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Overview

ADried Blood Spot Analysis

AMethodologies

I Hole punch, offline extraction, LC/MS analysis = EreE—

I Automated flow through with LC/MS analysis T’"‘Qﬂﬂ”@%‘
ASCAP System i
ASoftware Control (U=

AData Processing & Reporting

ALC/MS Analysis

i 1290 HPLC 6400 QQQ
I Clozapine study

The Mea s.urr:. of Confidence




Dried Blood Spots

Article Q e

Dried Blood Spots as a Sample Collection Technique for the
Determination of Pharmacokinetics in Clinical Studies: Considerations for
the Validation of a Quantitative Bioanalytical Method

Maturity
Decling

ww‘.ll

Neil Spooner®, Rakesh Lad and Matt Barfield
PreClinical Development Drug Metabolism and
Pharmacokinetics, GlaxoSmithKline Research and Tirne «
Development, Ware, Hertfordshire SG12 0DP, U.K.

Anal, Chem., 2009, 81 (4), pp 1557-1563

Sakes Volurme ——»
Development

\ Introduction

ALess sample AMore sample
AStable on card at ambient temp AMust store frozen
AEasy to ship ADifficult to ship
ANon-biohazardous ABiohazardous
ANot yet FDA approved AFDA approved
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DBS Sampling Methodologies

ASampIing Hole Punch
1 1 Eis
ACollect ~ 15 ni blood 02099 é!
ASpot card ?
AAnalysis . ;

1. Punch hole method
I followed by extraction and LC/MS.

2. Clamp card
I automated flow through LC/MS method.

Automated Flow Through
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SCAP System from Prolab Instruments

Robotic Gripper

ISTD Dilutor

Camera

Switching

Clamp Module teliues
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SCAP LC/MS Flow Schematic

PTTTE T TS T

Analytical Column

Trap 1 B

6460 QQQ

6-Port
A\ Valve

L ‘

. - | isTD Trap 2
Clamped DBS Card [-m [’m 1? i
aﬂ n U
AB__ 5,_) A S - Waste
b - ) Dilution Pump . @J
Extraction Gradient Pump Analytical Gradient Pump
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Extraction Components

Analytical Column

PTTTE T TS

Trap 1
a=8

6460 QQQ

Clamped DBS Card [—aj
A A C
A By | A G

_J Dilution Pump -~

Extraction Gradient Pump Analytical Gradient Pump

: e Start extraction T Int. Sample wash Trap 1
Loa?SI-?B %g IO POS'itr'](t)g (EI) sms bei Std. and DBS extract (analyte remains on
P P flushed onto Trap 1 Trap 1)
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Analytical Components

Analytical Column

Trap 1 E
S= E
|
~ A . 3 |
) 10—P0rt ; 6-Por
«\ 4 Valve . A\ Valve,
) ’ Wle ]] 6460 QQQ
) D .
. U I ISTD Trap 2
Clamped DBS Card [—ﬂ]
- U
ABL EANPEY A Gl Waste
- _J Dilution Pump — L

Extraction Gradient Pump Analytical Gradient Pump

Analyte transfer from : Analytical HPLC
Trap 1 to Trap 2 Séﬁﬁ:#?%?é{ ruzn separation and MS
Simultaneous dilution P detection
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Dried Blood Spot Card

LABEL AREA FOR CUSTOMER
INCL. CUSTOMER BARCODE CARD BARCODE NUMBER

REDUNDANT CARD BARCODE

REDUNDANT CARD BARCODE

SUBSTRATE ' DBS SAMPLE NO. FIELD
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Software Control - Initial Implementation

Analytical Column

6460 QQQ

Trap 1
S=g

PRTTTTE TS

Clamped DBS Card [—aj
- U
A A% — Waste
utid) p -
J ution Pump

=)
Extract \n G@dient Pump Analyti¢al Gradie ump

Start Signal

SCAP

PC

PC PC MassHunter
Controller Controller

Cycle Composer
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Software and Control (Current)

Analytical Column

] Analytical System
I % 6-Por
A\ Valve, '
7o || [ .
S _II Trap 2 |
' |
Clamped DBS gard II [_m 2 It 1
A EA—_&}‘ ACel wase 6460 QQQ
= J Dilution Pumll 1
Extraction Gradient Pump IAnaIyticaI Gradient
) Pump
Extraction System I

Start
Commands

ASample information imported/entered into single location SCAP

ACamera i captures card image and recorded barcode
ADilution and Extraction pump controlled as single system.
AAnalytical LC and MS controlled as single system

Software )
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Sampl e Set Up and Runé

s Creabs, ° Settings...
7 Eﬁ.ﬂ O Enecube K @ Hep.
Liste L B i) Aboudt..
o Start Line O
st | ¥| Pasme Stop
RN Method CodType Ty G0 Spol B et biive DT SamplelD SampielType Lon Dt
1 Clozapine-DBS Setup | SCAP Type 28 | Trawd0-3 4 1 oo on = = Clezapine 1PPE | Calbration
2| Clozapine-DBS-Setup | SCAP Type 28 | TrapdD-3 5 1 (ili] oo 1= Clozspine 1PPE | Calbration
3| Clozapine-DBS-Setup | SCAP Type 28 | Trayd0-3 E 1 00| o0 = Clozapine 1PPE | Calibration
4 Clozapine-DBS-Setup | SCAP Type 28 | TradD3 7 1 oo on = = Clozapine SPPB | Calbrabion
5 | Clozapine-DBS-Setup | SCAP Type 28 | TrapdD-3 8 1 0o oo W 1= Clezapine SPPE | Calbration
& Clozapine-DBS Setup | SCAP Type 28 | TrasdD-2 g 1 00| o0 (=] Clozapine SPPE | Calibration
7 Clozapine-DBS-Setup | SCAP Type 28 | Trad03 10 1 oo on = = Clozapine 10PPE | Cabbrabon
8 Clozepine-DBS-Setup | SCAP Type 28 | Trawd0-3 n 1 oo oo W = Clozapine 10PFE | Calbraton
9 Clozapine-DBS Setup | SCAP Type 28 | Trapd0-3 12, 1 00| o0 =] Clozapine 10PPE | Calibration
10 Clazapine-DBS-Setup | SCAP Type 28 | Trad03 13 1 oo on = = Clozapine SOPFE | Calbrabon
11 Clazapine-DBS - Setup | SCAP Type 28 | Trad0-3 14 1 oo oo = 1= Clozspine SOPPE | Calbration
12| Clozapine-DBS Setup | SCAP Type 28 | Trad0-3 15| 1| o0 o0 = Clozapine S0PPE | Calbration
13 Clazapine-DBS-Setup | SCAP Type 28 | Trapd03 16 1 0o oo W 1= Clozapine 100FPFE | Cabbrabion
£ >
i) ke Press Star bo process the samples. Fe

Alnput sample information in SCAP software
ASpecify acquisition details

APre and Post Images

AExecute run
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Overview T Clozapine DBS Analysis

A Sample Information and Preparation
A Method Development: SCAP and LC/MS

A Quantitation of Clozapine and Metabolites using SCAP DBS
A Sensitivity: LOQ
A Calibration curve linearity and range
A Accuracy, reproducibility and precision

A Quantitation of Clozapine and Metabolites using off-line DBS
A Sensitivity: LOQ

A Calibration curve linearity and range
A Accuracy, reproducibility and precision

A Result Comparison and Summary
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Clozapine PK and Metabolic Stability Study

//\ .0
ANEUAN
N
H

Clozapine-N-oxide

Compound Name Formula Mass
Clozapine C,gH1CIN, 326.8
Norclozapine C,7H,7,CIN, 312.1

Clozapine-N-oxide CigH1oCIN,O 3421

N-Oxidation
N N— N N— N N—
N=( — N=( “— Nl 7
HO = - Cl , , H,CS =
\Q __ Hydroxylation \CL Thiomethylation _ '3 \@
N N N
H H H
3-Hydroxyclozapine Parent: Clozapine 3-Thiomethylclozapine
Demethylation l Demethylatio DemethylationJ/
N NH N NH
N N=({ —
HO = _ H3CS o
\Q _ Hydroxylation Thiomethylation _ \@
N N
H H

Norclozapine 3-Thiomethylnorclozapine

3-Hydroxynorclozapine
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Clozapine DBS Sample Preparation

Clozapine Calibration Samples in Rat Whole Blood

Level Name 1 2 3 4 5 6 7 8 9 10 11
Clozapine 0.1 0.5 1 5 10 50 100 | 500 | 1000 | 5000 | 10000
(r?golrr]ncl;) Norclozapine | 0.1 0.5 1 5 10 50 100 | 500 | 1000 | 5000 | 10000
Clozapine-NO | 0.1 0.5 1 5 10 50 100 | 500 | 1000 | 5000 | 10000

Note 1: Rat whole blood in sodium heparium, pooled, mixed gender, was used for sample preparation.
Note 2: D,-Clozapine was used as internal standard for quantitation of clozapine and metabolites.

ASpot:15eL bl ood (di amedt.ecr . ~Aunbh: émm)(Harris Uni Core)

ADry: Overnight at room temperature ATransfer: into 2mL Eppendorf tube
— . ADry: Speed-vac (~20min)
0 i .
AAdd 2 0 0 ¢SITD solution (80% ACN [1%FA])

[.é;r;zafine. Btaod Nq

B S AISTD (D,-Clozapine)

~ed ondi AMix: Vortex (few sec) + ultra sonic (10-15min)
mixed on-line
o000 ASpin: 15,000rpm (15min)

] o '1i‘i|J

ATransfer Supernatant: into AS-vial ( ~1 50 ¢/L
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SCAP DBS Card

h 867D card1ypen h ide
System 085 for Research o ' | B a—
= dozaﬁne, cal3, | ppb = C/()Mﬁne, cal3, pph | =
——] ——
= ( ® 0001 0000 0287 = (O B 0001 0000 0287
=000 =000
o O 0 I I
e W
Before Sampling After Sampling
1 ng/mL Cal 1 ng/mL Cal
3rd replicate 3rd replicate
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SCAP Timer Setup for Clozapine and Metabolites

Method Development

Elution of Clozapine and Metabolites on Extraction Column (Trapl)

x10 5 |*ESI MRM Frag=150.0V CID@51.0 (327.0000 -> 192.1000) 02_Clozapine-Mix_Extraction-Test.d
4.2 Clozapine 3 i 30 Sec Ik - Cycle Arguments
4 Norc|ozapine : Trapl to 2 : Parameter “Walue
22 g Clozapine N-Oxide i ﬂ i Trap 1 Sample YWash (=) T
-0 : : fram DBS 1o Trap 1 (3] a0
3.4-| DA4-Clozapine ! ! from Trap 1 to Trap 2 (=) a0
3.2 ! ﬂ i Clean and Cond Trapd (3] 240
34 i i I1ZTD_Loadvalume [l a0
2.8+ H H GripperForce (mm) 18
2.6 i ﬂ i SCap tuta DES Pos¥ (mm) 0
2.4 I ! SCAP_Auto_DBS_PosY (mm) 0
2.2 ! H SCAP_Auto DBS_PosZ (mm) 0
: | |
1.8 H H
1.6- | ]
1.4 ' !
1.2 | :
. ! !
0.8+ H H
0.6 i i
1 1
o) : :
.24 i 1
o) L) !

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Counts vs. Acquisition Time (sec)
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Clozapine and Metabolites, 5000 ng/mL Standard

Elution of Clozapine and Metabolites on Analytical column

10 5 |+ESI MRM Frag=150.0V CID@51.0 (343.0000 -> 192.2000) 11_Cal10_5000ppb-r002.d Clozapine-NO

2 2.87

1,

07=
«10 5 |+ESI MRM Frag=150.0V CID@51.0 (331.0000 -> 192.2000) 11_Cal10_5000ppb-r002.d D4-Clozapine

15 2.80

1,

0.5

07=
«10 5 |+ESI MRM Frag=150.0V CID@51.0 (327.0000 -> 192.1000) 11_Cal10_5000ppb-r002.d Clozapine

75 2.81

5,

251

o~ |
x10 5 |+ESI MRM Frag=150.0V CID@51.0 (313.0000 -> 192.2000) 11_Cal10_5000ppb-r002.d Norclozapine

24 2.75

151

1,

0.5

0,

08 1 12 14 16 18 22 24 26 28 32 34 36 38 4 42 44 46 48 5

Counts vs. Acqmsmon Time (min)
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Sensitivity LLOQ: 0.5 ng/mL (1.5 nM) in Blood

Clozapine
LLOQ = 0.5 ng/mL (1.5 nM) in blood

x10 2 |Noise (RMS) = 12.24; SNR (2.81min) = 29.8 x10 2 |Noise (RMS) = 2.98; SNR (2.77min) = 33.4
6. *2.81 24 *2.77
1553.0 458.1
4 1.5
1,
2,
0.5
+ MRM (327.0000 -> 192.1000) 03_Cal2_500ppt... + MRM (313.0000 -> 192.2000) 03_Cal2_500ppt..
x10 2 |Noise (RMS) = 12.34; SNR (2.81min) = 33.4 x10 2 |Noise (RMS) = 3.36; SNR (2.76min) = 32.3
*2.81 2 *2.76
6+ 1696.7 499.4
1.5
4
1,
2,
0.5

+ MRM (327.0000 -> 192.1000) 03_Cal2_500ppt...

+ MRM (327.0000 -> 192.1000) 03_Cal2_500ppt...

Norclozapine

LLOQ = 0.5 ng/mL (1.5 nM) in blood

+ MRM (313.0000 -> 192.2000) 03_Cal2_500ppt..

+ MRM (313.0000 -> 192.2000) 03_Cal2_500ppt..

x10 2 |Noise (RMS) = 13.61; SNR (2.81min) = 30.3 x10 2 |Noise (RMS) = 2.22; SNR (2.75min) = 44.8
*2.81 21 *2.75
6 1694.9 415.7
1.5
4,
14
2,
0.5

15 2 25 3 35 4
Counts vs. Acquisition Time (min)

15 2 25 3 35 4
Counts vs. Acquisition Time (min)

Clozapine-NO
LLOQ = 0.5 ng/mL (1.5 nM) in blood

The Mea s.urr:. of Confidence

- Agilent Technologies




