 1 0.026 TLD ND Tibio-Fibula 1 TLD TLD ND
Humerus + ulna 2 TLD TLD ND Tibio-Fibula 2 TLD TLD ND
Humerus + ulna 3 TLD TLD ND Tibio-Fibula 3 TLD ND ND
Humerus + ulna 4 TLD TLD ND Tibio-Fibula 4 TLD 0.034 ND
Humerus + ulna 5 TLD 0.0138 ND Tibio-Fibula 5 TLD 0.005 ND
Humerus + ulna 6 0.019 TLD ND Tibio-Fibula 6 TLD TLD ND
Humerus + ulna 7 0.062 0.127 ND Tibio-Fibula 7 TLD 0.022 ND
Humerus + ulna 8 TLD TLD ND Tibio-Fibula 8 TLD TLD ND
Humerus + ulna 9 0.12 0.0623 ND Tibio-Fibula 9 TLD ND ND
Humerus + ulna 10 TLD TLD ND Tibio-Fibula 10 0.0159 TLD ND
Humerus + ulna 0.030 0.067 0.047
2 Ulna + 2 radii 0.028 0.055 0.049
Vertebrae 0.040 0.165 0.201
Tibio-fibula 0.085 0.184 0.201

Table 5. Recovery values for rat bones.
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