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What Is DART?

DART stands for Direct Analysisin Real Time

Generates ions directly from gases, liquid, and solids by
using gas containing heated either metastable atoms or
molecules to transfer energy into the sample environment.

Provides a non-contact surface sampling technique for use
IN Mass spectrometry based analysis

Samples are presented for analysisin open air at
ﬁtmgspheric pressure in this case by using arobot sample
ander.

Developed by J. Laramee and R. Cody at JEOL USA, Inc.
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Experimental Protocol

e Dip into the biological matrix and analyze
+ ,.
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DART

MS Source




DART of Urine

High Resolution Time-of-Flight MS
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Data courtesy of Dr. Cody, JEOL USA



Computer Analysis of Spectrum

JEOL AccuTOF-MS
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Blood dropl et:
Amino Acids (Positive lons)
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Data courtesy of Dr. Cody, JEOL USA



Gamma Hydroxybutyrate (GHB) in Urine
(Deuterated 1.S.)
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Promazinein Urine

Chlorpromazineinternal standard
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What makes DART different?
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Initial Evaluation Instrument Configuration




In Vitro Intrinsic Clearance Samples
Initial Effort — May 07

Jng-Tao Wu, Shaoxia Y u, Millennium Pharma

e Experimental

— Incubate compounds in human liver S9. After
guenching, split the samples for LC/MS and
DART analysis

— Compare the intrinsic clearance values obtained
by each method for comparison

— Can asimple protocol be established?



DART for In Vitro Samples
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DART for In Vitro Samples
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DART for In Vitro Samples
Comparison of LC/MS and DART data

CL, . (L/hr/kg) CL, . (L/hr/kg)
LC/MS DART
Compound 1 1.41 2.67
Compound 2 3.17 3.66
Compound 3 1.02 1.68
Compound 4 0.61 2.08




DART for PK Samples

e Experimental (Compound A)
» Rat PK study, 4 animals at 10 mg/kg PO
» Plasma samples were extracted and analyzed by LC/MS

» Plasma were re-aliguoted and mixed with high agueous
|S before subject to DART analysis

» Comparison between DART and LC/M S results



Rat PK Study for Compound A
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Rat PK Study for Compound A
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30 25.4 -15.2
2400 2820 17.4
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Conclusions 07’

« Evaluation for Bioanalysis indicated that matrix
effect were not overwhelming

e Applicationsfor invivo and invitro ADME
studies suggested that additional effort was
necessary to achieve more optimal results

e |mprovement in precision and sensitivity required

Jing-Tao Wu, Millennium Pharma
APA Boston 9/2006



Instrument Configuration — Circa 2008
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Gas |on Separator Developed 2008

M S People are Plumbing People

Vacuum Port



DART DESORPTION PROFILE
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Peak Area, counts
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The System Reproducibility of DART/MS/MS
(Verapamil, 1ug/mL in dog plasma, n=25)
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Data courtesy of Dr. Shaoxia Y u, Takeda Pharmaceuticals



Improved Reproducibility
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lmproved Sensitivity
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Reevaluate for Bioanalysis



Dilution Effect of Verapamil
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This is particularly useful when sample is in low volume.

Data courtesy of Dr. Shaoxia Y u, Takeda Pharmaceuticals



Dilution Effect of Verapamil
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Matrix Effectsin rat plasma

Methyacina  Verapamil  Alprozolam  Praparacaine = Compound
E
Plasma 6.9% 37.1% 68.4% 5.4% 43.2%
1.1 (plasma:H20) 17.2% 56.9% 122.7% 8.0% 87.3%

Matrix effect is reflected by the analyte response in matrix over that in neat solvent




Compound A with Internal Standard

Direct lonization of Rat Plasma

STD Concentration | g 20.0 100 500 1000 2000 5000 10000 20000
with IS (hg/mL)
1 5.20 108 441 945 2250 6070 11300 22200
2 5.00 17.4 787 498 921 1680 4740 11000 20200
Mean 5.10 17.4 93.4 470 933 1970 5410 11200 21200
%Bias 20 130 6.6 6.0 6.7 15 8.2 12.0 6.0
n 2 1 2 2 2 2 2 2 2
QC concentration Low Mid High Compound A with ISin rat Plasma
(ng/mL) (10.0) (2500) (16000)
250
1 12.1 2430 17500 S
2 8.88 2550 17900 200 >4
3 ~16.6 2570 16900 /
150
4 111 2470 17300
5 12.3 2660 19000 100
6 101 2710 11400
Mean 118 2570 16700 >
9%CV 225 42 16.0 . |
%B|as 180 28 44 5000 10000 15000 20000 25000
n 6 6 6 50




Compound A without IS Iin Rat Plasma

STD
Concentration No IS 5.00 20.0 100 500 1000 2000 5000 10000 20000
(ng/mL)
1 5.21 26.2 104 486 884 1890 5030 11600 23200
2 4.67 16.1 915 449 854 1980 4960 10900 20000
Mean 4.94 21.2 97.8 468 869 1940 5000 11300 21600
%Bias 12 6.0 22 -6.4 -13.1 -3.0 0.0 13.0 8.0
n 2 2 2 2 2 2 2 2 2
QC concentration Low Mid High Compound A in rat Plasma No IS
(ng/mL) (10.0) (2500) (16000)
800000
1 10.4 2650 16300 R2 = 0.9936
2 9.33 2370 18500 700000 >
. 600000 //%
3 ~14.0 2590 15300
500000
4 125 2670 18900 /
400000 /
5 11.7 2470 17300 2300000 /
6 12.9 2570 13000 200000
Mean 11.8 2550 16600 100000 A~
%CV 145 45 13.3 0 | | | |
%Bias 180 20 38 100000 5000 10000 15000 20000 25000
n 6 6 6




|ndomethacin in Rat Plasma

STD Concentration (ng/mL) 10.0 50 250 500 1000 2500 5000 10000
1 8.75 36.1 212 493 999 2510 5550 10800
2 10.6 59.4 253 434 857 2580 5420 10800
3 10.9 52.0 206 427 1050 2560 5360 12400
Mean 10.1 492 224 451 969 2550 5440 11300
Mean %Bias 1.0 -1.6 -10.4 9.8 3.1 2.0 8.8 13.0
0,
eV 115 24.2 11.4 8.0 10.3 1.4 18 8.2
n 3 3 3 3 3 3 3 3

standatd Curve of Indomethacin in rat plasma
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Terfenadine in Rat Plasma

STD concentration 2.00 5.00 20.0 100 500 1000 2000 5000 10000 20000
(ng/mL)
1 2.15 4.72 17.7 92.8 457 1050 2270 5280 10400 21500
2 201 451 19.0 89.7 498 1000 1990 5280 11000 19800
Mean 2.08 4.62 18.4 91.3 478 1030 2130 5280 10700 20700
%Bias 4.0 -7.6 -8.0 -8.7 -4.4 3.0 6.5 5.6 7.0 35
n 2 2 2 2 2 2 2 2 2 2
QC Low Mid High
Concentration Terfennadine in rat Plasma
(ng/mL) (10.0) (2500) (16000)
4000000
R2 =0.9977
1 9.78 2680 11700 4500000 .
2 9.81 2830 14000 3000000 P
3 9.72 2710 15300 2500000 //
4 9.19 2740 14300 2000000 /
1500000
5 8.90 2540 15600 /
1000000
6 9.07 2920 15300 500000 /
Mean 9.41 2740 14400 0 ‘/ | | | |
%CV 43 4.7 10.1 0 5000 10000 15000 20000 25000
Y%bias 5.9 9.6 -10.0
n 6 6 6




Verapamil in Rat Plasma
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Verapamil in Rat Plasma

STD
concentrat 2.00 5.00 20.0 100 500 1000 2000 5000 10000 20000
ion
(ng/mL)
1 176 6.00 211 107 523 993 2160 4600 9330 17100
2 2.04 *7.30 219 11 523 1010 2190 4690 8440 16400
Mean 1.90 6.00 215 109 523 1000 2180 4650 8890 16800
%Bias 50 200 75 9.0 46 0.0 9.0 7.0 111 1160
n 2 1 2 2 2 2 2 2 2 2
QC Concentration Low Mid High Verapmil std curve in rat plasma
(ng/mL) (10.0) (2500) (16000)
7000000
1 9.71 2300 14200 R? =0.9972 P
6000000 *
2 10.7 2270 13600 /
3 7.95 2230 13900 5000000 /
4 8.29 2490 13200 4000000
*
5 7.72 2520 12800 4000000 /
6 9.13 2300 13600 /
2000000
Mean 8.92 2350 13600 /
%CV 12.9 5.2 3.7 1000000
Y%bias -10.8 -6.0 -15.0 0 ‘ ‘ ‘ ‘
0 5000 10000 15000 20000 25000
n 6 6 6




Applicationsfor in Vivo and In
Vitro ADME Studies

1. Mouse PK Study for Compound A (plasma
sampl es)
e /groups,3animalsat 25 mg/kg PO

a) Plasma samples were extracted and analyzed by
_C/IMSIMS

b) Plasma sampleswere directly subjected to
DART analysis




Mouse PK Study
M easured Plasma Concentrations By L C/MS/M

LC/IMSIMS DART
Concentration (nM)  Concentration (nM)

& DART

% MPD

Sample D

C1 30min 3990 4170 2.2
C2 30min 3930 4412 5.8
C3 30min 2300 2918 11.8
Calhr 3500 4297 10.2
C51hr 4200 5846 16.4
C61hr 2480 3011 9.7
C7 2hr 3500 4430
C8 2hr 1890 2340
C9 2hr 2900 3073
C10 4hr 2940 2674
C11 4hr 3480 3672
C12 4hr 4510 4766
C13 8hr 3110 2851
C14 shr 1900 2111
C15 8hr 3270 3130
C16 16hr BQL BQL
C17 16hr 2.00 BQL
C18 16hr BQL BQL
C19 24hr BQL BQL
C20 24hr BQL BQL
C21 24hr 1.39 BQL




Applicationsfor in Vivo and in Vitro
ADME Studies

2. Mouse PK Study for Compound B (whole
blood samples)
e 16 groups,3 animals at 60 mg/kg SC

a) Whole blood samples were extracted and
analyzed by LC/IMS/IMS

b) Whole blood sampleswere directly
subjected to DART analysis




Mouse PK Study

M easured Whole Blood Concentrations Between LC/MS/MS & DART

Conlc_:e(;/tt/latsiloMn ?nM) DART (nM) Conlgecf:{tl:ﬂatsilol\g(snl\/') DART (nM)
BQL BQL BQL BQL
BQL BOL BQL BOL
BQL BQL BQL BQL
19300 23271 12900 15927
15900 17162 14700 14677
22200 23836 14500 13027
21300 23724 17700 16409
24100 19131 18900 22208
35700 29939 20200 18168
BQL BQL 22400 23978
BQL BQL 31700 27722
BQL BQL 31800 38092
20600 19858 BQL BQL
21200 18763 BQL BQL
15500 17434 BQL BQL
22300 32876 11400 13606
21600 20113 16100 14609
23800 24292 16000 17126
33200 30853 16600 19852
44600 28290 18100 17639
33200 34187 34800 33839




Applicationsfor in Vivo and in Vitro

ADME Studies

3. Intrinsic Clearance Study for In vitro Samples

Hepatic Extraction
Ratio
DART

<0.19

<0.16

Hepatic Extraction
Ratio
LC/IMSIMS
Compound C Human S9 <0.19
Compound C Rat S9 <0.16
Compound D Mouse Microsomes 0.91

0.92




Other Speedy Methods

»Rapid Fire LC/MS (BioTrove)
»UPLC/MS
»MALDI / QTOF
»DESI| / DAPSI
» Laser Diode Thermal Desorption
LDTD MS



Conclusions

The reproducibility, Sensitivity and Practicability
of DART has been significantly improved with
new instrumentation.

DART was found to meet the general reguirement
for bioanalysis without sample preparation.

Compared to results generated with LC/MS/MS,
DART has produced comparable results for PK
and invitro ADME studies.

Speed Is on its way, one way or another
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