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Abstract

This application note details the extraction of THC-OH, THC-COOH, and THC from plasma samples using a

novel SPE sorbent, Oasis PRIME HLB, in a pElution format for forensic toxicology applications.

Benefits

= Faster, simpler, and cleaner sample preparation workflow compared to traditional SPE sorbents
= Efficient and consistent recoveries and minimal matrix effects

= No evaporation or reconstitution necessary with pElution plate format

= Linear, accurate, and precise results for all analytes

= Cleaner eluates with removal of over 99% of phospholipids compared with PPT

Introduction


http://www.waters.com

Amongst forensic toxicology laboratories, cannabis is one of the most frequently encountered drugs.! For
most forensic laboratories providing toxicological analyses, the confirmation, and quantification of A9-
tetrahydrocannabinol (THC) and its primary metabolites in whole blood or plasma is high on the list of
requests from clients and enforcement agencies, such as district attorneys and/or police departments (city,
county, or state levels).2 While whole blood is often used in postmortem forensic cases, whole
blood/plasma ratios can be quite inconsistent, particularly for COOH-THC.3 Therefore, for pharmacokinetic
studies involving medicinal uses or behavioral effects, plasma is often a preferred matrix.*° The ability to
efficiently extract and quickly analyze samples submitted by such agencies is seen as a definite benefit to
the laboratory. In this application, the efficient extraction and accurate quantification of THC and two
major metabolites, THC-COOH and THC-OH, is achieved using a novel solid-phase extraction (SPE) sorbent,
Oasis PRIME HLB, coupled with fast analysis using LC-MS/MS. This method offers a great solution for

laboratories looking to incorporate this type of analysis into their methodology portfolio.

Sample preparation is an important consideration for forensic toxicology laboratories. Specifically, there is
a desire to use the simplest possible method which yields the maximum cleanup. THC and its metabolites,
in particular, can be prone to non-specific binding during sample preparation and manipulation, so any
method that minimizes sample manipulation, evaporation, and reconstitution is desirable. This application
employs Waters’ newly developed sample preparation sorbent, Oasis PRIME HLB, which is designed to
provide several key advantages over traditional SPE sorbents. These include the ability to eliminate
sorbent preconditioning and equilibration, creating a faster workflow compared to traditional SPE
products. It also has the ability to remove more matrix interferences, particularly phospholipids, resulting
in cleaner extracts and reducing the risk of short column lifetimes or MS source fouling. Compared to
liquid-liquid extraction (LLE) methodologies, this method avoids the use of toxic, LC incompatible solvents
and does not require evaporation and reconstitution of the extracts. In addition, phospholipids are
generally not removed by LLE, so the extracts produced from this method are cleaner in that respect, with

less risk of ion suppression from residual phospholipids.

This application details the extraction and analysis of THC and its major metabolites, 11-hydroxy A-9-THC
(THC-OH) and 11-nor-9-Carboxy-A-9-THC (THC-COOH)® from plasma using an Oasis PRIME HLB uElution
Plate, followed by UPLC-MS/MS analysis. The SPE procedure is simple, fast and very efficient, with
concentration occurring through the device and elution in LC compatible solvents, allowing for direct
injection without subsequent evaporation and reconstitution of samples. Analysis is rapid and highly
consistent, with all analytes eluting in less than 3 minutes. Recoveries were excellent (all over 75% with
RSDs less than 6%) and matrix effects (ME) were minimal for all compounds (all MEs less than 20%).
Quantitative results were highly reproducible. Quality control results were within 10% of expected

concentrations and average RSDs within 5%.



Experimental

Materials

All standards and stable isotope labeled internal standards were purchased from Cerilliant (Round Rock,
TX, USA). Stock standards at 100 pg/mL were prepared in 40% methanol (THC, THC-OH, and THC-COOH). A
working internal standard (I.S.) solution, consisting of 100 ng/mL THC-D3, THC-OH-D3, and THC-COOH-D3
was also prepared in 40% methanol. Individual calibrator and quality control standard solutions were

prepared daily in 40% methanol.

Spiked plasma solution
100 pL of each working calibrator or QC standard and 100 pL internal standard were added to 1800 pL of
plasma to make calibration curves and QC samples. Calibrator concentrations ranged from 0.1-100 ng/mL

for all analytes. Quality control samples were prepared at 0.375, 1.75, 7.5, and 37.5 ng/mL in plasma.

Sample preparation
Sample pre-treatment
200 pL 0.1% FA in ACN was added to 100 pL plasma to precipitate out the protein in a micro centrifuge tube.

Then the mixture was vortexed for 5 seconds and centrifuged for 5 minutes at 7000 rcf. The supernatant

was then diluted with 400 puL water prior to loading.

SPE with Oasis PRIME HLB pElution Plate

The entire pre-treated sample was directly loaded on to the Oasis PRIME HLB pElution Plate (p/n
186008052) without conditioning or equilibration. All wells were then washed with 2 x 250 uL aliquots of
25:75 methanol:water. All the wells were then eluted with 2 x 25 pL aliquots of 90:10 ACN:MeOH and diluted
with 50 pL of water prior to analysis. 5 pL was injected onto the UPLC-MS/MS system. The SPE extraction

procedure is summarized in Figure 1.



Load

Prepared plasma sample

Wash
2 x 250 yL 25% MeOH

Elute
2 x 25 L (90:10 ACN:MeOH)

Figure 1. Oasis PRIME HLB extraction
methodology for THC, COOH-THC, and OH-THC
from plasma. With no conditioning and
equilibration, sample extraction is simplified to

just three steps.

Analyte recovery was calculated according to the following equation:

Area A

%Recovery = ( ) x100%

Area B

Where A equals the peak area of an extracted sample and B equals the peak area of an extracted blank

matrix sample in which the compounds were added post-extraction.

Matrix effects were calculated according to the following equation:

Peak area in the presence of matrix
Peak area in the absence of matrix

Matrix Effects = ( ) -1) x100%

The peak area in the presence of matrix refers to the peak area of an extracted matrix sample in which the
compounds were added post-extraction. The peak area in the absence of matrix refers to analytes in a neat

solvent solution.

LC conditions



UPLC system:

Column:

Column temp.:

Sample temp.:

Mobile phase A (MPA):

Mobile phase B (MPB):

Strong wash solvent:

Weak wash solvent:

Injection volume:

The gradient ramp is shown in Table 1.

Gradient

(Trl::ue) (mEI/?:;n.) A %E
0 0.6 50 50

1.0 0.6 50 50
3.0 0.6 5 95
3.5 0.6 5 95
3.6 0.6 50 50
4,0 0.6 50 50

Table 1. Mobile phase gradient. The compositions
of MPA and MPB are listed in the Methods

section.

Mass spectrometry

ACQUITY UPLC I-Class

ACQUITY UPLC BEH Cyg, 1.7 um, 2.1 x 50 mm (p/n
186002350)

40°C

10°C

Water with 0.1% formic acid

ACN with 0.1% formic acid

70:30 ACN:water with 2% formic acid

10% ACN

5uL



MS system: Xevo TQ-S Mass Spectrometer

lonization mode: ESI positive

Capillary voltage: 2.0 kv

Cone voltage: Optimized for each analyte
Desolvation gas: 1000 L/hr

Cone gas: 150 L/hr

Desolvation temp.: 500 °C

Source temp.: 150°C

Data were acquired and analyzed using MassLynx Software (v4.1). Quantification was performed using

TargetLynx.

Results and Discussion

Chromatography

Figure 2 shows UPLC chromatograms of the three cannabinoids from an extracted calibrator at 1 ng/mL. All
compounds eluted within 3 minutes and all peak widths were under 3 seconds at 5% of baseline. All peaks

were symmetrical with peak asymmetries between 0.95-1.15.
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Figure 2. Chromatograms of THC-OH, THC-COOH, and THC from extracted plasma samples.

This separation was run on the ACQUITY UPLC | Class System - Xevo TQ-S, ACQUITY UPLC BEH Cyg, 1.7 um, 2.1 x 50 mm Column (p/n

186002350), with system back pressure around 6500 psi. The concentrations are 1 ng/mL for all compounds.

Table 2 lists the UPLC retention times and individualized MS parameters of the cannabinoids and their
stable isotope labeled internal standards, including MRM transitions, cone voltages, and collision energies.
Two MRM transitions were used for each compound, a primary (listed first) and a confirmatory transition

(listed second).



RT MRM transitions  Cone voltage Collision energy

Analyte

(min) (m/z) (V) (eV)
331.3>313.1 40 18
Ilelels Lt 331.3>193.1 40 30
THC-OH-d3  1.84 334.3>316.1 40 18
345.3>327.3 50 20
haitoniole Lk 345.3>299.3 50 25
THC-COOH-d3  1.92 348.3>330.3 50 20
315.1>193.2 40 25
Tkt i 315.1>135.1 40 25
THC-d3 272 318.1>196.2 40 25

Table 2. Mass spectral parameters for all analytes and internal standards.

Recovery and matrix effects

Extraction recoveries were high and consistent. As Figure 3 shows, recovery for all analytes was around 80%
with all %RSDs under 6%, demonstrating the high reproducibility of Oasis PRIME HLB. Matrix effects were
low, at less than 20% for all compounds with standard deviations <3%. Once again, the low standard
deviations (6% or less) demonstrate the consistency of extraction and cleanup seen with Oasis PRIME HLB.

All recovery and matrix effect data are summarized in Table 3.
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Figure 3. Recovery and matrix effects of THC-OH, THC-COOH, and THC after extraction using the Oasis PRIME HLB
uElution Plate. %RSDs for extraction recovery were less than 6% for all compounds. Matrix effects were all less than

20% with RSDs under 3%.

% Recovery % Matrix effects

Mean %RSD Mean %RSD
THC-OH 86 4 12 2
THC-COOH 78 5 174 2
THC 81 6 13 3

Table 3. Recovery and matrix effects for THC and its metabolites (N=4 for all tests).

Phospholipid removal

One of the key attributes of Oasis PRIME HLB is its ability to deliver cleaner extracts than other sample
preparation methods. One way that this is achieved is by removing endogenous phospholipids. Figure 4
shows the profile of phospholipids remaining in plasma extracted with Oasis PRiIME HLB using different
elution solvents. A total of 18 different elution solvents were evaluated to compare the amount of
phospholipids remaining, including different percentages of MeOH in water, ACN in water, and ACN/MeOH
combinations. The figure shows that ACN does not seem to elute as many phospholipids as MeOH. Overall,
>80% ACN in water or >75/25 ACN/MeOH as elution solvent for Oasis PRIME HLB are recommended for the

cleanest possible eluates. For this application, a combination of 90:10 ACN:MeOH resulted in high,



consistent analyte recovery with low residual phospholipids.

Phospholipids in different elution solutions
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Figure 4. Phospholipids profile: Sum of residual phospholipids in the elution solution with different
eluates. X axis values refer to the proportion of MeOH or ACN. The remaining co-solvent was water for
the first 12 bars from the left. The final 5 eluates measure residual phospholipids eluted using different
proportions of MeOH and ACN with no water. (The Y-axis was the sum of area counts of 11

phospholipids, the MRMs are listed in Table 4).



Precursor

ion
(m/z)

496.40
520.40
522.40
524.40
704.40
758.40
760.40
784.40
786.40
806.40
808.40

Product

ion
(m/z)
184.40
184.40
184.40
184.40
184.40
184.40
184.40
184.40
184.40
184.40
184.40

Cone
voltage

(V)
35
35
35
35
35
35
35
35
35
35

a9

Collision

energy
(eV)

30
30
30
30
30
30
30
30
30
30
30

Table 4. Mass spectral parameters for 11 phospholipids.

Figure 5 shows chromatograms of combined phospholipid traces from an Oasis PRIME HLB extract (A) and
an identical sample subject to protein precipitation (B). Compared with protein precipitation (PPT), Oasis
PRIME HLB extract removes over 99% of phospholipids, resulting in a much cleaner extraction. This can
translate to reduced matrix effects, longer column lifetimes, and less mass spectrometer source

maintenance.

The chromatography of the three target compounds is also shown (C), demonstrating the potential

interference of phospholipids if they were not removed during the extraction.
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Figure 5. Chromatography of residual phospholipids remaining in the Oasis PRIME HLB extraction vs. plasma
protein precipitation. Scales are linked. An overlaid chromatogram shows the retention times of THC-OH, THC-
COOH, and THC in relation to the phospholipid traces. A: Plasma sample SPE extract; B: plasma sample PPT

supernatant; C: Chromatogram of 3 target compounds.

Quantitative results

Calibration and quality control samples were prepared as previously described in the materials and
methods section. Calibration ranges were from 0.1-100 ng/mL for all tested compounds. Quality control
samples were prepared at four concentrations as appropriate for the calibration ranges. All compounds
had linear responses over the entire calibration range with R? values of 0.99 or greater with 1/x weighting
with average deviations <5%. Figure 6 shows the calibration curve of THC-COOH and Table 5 summarizes
the data from these curves for all the compounds. Lower limits of quantification (LLOQ) were 0.1 ng/mL for
all compounds. In each case, all FDA recommendations for accuracy, precision, linearity, and analytical

sensitivity were met for validated methods.



Compound name: THC-COOH

Correlation coefficient: r = 0.998752, r2 = 0.997506

Calibration curve: 19.0439* x + 6.98613

Response type: Internal Std (Ref 5), Area* (IS Conc. / IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Figure 6. Calibration curve for THC-COOH with R?> 0.99, linearity from

0.1-100 ng/mL, fit - linear 1/x weighting.

Mean % Range

5 dev. (ng/mL) Curve typa
THC-OH 0.997 2.5% 0.1-100 Linear
THC-COOH 0.998 4.7% 0.1-100 Linear
THC 0.999 2.3% 0.1-100 Linear

Table 5. Calibration curve summary for THC and its metabolites with 1/x fit

weighting.

Quality control samples prepared at 0.375, 1.75, 7.5, and 37.5 ng/mL were accurate and precise. All results
were within 10% of expected values with average RSDs between 2-5% (N=6). This data can be seenin Table
6 and it demonstrates that the method is linear, accurate, and precise over a calibration range that includes
the entire scope of expected values of samples. The method was also proved to be both selective and
sensitive enough to routinely measure THC in plasma well below a 2-3 ng/mL cut off level.3 This was
exemplified by the excellent accuracy and precision at the 0.375 ng/mL QC sample level, where calculated

concentrations of all six replicates were within an average of 10% of expected.



Accuracy and precision

N=6 THC-OH THC-COOH THC
&Cg/':f)' (nhgfﬂ_) %Acc.  %RSD (n'\g?:]”u %Acc.  %RSD (rg?;"u %Acc.  %RSD
0.375 0.34 90 9% 0.36 97 6% 0.40 107 3%
175 1.62 93 5% 177 101 5% 1.82 104 2%
75 7.35 98 3% 7.65 102 2% 7.62 102 2%
375 37.32 100 4% 39.62 106 2% 3809 102 2%
Mean 97 5% 103 4% 102 2%

Table 6. Quality control results from extracted plasma samples. (N=6 for each compound at all three levels). Mean

values at the bottom indicate averages of all compounds at particular concentrations.

Conclusion

This application note details the extraction of THC-OH, THC-COOH, and THC from plasma samples using a
novel SPE sorbent, Oasis PRIME HLB, in a pElution format for forensic toxicology applications. The unique
nature of this sorbent enabled the elimination of conditioning and equilibration steps, simplifying the
extraction procedure, and speeding up the sample preparation workflow. In addition, the puElution format
enabled the direct injection of extracts without evaporation or reconstitution, saving time and minimizing
the risk of nonspecific binding. One key attribute of this sorbent is its ability to remove phospholipids
resulting in a much cleaner final sample. As mentioned previously and shown in Figure 5, 99% of
phospholipids were eliminated from extracted samples, some of which would have co-eluted with the

target analytes in this assay.

Recoveries were very consistent, (80% with RSDs < 6%). Matrix effects were less than 20% for all
compounds. Linearity, accuracy, precision, and analytical sensitivities were excellent for all compounds. All
accuracies were within 10% of target concentrations with average RSDs between 2-5%, demonstrating the
high reproducibility of the combination of this sorbent and the UPLC-MS/MS method. In conclusion, Oasis
PRIME HLB has been successfully used to achieve consistent recoveries with low matrix effects as well as

accurate quantification at 4 orders of magnitude from plasma samples.
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