Automated extraction and analysis of drugs of abuse In oral fluid using
disposable pipette extraction (DPX) and LC/MS/MS

Table 2. Approximate LODs and LOQs for drugs of abuse
detected by this method without solvent evaporation. THC
was analyzed separately with a 20 uL injection.
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A completely automated method of analysis of oral fluid o _ _ _

for drugs of abuse is presented. The automated 2GERSTEL Inc, 701 Dlglta| Dr, Suite J, Linthicum, MD 21090 6-MAM _ 2.01 10 20

extraction utilizes disposable pipette extraction (DPX) - _ - amphetamine 2.13 2 >

tips to isolate and concentrate the drugs of interest from Table 1. MS parameters of all drugs used in this analysis. benzoylecgonine 2.40 5 5

the oral fluid solution. The analytes were eluted into a Parameters were not optimized for this particular instrument. cocaine )8 1 10

low volume of organic solution, which was then injected :

into the LC/MS/MS instrument without solvent | SR Plr(e): P:g: PN f\zlc: Til::et codeine 2.11 > 10

evaporation. This provides “just in time sample | | T 6-monoacetyl 3985 ie51 188 41 '7 18 hydrocodone 1.99 3 10

preparation”, with the extractions taking app. 5 min to . X /!17;7 s lL 6-monoacetyl 328-2 58- 1 158 29 7 1'9 hydromorphone 1.60 2 10

perform during a 7 min chromatographic analysis. | " 2 /?}W k :; Benzoylecgonine 290:1 168:1 118 17 7 2_3-8 MDA 2.15 5 10

The study focused on the 5-panel drugs of abuse | = % Benz(;)g::i:g:mne ggg; ' 8120? 1;2 fg ; ;22 MDEA 2.28 > >

defined by the Substance Abuse and Mental Health = Cocaine 304'2 7'7 138 61 . 2-56 MDMA 2.16 2 5

Services Administration (SAMHSA) which includes = Codeine 300'2 1651 158 45 7 1-86 methamphetamine 217 1 5

opiates, THC, amphetamines, cocaine, and PCP. With E Codeine 300'2 12-8 158 60 7 1-86 morphine 1.45 ) 5

no solvent evaporation, limits of detection (LOD) and = D3 Cocaine 307'1 1851 138 17 7 2-56 4

limits of quantitation (LOQ) were found to be app. 5 Figure 1. A picture of a GERSTEL MPS with the DPX option 5 Amphetamine 1411 19441 70 0§ 7 91 Figure 2. DPX tip positioned over a “sealed well” of a 96 deep oxycodone 1.94 > 10

ng/mL and 10 ng/mL, respectively, for most of the drugs  being used with an Agilent LC/MS/MS system. In this study, D5—Amphetamine 411 931 70 33 7 o1 well plate following the 2nd elution. The white disperser is oxymorphone 1.53 2 S

of interest. THC was analyzed separately and had an the LC/MS system was a model 6460 and the samples were d—AmpF:letamine 1361 1101 66 5 7 o1 visible in the DPX tip, just above the sorbent bed. PCP 3.00 1 2

LOD of 2 ng/mL and LOQ of 5 ng/mL. extracted and eluted using 96 deep well plates. d-Amphetamine 136 1 91 66 17 7 0 1 For these reasons, oral fluid is generally extracted using some THC (20 ul) 532 9 5

1 . Hydrocodone 300.2 199 159 29 7 1.98 type of solid-phase extraction (SPE) method. In our method, we 315.9 > 123.4 . 315.9 -> 193.6

ntroduction Expe”mental Hydrocodone 300.2 128 139 65 7 198 performed SPE using DPX technology. We found that addition of a E x10 3

Oral fluid has become increasingly used as a specimen  Materials Hydromorphone 2862 185 139 29 7 1.58 “disperser” into the DPX tip (patent pending) ensured consistent . 1

n many areas of forensic and clinical interest. The Hydromorphone  286.2 157 159 45 7 158 "dispersive” SPE in the tip, which resulted in higher recoveries and & vis

biggest challenges associated with oral fluid analysis All drug standards were purchased from Cerilliant MDA 1801 163 61 oS5 7 211 better reproducibility. 2 0.6+

are the requirement of low detection limits and complex  Corporation (Round Rock, TX, USA). The drugs (5 panel) MDA 1801 105 61 21 7 211 o 047 ﬁ

sample matrix interferences. Due to these challenges, and their corresponding deuterated internal standards MDEA 208.1 163 107 9 7 226 A picture of the DPX extraction during the elution step into a 96 % 0.2-

sample preparation is required prior to analysis. The included 1) opiates: morphine, oxymorphone, MDEA 2081 135 107 21 7 226 deep well plate is shown in Figure 2. A few things are noteworthy r .

solid-phase extraction method developed in this study hydromorphone, codeine, oxycodone, hydrocodone); 2) MDMA 1941 163 97 9 7 213 from this picture. The first is that the sorbent, which is typically a % L ®4 B3 B3 =i B8 BB B 5B

used disposable pipette extraction (DPX) for amphetamines: amphetamine, methamphetamine, MDMA, MDMA 194 .1 105 97 25 7 213 light yellow brown, is discolored with the blue dye (from the | | | | | | Acq‘uisitioanime (n'“n)

comprehensive analysis of drugs of abuse using MDEA and MDA ; 3) cocaine and benzoylecgonine,; 4) PCP  methamphetamine 1501 119 92 & 7 214 collection buffer solution). This dye can be viewed as a potential |

LC/MS/MS. and 5) THC. methamphetamine  150.1 91 92 17 7 214 matrix interference (similar to enzymes and peptides in the Figure 3. lon chromatograms of THC at 2 ng/mL, clearly
Morphine 2862 1651 158 41 7 143 solution), and hence the extraction was efficient at removing this showing the target (black) and qualitier (blue) ions (with an

The primary Objective of this Study was to deve]op an Oral fluid was collected from volunteers using Quantisal Morphine 286.2 152 158 60 4 143 ‘i‘nterf”erenCe. It is also nOteWOrthy that the deep well plate has a aCICSpttable I?r; rat|0)1. :;I-Oh(; a.CC::Jra(iy.gt t::‘:‘lls Ilevetl ];frOm thett '

automated, rapid and comprehensive method of collection kIItS (Immunalysis, Pomona, CA). The DPX tips | Morph!ne—D3 289 1651 153 40 7 143 Segl , SO the samples and elution solvents are effectively covered calipration piot was o, JUSL OUlSIGe the limit Tor quantitation.

extracting and analyzing drugs of abuse in oral fluid (WAX-TA-di (20 mg)) were provided by DPX Labs (Columbia, Morphine-D3 289 152 153 68 7 143 during the extraction process.

using LC/MS/MS. To make the method rapid, it is SC). The DPX tips were made using a new patent pending Oxycodone 316.2 2981 143 17 7 192

advantageous to implement a “just in time” sample technology to ensure “dispersive” extractions occur Oxycodone 316.2 2411 143 29 7 1.92 To perform the analysis of the polar drugs, such as opiates and 12

preparation Strategy in which the Samp|es are extracted reproducibly during the automated extractions. Oxymorphone 3021 227 1 133 28 I 15 amphet?r.nines, itis important to no.te that OrganiC.SONent 14

and ready for analysis in less time than the LC/MS Methods Oxymorphone 3021 1981 133 48 7 15 composition at gre_ater thaq approximately 15°/<_> will cause losses 0.8

chromatographic run. If the chromatographic run is less PCP 2442 91 86 41 7 298 of chromatographic resolution on the earlgl eluting compounds. 06

than 8 m!n, there is not ample time for solvent Automated DPX extractions were performed from 96 deep PCP 244.2  86.1 66 9 7 298 EO rr’:unately, We fc;un”d tfh t?]t el5ut|on vl\n(’;h 15/|° acetonl_’f[r:I?hprowdes 0.4-

evaportatlé)n. gnothler gzgl woulld tl)e tc; havetall anﬁ!ytes well plates using an automated prep sequence which Egg‘gg ;jgg 221 g; 32 ; ;gg e;?cerr)?ig?mvgp'le'zg aHe(r)me ewe %aer;feomzl;g fhaesizg,vslis of?he oolar 0.2

separated and analyzed in a single chromatographic included the steps of: - : : : | g %1 | _ '

run. 1 conditionina DPX-WAX tio with 30% methanol THC 3159 1936 120 20 7 535 drugs using 15A).aceton|trlle for elutlon_ solyept. Regults from this 0-

_ S 2. aspirating ?50 uL oral fluilca:l solution into DPX tip THC 3159 1234 120 30 7 535 SIUdﬁ a:je ShOV.V” n T?blfe 2 Thﬁldﬁtedt'on “ml.tjs ?chleyecll rg.eet the 0 5 10 15 20 25 30 35 40 45 50 5
Using this “just-in-time” approach, we successfully 3. washing with 500 uL DI water THC-3 3189 1966 120 20 7 935 Staniart FeqUIrements Tor most iabbratory guidelines Inciuding Figure 4.Calibration plot of THC showing linear data from 5
analyzed opiates, amphetamines, cocaine, and PCP at 4. eluting with 250 uL 15% acetonitrile THC-d3 9189 1234 120 40 7 59 SAMHSA, ng/mL to 100 ng/mL (cropped in this figure).
concentrations as low as 5-10 ng/mL, and THC at 2-5 5. eluting with 250 pL acetonitrile (for THC) e . L 3 | S
ng/mL without solvent evaporation. With the exception 6. injecting 2 (or 20 pL) into LC/MS/MS system The LODs were calculated based on S/N ratios for target For T'_'|C the detection limits \{ve.re.met b_y using a 20_“'— Injection In addition, we plan to incorporate the second injection (of the
of THC, all analytes were analyzed in a single and qualifier ions being greater than 3 and ion ratios being 9P (Instéad of 2pL). Acetonitrile is not ideal for eluting THC, ana acetonitrile elution solvent) during the chromatographic
chromatographic run using 15% acetonitrile for the Instrumentation within 20% of expected values. The LOQs were determined MOt surprisingly we found that a large percentage of THC was still analysis of the polar drugs (15% acetonitrile). By doing this,

retained on the sorbent. Nevertheless, we were able to detect 2
ng/mL of THC (Fig. 3) using this automated method. The
calibration plot for THC is shown in Figure 4, which was linear
from 5 to 100 ng/mL.

Results & Discussion Future Research

Further studies will include more replicates, reproducibility data,
and case samples. It is also necessary to optimize the MS
parameters for all of the target drugs with this instrument in order
to achieve optimal results.

we plan to include THC and other more nonpolar drugs such
as benzodiazepines, buprenorphine/ norbuprenorphine and
fentanyl within the same chromatographic run. It should be
practical to perform a comprehensive analysis using
automated DPX with no solvent evaporation to provide high
throughput.

elution solvent. To elute THC, acetonitrile was used.
Injection of 20 uL of acetonitrile achieved detection
limits at levels less than 5 ng/mL.

by calculating the accuracies of the quantitative results from
the calibration plots to be within the range of 80% to 120%
for acceptance (in addition to meeting the LOD standards).

All analyses were performed using a GERSTEL MPS 2XL
autosampler (Figure 1) configured with an active washstation
coupled to an Agilent 6460 LC/MS/MS instrument with a
Poroshell EC-C18 column (3.0 x 50mm, 2.7 ym). Sample
iInjections were made using a 6 port (0.25mm) Cheminert
C2V injection valve. Column temperature was set at 55 °C.

Incorporation of THC into the same chromatographic
run is discussed, as well as achieving even lower
detection limits without solvent evaporation.

Oral fluid analysis is a challenge for 4 primary reasons.
First, the detection limits need to be low (around 10 ng/mL
for most of the drugs). Second, the volume of oral fluid
collected is low (1 mL at most). In addition, the solution is
diluted by 4-fold during collection. Finally, the analysis is
further exasperated by interferences found in oral fluid such
as enzymes and peptides.

Conclusions

We were able to analyze opiates, cocaine (and BE), PCP,
amphetamines, and THC at targeted confirmation levels of app.
10 ng/mL (2 ng/mL for THC) with no solvent evaporation. “Just-
iIn-time” sample preparation is clearly a viable method for
analysis of the 5-panel drugs of abuse in oral fluid using DPX
technology.
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The LC mobile phase used was: A -- 5mM ammonium
formate with 0.05% formic acid; B -- 0.05% formic acid in
methanol. The gradient started at 98% A for 0.5 min, ramped
to 30% B at 1.5 min, ramped to 70% B at 3.5 min, ramped to
95% B at 4.5 min and held to 6.4 min, then ramped back to
98% A. The flow rate was 0.5 mL/min.

Future research will also focus on improving the recovery of THC.
We believe we can recover significantly more drug by
incorporating a “top” elution (and perhaps a change of solvent).



