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Emerging Trends and Challenges for
Quantitative Analysis In Biological Matrices
(Bloanalysis)

* Diverged trends in bioanalysis

— Routine bioanalysis is becoming a commodity
» Throughput, turnaround or cost driven (Off-shore outsourcing)

» Responsibility is being transferred from professional analytical chemists
to trained personnel

— The drive for increased understanding of pharmacology and
toxicology demands new information from bioanalysis
* Biomarker quantitation
» Free drug concentration at the site of action
» Metabolite quantitation in the absence of standards
* Intracellular measurement

 New technologies need to be developed to meet the
challenges associated with these trends
— Faster, easier, and cheaper...

— More precise sampling, more sensitive, more specific, more
equi-molar response, less interference...



Why DART for Bioanalysis?

Direct ionization methods offer potential
advantages for bioanalysis, including speed,
throughput, ease of sample preparation, etc.

The fact that DART only works for a relatively
low mass range offers the advantage for small
molecule analysis in biological matrices

DART Is commercially available and more
amenable for routine use

Our previous data have demonstrated good
reproducibility and manageable matrix effects in
directly analyzing samples in biological matrices



DART lon Source Overview
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DART Coupled to a Triple-Quadrupole
with Enhanced Resolution

 Enhanced resolution provides added specificity
In the absence of chromatographic separation

e For certain types of applications, enhanced
resolution allows for the use of SIM/MIM mode
for quantitation and thus eliminate the need for
MRM method development

 SIM/MIM mode is a good match of the DART
throughput






Potential Niches of DART for Bioanalysis

« High-throughput in vitro ADME samples
— Metabolic stability/intrinsic clearance in microsome/S9

 Real-time estimate of drug levels

— Determine dilution factors for high-concentration
PK/TK samples

 AQL samples are a frequent cause of delay
 Dilution factor is often difficult to determine

— Compare two oral formulations in a pilot study before
an animal efficacy study
* Analytical tool of choice for sampling dried blood
Spots



High-throughput Bioanalysis for
In vitro ADME Samples



Intrinsic Clearance Determination of
Compounds in Human Liver Microsome

LC/MS/MS

DART/MS

y =-0.01752x +2.04257

y =-0.01058x + 1.98232

Testosterone ) Testosterone RP0.75837
R20.95029
2.500 2.500 -
200 —y— o, 2.000
v —— v ¢ *
1.500 - 1500 |
1.000 | L6000 .
0.500
0.500 -
0.000 T T T T T T 1
0.000 T T T T {
0 S 10 1 S . 20 25 30 % 10 .15 . 20 25 30 35
Time (min) Time (min)
y =-0.00312x +1.97451 y =-0.00569x + 1.99415
Dextromethorphan R?0.74300 Dextromethorphan R0.75170

2.500 - 2.500
2.000 - - . 2.000 = . .
1.500 4 1.500
1.000 1.000
0.500 0.500
0.000 . . . : : : { 0.000 T T T . . {

0 5 10 15 .20 25 30 35 10 . 15 . 20 25 30 35

Time (min) Time (min)




Hepatic Extraction Ratio (Eh) in Human Liver
Microsome Determined by DART/MS & LC/MS/MS

Compounds Eh by LC/MS/MS Eh by DART/MS
Dextromethorphan 0.393 0.541
Midazolam 0.950 0.896
Phenacetin 0.386 0.342

Testosterone 0.784 0.687




Hepatic Extraction Ratio (Eh) in Human Liver S9
Fraction Determined by DART/MS and LC/MS/MS

Compound

Name DART/MS LC/MS/MS

Hepatic Extraction Ratio (Eh) of MPI
MPI 1 <0.19 0.056 compounds in Human S9
MPI 2 0.351 0.064 1.000
MPI 3 0.333 0.335 0-800

_ 0600 @ DART

MPI 4 0.264 0.297 00 & LCIMSIMS
MPI 5 0.683 0.649 0.200
MPI 6 0.592 0.666 A —

1 2 3 4 5 6 7
MPI 7 0.579 0.779 Compounds




Plasma Stability
% Remaining after 2hr Incubation at 37 °C

LC/MS/MS DART/MS
MPI 8 Human Plasma 80.7 % 80.9 %
MPI 8 Rat Plasma 89.2 % 89.9 %

MPI 9 Human Plasma 76.4 % 85.7 %




Determination of Dilution Factors for
High-Concentration PK/TK Samples



Dilution Factor Determination

 Samples may be out of the quantitation range due
to the use of inappropriate dilution factors when...

— There Is no historical data for the compound in a
specific species
— Non linear pharmacokinetics

 These out-of-range samples cause delay and
Inefficient use of resources

 The use of DART helps determine appropriate
dilution factors

— Quickly estimate a ballpark concentration of PK/TK
samples in early time points before sample analysis



Dilution Factor Prediction for Compound A

350 mg/kg PO dose in a rat tox study

Concentration Concentration
(nM) (nM)
Subject 1, 0.25 hr 21900 100 20200 5
Subject 1, 0.5 hr 39700 100 31300 21
Subject 1, 1 hr 38600 100 39300 -5
Subject 1, 4 hr 12200 100 12800 -8

Dynamic Range is 1 to 1000 nM




Dilution Factor Prediction for Compound B
250 mg/kg PO dose in a rat tox study

Unknown Unknown
Concentration Dilution Concentration
0

SENRE NENTE Predicted With Factor Obtained by MPD%

DART/MS LC/MS/MS
Subject 1, 0.5 hr 30700 100 23700 26
Subject 1, 1 hr 43100 100 32500 28
Subject 2, 0.5 hr 22000 100 16900 26
Subject 2, 1 hr 23300 100 19700 17
Subject 3, 0.5 hr 30600 100 22800 29
Subject 3, 1 hr 35400 100 30300 16

Dynamic Range is 1 to 1000 nM



Sampling from Dried Blood Spots






Direct Analysis of Blood Spots with DART

Verapamil Neat Solution

Rat Whole Blood



Conclusions and Future Directions

* When combined with an enhanced resolution triple-
guadrupole instrument, DART offers the potential
for:

— high-throughput bioanalysis of in vitro ADME samples
— “Real-time” analysis for certain types of in vivo samples

* In vivo PK samples may not be a niche application
for DART at this point due to the compromises in
sensitivity and specificity compared to conventional
LC-MS/MS based methods

 The use of DART as a sampling tool for samples
collected as dried blood spots may offer new
advantages
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