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Abstract

Computational modeling of active transporters involves advanced
algorithms and mathematical techniques to predict drug-transporter
interactions and transport mechanisms across biological membranes.
These models integrate structural biology, physicochemical
properties, and kinetic parameters to simulate the behavior of key
transport proteins including P-glycoprotein, BCRP, nucleoside
transporters, and peptide transporters. P-glycoprotein models
predict drug efflux patterns and substrate recognition, while BCRP
simulations assess drug resistance mechanisms. Nucleoside
transporter models calculate concentration-dependent transport
kinetics and competitive inhibition effects. Human peptide
transporter (hPEPT1) algorithms determine peptide-like drug
absorption rates and substrate specificity patterns. ASBT models
compute bile acid transport mechanisms and drug interactions in the
intestinal environment. Blood-brain barrier transport models
specifically address the unique challenges of drug penetration into
the central nervous system, considering factors like molecular
flexibility and hydrogen bonding capacity. These computational
approaches have significantly improved drug development
efficiency by enabling early prediction of transport behavior,
reducing the need for extensive experimental testing.
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After completion of the chapter, the learners should be
able to:

e Understand computational approaches for
modeling P-glycoprotein transport
mechanisms

e Analyze BCRP transport systems using in silico
methods

e Evaluate nucleoside transporter kinetics
through computational models

¢ Apply modeling techniques to predict hPEPT1
substrate specificity

e Comprehend ASBT transport mechanisms
through computational approaches

e Model organic cation transport systems
effectively

e Predict OATP-mediated transport using
computational tools

e Analyze BBB choline transport mechanisms

e Integrate various modeling approaches for
comprehensive transport prediction

e Assess limitations and applications of
transporter modeling techniques.

ACTIVE TRANSPORTERS

ctive transporters play a crucial role in the
Adisposition of drugs, influencing their
absorption, distribution, and elimination.
Computational models are employed to simulate and
predict the interactions of drugs with specific
transporters, providing insights into their impact on
pharmacokinetics. Several notable transporters, including
P-glycoprotein (P-gp), Breast Cancer Resistance Protein
(BCRP), nucleoside transporters, human Peptide
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Transporter 1 (hPEPT1), Apical Sodium-Dependent Bile
Acid Transporter (ASBT), Organic Cation Transporters
(OCT), Organic Anion Transporting Polypeptides
(OATP), and the Blood-Brain Barrier (BBB) Choline
Transporter, are of particular interest.

P-glycoprotein (P-gp)

P-glycoprotein (P-gp) is a membrane-bound efflux
transporter that plays a crucial role in the disposition of
various drugs by actively pumping them out of cells.
Computational models are employed to simulate and
predict the interactions between drugs and P-gp,
providing valuable insights into drug absorption,
distribution, and elimination.

P-gp Kinetics
The kinetics of P-gp can be described by the Michaelis-

Menten equation, which relates the rate of drug transport
(V) to the substrate concentration (C):
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where:
e Vis the rate of drug transport,
e Vmax is the maximum transport rate,
e (s the substrate concentration,
e  Km is the Michaelis constant.

This equation illustrates that the rate of transport
saturates at higher substrate concentrations, reflecting the
finite capacity of P-gp.

Inhibition of P-gp

The impact of P-gp inhibitors can be modeled using
equations that describe competitive inhibition. One such
equation is the Cheng-Prusoff equation:
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where:

Ki is the inhibition constant,

ICso is the concentration of the inhibitor causing 50%

inhibition,

[S] is the substrate concentration,
Kin is the Michaelis constant.
This equation helps estimate the potency of P-gp
inhibitors and their impact on substrate transport.

P-gp-Mediated Efflux:

For P-gp substrates, the rate of efflux (Jetfiux) can be

modeled as:

where:

]efuflx:P gp> C

Pgp is the permeability across the cell membrane
mediated by P-gp,

C is the intracellular drug concentration.
This equation reflects the active transport of the

substrate by P-gp.

Table. Modeling Techniques for Active Transport

Transporter Description

P- Models drug efflux from cells
glycoprotein mediated by the P-gp transporter
(P-gp)

Breast Predicts drug efflux across
Cancer cellular barriers facilitated by BCRP
Resistance
Protein (BCRP)

Nucleoside Simulates transport of
Transporters nucleoside-based drugs across cell

membranes
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Transporter Description

hPEPT1 Models intestinal absorption of
di- and tripeptides mediated by
hPEPT1 transporter

ASBT Predicts bile acid absorption in
the intestine mediated by the ASBT
transporter
OCT Simulates organic cation
transport across cell membranes
OATP Models organic anion uptake
into cells mediated by OATP
transporter
Blood-Brain Predicts drug transport across
Barrier  (BBB) | the blood-brain barrier facilitated by
Transporters specific transporters

Choline Models choline uptake into cells
Transporter mediated by choline transporters

Applications of P-gp Computational Modeling:

Drug-Drug Interaction Prediction

Computational models assist in predicting potential
drug-drug interactions involving P-gp, aiding in the
identification of substrates, inhibitors, or inducers.
Optimizing Formulations

Computer generated models contribute to the design
of drug formulations that may circumvent efflux
transport, improving bioavailability by understanding P-
gp interactions.

Understanding Drug Resistance

Computational modeling helps in understanding the
role of P-gp in drug resistance, especially in cancer
therapy, where P-gp overexpression can limit the
effectiveness of chemotherapy.
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Pharmacokinetic Parameter Estimation:

Models assist in estimating pharmacokinetic
parameters related to P-gp-mediated transport, providing
insights into the rate and extent of drug efflux.

Active Transport - Breast Cancer Resistance Protein (BCRP)

Breast Cancer Resistance Protein (BCRP) is an efflux
transporter that plays a crucial role in the disposition of
various drugs by actively pumping them out of cells.
Computational models are employed to simulate and
predict the interactions between drugs and BCRP,
providing insights into drug absorption, distribution, and
elimination.

BCRP Kinetics:

The kinetics of BCRP can be described by the
Michaelis-Menten equation, similar to the equation used
for P-glycoprotein:

'V' Ve xC
= K.5C

where:
Vis the rate of drug transport,
Vmax is the maximum transport rate,
C is the substrate concentration,
K is the Michaelis constant.
This equation illustrates that the rate of transport
saturates at higher substrate concentrations, indicating
the finite capacity of BCRP.

Inhibition of BCRP

The impact of BCRP inhibitors can be modeled using
equations that describe competitive inhibition. The
Cheng-Prusoff equation, as mentioned in the context of P-
glycoprotein, is applicable for BCRP as well:
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where:
Ki is the inhibition constant,
ICs0is the concentration of the inhibitor causing
50% inhibition,
[S] is the substrate concentration,
K is the Michaelis constant.
This equation helps estimate the potency of BCRP
inhibitors and their impact on substrate transport.

BCRP-Mediated Efflux:

For BCRP substrates, the rate of efflux (Jefiux) can be
modeled as:
Jetitux=PBcrpxC
where:
Pscrr is the permeability across the cell membrane
mediated by BCRP,
C is the intracellular drug concentration.
This equation reflects the active transport of the
substrate by BCRP.

Applications of BCRP Computational Modeling:

Drug-Drug Interaction Prediction:

Computational models assist in predicting potential
drug-drug interactions involving BCRP, aiding in the
identification of substrates, inhibitors, or inducers.
Optimizing Formulations:

By understanding BCRP interactions, models
contribute to the design of drug formulations that may
circumvent efflux transport, improving bioavailability.

Understanding Drug Resistance:

Computational modeling helps in understanding the
role of BCRP in drug resistance, especially in cancer
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