Introduction

In pharmaceutical drug discovery, compounds are typically available in small
guantity with little knowledge of their chemical stability and solubility. These
compounds are often submitted to In vitro cell based assays, such as binding or
transport assays, which employ various buffers to maintain cell properties and function.
It IS Important to evaluate compound stability and solubility in the buffer solutions
prior to the In vitro assays.

This presentation describes a fast compound evaluation approach employing
liguid chromatography with three different detectors: UV, mass spectrometer and
Nano-Quantity Analyte Detector (NQAD). We used a set of compounds (~50) with
diverse properties and functional groups to demonstrate the applicability of this
approach In characterizing these compounds in biological buffers.

NQAD Is an aerosol detector based on the condensation nucleation technology.
It nebulizes HPLC effluent and evaporates the mobile phase off the droplets
continuously. The resulting particles are then subjected to water condensation process
and the enlarged particles are counted by an optical device. This water condensation
particle counter (WCPC) mechanism differentiates NQAD from the more well known
ELSD detector.
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Figure 1: NQAD (a) and ELSD (b) system comparison. In NQAD, water
condensed particles are counted with enhanced sensitivity.

LC-MS-NQAD-UV System
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Figure 2: LC/I\/IS/NQAD/UV system diagram. The sample and reference standard are
Injected into HPLC. The eluent is then analyzed by Waters 996 PDA and followed by
ZQ mass spectrometer and NQAD (See above for split ratio).

Quantitative LC/MS/NQAD/UV Analysis for Compounds In Biological Buffers

Experimental

Biological Buffers:

« HBSS buffer (pH 7.4). HEPES + inorganic salts + D-glucose
» PBS buffer (pH 7.4): Sodium Phosphate + Potassium Phosphate + inorganic salts

 Tris buffer (pH 7.4): TRIS + inorganic salts

LC/UV/MS parameters:

Column 4.6 X 150mm Luna C18(2) from Phenomenex
Injection VVolume 10 pL
Flow Rate 1.0 ml/min
Mobile Phase A = Wat_er _+ 0.05% Formic ,_Acid _
B = Acetonitrile + 0.05% Formic Acid
Time (min) %A %B
0 100 0
: 0.1 100 0
Gradient s 0 100
8.5 0 100
) 100 0
10 100 0
UV Waters 996 PDA
Mass Spectrometer Waters ZQ
NOQAD Quant Technologies
NQAD Parameters Evap Temp, off; Filter, off; Gain, 1 X
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Results — Part A: System Characterization

1. Molecular Diversity: Detection of compounds with weak chromophore and/or no
lonizable groups

%Recovery
Compound Name Structure MW Buffer NOAD uv MS (TIC)
< (220nM)
Verapamil $ b L HBSS 93 89 92
Hydrochloride |7 Qﬁ 271 | PBS | 94 85 97
TrIS 90 87 93
HBSS 92 ND 89
Glycodeoxycholic
acid 406 PBS 90 ND 88
o Tris 93 ND 93
Ey el HBSS | 98 86 ND
Digoxin j.\?) < 781 PBS 09 35 ND
B Tris 08 89 ND
Dodecvi HBSS 74 ND ND
odecy ° OO
Glucopyrandoside ?Ego 348 PB_S 69 ND ND
° Tris 67 ND ND

All the compounds are analyzed at 100 uM, except Dodecyl-Glucopyrandoside at 10 uM.

2. Molecular Diversity: Complementary Detectors
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Figuré 3. Glycodeoxycholic acid has weak UV response but strong NQAD and MS signals.
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Figure 4: Dodecyl glucopyrandoside (at 10 uM) is detected only by NQAD.
3. Linearity of NQAD (1)
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—igure 5. The linearity range of NQAD Is compound dependent. Low mass
compounds displays a wide range from 5 to 1000 uM whereas the range for
higher mass compounds is reduced to 200 M.

3. Linearity of NQAD (2)
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Figure 6: Molar response (Peak Area / uM) is proportional to molecular weight for hydrophilic

compounds (clogP < 3) (a), but no clear trend for hydrophobic compounds (clogP >3) (b).

4. Biological Buffer Effect

System response Is independent of the biological buffers evaluated here for all three
detectors, indicating its applicability to quantitate compounds as long as HPLC
separation from the buffer peak is achieved.

Buffer Effect on NQAD
2400 -

2200 -
2000 A
1800 -
1600 -
1400
1200 -
1000 -
800 -

600 -

400 A

200

0

¢ Diluent
HBSS buffer

® PBS Buffer

x Tris Buffer

y = 8.8023x
R?>=0.9978

Peak Count (AU)

0 40 80 120 160 200 240 280
Compound Concentration (uM)

Figure 7: Ketoprofen NQAD response equally when dissolved In
diluent, HBSS, PBS, or Tris buffers from 2.5 to 250 uM.

Part B: PIQ Application

The LC/MS/NQAD/UV approach was applied to obtain Purity, ldentification, and
Quantitation (P1Q) information for compounds in biological buffers. Recovery of a
compound In buffer using one point calibration of the same compound In diluent
served as an indicator for its stability, solubility or purity in biological system.
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Figure 8: NQAD seems to have better recovery, but all three are applicable to a wide

molecular weight range.
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Case 1. Stability
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Figure 9: Chromatograms show the instability of Adefovir Dipivoxil in PBS buffer.
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Case 2. Solubility

Low recoveries for the following compounds were obtained with high
chromatographic purity value, indicating compound solubility issue In biological buffer
at 10uM (confirmed by poor agueous solubility).

Compound Structure MW Solubility In voRecovery
Water (ug/mL) | Buffer | NQAD | UV (220nm)| MS (SIC)
. HBSS 76 61 60
Nelfinavir oQ\ngfﬁi 567.3 <10 PBS 66 65 60
- Tris 68 73 70
o | N P HBSS 51 59 48
L-Thyroxine '@OMO 776.7 <10 PBs | 71 79 61
. Tris 80 85 52
| | B o HBSS 70 76 84
Boc-L-Throxine olfl' © 876.7 <10 PBS 68 78 72
| © Tris 78 84 84
HBSS 66 57 52
Econazole 381.7 <10 PBS 66 60 51
Tris 68 63 59
HBSS 70 75 74
Lopinavir 628.4 <10 PBS 65 69 60
Tris 62 71 63
HBSS 61 ND ND
Rapamycin 914.1 <10 PBS 70 ND ND
Tris 71 ND ND
Conclusion

 LC/MS/NQAD/UV was evaluated to be suitable for quantitation of compounds iIn
three common biological buffers

 The system was applied to detect compound stability, solubility and purity problems in
biological assays using a PIQ approach

* NQAD was shown to be generally applicable to a large molecular weight range with
better recoveries than UV and MS

« NQAD is used as a complementary quantitation tool to UV, especially for compounds
without a chromophore

* NQAD response was found to be proportional to molecular weight for hydrophilic
molecules (probably due to the water condensation mechanism of detection)
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