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What is Plasma Protein Binding (PPB)? @
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Why is PPB important? @

* Free drug hypothesis
» Influences PK and PD
* In discovery...

‘ Assessment of
free fraction
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Why is PPB important?

* In Bioanalysis...

“Plasma protein binding is often altered in patients with impaired
renal function. For systematically active drugs and metabolites,
the unbound concentrations are generally believed to determine
the rate and extent of delivery to the sites of action. Unbound
concentrations should be measured in each plasma sample only
if the binding is concentration-dependent and/or is affected by
metabolites or other time varying factors.”

T FDA 2010 guidance document for PK in Patients with Impaired Renal Function o



Why is PPB important?

* In Bioanalysis...

“For drugs that are highly extracted by the liver (extraction ratio >
0.7) and that are extensively bound to plasma proteins (fraction
unbound < 10 percent), the Agency recommends that the
unbound fraction be determined at least at trough and maximum
plasma concentration.” 2

2 FDA 2003 guidance document for PK in Patients with Impaired Hepatic Function o



How to measure Plasma Protein Binding
(PPB)? @

£ (%) =[B][2][U] x 100

f, = fraction unbound
[U] = unbound concentration
[B] = bound concentration ®



What are the options?

Ultracentrifugation

Pro’s:

Simple

Con’s:

Non-specific binding — measure [U]
Instrumentation

*

*

Floatation of VLDL, chylomicrons

Protein free fraction, where unbound
drug is harvested

Sedimentation of plasma proteins,
HDL and LDL



What are the options? @

Ultrafiltration Plasma

Pro’s:

« Adjust pH and temperature s >

* Quick =[| Protein
Con’s:

* Non-specific binding —
measure [U]
» High g-force — protein leakage

Spin \

Free fraction




Equilibrium Dialysis vs Rapid Equilibrium
Dialysis (RED) @

Plasma Buffer
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4 - 24hr sometimes longer? 2-6hr ®



Common Considerations when using RED @

* Non-specific binding (NSB)
* pH change of plasma

« Stability at 37°C and at room temperature (4 hrs and overnight)

* Molecular weight — is there a limit?



Non-specific Binding (NSB)

Membrane Buffer
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L. Di et al., Impact of Recovery on Fraction Unbound Using Equilibrium Dialysis, ®
Journal of Pharmaceutical Sciences, 2011, 101(3): 1327-1335



Plasma pH

Effect of Atmospheric Conditions
on Fresh Plasma pH
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Molecular weight of analyte
RED devices come in two varieties - 8 kDa vs 12 kDa

However — what does the cut off refer to?

« We have struggled to get some “large” small
molecules (~1000-1500) to reach equilibrium

* Is the analyte able to get across the membrane?

@



How do we measure this? @

Analyte
diluted in
PBS buffer
Incubate at
37°C, for 4hr O O Analysis
© ) or24hr — by
. \ ¥ LC-MS/MS
PBS Buffer Mix at 450 RED  Buffer
rpm

Sample Sample

Peak Area of Sample taken from Buffer Side

o — X
Percent Transfer (%) Peak Area of Sample taken from RED Side 100




Results small molecules

4 hr Incubation
Nominal

Mass (Da) 8 kba
Carbamazepine 236 99%
Propranolol 259 105%
Atenolol 266 96%
Diazepam 285 97%
Warfarin 308 89%
Clozapine 327 105%

P T for (%) = Peak Area of Sample taken from Buffer Side <100
ercent Transfer (%) = ~5eak Area of Sample taken from RED Side




Results “larger” small molecules

4 hr Incubation 24 hr Incubation

Mass (Da) 8kDa 12 kDa 8kDa 12kDa

Leu-Enk 555.62 73% 80% 97% 100%

Digoxin 780.94 62% 49% 101% 100%
Substance P| 1347.63 23% 36% 108% 97%
iraglutide 3751.26 0.32% 2% 1% 2%
Peak Area of Sample taken from Buffer Side

Percent Transfer (%) = x100

Peak Area of Sample taken from RED Side



Further characterisation

Tryptic digest of BSA
Incubate at Analysis
37°C, for .
—> —_— —— usin
@ 4hr or 24hr OO S nth2
. v v ynap
Buffer Mix at 450 RED Buffer QTOF



Results — tryptic digest products

Peptide Size 4 hr incubation
AA count I:/I;as)s 8 kDa 12 kDa
7 788 35% 47%
= 8 921 30% 43%
D 10 1003 22% 34%
5 10 1248 21% 31%
-] 12 1439 9% 19%
(] 15 1639 10% 19%
g 16 1907 11% 18%
Q. 16 2044 0% 2%
g 19 2247 8% 16%
21 2491 0% 3%
22 2611 3% 10%
27 3278 3% 9%
31 3510 2% 7% o




Results — tryptic digest products

Peptide Size 4 hr incubation 24hr incubation
AA count I:/I;as)s 8 kDa 12 kDa 8 kDa 12 kDa
7 788 35% 47% 103% 95%
= 8 921 30% 43% 100% 95%
5 10 1003 22% 34% 94% 88%
5 10 1248 21% 31% 100% 91%
- 12 1439 9% 19% 85% 84%
@ 15 1639 10% 19% 65% 74%
..E.. 16 1907 11% 18% 66% 75%
Q. 16 2044 0% 2% 43% 69%
g 19 2247 8% 16% 54% 66%
21 2491 0% 3% 0% 3%
22 2611 3% 10% 34% 47%
27 3278 3% 9% 27% 37%
31 3510 2% 7% 14% 22% @




Summary @

RED devices are successful for most compounds <500 Da

For compounds >500 Da, overnight incubation will be necessary but
will need to incubate under CO,

May not be suitable for compounds >1500 Da so investigate alternative
procedures (e.g. BioSPME)

Recommend performing percent transfer experiment early on
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