Observed vs. Predicted effects of Protein
Binding on Hepatic Clearance, Intracellular
Concentration and IC50 Predictions

Delaware Valley Drug Metabolism Discussion Group
Kenneth R. Brouwer, Ph.D., RPh.
Vice President, Technology, ADME-TOX
BioIVT

kbrouwer@bioivt.com
(919) 593-2519 (M)

Application of Protein Binding Determinations
in Drug Development
• The unbound intracellular concentration (ICC) is the driving force for
processes that occur inside the hepatocyte, including metabolism,
induction (metabolic and transporter), efflux-based drug interactions,
and hepatotoxicity.
• In whole cell models, the intracellular milieu contains the
components for drug binding, and in concert with hepatic uptake and
efflux (basolateral and canicular) transporters, drug metabolizing
enzymes, and key regulatory pathways allow generation of in vivo
relevant unbound intracellular concentrations.
• Protein on the outside of the cell can also impact the hepatic
uptake of a drug. If hepatic uptake and intracellular concentration are
dependent on the free concentration, then, parameters generated from
experiments performed in the absence and presence of protein should
be equal when normalized for protein binding.

Application of Protein Binding Determinations
in Drug Development
• Protein binding is often measured as part of the drug development
process, as it is the free or unbound drug that is responsible for its
pharmacological effect.
• Generally, protein binding is measured in a separate experiment using
the in vivo relevant matrix, and the extent of binding is then applied to
other in vitro systems and used in modeling software to predict various
pharmacokinetic parameters, including hepatic accumulation,
intracellular concentration and intrinsic clearance.
• Binding measurements (equilibrium dialysis, ultra-centrifugation)
measure only the extent of binding but not the kinetics (i.e. on and off
rates).

Transporters Determine Hepatic Accumulation
If transporters are required for the uptake of a drug, the intracellular concentration
(ICC) of the drug can differ greatly from the extracellular concentration.

• Partition Coefficient (Kp): Ratio of
the intracellular concentration to
the medium concentration
• Kp = ICC / Media [Conc]
• Kp ratio > 1, indicates accumulation
in the cell
• Kp is a function of passive diffusion
and transporter uptake and efflux
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Application of Protein Binding Determinations
in Drug Development
• Typically, protein binding is measured in a separate experiment
using the in vivo relevant matrix, and the fraction bound (fb) is then
used to relate total drug concentrations to unbound (free) drug
concentrations.
• In vivo it is important to think in terms of the rate limiting step - the
slowest process that determines the overall rate of a process.
• This is especially true when a transport process is involved in
hepatic uptake.
• Consider the following examples:

High Extent of Protein Binding and Tightly
Bound (low Kd)

Nucleus

Hepatocyte

Hepatocyte

• Active transport dependent on the unbound
concentration
• Extent of protein binding will correlate with hepatic
uptake and intracellular concentration

High Extent of Protein Binding and Loosely
Bound (high Kd)

Nucleus

Hepatocyte

Hepatocyte

• Active transport dependent on the bound concentration
to some extent
• Extent of protein binding does not correlate with hepatic
uptake and intracellular concentration

Testing this Hypothesis

If hepatic uptake and intracellular concentration are dependent
on the free concentration, then:
• Parameters generated from experiments performed in the absence
and presence of protein should be equal when adjusted for protein
binding
• The biliary clearance of unbound drug calculated from data
generated in the presence of protein should be equivalent to that
determined in the absence of protein

Protein Effects: Examples

No BSA

4% BSA

Accumulation of CDF in bile canaliculi in the absence or presence of
BSA. Representative images of CDF fluorescence from 10-min following a 10
minute exposure to CDF-diacetate in sandwich-cultured rat hepatocytes.

• CDF-diacetate is taken up by passive diffusion and cleaved
to CDF.
• Addition of BSA had no discernable effects on CDF
accumulation in bile canalicular networks.

• Addition of 4% BSA did not affect biliary excretion (BEI) of
taurocholate.
• Uptake and intracellular concentration of taurocholate in
the presence of 4% BSA could be predicted by data
generated in the absence of 4% BSA and the protein
binding determined in a separate experiment.
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Taurocholate hepatic accumulation, BEI, unbound intrinsic Clbiliary, and fu in the
absence or presence of BSA in sandwich-cultured rat hepatocytes. n=3 livers
in triplicate. Data are presented and mean ± SEM. Groups with the same letter
indicate a statistically significant difference (p<0.05).

• Unbound intrinsic clearance for taurocholate was identical
when the experiment was performed in the presence of 4%
BSA.
Wolf, K.K. Effect of Albumin on the Biliary Clearance of Compounds in Sandwich-Cultured Rat Hepatocytes. DMD 36:2086-2092, 2008

Protein Effects: Examples
• Addition of 4% BSA did not affect biliary excretion
(BEI) of rosuvastatin.
• The uptake and intracellular concentration of
rosuvastatin were greater than predicted when
experiments were performed in the presence of a
physiological concentration (4%) of BSA
• The unbound intrinsic clearance for rosuvastatin
was significantly greater in the presence of 4%
BSA.

Rosuvastatin hepatic accumulation, BEI, unbound intrinsic Clbiliary, and fu in the
absence or presence of BSA in sandwich-cultured rat hepatocytes. n=3 livers
in triplicate. Data are presented and mean ± SEM. Groups with the same letter
indicate a statistically significant difference (p<0.05).

Wolf, K.K. Effect of Albumin on the Biliary Clearance of Compounds in SandwichCultured Rat Hepatocytes. DMD 36:2086-2092, 2008

Differential Impact of Protein Binding
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• Taurocholate (@ 80% bound)
intracellular concentration in the
presence of protein was predicted
from in vitro data generated in the
absence of protein.
• Telmisartan (99% bound)
intracellular concentration was
underpredicted by 90X.
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• Observed Intracellular concentration (ICC) values in the
presence of 4% BSA compared to ICC values Predicted
from the fraction bound and values generated in the
absence of 4% BSA.

Effect of Telmisartan on the BSEP Mediated
Biliary Clearance of Taurocholate in the
Presence and Absence of Protein
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• The rate limiting step in the
biliary clearance of taurocholate
is BSEP transport
• Inhibition of taurocholate biliary
clearance depends only on the
intracellular concentration of
telmisartan, and is independent
of the concentration of
telmisartan outside of the
hepatocyte

Experimental Details:
• Sandwich-cultured rat hepatocytes and B-CLEAR® technology were
used to determine the ICC and Clb for 10 compounds in the presence
and absence of a physiological concentration of bovine serum albumin
(4% BSA).
• IC50 values for inhibition of CYP2C9 and CYP3A4 metabolism by
fluconazole and ketoconazole, respectively were determined in the
presence and absence of 4% BSA using Transporter Certified™
human hepatocytes.
• The extent of protein binding (96-well equilibrium dialysis) was used to
normalize the values obtained in the absence of protein (Predicted
value), compared to the value obtained in the presence of protein
(Observed value) and the fold change was calculated.

Observed vs. Predicted Intracellular Concentration:
Effect of 4% BSA
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• Over and under predictions were observed

Observed vs. Predicted Intrinsic Biliary
Clearance
Intrinsic Biliary Clearance (mL/min/Kg)

Observed vs. Predicted Intrinsic Biliary Clearance in
the Presence of BSA
30
25
20
15
10

Observed
Predicted

5
0

• Under prediction of Pitavastatin and Rosuvastatin biliary clearance when study not
performed in the presence of a physiological concentration of protein (4 % BSA)
• Over prediction of DPDPE intrinsic biliary clearance
• Similar results when study performed in the presence of plasma

Transporters Affect EC50 Values
Fa2N-4 cells EC50 = 8 µM

Human hepatocytes EC50 = 0.8 µM

• EC50 is higher because the intracellular concentration of rifampicin is
decreased at the same dose concentration due to lower uptake
transporter function.
• Levels of OATP1B1 and OATP1B3 mRNA levels in Fa2N-4 cells <1% of
hepatocytes and rifampicin is an OATP substrate.
Hariparsad N, Carr BA, Evers R, Chu X. Drug Metab Dispos 36: 1046-1055, 2008

Observed vs. Predicted IC50 Values
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Experimental:
• IC50s for fluconazole and ketoconazole were
determined in the presence and absence of
protein (4% BSA) using midazolam as the
probe substrate – Observed IC50
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• The Predicted IC50 was calculated by
multiplying the IC50 determined in the
absence of 4% BSA by the fraction unbound
(fu)

Conclusion:

Observed
Fluconazole

No BSA
56.2

4% BSA
27.1

Ketoconazole

0.0455

0.117

• IC50 values for CYP2C9 inhibition by fluconazole were over
predicted by 2X.
• IC50 values for inhibition of CYP3A4 by ketoconazole were under
predicted by 257X.

IC50 (uM)
Predicted
Fluconazole

No BSA
56.2

4% BSA
50.018

Ketoconazole

0.0455

0.000455

• This data suggests that you should use caution when using protein
binding information to relate data obtained in the absence of
protein to the in vivo situation.

Summary:
• If active transport processes are involved in hepatic uptake, the slowest
process will limit the hepatic uptake.
• The lack of agreement between parameter values determined in the
presence of protein, and predicted values for intracellular accumulation,
biliary clearance and metabolic inhibition may be due to measurement of
the extent and not the affinity of the binding.
• If the dissociation rate of the drug off of the protein is greater than the
uptake rate, protein binding may not be a limiting factor.

Recommendations
• When transporters are involved in the disposition of a compound into a
cell, intracellular concentrations (bound and free) can differ greatly from
the concentration outside of the cell.
• The extent of protein binding may only be important if it is the rate
limiting step in the overall process of uptake into the cell (i.e. binding is
very tight, low Kd).
• Consider adding physiological concentrations of protein into in vitro
assays to better mimic the in vivo situation and improve prediction of
clinical effects and interactions.

Future Experiments
• What impact does addition of 4% BSA have on the metabolic
parameters, i.e. Km and Vmax?
• Improved methods for estimation of dissociation constants.
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Predicting Biliary Clearance and Intracellular
Concentration
• The predicted value for intrinsic biliary clearance (Clb) was over
predicted by greater than 2-fold for:
- Methotrexate 2.8X
- DPDPE 2.3X

• And was under predicted for:
- pitavastatin 2.7X
- rosuvastatin 3.1X
- telmisartan 92X

• The intracellular concentration (ICC) was over predicted for:
- valsartan (2.1X)

• And underpredicted for:
- pitavastatin (3.2X)
- rosuvastatin (2.2X)
- telmisartan (90X).

