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Abstract
High oral bioavailability is among
the most important consideration during
drug
development
process.
Oralbioavailability is usually determined in
the pre-clinical stage of drug development
process. It was found that 30% of drugs
fail during the drug discovery process.
Therefore there is a need of a robust and
accurate computational model which can
predict the oral bioavailability of
compounds without carrying out any
experiments. There exists a plethora of
studies to predict oral bioavailability
which indicates that it is incredibly rich
area of research. Various attempts in
estimating oral bioavailability are
reported in literature belonging to
different categories. In this article
computational
oral
bioavailability
prediction approaches are discussed.
Keywords: Oral bioavailability, Prediction,
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Statistical approaches to predict oral
bioavailability
Lipsinki’s ‘Rule-of-Five’ [1] pioneered the
in-silico prediction of oral bioavailability.
Since Lipinski et al’s influential findings,
several groups have studied this issue and
tried to decipher other factors that may also
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be important for oral bioavailability. Navia
[2] postulated that to pass across the
permeable membrane drug should have
desirable molecular flexibility. In another
work Hirschmann [3] found that property of
water to complex amide bond has negative
effect on oral bioavailability. Veber et al [4]
studied rat oral bioavailability data, acquired
by Glaxo SmithKline, for over 1100 drug
candidates. They found that reduced
molecular flexibility and low Polar Surface
Area (PSA) are important predictors of good
oral bioavailability.
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They suggested that the molecule having
less than 10 rotatable bonds and its PSA is
less than 140 Ǻ2 will have good oral
bioavailability, especially in rats exceeding
20%. In a recent study Martin et al., [5] tried
to map bulkiness and various polarity factors
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of lipophillic drugs to OB and concluded
that bioavailability depends on molecular
weight. It is maximal at 31-35 (J/cm3)1/2. Lu
et al. [6] studied the relationship between
PSA and rotatable bond count to predict oral
bioavailability using 434 compounds and
compared their results with Veber et al’s.
The results were in support of Veber’s
finding. They also found that the
correlations were dependent on calculation
methods. Therefore Lu et al, suggested care
should be taken before using any
generalization. According to Manuel et al
[7], factors like partition coefficient,
conformational flexibility, molecular weight
etc can act as guiding principles to predict
oral bioavailability but these are not only
ones. In a novel attempt to estimate the
bioavailability
Martin
[8]
recently
formulated “a bioavailability score” (ABS)
on the basis of molecular properties like
molecular charge, Lipsinki’s Rule of Five,
PSA. They used a diverse set of 553
compounds with their known bioavailability
rat data. ABS was also examined for human
data of 449 compounds. They found that
Rule of Five is able to identify compounds
with poor availability that are either neutral
or positively charged but hardly predict
anionic compounds. On the other hand, PSA
rule can predict anionic compounds, not for
neutral and cationic ones. Vieth.et al [9]
analyzed 1729 marketed drugs and found
that drugs given orally are light weighted
and contains very less rotatable bonds and
hydrogen bond donor/acceptor than drugs
which are given by other routes. Again, this
was in good coincidence with Veber et al’s
findings. Sietsema [10] studied oral
bioavailability of hundreds of drugs. They

2

BIOMIRROR

also carried out interspecies comparison and
observed that there was no correlation of
absolute oral bioavailability between species
though it can be used to infer relative
comparisons. Hou et al [11] studied the
correlation between several different
molecular properties and human oral
bioavailability data using dataset of 768
chemical compounds. He postulated that a
simple rule which is based on molecular
properties cannot be used to predict oral
bioavailability with good confidence.
Mechanism-Based Oral Bioavailability
Models
These models provide mechanistic
details
and
associated
underlying
hypotheses. Somogyi et al [12] tried to
predict the bioavailability of drugs having
high first-pass effects by generating a plot
between oral clearance and reciprocal of
bioavailability. Since a drug with high
hepatic clearance has low bioavailability
therefore they observed a straight line with
intercept of unity having a slope of
reciprocal of hepatic blood flow. Usansky et
al. [13] developed a model for absorptiondisposition which predicts human oral
bioavailability using data from in-vitro
permeability and from computationally
predicted permeability as well. For 49 out of
51 compounds in study, the residuals
between predicted and experimental
bioavailability values ranged from 17% to
22%. Mahmood [14] calculated oral
bioavailability
by
plotting
oral
bioavailability against renal clearance after a
single oral dose. The study was based on the
analysis of only 8 drugs therefore is not
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reliable for the prediction of absolute
bioavailability. Obata et al [15] developed a
theoretical passive absorption models
(TPAM) using a data set of 258 compounds
with observed oral bioavailability values.
logD at pH 6.0, intrinsic logP, pKa and
molecular weight were calculated from the
chemical structure. The TPAM predicted the
bioavailability values with RMSE of 155 to
21% and a correlation coefficient of 0.78 to
0.88. The possibility of over-learning was
low because there were only four
coefficients in models that were optimized
by fitting with hundreds of bioavailability
values. A physiologically based model to
predict human bioavailability was developed
by William et al [16] which is based on the
permeability-limited absorption. Model
parameters were optimized using 126
compounds. The RMSD was observed to be
7% for passively absorbed compounds. Arun
[17] developed a graphical approach based
on combined measurements of CaCo-2 flux
and microsomal stability to predict
bioavailability by examining 21 drugs.
These drug candidates had a wide range of
oral bioavailability values.
He used
reference plots to make a prediction i.e.
classifies a compound as 0-20%, 20-50%, or
50- 100% bioavailable.
QSAR/QSPR Approaches
Bioavailability

to

Model

Various efforts have been made in
recent years to model oral bioavailability
using descriptor based QSAR/QSPR
approaches. Both linear and nonlinear
learning methods have been applied to
develop quantitative model for the
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prediction of bioavailability. Yoshida et al
[18] trained a QSAR model based on 3
descriptors related to distribution coefficient
(logD at pH 7.4-6.5) as inputs for
physicochemical properties and 15 structural
descriptors indicating the presence/ absence
of certain functional groups that are most
likely to be involved in metabolic reactions.
This approach used “fuzzy adaptive least
squares” and can classify drugs with an
accuracy of 60%. Important finding was that
acids generally had better bioavailability
than bases, with neutral compounds in
between. Another effort based on
classification using SIMCA approach
achieved similar success [19]. Hologram
QSAR model was developed by Tiago et al
[20] for a set of 250 structurally diverse
molecules using atoms, bond, connection
and chirality as fragment distinction.
HQSAR was tested on test set of 52
molecules. Prediction of oral bioavailability
was found to be in good agreement with
experimental values (q2 = 0.70 and r2 =
0.93). Andrew et al [21] analyzed 591
compounds with human oral bioavailability
using substructure count descriptors,
regression and recursive partitioning and
gave a QSBR model. Model achieved
prediction with RMSD of ~18%. As
compared to Lipsinki’s Rule of five falsenegative predictions were reduced from 5%
to 3% while false positive prediction
decreased from 78% to 53%. Andrew
regression model suffers from problem of
overfitting. Despite large degree of
experimental error QSBR model was
reasonably used. Bai et al [22] used a
classification regression trees to analyze
human oral bioavailability and absorption
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data for a set of 1261 structures (899 as
training set and 362 as test set). Compounds
were divided into six classes. On two test
sets, model achieved correct classification
rates ranging from 79% to 86%.
Zmuidinavivius et al [23] analyzed 1000
drugs like compounds with known human
intestinal absorption values using recursive
partitioning and were able to achieve 15%
false positive and 3% false negative
classification rates. Joseph et al [24]
developed QSPR for 169 compounds using
eight descriptors representing hydrophobic,
steric, electronic and constituent parameters
of drugs. A correlation of 0.72 was achieved
for test set bioavailability prediction when
compared with literature values. Klopman et
al [25] developed a model based on a
modified group contribution method using
the computer automated structure evaluation
(CASE) program for the dataset of 417
compounds. The model was able to predict
the percentage of drug absorbed with an R2
of 0.79 and a standard deviation of 12.3%
for the compounds from training set. The
standard deviation for an extended test set of
50 drugs was 12.3%.
Genetic Programming based prediction of
oral bioavailability
Genetic programming (GP) uses all
features in the dataset and automatically
performs strong and efficient feature
selection. Francesco et al [26] carried out
experimental study of quantitative prediction
of bioavailability of 241 molecules. Four
different versions of GP, which differs in the
fitness function and in set of terminal
symbols used, have been tested. The version
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which optimizes both the root means square
error and correlation coefficient on training
set has shown the best generalization
capability. On similar lines Sara et al [27]
proposed operator equalization as a new
bloat control technique for genetic
programming. This technique proved to be
more
efficient
and
showed
more
predictability than previous methods. Bains
et al [28] also used genetic programming for
predicting bioavailability. The results
showed a slight improvement as compared
with Yoshida [18] approach, although a
direct comparison is difficult owing to a
different selection of bioavailability range of
the classes. Another application of genetic
algorithm to build QSPR model for
prediction of human absolute oral
bioavailability was given by Junmei et al
[29], score improved the correlation
coefficient and reduced the standard error
significantly. The key fragments that
increase
or
reduce
pharmacokinetic
properties were also identified. Pintore [30]
used adaptive fuzzy partitioning (AFP) to
predict oral bioavailability. The best
molecular descriptors were selected using
genetic algorithm and stepwise methods
further they were classified using Self
organizing maps (SOMs). In 75% of cases
molecules were correctly classified in the
right bioavailability of class.
Artificial Neural Network (ANN) is widely
used for ADMET parameters estimation and
there are many studies in which a Bayesian
based Artificial Neural Networks (BRANN)
have been applied. Turner et al [31]
analyzed human bioavailability data for 167
compounds using Artificial Neural Network
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(ANN). Model was trained with 137
compounds and tested with test set of 15
compounds followed by further validation of
another 15 compounds. The model was able
to classify between low and high
bioavailability. Fröhlich et al [32] recently
studied the use of Kernel methods (SVM)
for assessing the problem of bioavailability
predictions. Their approach was based on
the estimation of similarity between
different molecules showing similar
biological behavior. Lu et al [33] analyzed
169 compounds (113 in training set and 56
in test set) using Support Vector Machine
(SVM) and the regression methods. These
were further implemented in comprehensive
descriptors for structural and statistical
analysis (CODESSA). Both linear and nonlinear models gave satisfactory prediction
results.
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