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ABSTRACT:

The prediction of human pharmacokinetics from preclinical spe-
cies is an integral component of drug discovery. Recent studies
with a 103-compound dataset suggested that scaling from monkey
pharmacokinetic data tended to be the most accurate method for
predicting human clearance. Additionally, interrogation of the two-
dimensional molecular properties of these molecules produced a
set of associations which predict the likely extrapolative outcome
(success or failure) of preclinical data to project human pharma-
cokinetics. However, a limitation of the previous analyses was the
relative paucity of data for typical “discovery-like” molecules (mo-
lecular weight >300 and/or clogP >3). The objective of this inves-
tigation was to generate preclinical data required for extension of
this dataset for additional discovery-like molecules and determine
whether the aforementioned findings continue to apply for these
molecules. In vivo nonrodent intravenous pharmacokinetic data

were generated for 13 molecules, and data for 8 additional mole-
cules were obtained from the literature. Additionally, the various
scaling methodologies and molecular features analysis were ap-
plied to this new dataset to predict human pharmacokinetics.
Whereas the predictive accuracies demonstrated across all of the
various methodologies were lower for this higher clearance com-
pound dataset, scaling from monkey liver blood flow continued to
be an accurate methodology, and human volume of distribution
was similarly well predicted regardless of scaling methodology.
Lastly, application of the molecular feature associations, particu-
larly data-dependent associations, afforded an improved predic-
tivity compared with the liver blood flow scaling approaches, and
provides insight into the extrapolation of high clearance com-
pounds in the preclinical species to human.

The use of in vivo preclinical pharmacokinetic data generated
during lead optimization to predict human pharmacokinetic properties
is commonplace in the pharmaceutical industry, with a variety of
methodologies available for data predictivity (Ings, 1990; Pogessi,
2004). Recent investigations using a diverse set of 103 nonpeptide
xenobiotics with rat, dog, monkey, and human intravenous pharma-
cokinetic data have yielded a number of interesting and useful obser-
vations, including the value of monkey pharmacokinetic data in suc-
cessful prediction of human pharmacokinetics, and the relative lack of
added value provided by dog pharmacokinetic data (Ward and Smith,
2004a,b). Additionally, when several quantitative methodologies, in-
cluding liver blood flow-based scaling and body weight-based allom-
etry, were applied to this dataset for predicting human clearance (CL),
the greatest accuracy was achieved using the monkey liver blood flow
approach, rather than allometry, even with the inclusion of mechanis-
tic or empirical allometric correction factors (Nagilla and Ward,
2004). Finally, the availability of this comprehensive dataset has

Article, publication date, and citation information can be found at
http://dmd.aspetjournals.org.

doi:10.1124/dmd.105.006619.

allowed the identification of a set of associations between preclinical
pharmacokinetic properties, two-dimensional molecular features, and
extrapolative success or failure of human pharmacokinetics (Jolivette
and Ward, 2005). These calculated physiochemical properties can
then be used to predict the extrapolative success or failure of rat, dog,
and monkey data to project human pharmacokinetic parameters.
Despite the clear utility of this extrapolation dataset, one of the
concerns about the various relationships expounded to date has been
the applicability of these observations beyond the chemical space
originally circumscribed. Largely, the lack of additional molecules for
which a complete set of clinical and preclinical data are available in
the literature has hindered further exploration in this area; nonhuman
primate literature data are particularly sparse. In the present investi-
gation, the dataset is extended by an additional 21 compounds: 8
compounds for which rat, dog, monkey, and human data have already
been published, and 13 compounds for which nonrodent preclinical
data were not previously available and for which either monkey or
dog data were generated de novo for this study. This dataset was of
particular interest since it was enriched with molecules likely to be
encountered in a modern drug discovery setting (Lipinski, 2000;
Wenlock et al., 2003; Lajiness et al., 2004); 19 of the 21 compounds

ABBREVIATIONS: CL, clearance (ml/min/kg); BrW, brain weight (g); clogP, calculated logarithm of the octanol-water partition coefficient; CMR,
calculated molar refractivity (ml/mol); HBA, number of hydrogen bond acceptors; HBD, number of hydrogen bond donors; LBF, liver blood flow;
MAE, mean absolute error; MLP, maximum life span potential (years); MRT, mean residence time (minutes); nrot, number of rotatable bonds; PSA,
polar surface area (A?); V,, volume of distribution (I/kg); PK, pharmacokinetic(s).
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generated monkey PK for generated dog PK for
11 compounds 2 compounds

21 compound dataset
with rat, dog, monkey, and human PK

Prediction of human PK from various methodologies:

1. three-species allometry
2. three-species allometry corrected for the rule of exponents
3. scaling from rat, dog, and monkey
4. application of data-independent molecular property associations
5. application of data-dependent molecular property associations

|

outcomes for each method:
» qualitative (class) predictivity
« quantitative (within 2-fold) predictivity
* mean absolute error

Fic. 1. Schematic depicting the in vivo PK data generated for completion of this
dataset, and the various methodologies used to predict human PK.

possessed molecular weights >300 g/mol or clogP >3, and 16 of the
21 compounds possessed both molecular features, a criterion largely
unmet in the previous dataset. Interestingly, as a whole, compounds
included in this dataset were biased toward higher CL compounds
across all species than those found in the previous dataset. Using this
dataset, human CL, distributional volume at steady state (V,), and
mean resident time (MRT) were predicted from each preclinical
species alone using the liver blood flow technique, as well as allo-
metric scaling either with or without application of empirical correc-
tion factors (Fig. 1). Additionally, the applicability of the previously
developed molecular feature associations with rat, dog, and monkey
predictivity of human pharmacokinetics was examined.

Materials and Methods

Literature Data Collection. Details underlying the collection of this data-
set were identical to those detailed elsewhere (Ward and Smith, 2004a). Eight
molecules, [3-{2-0x0-3-[3-(5,6,7,8-tetrahydro-[1,8]naphthyridin-2-yl)propyl-
imidazolidin-1-y1}-3(S)-(6-methoxy-pyridin-3-yl)propionic acid (“ayB; an-
tagonist”), epiroprim, flindokalner, garenoxacin, midazolam, ofloxacin,
PNU-96391, and semaxanib] were identified with complete intravenous phar-
macokinetic data in rat, dog, monkey, and human. Literature data were found
for 11 additional xenobiotics (amiodarone, biperiden, chlorpromazine, dilti-
azem, felodipine, methadone, nifedipine, propafenone, remoxipride, vera-
pamil, and vinorelbine) in rat, dog, and human, but no comparable data were
reported for monkey. Likewise, two additional molecules (haloperidol and
mifepristone) possessed published intravenous pharmacokinetic data in rat,
monkey, and human, but no comparable data were reported for dog.

Materials. Haloperidol, mifepristone, amiodarone (HCl salt), chlorproma-
zine (HCI salt), felodipine, methadone (HCI salt), nifedipine, and propafenone
(HCI salt) were purchased from Sigma-Aldrich (St. Louis, MO). Biperiden was
obtained from Toronto Research Chemicals (North York, ON, Canada), dilti-
azem (HCI salt) from ICN Biomedicals (Costa Mesa, CA), remoxipride (HCI1
salt) from Tocris (Ellisville, MO), and verapamil (HCI salt) from BIOMOL
Research Laboratories, Inc. (Plymouth Meeting, PA); in all instances purity
was >98.6%. Vinorelbine was synthesized in-house and supplied by the
GlaxoSmithKline Department of Medicinal Chemistry. Hydroxypropyl-B-cy-
clodextrin (Cavitron) was purchased from Cerestar USA, Inc. (Hammond, IN).
All other reagents and materials were purchased from standard vendors and
were of the highest available purity. All dosages are expressed as milligrams
of parent molecule per kilogram, and final concentrations of each test com-
pound in the administered dose were verified (and appropriate adjustments to
calculations made) by procedures detailed below.

Animals. Male purebred beagle dogs (Marshall Research, North Rose, NY)

EVANS ET AL.

weighing 9 to 12 kg and male cynomolgus monkeys (Macaca fascicularis;
Charles River Primate Labs, Houston, TX) weighing 5 to 7 kg were used for
the in vivo portions of this investigation. All animals were housed according
to the Institute of Laboratory Animal Resources, National Research Council’s
Guide for the Care and Use of Laboratory Animals. All procedures on animals
were reviewed and approved by the GSK Institutional Animal Care and Use
Committee. A complete blood chemistry panel was performed before each
study day to obtain baseline values and to ensure hematological recovery.
Filtered tap water was available ad libitum, and the animals were fed a standard
animal diet as appropriate for each species except on certain overnight periods
before dosing as described below. Whenever overnight fasting was used, food
was returned after the 240-min sample was obtained. Actual body weight-
based doses and actual sampling times were recorded and used in all calcula-
tions.

In Vivo Dog and Monkey Pharmacokinetic Studies. On the study day, the
dogs or monkeys (n = 2 per compound) received a temporary catheter in a
saphenous vein for intravenous infusion and cephalic (dog) or contralateral
saphenous (monkey) vein for blood sampling. The dogs (fasted overnight) or
monkeys (not fasted) received test compounds as a 60-min intravenous infu-
sion (0.03-1.0 mg/kg target dose; 4 ml/kg total volume). Dosages were
selected based on the literature data available for other species and were
designed to minimize the likelihood of overt pharmacology while maximizing
the pharmacokinetic data obtained. Dosages were administered as solutions in
20% aqueous Cavitron (pH <5.0) with =1% dimethyl sulfoxide. Dogs were
restrained in slings and monkeys in restraining chairs to facilitate drug admin-
istration and blood sampling for up to 4 h before being returned to their cages.
Blood samples (0.25 ml) were obtained from a cephalic (dog) or contralateral
saphenous (monkey) vein before dosing and at various timed intervals up to
24 h postdose. Plasma (50 ul) was isolated by centrifugation and stored at
—80°C until analysis.

Analytical Procedures. Quantitative analysis was performed on plasma
samples and dose solutions for each test compound using a liquid chromatog-
raphy/tandem mass spectrometric detection method optimized for each indi-
vidual analyte in the appropriate biological matrix. Plasma samples were
thawed and each analyte was isolated from 50 ul of plasma using a method
based upon protein precipitation with 95:5 acetonitrile/buffer (10 mM ammo-
nium formate; pH = 3.0) containing an appropriate mass spectral internal
standard, and the resulting mixture was vortex-mixed for 2 min followed by
centrifugation for 30 min at >2000g. The resulting supernatant was injected by
an HTS PAL autosampler (CTC Analytics, Zwingen, Switzerland) onto an
appropriate analytical liquid chromatography column eluting to either a Sciex
API 365 or API 4000 triple quadrupole mass spectrometer (Applied Biosys-
tems, Foster City, CA). The eluent was subjected to Turbo IonSpray ionization
multiple-reaction monitoring (positive ion mode for all compounds except for
felodipine). Each analyte was characterized by an appropriate mass spectral
transition of the parent [(M + H)*; (M — H)~ for felodipine] precursor ion to
an appropriate product ion, generated at an optimized collision energy. Data
were reported as quantitative drug concentrations as determined by standard
calibration curve analysis, using linear fitting of a 1/x-weighted plot of the
analyte/internal standard peak area ratio versus analyte concentration. Using
these optimized conditions, the lower limit of quantitation achieved for all
compounds was 1.00 ng/ml except amiodarone (0.5 ng/ml).

Pharmacokinetic Parameter Generation. Plasma concentration versus
time profiles were generated for each animal. Standard noncompartmental
pharmacokinetic analysis was performed using WinNonlin Professional ver-
sion 4.1 (Pharsight Corporation, Mountain View, CA) to determine CL,
volume of distribution at steady state (V,), and mean residence time (MRT).
The terminal elimination phase was estimated by the selection of =3 points for
all compounds, and the percentage extrapolated area under the curve was
<30% for both compounds in the dog and <11% for all compounds in the
monkey.

Clearance Data Analysis. Prediction of human CL from the preclinical
data collected in this study was conducted using the liver blood flow (LBF)
scaling technique from each individual species as described previously (Ward
and Smith, 2004a). The pharmacokinetic parameters, CL and Vj, for all 21
compounds used in the present investigation, whether derived from the liter-
ature or experimentally determined by this laboratory, can be found in Ap-
pendix I. This technique involves a correction for LBF differences and the
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scaling of clearance from each preclinical species to humans as a percentage of
liver blood flow. This technique involves the projection from rat, dog, and
monkey as follows:

predicted human clearance = animal clearance - (human LBF/animal LBF)
(1

Liver blood flow in each species was defined as 85, 30, 45, and 21 ml/min/kg
for rat, dog, monkey, and human, respectively (Davies and Morris, 1993;
Uhing et al., 2004). In addition, both simple allometry (eq. 2) and exponent
rule-corrected allometry using various correction factors including MLP and
BrW (eqgs. 3 and 4) were conducted for each molecule to predict human CL;
allometric predictions were limited to all three preclinical species (rather than
combinations of any two species) as described previously (Boxenbaum and
DiLea, 1995; Mahmood and Balian, 1996; Nagilla and Ward, 2004):

CL=a- (WP 2)
CL-MLP =a-(W)"° 3)
CL-BrW =a- (W)’ (4)

MLP in each species was 4.7, 20.0, 22.0, and 93.0 years for rat, dog, monkey,
and human, respectively, and the BrW in each species was defined as 1.8, 80,
90, and 1400 g for rat, dog, monkey, and human, respectively (Davies and
Morris, 1993). According to “rule of exponents,” when 0.55 = b < 0.71, no
correction factor was used; when 0.71 = b < 1.00, MLP was incorporated as
a correction factor into the scaling method; and when b =1, BrW was
incorporated into the scaling method. The extrapolative success or failure of
each human CL prediction was determined both qualitatively and quantita-
tively. For qualitative assessment, compounds were categorized as low (<30%
LBF), moderate (30—70% LBF), or high (>70% LBF) CL. A qualitative
extrapolative inlier (correct prediction) was declared when the extrapolation
resulted in a CL prediction of the correct human CL category from a given
preclinical species, whereas an extrapolative outlier (incorrect prediction) was
declared when the predicted human CL was of a different CL category than the
measured human CL. For quantitative assessment, when the predicted human
CL from a given preclinical species was within 2-fold of the experimentally
determined value, the prediction was considered an extrapolative inlier, and
predicted values outside of a 2-fold window of the experimentally determined
value were extrapolative outliers. Additionally, the mean absolute error (MAE)
and %MAE relative to human CL were determined between the predicted and
observed CL values, and were calculated as:

-

i _ i
‘CL,,W,-M CLopservea

MAE = N )
A MAE 100 6
eMAE = Average CLpsnea ©

where N = the total number of observations in the set and i = individual drug
molecule.

Finally, the role of two-dimensional molecular properties in predicting
extrapolative success or failure of each preclinical species was also determined
both qualitatively and quantitatively through the application of the molecular
property associations described previously (Jolivette and Ward, 2005). The
calculated two-dimensional molecular properties for all 21 compounds used in
the present investigation can be found in Appendix II. Essentially, two differ-
ent types of associations were investigated for the assessment of human CL.
First, “data-independent” associations were applied, wherein extrapolative
outcome for projecting human pharmacokinetics were predicted solely on each
molecule’s two-dimensional physicochemical features [calculated logarithm of
the octanol-water partition coefficient (clogP), calculated molar refractivity
(CMR), number of hydrogen bond acceptors (HBA), number of hydrogen bond
donors (HBD), molecular weight (mol. wt.), number of rotatable bonds (nrot),
and polar surface area (PSA)]. This exercise involved the calculation of a series
of two-dimensional molecular properties for each compound, calculation of

1257

mean values for properties that provided statistically significant differentiation
between extrapolative success and failure, and assignment of molecular prop-
erty associations that provided this discrimination. For instance, the associa-
tions state that for molecules with a clogP >0, extrapolation based on rat data
would result in a human CL prediction that would be a quantitative outlier
(corrected for LBF differences between the species, the predicted human CL
from rat would not be within 2-fold of the observed human CL value). Next,
“data-dependent” associations were applied, in which preclinical predictivity
was interrogated as a function of both molecular features and the experimen-
tally determined pharmacokinetic parameters in a given preclinical species.
This second approach utilized an additional descriptor, based on CL categories,
which was also considered with the calculated molecular properties to deter-
mine parameters that provided differentiation between extrapolative inliers and
outliers. For example, the molecular associations predict that for compounds
with low CL in the dog and PSA >160 A2, the resulting human CL prediction
would be a quantitative outlier with respect to the dog CL (corrected for LBF
differences between the species, the predicted human CL from dog would not
be within 2-fold of the observed human CL value).

Volume of Distribution Data Analysis. The prediction of human V from
the preclinical data was conducted both qualitatively and quantitatively as
described previously (Ward and Smith, 2004b). For qualitative assessment, the
compounds were categorized as possessing low (<0.7 I/kg), moderate (0.7-3.5
l/kg), or large (>3.5 I/kg) V, in each species. An extrapolative inlier was
declared when human V, was in the same category as the preclinical species.
For quantitative assessment, when predicted human V,; was within 2-fold of the
experimentally determined value, the prediction was considered an extrapola-
tive inlier, and outside 2-fold, the prediction was considered an extrapolative
outlier; MAE and %MAE were also determined as described earlier. Human V4
was also predicted from three-species allometric scaling, with the same qual-
itative and quantitative inlier criteria applied. Finally, the role of two-dimen-
sional molecular properties in the extrapolative success or failure was also
determined both qualitatively and quantitatively through the application of
molecular property associations as described previously (Jolivette and Ward,
2005). For example, the molecular associations revealed that for compounds
with large categorical Vj in the rat and with HBA =5, the resulting human V
prediction would be a qualitative outlier with respect to rat (human V,; would
not be large, <3.5 I/kg).

Mean Residence Time Data Analysis. Human MRT was calculated from
the experimentally determined and reported human V,; and human CL for each
compound (where MRT = V,/CL). The prediction of human MRT from the
preclinical data was conducted both qualitatively and quantitatively as de-
scribed previously (Ward and Smith, 2004b). Briefly, human MRT was pre-
dicted by assuming that human V, would be identical to that of the preclinical
species and that CL would simply be the same fraction of LBF in that
preclinical species (no allometric scaling). Using the CL and V values derived
from the three-species empirical allometric correction factor calculations (i.e.,
rule of exponents), human MRT was predicted. For qualitative assessment, the
compounds were grouped into three MRT categories [<60 min (low), 60 to
480 min (moderate), and >480 min (high]] in each species. A correct predic-
tion was declared when the predicted human MRT was in the same MRT
category as the preclinical species. For quantitative assessment, a correct
prediction was declared when the predicted human MRT was within 2-fold of
the experimentally determined value. Lastly, MAE and %MAE were also
determined for each predictive method as described previously.

Results

Intravenous Preclinical Pharmacokinetic Data in Dog and
Monkey. The compounds studied in the dog for this investigation
(haloperidol and mifepristone) exhibited high and moderate CL, re-
spectively, with large V, (Table 1), although haloperidol exhibited a
much larger V, than mifepristone. The n = 2 study design used to
estimate pharmacokinetic parameters in the dog appeared to be ade-
quate, with the same CL and V, categories calculated for each animal
for both compounds. A fairly even distribution of CL values was
obtained in the monkey with low, moderate, and high CL values for
three, five, and three compounds, respectively (Table 1). As was the
case for the dog, the V, values for these compounds in the monkey
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TABLE 1 A 100 1
Average pharmacokinetic parameters determined in the present investigation 90
following intravenous administration in the male cynomolgus monkey or beagle 80 4
dog (n = 2 animals) e
& 70
C d Speci cL v, MRT 2
ompoun pecies d é 60 -
. . o
ml/min/kg kg min % 50 -
Haloperidol Dog 33.0 37.0 1128 ®
Mifepristone Dog 15.7 10.5 692 g 401
Amiodarone Monkey 10.7 5.11 469 E 30 |
Biperiden Monkey 21.9 3.61 179 20 4
Chlorpromazine Monkey 24.6 8.03 340
Diltiazem Monkey 34.5 3.52 102 10 4
Felodipine Monkey 15.6 2.19 140 0
Methadone Monkey 29.4 8.21 266 ' ; : : : ' : ) ' j
Vinorelbine Monkey 23.6 11.4 474 9 10 = W Ak 0 Wk 70 A vee W
Nifedipine Monkey 10.0 0.534 527 Human Clearance (%LBF)
Propafenone Monkey 44.1 8.24 197 B 1009 » . . e - .
Remoxipride Monkey 11.8 1.13 91 |
Verapamil® Monkey 37.1 4.54 122 20
80 1
“ Value represents n = 1 datum only, due to technical difficulties on the study day. ™
o 70 1 e
. . s £ 60 -
were weighted heavily toward large V,; only one compound (nifedi- 8 5
pine) exhibited a small V, in the monkey, two compounds (felodipine, g
remoxipride) exhibited a moderate V,, and the remaining eight com- o a0
pounds exhibited a large V,. Overall, somewhat greater interindi- 3 0
vidual variability was observed in the monkey than in the dog, with 20 1
more variability observed for V, than for CL (data not shown). 109 o D b
Different V, categories would have been derived from the two study 0 T T T T T T - - T )
animals for three compounds (biperiden, diltiazem, and remoxipride), 0 0 20 3 40 50 60 70O 8O0 S0 100
whereas different CL categories would have been determined for two Human Clearance {*%LBF)
o . 100 -
molecules (diltiazem and remoxipride). Average data were used forall C
compounds for subsequent data analyses, although the borderline 2
qualitative categorization of these molecules should be considered a & 807
caveat to this analysis. g 701
Human Clearance Predictions. The combination of the intrave- 2 60 A
. . . . £
nous pharmacokinetic data generated above in dog and monkey with £ 50 1 *
published literature values provided intravenous pharmacokinetic pa- S a0
. . =
rameters for 21 compounds in rat, dog, monkey, and human (Fig. 2; % 0
Appendix I). Plotting CL as %LBF in the three preclinical species 2 -
versus human CL as %LBF, all three preclinical species were clearly it
biased toward overprediction of human CL, with 12, 13, and 12 of the
0 . r T T . T . . r |

21 compounds falling above the +15% LBF line, and 3, 2, and 4
compounds falling below the +15% LBF line for rat, dog, and
monkey, respectively (Fig. 2). The human CL predictions based on
LBF scaling from each preclinical species and for allometric scaling
were compared qualitatively (correct CL category) and quantitatively
(within 2-fold), along with their associated MAE (Table 2). Overall,
the qualitative predictivity of all five scaling methods was similar but
poor, with only 7 to 9 of the 21 test compounds correctly classified in
all instances. From a quantitative perspective, comparing the different
predictive methods, rat LBF scaling, monkey LBF scaling, and em-
pirically corrected three-species allometry all demonstrated similar
predictivity with 11, 10, and 10 correct quantitative predictions,
respectively. Of the approaches investigated, scaling of human CL
based on both monkey LBF and empirically corrected three-species
allometry yielded identical predictivity, and the lowest MAE from any
method. Generally, the worst predictivity was demonstrated by dog
LBF scaling and simple three-species allometry, both in terms of
correct number of predictions and MAE. Under the rule of exponent
assumptions, a BrW correction was required for 2 compounds (nifed-
ipine and verapamil), and a MLP correction for 9 compounds (ami-
odarone, chlorpromazine, diltiazem, methadone, midazolam, PNU-
96391, propafenone, vinorelbine, and semaxanib), with no correction
required for the remaining compounds. The application of the rule of

0 10 20 30 40 50 60 70 80 90 100
Human Clearance (%LBF)
Fic. 2. Comparison of human CL with CL in rat (A), dog (B), and monkey (C). CL
is expressed as a percentage of liver blood flow in each species; the solid line
represents the line of unity and the dashed lines represent = 15% LBF. Where
necessary, CL values greater than 100% LBF were truncated to 100% LBF for
graphical depiction.

exponents improved the predictions compared with simple allometry
in 10 of the 11 instances in this dataset where a correction was
performed; vinorelbine was the only compound where the application
of an empirical correction factor worsened the prediction of human
CL. Rule of exponent correction of the vinorelbine human CL pre-
diction resulted in nearly a 2-fold worsening of the prediction com-
pared with simple allometry. Before application of the MLP correc-
tion, the three-species allometry prediction was a qualitative and
quantitative inlier with respect to the measured human CL; however,
application of the MLP correction worsened the prediction where it
became both a qualitative and quantitative outlier.

For each molecule, the methods that quantitatively afforded the
most and least accurate predictions in terms of absolute error in each
prediction were tallied (Fig. 3). In terms of the number of occurrences,
rat and dog yielded the most accurate predictions the least often,
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TABLE 2

Accuracy of human clearance predictions from preclinical species using various
methodologies

Qualitative [Class] Quantitative [2-fold]

MAE

Method Number Correct Number Correct (%)
(%) (%) v
ml/min/kg
Rat LBF 7 (33.3) 11(52.4) 8.38 (113)
Dog LBF 7(33.3) 6 (28.6) 11.8 (159)
Monkey LBF 8 (38.1) 10 (47.6) 6.08 (81.9)
Three-species allometry 8 (38.1) 7 (33.3) 11.9 (160)
Three-species allometry 9(42.9) 10 (47.6) 6.08 (81.9)

with RE

RE, rule of exponent correction.

[ Best prediction (smallest error)

12 @ Worst prediction (largest error)

10 4

Number of Occurences

_

Allometry
with RE

Rat LBF

Dog LBF Monkey

LBF
Prediction Method

Fic. 3. Comparison of the total number of molecules for which rat LBF, dog LBF,
monkey LBF, and exponent-based rule-corrected allometry provided either the most
or least quantitatively accurate human clearance prediction.

where human CL was most accurately predicted for only 4 of the 21
compounds by each of these species. The dog most often yielded the
worst prediction of human CL, where the error was the greatest from
this species for 10 of the 21 compounds. Monkey LBF and exponent
rule-corrected allometry were the most accurate prediction methods
the most often; these approaches yielded the most accurate predictions
for 6 and 7 of the 21 compounds, respectively. Predictions from
exponent rule-corrected allometry were slightly better than monkey
LBF scaling in this regard, with one more correct prediction; however,
in terms of predictivity for all predictive techniques, both methodol-
ogies yielded equivalent MAE, at 6.08 ml/min/kg.

Molecular property associations (Jolivette and Ward, 2005) were
next applied to the CL dataset (Table 3). Overall, application of these
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molecular feature criteria resulted in improved predictivity for each
preclinical species, as well as adding the ability to discern when a
prediction would likely be incorrect. As an example, using the results
for data-independent quantitative predictions of human CL from dog
as an example (Table 3, row 5) based on the associations, 21 predic-
tions were made; 2 compounds were predicted to be extrapolative
inliers (same CL category between dog and human), whereas 19
compounds were predicted to be extrapolative outliers (different CL
category between dog and human). Of these 21 predictions, 15 were
correctly predicted (71.4%); 1 of the 2 compounds predicted to be an
extrapolative inlier was correctly predicted (50%) with an MAE of
1.59 ml/min/kg, whereas 14 of the 19 compounds predicted to be an
extrapolative outlier were correctly predicted (73.7%) with an MAE
of 12.9 ml/min/kg. Regarding the data-independent associations, as-
sessment of molecules by qualitative class was not generally useful,
since a prediction of extrapolative outcome could not be made based
on the molecular features of most of the compounds in the dataset.
However, in the few instances where an inlier was predicted, gener-
ally these molecules demonstrated decreased MAE compared with the
entire dataset, where the MAE from qualitative predictions from
monkey demonstrated a slight increase in overall error. Application of
the data-independent associations in a quantitative manner was more
useful, where the molecular property associations were used to make
predictions for each compound; based on the molecular property
associations, there was never an instance where a “no prediction”
result was generated based on these associations. Again, when an
inlier was predicted, MAE was lower for molecules than for the entire
dataset; furthermore, MAE for predicted outliers was indeed higher
than for the entire dataset. These trends were brought out even further
when the data-dependent associations were applied (Table 4). In all
instances, application of these associations resulted in lower MAE
values for predicted inliers and higher MAE values for predicted
outliers. For instance, predictions for data-dependent qualitative pre-
dictions of human CL from rat (Table 4, row 1) based on the
associations of 15 extrapolative predictions were made and 6 com-
pounds were not predicted; 3 compounds were predicted to be extrap-
olative inliers (same CL category between rat and human), whereas 12
compounds were predicted to be extrapolative outliers (different CL
category between rat and human). Of these 15 predictions, 12 were
correctly predicted (80.0%); 2 of the 3 compounds predicted to be an
extrapolative inlier were correctly predicted (66.7%) with an MAE of
3.14 ml/min/kg, whereas 10 of the 12 compounds predicted to be an
extrapolative outlier were correctly predicted (83.3%) with an MAE
of 10.91 ml/min/kg. Furthermore, the overall predictivity of rat and
dog increased substantially with the application of these molecular
feature associations compared with LBF scaling alone. Rat LBF
scaling to predict human CL was correct 33% and 52% for qualitative
and quantitative predictions, respectively, whereas both qualitative

TABLE 3

Evaluation of the utility of data-independent molecular property associations applied to enhance preclinical predictivity of human CL

Data-Tndependent Number of l?redicted Total Number (%) of Number (%)‘ Number (%) pf Overall MA]j: for MAE for
Prediction Method Inlier/Outlier/Not Correct Predictions of Predicted Inliers Predicted Outliers MAE (%) Predicted Predicted
Predicted Correctly Predicted Correctly Predicted Inliers (%) Outliers (%)
ml/min/kg
Qualitative (Class) Rat 4/0/17 3(75.0) 3(75.0) N.A. 8.38 (113) 2.36 (28.3) N.A.
Qualitative (Class) Dog 1/0/20 1 (100) 1 (100) N.A. 11.8 (159) 2.68 (59.1) N.A.
Qualitative (Class) Monkey 10/0/11 3(30.0) 3(30.0) N.A. 6.08 (81.9) 6.61 (87.8) N.A.
Quantitative (2-fold) Rat 1/20/0 11(52.4) 1 (100.0) 10 (50.0) 8.38 (113) 1.97 (43.4) 8.70 (115)
Quantitative (2-fold) Dog 2/19/0 15 (71.4) 1 (50.0) 14 (73.7) 11.8 (159) 1.59 (55.4) 12.9 (163)
Quantitative (2-fold) Monkey 21/0/0 10 (47.6) 10 (47.6) N.A. 6.08 (81.9) 6.08 (81.9) N.A.

N.A., not applicable.
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TABLE 4

Evaluation of the utility of data-dependent molecular property associations applied to enhance preclinical predictivity of human CL

Data-Dependent Ni um])er of Predicted Total Number (%) Number (%)_ of Number (%) pf Overall MAE for MAE for
Prediction Method Inlier/Outlier/Not of Correct Predictions Predicted Inliers Predicted Outliers MAE (%) Predicted Predicted
Predicted Correctly Predicted Correctly Predicted Inliers (%) Outliers (%)
ml/min/kg
Qualitative (Class) Rat 3/12/6 12 (80.0) 2 (66.7) 10 (83.3) 8.38 (113) 3.14 (93.2) 10.91 (118)
Qualitative (Class) Dog 5/11/5 13 (81.3) 4 (80.0) 9 (81.8) 11.8 (159) 2.63 (81.9) 15.6 (163)
Qualitative (Class) Monkey 15/0/6 7 (46.7) 7 (46.7) N.A. 6.08 (81.9) 5.79 (93.7) N.A.
Quantitative (2-fold) Rat 6/12/3 10 (55.6) 4 (66.7) 6 (50.0) 8.38 (113) 5.92(102) 10.91 (118)
Quantitative (2-fold) Dog 0/0/21 N.A. N.A. N.A. 11.8 (159) N.A. N.A.
Quantitative (2-fold) Monkey 18/0/3 9 (50.0) 9 (50.0) N.A. 6.08 (81.9) 5.90 (83.6) N.A.

N.A., not applicable.

accuracies increased to ~80% after application of the molecular
feature associations, and no improvement was noted in the quantita-
tive predictions. However, only slight increases in predictive accuracy
were noted for monkey after application of the associations.

Human Distributional Volume Predictions. Examination of the
intrinsic relationship between human V, and the preclinical species re-
vealed that both rat and dog had a tendency to overestimate human V,
with 8 and 9 of the 21 compounds falling above the +0.7 l/kg line,
respectively; monkey was less biased with only 5 of the compounds
above this line (Fig. 4). The preclinical V,; values for all 21 compounds
were compared both qualitatively and quantitatively to human V, and
predicted using allometry (Table 5). On the basis of the number of
compounds with correct qualitative predictions, dog appeared to be the
most predictive, followed by the other predictive methodologies. When
compared quantitatively, there were no substantial differences between
rat, dog, and monkey. The ability of allometric scaling to predict human
V, was quantitatively similar to that of the preclinical species, whereas
allometry exhibited a slightly higher MAE than any of the preclinical
species alone. Although the rat had the lowest incidence of successful
qualitative predictions and comparable quantitative predictions compared
with the other preclinical species, the overall MAE associated with
predictions from the rat were the lowest, followed by dog, monkey, and
allometry. Even in the worst case, MAE from any single species was only
approximately 100% (i.e., 2-fold error).

Finally, the data-dependent V,; molecular associations (Jolivette and
Ward, 2005) were applied to the V, predictions (Table 6). After
application of the associations to the dog data to estimate human V,
the number of “no predictions” between the qualitative and quantita-
tive predictions remained the same; however, all of the qualitative
inlier predictions became quantitative outlier predictions. Overall, the
successful qualitative outcomes for predicting human V, ranged from
57 to 78% of the time, whereas successful quantitative predictions
were calculated to be accurate only 33 to 89% of the time. The
performance of the molecular associations was somewhat disappoint-
ing when assembled by V, class qualitatively, with no substantial
improvement in predictivity for dog and monkey, and a decrease in
predictivity for rat.

Additionally, the MAE between predicted inliers and outliers is not
discriminated appropriately from the overall dataset, regardless of
species or prediction methodology. Similarly, the number of correct
quantitative predictions from rat and dog also decreased compared
with the other prediction methodologies described above, although the
MAE for the predicted outliers was increased compared with the
entire dataset. However, a substantial improvement in percentage
correct was noted for quantitative predictions from monkey, where
nearly 90% of the predictions were correct and the MAE for the
predicted inliers was decreased compared with the entire dataset.

Human Mean Residence Time Predictions. Prediction of human
MRT was qualitatively most accurate from monkey predictive ap-

proaches, whereas quantitatively, predictions were similar across all three
preclinical species, with dog slightly more predictive (Table 7). Qualita-
tively and quantitatively, the least accurate results in human MRT pre-
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Fic. 4. Comparison of human V, with V, in rat (A), dog (B), and monkey (C). V, is
expressed in each species in 1/kg; the solid line represents the line of unity and the
dashed lines represent *total body water (0.7 I/kg). Where necessary, V, greater than 10
times total body water (>7 1/kg) was truncated to 7 I/kg for graphical depiction.
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TABLE 5 TABLE 7
Accuracy of human V, predictions from preclinical species using various Accuracy of human MRT predictions from preclinical species using various
methodologies methodologies
Qualitative - Qualitative Quantitative
Quantitative (2-fold) MAE MAE
Method (Class) Number ‘ Method Number Correct (2-fold) Number
(%) Correct Number (%) Correct (%) (%) Correct (%) (%)
ml/min/kg min
Rat 13 (61.9) 13 (61.9) 5.63 (54.8) Rat volume and LBF 17 (81.0) 13 (61.9) 1074 (43.6)
Dog 17 (81.0) 13 (61.9) 7.76 (75.7) Dog volume and LBF 13 (61.9) 14 (66.7) 2019 (81.8)
Monkey 14 (66.7) 12 (57.1) 9.62 (93.8) Monkey volume and LBF 19 (90.5) 12 (57.1) 2134 (86.5)
Three-species allometry 13 (61.9) 13 (61.9) 9.88 (96.4) Three-species allometry 12 (57.1) 9 (38.1) 2428 (98.42)

dictions were obtained from three-species allometry-derived V,; and CL
values. Human MRT predictions from rat yielded the smallest error,
whereas error increased from dog, monkey, to allometry. Interestingly,
amiodarone was responsible for a large amount of the MAE across all
predictive methods, and removal of amiodarone from the calculations
resulted in 60 to 80% decreases in the MAE for the various predictive
methods. Overall, with amiodarone included, the predictions from allom-
etry yielded the largest error. Interestingly, allometry-based prediction of
human MRT trended to overpredict; specifically, this methodology over-
predicted human MRT for 13 of the 21 compounds (61.9%).

Discussion

Recently, this laboratory has performed extensive analyses around
the in vivo pharmacokinetics of a 103-compound dataset in the rat,
dog, monkey, and human (Nagilla and Ward, 2004; Ward and Smith,
2004a,b; Jolivette and Ward, 2005). From these analyses have arisen
some intriguing conclusions, including the general utility of nonhu-
man primate data in lead optimization, the superiority of CL scaling
from monkey data alone compared with allometric scaling, and the
ability to apply “rules” based on two-dimensional molecular features
to assess human predictivity from preclinical data. However, although
the aforementioned dataset is the largest such species-comprehensive
dataset compiled to date, the size of the dataset was particularly
limited by data availability (particularly monkey data). Furthermore,
although quite diverse, the original dataset was weighted somewhat
toward lower molecular weight, less lipophilic molecules; average
molecular weight and clogP values were 368.6 g/mol and 0.951,
respectively. As noted in several surveys (Lipinski, 2000; Wenlock et
al., 2003), this is somewhat smaller and more hydrophilic than many
modern combinatorial libraries and successful drugs, and inclusion of
more molecules with higher molecular weights and lipophilicity
would be beneficial. The present investigation has fulfilled both of
these criteria, and has substantially improved the diversity of the
overall dataset. Nineteen of these 21 added compounds demonstrated
molecular weights >300 g/mol or clogP >3, and 16 met both criteria;
average molecular weight and clogP values for this dataset were 393.7
g/mol and 3.87, respectively. Although this increase in molecular
weight between the two datasets is not particularly noteworthy, a

4-fold increase in clogP between the two datasets was demonstrated.
Interestingly, introduction of this physiochemical diversity also inad-
vertently resulted in improved pharmacokinetic diversity. Whereas the
previous dataset was more heavily weighted toward low CL com-
pounds (53% of all compounds in the preclinical species and 65% of
the compounds in human), the present dataset contained far fewer low
CL compounds (14-33% in the preclinical species and 43% in hu-
man). Such diversity allowed a detailed interrogation of whether the
observations from the original dataset would apply to molecules with
these particular features.

In short, virtually all of the major findings from the previous dataset
were confirmed and validated in this extended, more diverse test set.
Among the major preclinical species, monkey afforded the most
accurate prediction of human CL, and generating both dog and mon-
key added only minimal value to monkey data alone. Regarding
scaling methodologies, the rule of exponent correction to allometric
scaling improved CL predictivity compared with simple allometry,
offering the same predictivity as monkey LBF scaling. Predictions
from monkey LBF alone are as good as the rule of exponents but have
the virtue of being from one species rather than three. Interestingly,
application of the rule of exponents correction for vinorelbine wors-
ened the human CL prediction, increasing the error from human
nearly 2-fold compared with simple three-species allometry. This
observation supports recent questions raised around allometry and the
intrinsic defect associated with this correction method (Tang and
Mayersohn, 2005).

Likewise, human V,; was similarly well predicted from any of the
preclinical species, and allometry also provided comparable V, pre-
dictivity. Finally and most importantly, the value of both the data-
independent and data-dependent molecular associations for assigning
preclinical predictivity was confirmed, especially for CL. Given the
dataset concerns described above, the successful application of these
findings to the present data are particularly encouraging. These ob-
servations lend further support to the continued use of nonhuman
primates in pharmacokinetic lead optimization, and call further into
question the need to generate both dog and monkey data in a lead
optimization paradigm.

TABLE 6

Evaluation of the utility of data-dependent molecular property associations applied to enhance preclinical predictivity of human V,

Data-Dependent Num'ber of l?redicted Total Number Nun_1ber (%)' Nur_nber (%) _of Overall MA]_E for MAE for
Prediction Method Inller/Oqtller/Not (%) of Cprrect of Predicted Ir!llers Predicted Out!lers MAE (%) Pr.edlcted Prgdlcted
Predicted Predictions Correctly Predicted Correctly Predicted Inliers (%) Outliers (%)
kg
Qualitative (Class) Rat 8/6/7 8(57.1) 4 (50.0) 4 (66.7) 5.63 (54.8) 6.37 (47.0) 10.3 (67.1)
Qualitative (Class) Dog 11/0/10 8 (72.7) 8(72.7) N.A. 7.76 (75.7) 14.2 (77.3) N.A.
Qualitative (Class) Monkey 9/0/12 7(77.8) 7(77.8) N.A. 9.62 (93.8) 1.13 (55.0) N.A.
Quantitative (2-fold) Rat 0/9/12 3(33.3) N.A. 3(33.3) 5.63 (54.8) N.A. 8.99 (44.5)
Quantitative (2-fold) Dog 0/11/10 5(45.5) N.A. 5(45.5) 7.76 (75.7) N.A. 14.2 (77.3)
Quantitative (2-fold) Monkey 9/0/12 8(88.9) 8(88.9) N.A. 9.62 (93.8) 1.13 (55.0) N.A.
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Fig. 5. Discrimination of MAE for qualitative and quantitative human CL predictions after application of the molecular property associations to preclinical data from rat,
dog, and monkey. Bars extending above the line represent MAE greater than that of the entire dataset; bars extending below the line have MAE values less than that of

the entire dataset.

Despite the clear successes of this test set exercise, not all of the
observations from the previous dataset applied here. First, whereas
LBF scaling from rat and dog to human CL resulted in similar
predictivity as in the original dataset, predictivity from monkey LBF
scaling was somewhat lower in this dataset (~48%) compared with
the original dataset (68%). However, similar to the findings in the
previous exercise, the error associated with the predictivity, in terms
of MAE, was smallest from monkey LBF scaling when compared
with that of the other preclinical species and equal to exponent
rule-corrected allometry predictions. Although this decreased predic-
tivity in the monkey was somewhat offset in the overall MAE as well
as by the application of the molecular features analysis, it is interest-
ing that these putatively more discovery-like molecules demonstrated
more difficulty in extrapolating to human pharmacokinetics, and may
suggest increased caution in future human predictions with these types
of molecules. In addition, not all of the previously identified molec-
ular associations applied as well to the present dataset. In particular,
the monkey qualitative CL predictions and all of the quantitative
volume predictions were not as useful as hoped; this could be due in
part to some of the “borderline”” molecule categorizations, specifically
V4 classifications of methadone and remoxipride, which were border-
line in multiple species. The importance in monkey data for prediction
of human MRT was confirmed from the previous analysis.

Regardless of these limitations, the impact of the successful appli-
cation of the molecular property “rules” (Jolivette and Ward, 2005)
bears further emphasis. In nearly every case applied, the combination
of two-dimensional molecular features with or without preclinical
pharmacokinetic data provided a clear MAE discrimination between
predicted human inliers and outliers (Fig. 5). This discrimination can
be seen graphically in the fold difference in MAE between the MAE
of correctly predicted extrapolative inliers and outliers compared with
the MAE from the LBF scaling approach, where the predicted inliers
possess ratios <1 (decreased MAE), and predicted outliers have ratios
>1 (increased MAE). Furthermore, application of the data-dependent
CL rules substantially improved the value of the rat and dog data,
rendering these species even more predictive than the monkey (albeit
the inlier prediction applied to fewer molecules). Numerous examples
of the potential utility of such validated rules can be envisioned, in a

drug discovery setting, for instance, as an aid for scientists to make
more informed compound progression decisions early in the drug
discovery process. A common practice in the pharmaceutical industry
is the use of in vivo pharmacokinetic screening in the rat to make
“go/mo go” progression decisions during lead optimization (Korfma-
cher et al., 2001; Caldwell et al., 2004); and, as such, the progression
of eight compounds in this dataset that demonstrate high CL in the rat
would most likely have been terminated or de-prioritized. However,
application of the data-dependent associations would correctly indi-
cate that ~40% of these compounds, i.e., chlorpromazine, methadone,
and remoxipride, do not demonstrate high clearance in humans. Fur-
thermore, in cases where molecular features indicate that the observed
rat CL for a compound is likely to accurately extrapolate human CL,
the need for additional animal studies would not be required to project
human CL, resulting in a net reduction in animals and animal studies
utilized in the drug discovery process. Additionally, the approach of
combining in vivo and in silico methodologies is practically unprec-
edented; although previous studies have explored combining some
aspects of in vivo and in silico data (Wajima et al., 2003), none have
used the data in as direct a manner as exemplified here. This combi-
nation approach clearly adds substantial context and value to predic-
tions made from preclinical data, and merits further consideration.
In summary, the findings in this investigation support the application
of previous studies to molecules with more discovery-like molecular
features, particularly with respect to the use of nonhuman primate data in
pharmacokinetic screening and the application of two-dimensional mo-
lecular features analysis to improve preclinical predictivity of human
pharmacokinetics, particularly the data-dependent associations. The rela-
tionships derived for this 21-compound dataset should be considered
preliminary since differences between the two compound datasets were
already noted; further refinement to these approaches may be necessary
as more compounds can be included in the analysis. These observations
also support the value of alternative approaches to allometric scaling in
predicting human CL, V,;, and MRT, where comparable predictive power
was noted from monkey alone, and in some cases, superior predictivity of
human PK was observed. The ability to accurately estimate human PK in
fewer preclinical species certainly represents an attractive resource sav-
ings; compounds can be selected to progress into selected species based
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on their molecular features and predicted PK, e.g., conducting PK studies
in the rat and not in the monkey for compounds with molecular properties
associated with successful extrapolation of human CL from rat data and
unsuccessful extrapolation from monkey data, thereby resulting in fewer
in vivo PK studies. Finally, the predictive power of combining in silico
and in vivo approaches is exemplified. Future investigations in this
laboratory will continue to focus on the integration of diverse data
to form a comprehensive human pharmacokinetic prediction paradigm,
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particularly the use of in vitro plasma protein binding and metabolic
stability data.
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TABLE Al
Appendix I: Pharmacokinetic parameters of compounds used in the present investigation

Units for CL and V, are ml/min/kg and I/kg, respectively.

Rat Dog Monkey Human
Compound

cL v, cL v, cL v, cL v,
ayB; antagonist*>® 47.0 1.5 54 0.9 9.0 0.3 1.0 0.2
Amiodarone®3®-3% 14.7 72.3 14.7 4.6 10.7% 5.1° 1.9 66.0
Biperiden®’ 68.0 14.0 27.0 9.5 21.9” 3.6” 15.3 6.2
Chlorpromazine’* 61.0 29.1 53.0 16.3 24.6" 8.0° 4.3 11.2
Diltiazem™*26-36:41 82.3 3.6 59.0 21.4 34.5" 3.5° 12.0 3.1
Epiroprim** 45.0 4.6 10.7 8.3 30.6 5.1 3.5 2.5
Felodipine>'® 84.7 12.4 19.5 7.8 15.7° 2.2° 11.1 9.7
Flindokalner®® 29.9 34 3.1 32 40.2 5.4 7.63 2.35
Garenoxacin'® 12.1 0.9 2.4 1.3 3.4 1.0 1.2 1.0
Haloperidol®343¢ 86.2 10.4 32.9” 37.0” 7.8 6.6 11.8 18.0
Methadone'?2%3¢ 59.3 7.58 414 7.6 29.4% 8.2¢ 14 3.8
Midazolam'-!2 67.0 1.6 27.0 3.0 24.2 1.5 6.6 1.1
Mifepristone® 50.0 4.3 15.6" 10.5” 24.2 325 0.33 0.30
Nifedipine!"'53¢ 45 0.127 12.3 1.15 10.0° 0.5 7.0 0.78
Ofloxacin'#18:19.28:39 26.3 1.66 2.65 1.15 7.5¢ 1.6¢ 4.53 1.78
PNU-963914° 46.7 1.5 36.7 2.5 333 1.4 7.2 2.2
Propafenone®° 62.0 5.2 30.8 3.0 44.1° 8.2° 8.8 2.29
Remoxipride®’ 170.0 4.5 4.9 1.6 11.8° 1.1° 1.7 0.7
Semaxanib®>3° 45.0 1.6 52.0 14 25.7 1.45 14.0 0.98
Verapamil®*2° 40.4 2.99 622 4.47 37.1° 4.5° 13.7 5.5
Vinorelbine!”-!-3! 31.7 24.4 20.0 49.6 23.6" 11.4° 21.0 75.6

[SSI

I NS

o

18.
19.
20.
21.

22.

“ 3-{2-0x0-3-[3-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)propyl-imidazolidin-1-y1}-3(S)-(6-methoxy-pyridin-3-yl)propionic acid
b Parameter derived from data generated in this laboratory
¢ Data specifically for S-Ofloxacin
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TABLE A2

Appendix I1:Calculated two-dimensional molecular properties of compounds used in the present investigation

Compound mol. wt. CMR ClogP HBD HBA PSA nrot
Amiodarone 645.31 14.37 8.95 0 3 42.68 11
Biperiden 311.47 9.53 4.94 1 2 23.47 5
Chlorpromazine 318.87 9.38 5.30 0 3 6.48 4
ay,B; antagonist® 439.51 11.94 2.64 2 9 107.89 9
Diltiazem 414.52 11.58 3.65 0 7 59.08 7
Epiroprim 353.42 10.08 4.00 2 6 101.21 7
Felodipine 384.26 9.91 5.30 1 5 64.63 6
Garenoxacin 426.42 11.03 0.73 2 5 80.56 5
Haloperidol 375.87 10.26 3.85 1 3 40.54 6
Flindokalner 359.70 7.99 4.86 1 3 38.33 3
Methadone 429.60 12.62 4.46 1 3 40.54 2
Midazolam 309.45 9.78 4.17 0 2 20.31 7
Mifepristone 325.77 9.07 3.42 0 2 30.18 1
Nifedipine 346.34 9.07 3.12 1 7 132.49 6
Ofloxacin 361.37 9.29 —0.51 1 6 75.01 2
PNU-96391 281.42 7.93 2.36 0 3 37.38 4
Propafenone 341.45 10.09 3.64 2 4 58.56 11
Remoxipride 371.27 9.01 3.25 1 5 50.80 6
Semaxanib 238.29 7.30 2.83 2 2 44.89 1
Verapamil 454.61 13.15 4.47 0 6 63.95 13
Vinorelbine 778.94 21.39 5.94 2 11 133.87 10

¢ 3-{2-0x0-3-[3-(5,6,7,8-tetrahydro-[ 1,8 Jnaphthyridin-2-yl)propyl-imidazolidin-1-y1}-3(S)-(6-methoxy-pyridin-3-yl)propionic acid.
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