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| ntroduction

- Achieving both high throughput and low detection
limits (LOQ’s) Is now the challenge of
pharmaceutical analysis. Sincethe mid 90's,
additional emphasis has been directed on the sample
preparation at sub ng/mL levels and extraction
speed. Classical extraction techniques, like liquid-
liquid extraction (LLE) or protein precipitation
(ppt), are not suitable formats for high throughput
for good clean-up. For example, LLE gives better
recovery and clean-up requires extensive manig (=
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Introduction (continued)

labor and I1s not easily automated. Ppt, on the other
hand, Is fast and can be automated, but the extract
IS not as clean as LLE or SPE techniques (potential
loss of signal due to 1on suppression). As more

~ drug candidates shows increased levels of potency,
less dosage is required, hence the need for lower
LOQ’s in order to define the pharmacokinetic
profile. During pre-clinical trials of adrug
candidate, sample volume isrelatively low, most
common in the 50 pL range. Clearly, using solid

phase extraction (SPE) in a 96-well plate Erﬁ



Introduction (continued)

™ (1,2) can keep up with these new demands for low
sensitivity using less sample volume. With the
assistance of robotic liquid handler, a 96-well plate
can be prepared In less than a minute per sample (3).
' The performance of a new 96-well ultralow elution
volume plate for LC/MS/M S applications will be
summarized. Each well in the plate contains 2 mg
of a high capacity solid phase extraction polymer
(Oasis® HLB and MCX) (4) that has the capacity of
extracting analytes from several hundred microliters

of plasma. A novel tip design permits quantltﬁ



Introduction (continued)

guantitative recovery of the extracted analytes with
as little as 25 microliters of elution solvent.
Therefore, the plate provides as much as 5-fold
concentration of the analyte from plasma. The plate
allows for ssmple dilution of the elution solution
with water prior to LC/MSM S analysis, thus

avolding an evaporation and reconstitution step.
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4- Cheng, Y.F., Neue, W., Bean, L., J. Chromatogr. A, 1998, 828, 273 A
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N-Vinyl-Pyrrolidone Di-Vinyl-Benzene

Water Loving z Fat Loving

Hydrophilic monomer Lipophilic monomer

- Provide wetting properties -Provide reverse phase

- No impact of sorbent drying property for analyte retw’ -



Oasis® MCX Sorbent

sorbent @ SO,H Strong cation-exchange mode
best retention at least 2 pH units

SO,H
@ @ below pKa
N+/|\CH3

Reversed-phase
mode

Propranolol
Basic
drug
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s#s® HL B micro elution 96-well plate




| nstrumentation

Alliance® HT 2795 Micromass® Ultima
Triplequadrupole
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LC/MS/MS conditions

' MS: Micromass® Quattro Ultima LC: Waters Alliance® HT 2795
lon source: ESI (+) Flow rate: 0.2 mL/min
Source temperature: 150 °C Mobile phase A: Water + 0.5 % NH,OH
Gas cell: 2.0 e-3 bar Argon Mobile phase B: ACN + 0.5 % NH,OH
Desolvation temperature: 350 °C Column: XTerrd® MS C18
2.1 x 30 mm, 3.5 um
Drying gas flow: 500 L/hr L C conditions. 5% to 95% in 1 min.
Cone gasflow: 50 L/hr Column temperature: ambient
Cone voltage: 25 volts
Capillary voltage: 3.5 Kv
MRM transition: Metoclopramide (IS) m/z 299.8 - 226.7

Propranol ol m/z 259.9 - 154.9
Amitriptyline m/z 278.1 - 232.9
Nortriptyline m/z 263.9 - 190.8 -
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B 1D Generic Extraction Protocol

Condition 200 pL MeOH

Equilibrate 200 pL Water

L oac 50 pL spiked rat plasma

L oac 50 pL 1S (10 pg/pL) in water
Wash 200 pL 5% MeOH in water
Elute 25 L ACN:IPA 40:60 + 2% FA
Dilute 50 uL Water

| nject 20 uL
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s
Il"C/MS/ }S analysis of Propranolol on Oasis® HL B

A

MRM of 2 Channels ES+
100~ 3.52 299.8 > 226.7

8.62e6
S

MRM of 2 Channels ES+
100+ 3.84 259.9 > 154.9
] 2.80e4
" Propranolol 1 ng/mL
]
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MRM of 2 Channels ES+
100~ 3.53 299.8 > 226.7
] 1.02e7
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MRM of 2 Channels ES+
100 3.84 259.9 >154.9

Propranolol 1000 ng/mL o
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d&libra‘ti curve of Propranolol on Oasis® HLB

A
Conc. ng/mL N=6 2.0 5.0 10.0 20.0 | 50.0 500.0 | 1000.0
Average 1.95 525 9.98 19.01| 50.98 | 508.06| 994.60
Standard Deviation 0.056 0.24 0.51 0.89 2.21 23.97| 14.27
RSD % 2.8 4.7 51 4.7 4.3 4.7 14
1.58- &

Coefficient of Determination: 0.997750

| Calibration curve: 6.51518e-7 * x"2 + 0.000931050 * x + 0.00120274
Response type: Internal Std ( Ref 2 ), Area * (IS Conc. / IS Area)

1 Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x*2, Axis trans: None

Response
1

400.0 ) 600.0
Concentration (ng/mL)




CX Generic Extraction Protocol

' Condition 200 puL MeOH
Equilibrate 200 pL Water
L oac 50 pL spiked rat plasma
L oac 50 pL 1S (10 pg/pL) in water
Wash 1 200 uL Water + 2% FA
Wash 2 200 L MeOH
Elute 25 uL ACN:IPA 40:60 + 2% NH,OH
Dilute 50 pL water
| nject 20 uL
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5 analysis of Propranolol on Oasis® MCX

il

MRM of 2 Channels ES+

| 100~ 3.51 299.8 > 226.7
1 3.63e7
1S
-2 = [ I

MRM of 2 Channels ES+
100~ 3.83 259.9 > 154.9

Propranolol 1 ng/mL N

0
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MRM of 2 Channels ES+

100 3.50 299.8 > 226.7
1 3.28e7
% S
'27 AN RN RN NN
MRM of 2 Channels ES+
100 3.83 259.9 > 154.9
] 1.58e7
=% Propranolol 1000 ng/mL
: —
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il

om curve of Propranolol on Oasis® MCX

Conc. ng/mL N=6 2.0 20 50.0 100.0{ 200.0 500.0 | 1000.0
Average 2.02 19.10| 50.77| 103.78| 198.72| 534.95| 968.75
Standard Deviation 0.056| 1.17 2.54 5.84 13.14| 25.48| 16.37
RSD % 2.8 6.1 5.0 5.6 6.6 4.7 1.6
0.760-
X
| Coefficient of Determination: 0.997271
Calibration curve: 3.21474e-7 * x"2 + 0.000431329 * x + 0.00751303
1 Response type: Internal Std ( Ref 2 ), Area * (IS Conc. /IS Area)
| Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x"2, Axis trans: None
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MRM of 2 Channels ES+
259.9 > 154.9

Area 278
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MRM of 2 Channels ES+
259.9 >154.9

Area 1329
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MRM of 2 Channels ES+
259.9 >154.9
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analysis of Amitriptylineon Oasis® HLB

il

* Elution with 40:60 ACN:IPA + 2% FA

= MRM of 2 Channels ES+
100~ 3.52 299.8 > 226.7

i 1.22e7

1
N
I

T T T

R N N
MRM of 2 Channels ES+
100+ 4.63 278.1 > 232.9

2.36e7
. Amitriptyline 200 ng/mL
'1;”“““””""“""""““”””““"”""””"“"””““"""”"""””“”\"”!”"!""\“"
MRM of 2 Channels ES+
100~ 3.53 299.8 > 226.7
i 1.45e7
1S
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MRM of 2 Channels ES+
100 4.64 278.1 > 232.9

Amitriptyline 0.1 ng/mL 267e4
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curve of Amitriptylineon Oasis® HLB

C‘hlibra%io

A A .
* Elution with 40:60 ACN:IPA + 2 % FA
Conc. ng/mL N=6 0.1 0.2 0.5 5.0 10.0 20.0 | 50
Average 0.1 0.24 0.49 5.02 10.12 | 21.0 51.74
Standard Deviation 0.005| 0.005| 0.017, 034 0.63 1.27 1.86
RSD % 5.0 2.1 3.6 6.9 6.2 6.0 3.6
1.14e7-

Response
1

Coefficient of Determination: 0.997048
1 Calibration curve: 2.58950 * x"2 + 8760.41 * x + 848.944
Response type: External Std, Area

1Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x*2, Axis trans: None

———
400.0

—r————r—
600.0

Concentration (ng/mL)




S analysis of Amitriptyline on Oasis® HLB

il 1

* Elution with 40:60 ACN:IPA + 2 % NH,OH

MRM of 2 Channels ES+
100 3.54 299.8 > 226.7
] 3.15e7
% |S
'5;"""”""””“"“"""“””""""”““""“"""""“”"“""""""”"\"”l""\”"\“"
MRM of 2 Channels ES+
100 . . . 4.67 278.1 > 232.9
- Amitriptyline 0.1 ng/mL 3.62¢4
%]
4 "”M“"“"""“””""""”““""“"""""“”"“""""""”"\"”!""\”"\“"
MRM of 2 Channels ES+
100~ 3.60 299.8 > 226.7
il 3.54e7
" |S
‘5;"""”""””“"“"""“””""""”““""“"""""“”"“""I""""N""\"”l""\”"\“"
MRM of 2 Channels ES+
100 4.73 278.1 > 2329
1 o ] 3.43e7
.., Amitriptyline 200 ng/mL
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C&ibratio curve of Amitriptylineon Oasis® HLB

Elution with 40:60 ACN:IPA + 2 % NH,OH
Conc. ng/mL N=6 0.1 0.5 1.0 5.0 10.0 50.0 | 100.0
Average 0.101| 0.47 0.975| 5.05 9.89 53.47 | 96.58
Standard Deviation 0.003| 0.012| 0.07 0.35 0.52 1.19 1.33
RSD % 3.6 2.5 1.2 7.0 5.2 2.2 1.3
1.727
| Coefficient of Determination: 0.997495
{ Calibration curve: 4.61639e-6 * x2 + 0.00588055 * x + 0.000724600
Response type: Internal Std ( Ref 1), Area * (IS Conc. /IS Area) X
J Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x*2, Axis trans: None
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L GIM S/R/I analysis of Amitriptyline on Oasis® MCX

A .
= MRM of 2 Channels ES+
100~ 3.53 299.8 > 226.7
] IS 4.41e7
%
MRM of 2 Channels ES+
100 4.68 278.1 > 2329
1 0 0 o 9.22e4
- Amitriptyline 0.1 ng/mL
%_
2:"“”"”””““"""”"”"“""““"“”""”””"”“""“""””"”"””\"“!“"\"”\”"
MRM of 2 Channels ES+
100+ 3.63 299.8 > 226.7
il 4.03e7
] |S
%]
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MRM of 2 Channels ES+
100 4.76 278.1>2329
i . . . 1.12e8
- Amitriptyline 200 ng/mL
N %
] e
o 0"50 160 1%0 260 2’50 360 3’50 460 41-30 560




curve of Amitriptyline on Oasis® MCX

Salibr ia

A
Conc. ng/mL N=6 0.1 0.2 0.5 1.0 5.0 10.0 | 50.0
Average 0.105| 0.188| 0481 1023| 5104 | 1059 | 52.0
Standard Deviation 0.005| 0.009| 0.027f 0019 0.23 0.15 2.92
RSD % 4.7 5.2 5.8 1.9 4.6 14 5.6
1.097
{ Coefficient of Determination: 0.999685
Calibration curve: 2.05077e-5 * X2 + 0.00886192 * x + 0.00147206
{1 Response type: Internal Std ( Ref 1), Area * (IS Conc. /IS Area)
Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x"2, Axis trans: None
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mparison of Ppt vsHLB vs MCX

MRM of 2 Channels ES+

1 Ppt Amitriptyline 0.1 ng/mL N e s

2.98 5.

" Area 434

MRM of 2 Channels ES+
4.67 278.1 > 232.9
3.62e4

Area: 1 624

MRM of 2 Channels ES+
4.68 278.1 > 232.9
8.91e4

Area 5904
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L G/M S/R/I yanalysis of Protriptyline on Oasis® HLB

MRM of 2 Channels ES+
3.51 299.8 > 226.7
1.87e7

MRM of 2 Channels ES+
4.59 263.9 >190.8
2.95e7

100

%

100+

W %

MRM of 2 Channels ES+
3.50 299.8 > 226.7
1.38e7

MRM of 2 Channels ES+
4.58 263.9 >190.8

Protriptyline 1.0 ng/mL
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C&ibratio curve of Protriptylineon Oasis® HLB

il

Elution with 40:60 ACN:IPA + 2 % NH,OH

Conc. ng/mL N=6 5.0 10.0 20.0 100.0{ 200.0 | 500.0| 1000.0
Average 4.8 9.8 20.0 104.3| 204.0 | 538.7 | 988.3
Standard Deviation 0.28 0.48 1.19 311 10.13| 1.34 1.33
RSD % 5.8 4.9 5.9 2.9 4.9 0.2 13
8.507
x

Response
|

1 Coefficient of Determination: 0.991555
Calibration curve: 3.59199e-6 * x"2 + 0.00490254 * x + 0.00176040
{Response type: Internal Std ( Ref 1), Area * (IS Conc. /IS Area)

Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x"2, Axis trans: None

——————
400.0

——————
600.0

Concentration (ng/mL)




L GIM S/R/I yanalysis of Protriptyline on Oasis® MCX

MRM of 2 Channels ES+
100~ 3.51 299.8 > 226.7
] IS 1.40e7
%
'4"””"“““““""""“"”""”"“””””"“"\“"l””l"”""""“""”""\““\"“\"“l”"
MRM of 2 Channels ES+
100 4.56 263.9 >190.8
] 7.42e7
. Protriptyline 1000 ng/mL
&— e
MRM of 2 Channels ES+
100- 3.69 299.8 > 226.7
1 9.70e6
. |S
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MRM of 2 Channels ES+
100~ 4.74 263.9>190.8
- Protriptyline 1.0 ng/mL
... Protriptyline 1.0 ng
i s
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,, ¢
C&ibratio curve of Protriptyline on Oasis® MCX

Elution with 40:60 ACN:IPA + 2 % NH,OH
Conc. ng/mL N=6 1.0 5.0 10.0 20.0 | 50.0 500.0 | 1000.0
Average 1.01 4.9 9.6 19.4 51.7 515.9 | 989.8
Standard Deviation 0.01 0.3 0.55 1.06 1.62 22.21| 20.34
RSD % 15 6.1 5.7 54 3.1 4.3 2.0
2.617 g
{1 Coefficient of Determination: 0.993601
Calibration curve: 1.38717e-6 * X2 + 0.00121891 * x + 0.00117550
1 Response type: Internal Std ( Ref 1), Area * (IS Conc. /IS Area)
Curve type: 2nd Order, Origin: Exclude, Weighting: 1/x"2, Axis trans: None
e
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0.0 200.0 400.0 600.0 800.0 1000.0 —
Concentration (ng/mL)




100+

Ppt Protriptlyine 1.0 ng/mL

3.73.3.80

MRM of 2 Channels ES+
263.9>190.8
3.02e4

92 Area.2 628

HLB Protriptyline 1.0 ng/mL

MRM of 2 Channels ES+
263.9>190.8
3.60e4

Area. 2 624

MCX Protriptyline 1.0 ng/mL

MRM of 2 Channels ES+
263.9>190.8
6.01e4

Area: 4 487




Conclusions

' Wide volume range for loading (50 to 800 uL)
Low elution volume (25 - 50 L)
Generic protocols for HLB and MCX
Pre-concentration factor up to 10x
Sub ng/mL quantitation limits
96-well plate format for high throughput
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