Idaho State Police Forensic Services Toxicology Discipline Analytical Method

Section Six
Urine and Blood Toxicology

6.1

Extraction Methods for LCMS-QQQ Confirmation

6.1.2

Confirmation of Cannabinoids in Blood and Urine

6.1.2.1 BACKGROUND

3

A°-THC (Figure 1) is the chief psychoactive cannabinoid resulting from exposure to
marijuana. A°-THC has a peak blood concentration within 5 to 15 minutes
following smoking of a marijuana cigarette.*>® This blood concentration drops
rapidly after cessation of smoking.** The level may fall to less tha% puL within 30
to 60 minutes, although longer detection times have been repo €d,™ Detection of
low dose (1.75%) post-smoking A’-THC has been reported & ary from 3 to 12
hours.> This detection window was based on a limit of ation of 0.5ng/mL.
The number, duration, and spacing of puffs, hold tim&nmhalatlon volume all
impact the degree of drug exposure and thus bioavaﬂ@ > Longer detection times
have been observed for frequent users. A’-T \1s metaboh@ to an active
metabolite, 11-hydroxy-tetrahydrocannabinol, n1 ctive olite, 11-nor-9-
carboxy-tetrahydrocannabinol (carboxy-T on of the A>-THC
inactive metabolite, carboxy-THC, grad 18\ é? y plateau for several
hours.> There is poor correlation be Q @nd psychoactive effects
since the A’-THC concentratlon\ n t&echﬁi} rior to the time of peak
effects.*> The detection wind. the tes is much shorter than that of
carboxy-THC.” Cannabinol ar@ cann inor cannabinoids also found in

marijuana.®® Due to thelr ab @we clearance from blood, and similar
pharmacokinetic proﬁl \2§ occasional smokers, the presence of

cannabidiol and can mo been suggested to be a sufficient but
unnecessary marke@or re a use.®

Negatlve ral ed from exposure to marijuana include altered

time per ntratlon impaired learning and memory which can

lead to @pal of 1tlve and performance tasks.’ Establishing impairment

1n d1v1dua 18 on evaluation of all available information in conjunction
quantltatlv levels.

O or addltIO@ ckground refer to analytical methods 2.4.4 and 3.10.1, as well as
e

provided refefences.

Figure 1.
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6.1.2.2 SCOPE

This method is used for the confirmation of A’-THC, 11-nor-A’-THC-9-COOH
(Carboxy-THC), 11-hydroxy-A’-THC (Hydroxy-THC), cannbinol, and cannabidiol in
blood and urine. The words calibrator and calibration are used to coincide with the
terminology in instrument software and manufacturer manuals. The manufacturer’s
term calibrator refers to what is considered by ISP-FS as reference material that has a
certified concentration of drug present.

6.1.2.3 EQUIPMENT AND SUPPLIES

6.1.2.3.1
6.1.2.3.2
6.1.2.3.3
6.1.2.3.4
6.1.2.3.5
6.1.2.3.6
6.1.2.3.7
6.1.2.3.8
6.1.2.3.9
6.1.2.3.10
6.1.2.3.11
6.1.2.3.12
6.1.2.3.13

Agilent 6410B LC/MS/MS system and MassHunter softwqg
16x100mm silanized extraction tubes & caps 75
Tapered glass tubes for evaporation and reconstituti%\o

Glass transfer pipettes W\

Calibrated pipettes for accurate dispensing of %es 10 uL to 4 mL
Auto-sampler vials with snap-caps for Agil 00 and/or 1260 ALS
Flat-bottomed inserts compatible with th& vials in 6 3.6

Test tube rocker or rotator

i @
Centrif
Oilerflolrl%;aterbath Q \ C) QA

Evaporative concentrator %)

pH indicator strips \0
Calibrated thermometer \

SO
oK

6.1.1.4 REAGENTS
pr §a

6.1.2.4.1
6.1.2.4.2
6.1.2.4.3
6.1.2.4.4
6.1.2.4.5
6.1.2.4.6
6.1.2. 4

61268
g®410
2411

612412

Refer to manual section 5. 2@7 @ @gﬁmtlons.
.1.2.4. Glacial Ace cid
& NS

Sons

10N NaO,

10% ¢ Acxém ®)
S

Delon d Wat,

LC/M e Acetonitrile

Extraetteh onstitution solvent: 1:1 Water:Acetonitrile (LC/MS grade only)
L grade formic acid (optional)

0.194 formic acid in water (mobile phase A)

0.1% formic acid in acetonitrile (mobile phase B)

6.1.2.5 QUALITATIVE ASSURANCE: REFERENCE MATERIALS AND CONTROLS

6.1.2.5.1

Calibrator and Control Solutions

Corresponding calibrator and control reference material shall be obtained
from different vendors, or be from different lot numbers if suitable second
vendors are not available. NOTE: Stock solution concentrations other than
those listed here may be obtained, but appropriate addition volume
adjustments must be made when direct spiking or preparing working
solutions. Stock solutions should be stored as recommended by vendor.
Lipomed reference materials shall not be used for controls (except the
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carboxy-THC-glucuronide control) described in this method, as the ion
ratios consistently failed during validation experiments.

6.1.2.5.1.1 Reference Material Stock Solutions
6.1.2.5.1.1.1 Single component cannabinoid-class
reference solutions
A°-THC
11-nor-A’~THC-9-COOH
11-hydroxy-A°-THC

Cannabinol )
Cannabidiol %)
WO
6.1.2.5.1.1.2 Reference Materl orking Solutions
Refer to Appe 1 for the preparation
instructions aeg stability of the working
solutlons

N
6.1.2.5.1.2 Internal Standard &ﬁllo Q
6.1.2.5.1.2.1 "Q( \{(k/mL)

*\\0 1-@“%@ -COOH-D3

@.’ 1 .@2.2(3?)rking Solution
@) efer to Appendix 1 for the preparation

Q\$ QO instructions and stability of the working
O

Q/ solution.

Required @act@%ntr or all options contained in this method:

6.1.2. SE\' Extracted\Negative Control
Ane d negative control will be run for each matrix that is included

in& n. The controls may be commercially obtained or in-house urine
n

\OQ od verified to be negative for drugs of interest. The same lot of
Q gative urine or blood should be used for extracted calibrators and all
controls made in house.

6.1.2.5.3 Extracted Positive Control
Extracted positive controls will be run for each matrix that is included in
a run. Positive Controls can be prepared with single or multi-component
working solutions and/or obtained commercially.

6.1.2.5.3.1 URINE
The positive control must have at least two compounds in it
that are included in the scope of the method, at an
approximate concentration between 5 and 25 ng/mL for all
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Qb

S

OQ

1.2.54

&

compounds except carboxy-THC. The response for
carboxy-THC should be between 25 ng/mL and 125
ng/mL. (Note: spike with 5-25 pl of the low control
working solution). The compounds in the controls cannot
be the same lots as were used for the calibrators. For the
control to be considered passing, it should give a response
greater than the LOD for each intended analyte. NOTE:
carboxy-THC-glucuronide may be one of the compounds
included in this control. If included in the positive control,
a separate glucuronide control is notgrequired. The
concentration of the glucuronide cor&ljﬁd shall meet
criteria specified in section 6.1.2. 5.44’\

6.1.2.5.3.2 BLOOD K
In blood, two positive contr @ ould be run. One control
shall be a low control, a concentt(aa( n between 5
ng/mL and 10 ng/mL @ 1 compou cept carboxy-
THC. The response@ car ‘I@hould be between
25 ng/mL and d control shall be
either mids ‘er I&-co %(atlon control at an
approx1mate ion %@ween 25 ng/mL and 100
ng/mL f 0 xcept carboxy-THC. The
respo or t car@w “THC should be between 125
1% ant\) (Note: for the low control, spike
w%: ft control working solution and for the
1d t ol, spike with 25-100 pl of the high
cor@ solution). Both positive controls must
ntam two compounds included in the scope of
6@' OQh as follows: any analytes being quantitated, and
one other analyte For the control to be considered

@ ing, it should give a response within 20% of the target
N ncentration for the analyte being reported quantitatively.
For analytes being reported qualitatively, a response greater
@% than the LOD is considered passing.
racted Glucuronide Controls (URINE ONLY).
A positive glucuronide control is required for any run that includes urine
samples. This control may be obtained commercially or prepared in-
house by spiking negative urine. Carboxy-THC-glucuronide should be

used, and the approximate concentration should be between 10 and 200
ng/mL.

6.1.2.5.4.1 Stock Solution
100 pg/mL Carboxy-THC-Glucuronide

6.1.2.5.4.2 Working Glucuronide Solution (10 ng/uL)
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6.1.2.6 PROCEDURE

Add 10 pL of 100 pg/mL Stock Solution to 990 puL of
MeOH or Acetonitrile. Solution is stable for one week when
stored under refrigeration.

6.1.2.6.1 Calibrator preparation (calibrators shall be prepared and extracted with
each run; calibrators must be prepared and extracted for each matrix
included in the analysis run).
6.1.2.6.1.1 Label an extraction tube for each calibrator. Add 1 mL of
matrix (blood or urine), then spike each with- 10 puL of 1.0
ug/mL ISTD mix, as well as the followi umes of
reference material. Extract as describﬁ;&cﬁon 6.1.2.6.2.
NOTE: A minimum of 4 calibratio@go ts are required to
establish a valid calibration cu% Analysts may
determine which concentrati vels are appropriate and
elect to run the minimum er of calibrators; all quality
assurance requiremen é@st b successﬁk met.
.{'\ N
Sample Type 0.1/0.5 pg/mL q 00 pg/mL OR
Target Mix ar HC stock | 1.0/5.0 pg/mL
KR Q {' \ Target Mix
1/5 ng/mL Cal 1 10 g%\‘ K ,( - -
2/10 ng/mL Cal 2 ﬁgu \a\ ((/%‘ - -
5/25 ng/mL Cal 3 ,‘go Hgé N - -
10/50 ng/mL_Cal 4 [)"100sL" 83 - - -
25/125 ng/mL Cdl3)" 230uL~ND - - 25 uL
50/250 ng/mL €al6 | Y -~  50puL 2.5 uL 50 uL
100/500 ng/ Tal R (\V 100 pL 5uL 100 pL
O\
6.1.2.6.2 Bla O &
A ONyeXtr lank or negative control will be run directly preceding

Q‘OQ

each ca@@nple to rule out carryover. The area response of the blank

in the case sample, and must be below the limit of

@ ation
confirmation

prec sample must be at least 10 times less than any compound
co%d in

for any analyte confirmed in the case sample. If
criteria (e.g. ion ratios) are not met, the analyte is not

considered present.

6.1.2.6.2.1

6.1.2.6.2.2

Multiple non-extracted blanks may be prepared and used..
To prepare, spike a tapered bottomed tube with the
appropriate amount of internal standard (ie 10 pL if
reconstituted in 100 pL reconstitution solvent or 20 pL
internal standard if reconstituted in 200 \L reconstitution
solvent, etc.)

Evaporate the spiked internal standard to dryness under
nitrogen at ~ 40 degrees C. It is critical that the extracts
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are evaporated completely to dryness, but DO NOT
over-dry.

6.1.2.6.2.3 Reconstitute the dry extract in the appropriate volume of
1:1 Acetonitrile:Water. (NOTE: The reagents for this step
shall be LC/MS grade.). Transfer the reconstituted sample
from the evaporation tube into to the corresponding
autosampler vial and cap.

6.1.2.6.3 Casework sample and control preparation (%)
6.1.2.6.3.1 Casework and Control Samples (Blood p&‘%rine)
6.1.2.6.3.1.1 Transfer I mL casework and c.&ﬁrols to extraction

tubes. é

6.1.2.6.3.2 Internal Standard Addition, ci
6.1.2.6.3.2.1 Add 10 pL of 1.0 ISTD mi%o each blank,
A%

QC and case saﬁin Sex t(@&g.
612,623 Sample Hydrolysis @tine 0L Y)\ )

6.1.2.6.3.3.1 Enzyme hydrolysis: usin librated pipette, add

40 L, N to %{n alibrator, control and
ca \Qampl and verify that pH >10.

6.1.2.6.3.3.@ er{&%r%%ﬁor oven temperature. Cap and
(8\ ingubate a@e for 20 minutes. Remove from heat
%\. allo@ cool.
N O
@6%@ @a calibrated pipette, add 25 pL of Glacial

N\ tic Acid to each calibrator, control and case

6’0
A\ 00 ample. Vortex and verify that pH is ~5.5 (pH 5-6 is
5\ & acceptable). Proceed with extraction at section

OOV & 6126045

&V
Q@ 6.1.26.34 Extraction
Q\O ()Q)ﬁ 1.2.6.3.4.1 Add?2 mL of deionized water to each tube

containing blood. Vortex to mix.

6.1.2.6.3.4.2 Using a calibrated pipette, add 0.8 mL of 10%
Acetic Acid in Water to each tube containing blood.
Vortex to mix.

6.1.2.6.3.4.3 Add 8 mL of 10% Ethyl Acetate in Hexane to each
tube (blood) or 3 mL of 10% Ethyl Acetate in
Hexane to each tube (urine).

6.1.2.6.3.4.4 Rock or rotate tubes gently for no less than 10
minutes.
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6.1.2.6.3.4.5 Centrifuge the tubes at approximately 2500-3500
rpm for 5 minutes.

6.1.2.6.3.4.6 Using a glass transfer pipette, transfer most of the
upper organic layer from each tube to the
corresponding labeled conical evaporation tube.
Avoid transferring any solids.

6.1.2.6.3.4.7 Evaporate the organic phase to dryness under
nitrogen at ~ 40 degrees C. Start the airflow slowly

(~5-10 psi) to avoid splashing tube fontents. It is
critical that the extracts are ey, ated

completely to dryness, but OT over-dry.
6.1.2.6.3.5 Reconstitution %Q
6.1.2.6.3.5.1 Reconstitute the dry.sxtract in 100
gz;ts}lllclltlrlﬂbz Wat@\ NOT. E T) hqﬁ ents for this

6.1.2.6.3.5.2 With a s pipét Qr %\most of the
recon@ fituted S&@p @ the evaporation tube into
o-

-sampler vial with flat-
q ‘E@Q p Do not transfer any solids.
fthe nstt, extract is cloudy or viscous,
\® cen}afuga&\ 000 rpm for ~5 minutes, then
%\(b Sferw the supernatant to the ALS insert.

6.1.2.64 Inst
Sﬁ | 5.13 for instrument maintenance, operation and
S\ ta a@sw& ures

56 6.1. Begm the Worklist by clicking on the Multiple Vial icon
K on the top center of the MassHunter Acquisition screen.
@ The cycle time for each injection is ~15 minutes.

&
Q%‘?2.6.5 Qch Review

6.1.2.6.5.1 The lab criterion for acceptable calibration curve
R? is >0.98.

6.1.2.6.5.2 The limit of detection (LOD) is the same as the limit of
quantitation (LOQ) for blood quantitative analysis results.
Once uncertainty of measurement has been established,
A’-THC may be reported quantitatively. For all other
analytes in blood and all analytes in urine, only qualitative
confirmation of results may be made.
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The established LODs for each compound are as follows:

Analyte LOD
A°-THC 3 ng/mL
11-nor-A°-THC-9-COOH 10 ng/mL
11-hydroxy-A°-THC 5 ng/mL
Cannabinol 5 ng/mL
Cannabidiol 5 ng/mL 0.@

6.1.2.6.5.3 The default criteria for a posmx% It are:

6.1.2.6.5.3.1 The sample must hav¢ 3 concentration no less than
the established LOQ r each analyte, Samples with
concentrations alit 1vely- ed analytes
exceeding tl@h hestg b ay be reported
without céq rovided that
retentu@tlme equirements are met.

pour@ at E? uantitatively reported, the
ntr ithin the range established

y the @br r each analyte, or reported as
\Q >1@® r@wded all other reporting criteria are

6.1.2.7 QUALITY ASSU R QQI NTS
6.1.2.7.1 Re ytical methods 5.8 and 5.10 for additional quality
anc )&nce material authentication requirements.

6.1.2.8 ANALQSC%OCQ/IE@ ION
6.1 2@1 The prlr‘ esults for each case sample and accompanying blank will be

incl with the analysts’ notes. Case results are to be recorded in the

OQ ystem.
Q\

6.1.2.8.2 The reports for the batch and controls will be stored centrally by the lab
in which the analysis was performed. When necessary, a copy of control
printouts can be prepared from the centrally stored document.

6.1.2.8.3 The data from the run will be stored electronically, and if it is on a
computer, will be backed up at least every two months.

6.1.2.9 LIMITATIONS OF METHOD
6.1.2.9.1 The hydrolysis process for glucuronides in urine has limited efficiency;
based on the validation study, the estimated conversion is about 30-50
percent.
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6.1.2.9.2

This method has only been evaluated for qualitative identification of the
listed compounds in urine and blood. The uncertainty associated with the
quantitative values has not been established; therefore, quantitative
values are not to be reported or expressed. Once the uncertainty of
measurement is established for this method, it will be evaluated for
quantitative reporting of A>~THC in blood samples only.

6.1.2.10 REFERENCES

6.1.2.10.1

6.1.2.10.2

6.1.2.10.3

6.1.2.10.4

6.1.2.10.5

6.1.2.10.6
%

Q ééQlO 7

6.1.2.10.8

6.1.2.10.9

This method was obtained independently from Agilent and Washington
State Patrol (WSP) Toxicology Laboratory. Patrick Fr% from Agilent

came to the Idaho State Police Forensic lab located in ur d’Alene and
provided application training July 23-26, 2012. A%ﬁp Black (Quality
Manager at WSP) provided copies of their valid, documents to assist
with the validation of this method in the ISP %@gic Services laboratory

system. .

\0
Dr. Ryan van Wagoner with Spo ed ne Re @h and Testing
Laboratory (SMRTL), provided co rthe validation of

this project. This was funded?c s ute of Justice under
the 2013 Paul Coverdell For, S(:1 ement Grants Program.
F

The grant number is 7004\

Williamson S.C, ISIQowaL@ Ar@p al Methods 2.4.4 and 3.10.1.

Standard Oper, a@s lood SPE THC and Carboxy-THC
GC/MSD I@n‘[ anada Office of the Chief Medical
Exam1n66

@ M. %an s (Marijuana) - Effects on Human Behavior and
& rmaGQ ,{Q}\c Science Rev. 14(1/2): 16-60, 2002.

QDru?@er OM,¢ Cannabis, pp. 178-212. in: The Forensic Pharmacology

of Drug@étbuse Arnold: London, 2001.

Hu§ M. Marijuana. pp. 229-244. in: Principles of Forensic
1@ ology, Second Edition. Levine, B. ed., AACC, 2003.

Desrosiers, N.A.; Himes, S.K.; Scheidweiler, K.B.; Concheiro-Guisan,
M.; Huestis, M.A. Phase I and Il Cannbinoid Disposition in Blood and

Plasma of Occasional and Frequent Smokers Following Controlled
Smoked Cannabis. Clinical Chemistry, 60:4, pp. 631-643, 2014.

Nadulski, T., et al. Simultaneous and Sensitive Analysis of THC, 11-
OHOTHC, THC-COOH, CBD, and CBN by GC-MS in Plasma after Oral
Application of Small Doses of THC and Cannabis Extract. Journal of
Analytical Toxicology, Vol 29, pp. 782-789, November/December 2005.
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Appendix 1:

Q‘OQ

1.0 pg/mL ISTD mix in methanol

(Document on a prep sheet with an expiration of one year, store frozen)

Fill a 10 mL volumetric flask about half full with methanol, add 100 pul of

100 pg/mL stock solution of the following compounds. (If the stock solution is a
different concentration you will need to adjust addition volumes.)

A°-THC-D3, 11-nor-A°-THC-9-COOH-D3, 11-hydroxy-A’-THC -D3,
Cannabinol-D3, Cannabidiol-D3 S

<
QO
3\

\

%)
CALIBRATOR/CONTROL Working Solution P@ration Options:

QS with methanol and ensure it is thoroughly mixed.

High Working Solution OPTION 1: 1 ug/mLfl}rget mix in @thanol (Note:
11-nor-A°-THC-9-COOH is NOT mcludedx is waNkin on.
(Document on a prep sheet with an expjr n of, re frozen)

In a 10 mL volumetric flask fill th @sk abo\'cg ‘?}wnh methanol, add
10 pL of 1 mg/mL (or 100 pL lutlon of the following
compounds (If the stock so 1s a centration, you will need to
adjust addition volumes. ) Q/ns '

A°-THC, 11- hydro%@}f HC@an , Cannabidiol
QS with metl%@and @l e 1®gl%roughly mixed.

ion OPPION 2: 1/5 ng/mL Target mix in methanol
D With an expiration of one year, store frozen)

@E: the 1 ug/ ncentration refers to all analytes except carboxy-THC, the
ncentratio rboxy-THC in the working solution is 5 ug/mL.

Inal0 r@ umetric flask fill the flask about half full with methanol, add 500
pL of 11316r-A°-THC-9-COOH stock solution (100 pg/mL) AND 10 uL of
Img/mL (or 100 pL of 100 pg/mL) stock solution of the following compounds
(or adjusted volume based on stock concentration):

A°-THC, 11-hydroxy-A°-THC, Cannabinol, Cannabidiol

If the analyst makes this working solution with carboxy-THC, no carboxy-THC
stock should be spiked into the calibrators as described in Section 6.1.2.6.1.1.

QS with methanol and ensure it is thoroughly mixed.
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Low Working Solution OPTION 1: 0.1/0.5 ng/mL Target mix in methanol
(Document on a prep sheet with an expiration of one year, store frozen)

NOTE: the 0.1 ug/mL concentration refers to all analytes except carboxy-THC;
the concentration of carboxy-THC in the working solution is 0.5 ug/mL.

In a 10 mL volumetric flask fill the flask about half full with methanol. Add

1 mL of 1 pg/mL Target Mix working solution (See OPTION 1 for Target Mix
preparation) AND 50 pL (100 pg/mL) carboxy-THC stock solution. QS with
methanol and ensure it is thoroughly mixed. )

9
Low Working Solution OPTION 2: 0.1/0.5 ng/mL Tar. \mix in methanol
(Document on a prep sheet with an expiration of one(yé@ store frozen)

NOTE: the 0.1 ug/mL concentration refers to all apalytes except carboxy-THC;
the concentration of carboxy-THC in the wor. lutzon?’g\f@/mL

In a 10 mL volumetric flask fill the ﬂ }@ methanol. Add
1 mL of 1/5 pg/mL Target Mix workm solu 0 ION 2 for Target Mix

preparation). QS with methanol a SHI%LIS tl@Q hly mixed.
*@ O @

q}\o o
s\\é & ,{(/
o O <«
Q){& S
X &>
”T O
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