Determination of Ritonavir, Saquinavir and Lopinavir in Dried Blood Spots by LC/MS/MS Comparing Different Automated Extraction Approaches
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MS Conditions
Instrument = Sciex API 5000
Mode = APCI+

Scan Type = MRM
Temperature = 450°C

HPLC Conditions

Instrument = Waters Acquity uPLC

Column = Phenomenex Kinetex PFP, 50 x 2.1 mm, 2.6
um

Column Temperature = 55°C

Injection Volume = 10 pL

Introduction:

As detection sensitivity has improved substantially 1n recent years, collecting dried blood spots [1] has been reconsidered for broader application instead of collecting plasma

or serum [2,3,4]. This paradigm shift was compelling for a variety of reasons mainly in the sample collection, transport and storage portions of the process. However, sample Autosampler Temperature = 4°C -
preparation and analysis productivity was impacted by reverting to manual processing and the need for additional method development. As we began to explore the utility of Flow Rate = 0.8 mL / minute Compound DP (V) CE (V) CXP (V) - | -
dried matrix spot analysis for Discovery PK applications, a decision was made to also explore other potential approaches for automating the processing of such samples. Ritonavir 160 19 o0 -

" - SN - e - . - Mobile Phases: Ritonavir D6 160 19 25 z - :
Originally, a test set of neuroscience drugs including reboxetine, duloxetine, rifampicin, scopolamine and aripiprazole were used to test two different automated approaches A = 0.01M Ammonium Formate with 0.12% Formic . . 4 1 E : :
for the analysis of drugs in dried matrix spots [5]. In the first approach, a Tomtec® Quadra 4™ 96-channel pipettor was fitted with a custom depth sonication station. A 3mm Acid Lopinavir 160 10 25 l : L :
diameter spot was suspended on the shoulder of the disposable tips, solvent was aspirated into the zone of the spot and the tip was immersed into the sonication reservoir. The B = 75% Acetonitrile / 25% A Lopinavir D8 160 10 29 T T Teem T T Tmem L e e A
solvent was then dispensed into a collection plate for LC/MS/MS analysis. Most of the work was performed using Whatman® FTA Classic™ filter paper although comparisons Saguinavir 160 35 25 Ritonavir and D6 Internal Standard Lopinavir and D8 Internal Standard Saquinavir and D9 Internal Standard
were also made with Ahlstrom® untreated filter paper and FTA Elute™. The second approach involved direct elution of the drugs from dried matrix spots placed inside a Gradient: Saquinavir D9 160 35 95 (DBS extract 500 ng/mL) (DBS extract 500 ng/mL) (DBS extract 500 ng/mL)
modified Tomtec® Elutrix™ instrument. The instrument secured the paper from both sides and applied a flow of solvent through the spot. .- :
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In an effort to test the universal application of the learnings from the original test set, a second test set with anti-viral compounds was executed, broadening the variety of tests Time (min.) %B L i EETTT ’ =-" s = a-'}l‘ Whatman® Lot No. DB94694
and focusing more on clinical application. In-tip mixing was also considered, the means of introducing an internal standard was studied, a newly available card material from 0.0 50 TranSItl(?nS- | ) | 1 & R =) L
Agilent (Bond Elut DMS) was evaluated and assessments were made comparing varying blood hematocrit content and plasma. ' R%tonav%r m/z: 721.1 >296.1 (RT = 1.26 min.) _ m- A Ak Lk E (R
0.75 50 Ritonavir D6 m/z: 727.1 > 302.1 (RT = 1.26 min.) = | B |
325 R0 Lopinavir m/z: 629.1 >447.1 (RT = 1.43 min.)
Method0|ogy: 3 40) 20 Lopir}avir. D8 m/z: 637.1 >447.1 (RT = 1.43Omin.)
0 Saquinavir m/z: 671.2>570.1 (RT =2.31 min.)
Materials: " ) 3.50 S Saquinavir D9 m/z: 680.2 > 570.1 (RT =2.31 min.)
HN@ TN - ‘ N | Phospholipds m/z: 184 > 184
- Whatman® FTA Elute™ filter paper (DMPK B) & u o " / AutOSEflmpler Wash Solutions: o
» Whatman® FTA Classic™ filter paper (DMPK A) : H N Organic Wash = 45% Methanol, 45% Acetonitrile, 10%

uL Dried Blood Spots
on FTA Classic Filter Paper

Water

 Whatman® Untreated filter paper (DMPK C) N Wach — 0.01M A - .
queous Wash = 0. mmonium Formate wi

* Ahlstrom® untreated 237 filter paper at
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3mm Spot in Aspirated 100uL of Solvent

Lopinavi . .

thicknesses of 200, 300 and 400 Opthavit 0.12% Formic Acid
- Agilent® Bond Elut DMS™ material o
 Human blood collected in house from volunteers O\A
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 Bioreclamation® human plasma

Results:

» Analytical Standards were obtained from Toronto ; ; ; ; ; : : : : :
R y b Chemicals I . . Dried Matrix Spot Analysis for Ritonavir Dried Matrix Spot Analysis for Lopinavir
esearc emicals Inc. Ritonavir . . .
(Internal Standard Spiked onto Card) (Internal Standard in Extraction Solvent)
Extraction Solvent Curve Range | Correlation | Relative | Matrix| Card | Process Extraction Solvent Curve Range | Correlation | Relative | Matrix| Card | Process
: _ Description (ng/mL) | Coefficient | Recovery | Type | Type | Duration || Description (ng/mL) | Coefficient | Recovery | Type | Type | Duration
Sample Preparations: Vortex 30 min | 70% ACN | 5 - 10000 0.9992 47831 | Blood \[’)V&agnlgag 35min || Vortex 30 min | 70%ACN | 5 - 10000 0.9977 5083 | Blood \[’)V&agﬁag 35 min ¢
In Tip Sonication Approach Sample Preparation Direct Elution Approach Sample Preparation Vortex 30 min | 70% ACN | 5 - 10000 0.9981 48577 | Blood | Agilent | 35min || Vortex 30 min |70% ACN | 25 - 10000 0.9983 4122 | Blood | Agilent | 35 min
* Spotted 15 uL of blood onto .the card, allowing i.t to .dr.y for at le.ast several. hours * Spotted 25 uL of blood onto the card, allowing it to dry for at least T;/r?]rtteeé(;\llj Irt::h 70% ACN | 5 -10000 0.9990 64544 | Blood \[/)V&asﬁag 35 min T;/r?]rtt:é(;\llj Irtrc]:h 70% ACN | 5 -10000 0.9978 6687 Blood \[/)V&a;rQaS 35 min =
* Manually punched a 3 mm diameter spot, dropping it into the disposable tip several hours | \Whatman | | Whatman | 1 | e S o et S _ —
 Aspirated 100 uL of 50% ACN or 90% MeOH chased by an air gap to elevate the » Centered the spot within a locator plate which was loaded by the Vortex 30 min | 70% ACN |25 - 10000 0.9975 16454 | Plasma | jy o g | 35 min Vortex 30min | 70%ACN | 25 - 10000 0.9930 2570 | Plasma | y\ o g [ 35 min u o s : Ty Y . L
solvent into the zone of the tip where the spot was suspended Clutrix i e W i i W Overview of Direct Elution Instrumentation 25 uL Dried Blood Spots after Direct Elution
ix within atman . iX within atman . "
. .. : : : : : : 50% ACN 5-10000 0.9993 34043 Blood 5 : 50% ACN 10 - 10000 0.9994 3591 Blood 3)
» Lowered tip into sonication reservoir of water deep enough to immerse the tip above  The instrument passed a 50% ACN solution at a rate of 0.5 mL/ Tomtec Tip : > | DMPK B i Tomtec Tip : °°% | DMPK B i
the level of the solvent inside, sonicating for 2 min min through a 5 mm diameter zone of the spot for 4 minutes Mix within 100% Whatman - Mix within 100% _ Whatman - : :
. | 9 | Oug . & Tomtec Tip | McOH 5 - 10000 0.9995 42653 | Blood | J\inp | 5 min Tomtec Tip | McOH 5 - 2500 0.9998 3853 | Blood | Jun g | 5 min Conclusions:
* Dispensed volume of solvent into a clean plate, repeating process for 3 cycles collecting the effluent in a tube i ithi 0 i ithi 0  Extraction by vortexing, mixing within tips, sonicating within tips and direct elution all were demonstrated to be quantitative
» Slowly ran peristaltic pump to guard against any cross-contamination from the tips » Samples were evaporated under heated N2 at 40°C SOT”'Cate L I 10 - 10000 0.9990 71141 | Blood | WNatman ), in || Somcatewithin - 90% 10 - 10000 0.9981 6072 | Blood | vnatman |, in Yy J J s, 501 In P . O au o . .
. . . o omtec Tip MeOH DMPK B Tomtec Tip MeOH DMPK B » Solvent conditions were demonstrated to be unique for different classes of compounds (comparing optimized conditions with prior work with neuroscience compounds),
for second and third cycles » Reconstituted samples with 400 uL of 50% ACN and vortexed for Sonicate within Whatman Sonicate within Whatman . .
5 minutes e [50% ACN | 5 - 10000 0.9970 48330 | Blood | SR | 10min || 2ot L1509 ACN |10 - 10000 0.9973 4950 | Blood | SR | 10 min although these anti-viral compounds all behaved similarly | | o
« Centrifuged for 5 minutes at 3400 rpm Sirect Elpt What A Sirect Elpt What - » Matrix effect was minimal £20% for all analytes throughout the range on FTA Elute, Agilent and untreated paper (suppression was as much as 50% for ritonavir and
In Tip Mixing Approach Sample Preparation TEELY BIE 1 509 ACN | 5 - 10000 0.9988 38052 | Blood | Ll o min TEELY BIE 1 5006 ACN | 25 - 10000 0.9987 7825 | Blood | Lol |0 TE lopinavir on FTA Classic material)
with Elutrix DMPK B | sample with Elutrix DMPK B | sample
o : : : : : ° : : °  Extraction efficiency was measured at 69-77% for ritonavir, 82-88% for lopinavir and 89-100% for saquinavir using the vortex control method
* Spotted 15 pL of blood onto .the card, allowing 1.t to .dr.y for at le.ast several.hours Control Vortexing Approach Sample Preparation Dried Matrix Spot AnaIyS|s for Saqumavw Hematocrit Comparlson + No significant presence of phospholipids detected
) Manpally punched a 3 I(l)lm diameter S]%Ot’ dropping it into the d¥sp osable tip T (Internal Standard Spiked onto Card) 33% 43% 53% 33% 43% 53% 33% 43% 53% * No statistically significant differences due to changes in hematocrit content throughout the normal population range were observed
. Asplrate?d 100 uL of 50% AC_?N or 100% MeOH chased by an air gap to elevate the * Spotted 15 uL of blood onto the card, allowing it to dry for at least Extraction Solvent Curve Range | Correlation | Relative | Matrix| Card | Process - The method is quantitative for plasma as well as blood, although with a lower recovery
solvent into the zone of the tip where the spot was suspendea o several hours | Description (ng/mL) | Coefficient | Recovery | Type | Type | Duration Ritonavir Lopinavir Saquinavir - Whatman FTA Elute® (DMPK B) card type afforded higher response for all three analytes
* Partially aspirated and dispensed the solvent volume for 10 cycles, working 1t * Manually punched a 3 mm diameter spot (or used the Tomtec - 0 _ Whatman - Concentration (ng/mL) | Concentration (ng/mL) | Concentration (ng/mL) » Agilent card material was easier to punch, gave better response due to smaller spot diameter, but spots tended to break apart more during traditional vortexing
through the region of the spot punch to take a 4 mm spot), dropping it into a deepwell plate Vortex 30 mm | 70% ACN ) 5 - 10000 09981 48598 | Blood | hyipcg | 39 min .. - - - - - . - :
. 1 vol ¢ colvent int | Lt " for 3 evel + Added 400 uL of 70% ACI\’I 0% MeOL Vortex 30 min | 70% ACN | 5.~ 10000 ) 0036 et | Bload | Aditent | 35 o  Addition of internal standard in the extraction solvent generally did not track the analyte extraction as well as spotting it on the card prior to extraction
Elspensg VOIUIE (f)\ Sf(; venLnio a clednl piare, reg cating dplao_cess Orbl CyCles © p 1“ g 0 ALY OF U0 le' e hak ortex 50 min ° ' ‘ o0 Jiien — 1230 1230 1240 1310 1400 1230 1260 1210 1240 » Age of control blood up to 5 weeks did not show any statistically significant differences
XeCl_Jte a tip touch ot in a separate_reservow and a time | |S|_3ense OWOU’F  Vortexed plate for 30 minutes on a multitube shaker \ortex with 20% ACN | 5- 10000 0.9985 61706 Blood Whatman 35 min a o o o 0 e o a0 o
function between cycles to guard against any cross-contamination from the tips e Transferred 300 uL to a clean plate Tomtec Punch DMPK B
. Whatman .
Vortex 30 min | 70% ACN 5-10000 0.9974 8184 Plasma 35 min 1120 1160 1210 1260 1400 1360 1360 1340 1280
. . DMPK B Acknowledgements:
Discussion: ¥”X tW itQi.” 50% ACN | 5 -10000 0.9971 34908 | Blood \[’)V&agﬁag 5 min 1260 1190 1200 1230 1120 1230 1200 1390 1230 The authors wish to thank Tomtec® for the prototype instrumentation for these two automated approaches (the customized, extra deep sonication bath as an add-on for the
The approaches of in-tip mixing and sonicating dried blood spots for quantitating drug concentrations by LC/MS/MS have been demonstrated for a second test set of drugs. The I\/(I) " ec.th.l E 100 Whatrman 1150 1300 1080 1310 1090 1940 160 1120 1140 Quadra 4 SPE™ and the modified Elutrix™) as well as for their collaborative technical support. In particular we wish to acknowledge the individual efforts and contributions
experiments to optimize the sonication parameters on the basis of analyte response were summarized in a previous presentation available on request. The intent 1s that such a TOIF)T(I t\:ev é Tlip Mo OIO{ 10 - 10000 0.9964 40521 | Blood DMaPKaB 5 min of Bud Burnside, Ed Pereira and Tom Astle for making these experiments possible.
system would be paired with an automated device that would quickly and reliably punch the spots 1n parallel and load them into the tips described. The option of an automated Sonicate within | 90% Whatman 1080 1190 1200 NR 1210 1380 1210 1160 1270
sonication process lasting about 10 minutes in total rather than the current norm of a 1 hour vortexing step may be preferred. : Tomtec TI[;)] | MeoOH 10- 10000 09974 49575 | Blood \[/)VIL/IPK g | l0mmn Mean | 1180 71 178 1300 1773 1300 1735 1770 1790 The authors also thank Ben Yong at Agilent® for the opportunity to explore the use of their new alternative Bond Elut™ DMS material.
onicate within atman .
Similar experiments working with a modified version of the Elutrix demonstrated the feasibility of directly eluting drugs from dried blood spots by flowing LC solvent through Tomtec Tip P0%ACN | 10~ 10000 09926 48353 Blood | pypc g | 10 min SD| 73 49 58 65 151 73 69 08 58 _
the filter paper. In these experiments, this process was performed separate from the final LC/MS/MS system. However, the intent would be to incorporate such an approach Directly Elute | oo Aen| 52 10000 0.9983 66413 | Bloog | YWhatman | 5 min/ %V § ) . : 12 § § . . Ref_e_ren CeEs.
in an on-line mode of operation, trapping and focusing the eluent from the spot on a precolumn prior to switching it onto the LC/MS/MS. Further engineering development U0 EUUITE P B | Sl 0 1] R. Guthrie, A. Susi, Pediatrics 32 (1963) 338.

of a tool such as the Elutrix would be required to generate a robust, automated system capable of solubilizing larger batches of spotted samples. Such a system would need to
reliably and quickly handle the source spotted cards, trap and remove any fibrous material eluting off the cards over time and minimize system carryover. The data presented
here showed that such a flow through approach offered nearly complete analyte recovery in a quantitative manner for blood and other blood fractions. The optimum conditions
were 0.5 mL/min of 50% ACN for 4 minutes. The eluate was collected and concentrated for analysis by LC/MS/MS.
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