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Abstract. Rolofylline is a potent, selective adenosine A1 receptor antagonist that was under development
for the treatment of patients with acute congestive heart failure and renal impairment. Rolofylline is
metabolized primarily to the pharmacologically active M1-trans and M1-cis metabolites (metabolites) by
cytochrome P450 (CYP) 3A4. The aim of this investigation was to provide a pharmacokinetic (PK)
model for rolofylline and metabolites following intravenous administration to healthy volunteers. Data
included for this investigation came from a randomized, double-blind, dose-escalation trial in four groups
of healthy volunteers (N036) where single doses of rolofylline, spanning 1 to 60 mg ,were infused over 1–
2 h. The rolofylline and metabolite data were analyzed simultaneously using NONMEM. The
simultaneous PK model comprised, in part, a two-compartment linear PK model for rolofylline, with
estimates of clearance and volume of distribution at steady-state of 24.4 L/h and 239 L, respectively. In
addition, the final PK model contained provisions for both conversion of rolofylline to metabolites and
stereochemical conversion of M1-trans to M1-cis. Accordingly, the final model captured known aspects of
rolofylline metabolism and was capable of simultaneously describing the PK of rolofylline and
metabolites in healthy volunteers.
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INTRODUCTION

Rolofylline is a potent, selective adenosine A1 receptor
antagonist (1). It is reported that rolofylline blocks the re-
absorption of sodium by the proximal tubules without triggering
tubuloglomerular feedback (TGF), a compensatory mechanism
to avoid excessive sodium and water loss (2). TGF promotes the
release of adenosine, and adenosine binding to A1 receptors is
associated with vasoconstriction of the afferent arteriole,
decreased renal blood flow, and enhanced sodium re-absorption
by the proximal tubule; this results in a decrease in glomerular
filtration rate, diminished renal function, and sodium and water
retention. Blocking adenosine A1 receptors via a selective
adenosine receptor antagonist may limit sodium re-absorption
by the proximal tubules without triggering TGF and promotes
vasodilatation of the afferent arteriole of the glomerulus (3).
Accordingly, rolofylline was under development for the

treatment of patients with acute congestive heart failure and
renal function impairment (1,4–7).

Rolofylline is eliminated primarily by oxidative metabo-
lism to M1-trans and M1-cis metabolites. As with rolofylline,
both M1-trans and M1-cis metabolites are eliminated primar-
ily by metabolism (by oxidation and glucuronidation, respec-
tively) and are not excreted unchanged in urine (1,8).
Preclinical data indicate that M1-trans and M1-cis undergo
stereochemical interconversion, and that the conversion of
M1-trans to M1-cis is faster than the conversion of M1-cis to
M1-trans in humans. The structures of rolofylline and both
M1-trans and M1-cis metabolites are given in Fig. 1.

In vitro data show that rolofylline and its M1-trans andM1-
cis metabolites have similar affinities to the human adenosine
A1 receptor expressed in CHO cells. In rats, intravenous (IV)
treatment withM1-trans orM1-cis alone resulted in diuretic and
natriuretic effects similar to those induced by rolofylline. In
addition, both M1-trans and M1-cis had similar reno-protective
effects compared with rolofylline in an acute rat renal injury
model (Merck & Co., Inc., Whitehouse Station, NJ, USA and
Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan; data on file).

An understanding of the pharmacokinetics of all three
analytes becomes important given the potential contribution of
rolofylline, M1-trans, and M1-cis to the overall pharmacologic
activity of rolofylline administration. Noncompartmental anal-
yses of both rolofylline andmetabolites following administration
of single (9) and multiple (8) IV doses of rolofylline in healthy
volunteers indicate that exposures ofM1-trans were comparable
to those for rolofylline, while M1-cis circulated at lower levels.
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Additionally, the terminal phases of rolofylline and metabolite
concentration–time profiles appeared similar (with accompa-
nying apparent terminal half-lives as obtained by noncompart-
mental analysis of approximately 15, 12, and 14 h for rolofylline,
M1-trans, and M1-cis, respectively), suggesting the metabolites
were formation-rate limited. While these analyses are valuable
in characterizing the pharmacokinetics of rolofylline and
metabolites independently, a complementary compartmental
analysis provides a platform for explicitly capturing the rela-
tionship between the pharmacokinetics of rolofylline and
metabolites. A model that links parent and metabolite pharma-
cokinetics (“simultaneous model”) potentially facilitates the
estimation of the impact of new clinical scenarios (such as
intrinsic and extrinsic factors, changes in dosing regimen, etc.) on
both the relative and total levels of circulating active analytes
(10). In addition, explicit provisions to link the disposition of
parent to metabolite pharmacokinetics become important for
formation-limited kinetics (11).

With every mechanistic provision included in the simul-
taneous model comes an increasing level of complexity,
including the question of structural identifiability; structural
identifiability pertains to the ability to uniquely estimate the
parameters of a model given ideal, error-free data as an input.
One can perform structural identifiability analysis (SIA) on a
candidate model with a variety of techniques (12,13). The freely
available DAISY software tool (http://www.dei.unipd.it/wdyn/?
IDsezione04364) that is used in the current evaluation
utilizes a differential algebra approach (14). The robust
algorithm as implemented in DAISY has been used for a
growing set of SIA examples (15–17) including pharmaco-
kinetic modeling (18). To maintain structural identifiability,
simultaneous models usually contain some degree of simplifica-
tion of the true underlying process and/or reparameterization.
This is especially true in the common case where individual
metabolites are not available to administer separately, and
information regarding the disposition of the metabolites is
gleaned following administration and conversion of the parent
molecule (10,19). The additional complexity that results from
treating parent and metabolite simultaneously may be a
contributor to the relatively low frequency of this approach in
the wider literature (18).

The aim of this investigation was to develop a pharma-
cokinetic model capable of describing the plasma concentra-
tion–time profile of rolofylline, M1-trans, and M1-cis
simultaneously (simultaneous PK model) and to thereby
demonstrate consistency of observed PK data with known
features of the biotransformation pathway of rolofylline. The
simultaneous PK model was based on single rising-dose data
obtained in healthy volunteers following single IV infusions
from 1 to 60 mg of rolofylline in Study KW-3902 IV-EU01.

MATERIALS AND METHODS

Clinical Protocol

Model development was based on data collected in a
randomized, double-blind, dose-escalation design with single
doses of IV rolofylline in four groups of healthy volunteers, with
the exception of the first dose given to group 1 (1 mg rolofylline
IV and placebo) and the second 2.5-g dose given to group 2,
which were open-label (Study KW-3902 IV-EU01). In KW-3902
IV-EU01 single doses of 1, 2.5, 5, 10, 20, 30, 40, 50, and 60 mg
rolofylline were given IV. The rate for volume administration
was kept constant for all groups (1 ml/min). For doses less than
or equal to 30mg, the infusion time was 1 h; administration of 40
to 60 mg lasted 2 h. The actual dose regimen was as follows:

Group 1: 1 and 2.5 mg rolofylline or placebo over 60 min
each.

Group 2: 2.5 mg, followed by 5 and 10 mg rolofylline or
placebo over 60 min each.

Group 3: 20 and 30 mg rolofylline or placebo over 60 min
each.

Group 4: 40, 50, and 60 mg rolofylline or placebo over
120 min each.

Thirty-seven healthy white male subjects with a mean age
of 29 years (range018–42 years), a mean height of 175 cm
(range0161–191 cm), and a mean weight of 73.3 kg (range0
60.2–90.0 kg) were enrolled in this study; in total, 36 subjects
received study medication in different periods. The number of
subjects entered into the analysis by treatment is indicated in
Table I.
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Fig. 1. Structure of rolofylline and both M1-trans and M1-cis
metabolites

Table I. Number of Subjects Analyzed for Rolofylline Pharmacoki-
netics by Group Following Single-Dose IV Infusion Administration at

the Indicated Dose Level

Group
Rolofylline
dose (mg)

Number of subjects
analyzed

1 1.0 5
2.5 4a

2 2.5 8
5.0 6
10 6

3 20 6
30 6

4 40 5
50 6
60 6

aOne subject received less than 1/10 of the 2.5-mg dose
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The study was conducted in accordance with principles
of Good Clinical Practice and was approved by the appropri-
ate institutional review boards and regulatory agencies, and
all subjects provided written informed consent.

To determine the plasma concentrations of rolofylline
and M1-cis and M1-trans metabolites following the adminis-
tration of rolofylline, blood samples were drawn at 0 (before
start of infusion), 0.5, 1.17, 1.5, 2, 3, 5, 9, 13, 25, 37, and 49 h
after start of infusion on the profile day for groups 1, 2 and 3
and at 0 (before start of infusion), 1, 2.17, 2.5, 3, 4, 6, 10, 14,
26, 38, and 50 h after start of infusion on the profile day for
group 4.

Assay Methods

Plasma samples were analyzed for rolofylline, M1-trans,
and M1-cis concentrations at the contract laboratory Hoechst
Marion Roussel (Frankfurt, Germany). The analytes were
extracted from heparinized human plasma at pH8 using
diethyl ether. Urine samples were processed by dilution (20-
fold) prior to analysis (since levels of the three analytes were
below or just above the limit of quantitation at the highest
dose group, the determination of the samples of the lower
doses was canceled to avoid unnecessary bioanalytical
activities). The analytes were then separated and detected
by a high-performance liquid chromatograph tandem mass
spectrometric system (HPLC–MS/MS). The HPLC was
carried out isocratically on a C-18 column using 20 mM
ammonium format at pH3 and methanol. [2H7]-rolofylline
was used as internal standard to rolofylline. The analog
internal standards KF 16082 and KF 18267 were used as
internal standard for the M1-trans and M1-cis metabolites.
Analyte concentrations were determined from the peak area
ratios of the analyte to its respective internal standard. The
dynamic range for the assay of rolofylline and its metabolites
in plasma was 0.5–500 ng/mL when 0.25 mL of plasma was
processed. The assays were selective and specific for analytes
in human biological fluids, and there was no significant
interference observed from endogenous components in
control human biological fluids. The limit of quantification
(LOQ) for rolofylline, M1-cis and M1-trans in plasma was
0.5 ng/mL for all three analytes. Accuracy ranged from 92.9–
103.7%, 86.8–106.5%, and 90.1–100.1% for rolofylline, M1-
trans, and M1-cis respectively; precision ranged from 0.2 to
10.5%, 0.8–10.5%, and 4.6–10.8% for rolofylline, M1-trans,
and M1-cis respectively.

Modeling Methods

The pharmacokinetics of rolofylline and both M1-trans
and M1-cis metabolites were analyzed using NONMEM
Version VI level 2.0 (GloboMax, Hanover, MD) using the
general linear model (ADVAN 7) and first-order conditional
estimation with interaction (20). The SIA was performed
using the DAISY software tool Version 1.5 as described
elsewhere (14,18). Concentration data below LOQ (223 of
1,914 post-dose observations or 65, 52, and 106 observations
corresponding to rolofylline, M1-trans, and M1-cis, respec-
tively) were treated as missing. The inter-individual variabil-
ity (IIV) was captured using exponential random-effects
terms. The residual variability was estimated using

proportional or both proportional and additive error models
independently for rolofylline, M1-trans, and M1-cis. Visual
predictive checks (VPC) were generated for rolofylline and
the M1-trans and M1-cis metabolites. Two sets of VPCs were
generated. The first set of VPCs depicted the collection of
subjects receiving a 1 h infusion (corresponding to dose levels
up to and including 30 mg); observed plasma concentrations
were dose-normalized to 10 mg for this depiction. The second
set of VPCs were generated for patients receiving 2-h infu-
sions (dose levels of 40 mg and higher), and observed
concentrations were dose-normalized to the 50-mg dose level.
The VPCs were generated using 1,000 simulations.

To provide an estimate of prediction error (PE), we
determined the ratio of the areas under the curve (AUC0–∞)
and maximum plasma concentrations (Cmax) based on
individual predicted concentration profiles to those based
upon observed plasma concentrations for rolofylline and
metabolites. Noncompartmental analysis of individual pre-
dicted and observed data was conducted in WinNonlin
Version 5.2.1 (Pharsight Corporation, Mountain View, CA).
Since there was a relatively limited amount of data above the
limit of quantitation following administration of the 1-mg
rolofylline dose, calculation of the PE was limited to data
following administration of doses 2.5 mg and higher.

Initial exploratory pharmacokinetic modeling proceeded
in three sequential steps, with data from an additional analyte
added for each round. The objective function value and
diagnostic plots were used to guide model development. At
the conclusion of a given round, a pharmacokinetic model
based on the present set of analytes was selected and brought
forward to the subsequent round. Round 1 included the
rolofylline concentration data only. For round 2, both rolofyl-
line and M1-trans concentration data were included; however,
the pharmacokinetic parameters that influenced the concen-
tration–time profile of rolofylline were held fixed to those of
the model selected in round 1. In round 3, rolofylline, M1-
trans, and M1-cis data were included; however, the pharma-
cokinetic parameters that influenced the pharmacokinetics of
both rolofylline and M1-trans were held fixed to the best
parameterization of round 2. Once the three initial rounds of
model building were completed, the parameters of the model
from round 3 were simultaneously estimated. This was
considered the final model. Since the final model was
dependent on the results of each sequential round of
exploratory model building, the specific details regarding the
parameterization for each round are included in the
RESULTS AND DISCUSSION.

RESULTS AND DISCUSSION

Model development was driven by known aspects of the
metabolism of rolofylline and metabolites. Accordingly, the
simultaneous PK model was to contain the provisions as
itemized the introduction for (1) conversion of rolofylline to
both M1-trans and M1-cis metabolites and (2) conversion of
M1-trans to M1-cis. Counterbalancing the aim of capturing
the fate of rolofylline and metabolites were considerations of
structural identifiability and the need to obtain convergence
during opimization; these considerations were driven mini-
mally from the fact that the system had three outputs (i.e.,
rolofylline, M1-trans, and M1-cis concentration time
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histories) with one input (i.e., only rolofylline was dosed). To
address these considerations, from the “MATERIALS AND
METHODS”, selection of the final model proceeded through
three rounds of model building, each of which considered an
additional analyte in the optimization. As described in more
detail below, in moving from the second round (i.e., the round
in which rolofylline and M1-trans only were considered) to
the third round (i.e., the round in which all analytes were
considered), fractionation of rolofylline to M1-trans versus
M1-cis was expressed in terms of the apparent fraction of
rolofylline that was metabolized to M1-cis (FM); SIA was
used to ensure that the final model could be characterized by
a unique set of model parameters.

In the first round of optimization, only rolofylline
pharmacokinetic data were included; from Fig. 2a, a two-
compartment model with first-order elimination from the
central compartment was the only structural model consid-
ered for the first round. Selection of this structural model was
based upon inspection of rolofylline concentration profiles
following single- and multiple-dose administration (8,9), and
the presence of a biphasic fall from levels following the end of
infusion. For round 2, both rolofylline and M1-trans concen-
tration data were included, however the pharmacokinetic
parameters which influenced the concentration–time profile
of rolofylline were held fixed to those of the model selected in
round 1 (i.e., parameters V1, V2, CL1 and CL2 of Fig. 2b
were held fixed to the values of the previous round). Both a

one- and two-compartment model, each with first-order
elimination, were considered for M1-trans for the structural
model. The two-compartment model was selected for M1-
trans based on improved model diagnostics, both from
inspection of diagnostic plots and a drop of 355.694 in the
objective function value relative to the one-compartment
model. In round 3, rolofylline, M1-trans, and M1-cis data
were considered; however, the model parameters that influ-
enced the pharmacokinetics of both rolofylline and M1-trans
were held fixed to the optimal parameterization of round 2.
Figure 2 panels c and d illustrate the two structural models
considered in round 3. Both variations included conversion of
M1-trans to M1-cis metabolite and a single-compartment
model for M1-cis with first-order elimination. The second of
two structural models considered in round 3 also permitted
conversion of rolofylline to M1-cis and was parameterized in
terms FM as described previously. Relative to rolofylline and
M1-trans, less data were available above the limit of
quantitation for M1-cis to inform a more complicated model
than a single-compartment model; we did not explore
anything beyond a one-compartment model for M1-cis.
Attempts to fit the first of two candidate models to M1-cis
data (i.e., the model of Fig. 2c with V1, V2, V3, V4, CL1,
CL2, CL3, and CL4 held fixed to values of the previous
round) did not result in a successful covariance step. In
contrast, attempts with the second of two candidate models
(i.e., the model of Fig. 2d again with V1, V2, V3, V4, CL1,
CL2, CL3, and CL4 held fixed to values of the previous
round) converged with both a successful covariance step and
a favorable change of 172.314 in the objective function
relative to the model of Fig. 2c.

The model of Fig. 2d was selected for one final round of
fitting, where all model parameters were re-estimated. The
SIA analysis in DAISY confirmed that the model of Fig. 2d
was globally identifiable (14,18). The parameter estimates
following this final optimization are in Table II. The fixed
effects were generally estimated with reasonable precision
(RSE0100×SE/ Estimate <35%). The typical individual
estimates for rolofylline CL and Vss were 24.4 L/h and
239 L, respectively. Random effects were not estimable for
the distributional clearance for both rolofylline and M1-trans
and the volume term associated with M1-cis, and were
accordingly fixed to zero.

Figure 3 depicts model diagnostic plots for rolofylline,
M1-trans, and M1-cis concentrations for the simultaneous PK
model (additional representations of both mean of observed
and population mean predicted plasma concentrations as
functions of time and by analyte and dose are provided in
Supplemental Figure S-1). By inspection, the simultaneous
PK model provides a reasonable fit, although there is some
tendency for underprediction of relatively high plasma
concentrations. The VPC results are depicted in Fig. 4 for
subjects receiving both the 1- and 2-h rolofylline infusions.
From inspection of the VPC representations of Fig. 4,
observed plasma concentrations of rolofylline, M1-trans, and
M1-cis were generally within the 10% to 90% intervals;
however, there was a relatively increased frequency of peak
M1-trans levels (i.e., prior to ∼5 h post-dose) outside of the
upper 90% interval. Conversely, the upper 90% interval for
M1-cis appears somewhat elevated relative to observed peak
levels, suggesting some tendency for the model to over
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Fig. 2. The pharmacokinetic models considered during three rounds
of exploratory pharmacokinetic modeling of rolofylline and metabo-
lite data. Compartments 1, 3, and 5 represent the first compartments
for rolofylline, M1-trans, and M1-cis, respectively. a In round 1, only
rolofylline data were considered. b The model from round 1 was
brought forward to round 2; the pharmacokinetic parameters which
influenced the concentration–time profile of rolofylline were held
fixed to those from round 1, and parameters which influenced the
pharmacokinetics of M1-trans were optimized. c and d For round 3,
the model selected from round 2 was brought forward. The model
parameters which influenced the pharmacokinetics of both rolofylline
and M1-trans were held fixed to the optimal parameterization of
round 2, and parameters which influenced the pharmacokinetics of
M1-cis were optimized. Two structural models were considered for
M1-cis; d the second of the two models had a provision for conversion
of rolofylline to M1-cis, while c the first did not. The depiction of
panel d is the final model brought forward; a definition of the model
terms in panel d (i.e., V, CL, and FM) is provided in Table I
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predict variability for M1-cis. We next calculated the PE
based on AUC0–∞ and Cmax estimates from noncompartmen-
tal analysis of both individual predicted and observed
concentrations as a complementary diagnostic to the VPC,
and calculated the intra-individual ratio of AUC0-∞ and Cmax

based upon predicted and observed data for each individual.
The geometric mean (coefficient of variation, CV%) of the

intra-individual ratios (AUC0–∞ based on individual pre-
dicted/AUC0–∞ based on observed) were 1.01 (15.9%), 1.03
(13.0%), and 1.07 (16.7%) for rolofylline, M1-trans, and M1-
cis, respectively. The geometric mean (CV%) of the intra-
individual ratios (Cmax based on individual predicted/Cmax

based upon observed) were 0.92 (16.4%), 0.98 (12.5%), and
0.97 (10.0%) for rolofylline, M1-trans, and M1-cis,

Table II. Final Parameter Estimates for Simultaneous Pharmacokinetic Model

Variable Description Estimate (RSE) Between-subject variability estimate (RSE)

V1 Volume central compartment, parent (L) 37.8 (3.15) 12.3 (29.8)
CL1 Parent to metabolite clearance (L/h) 24.4 (4.39) 21.4 (22.7)
V2 Volume peripheral compartment, parent (L) 201 (5.08) 22.0 (51.0)
CL2 Distributional clearance, parent (L/h) 13.2 (3.47) –
V3 Volume central compartment, M1-trans (L) 26.1 (9.16) 53.9 (24.1)
CL3 Interconversion clearance (L/h) 19.6 (6.89) 42.3 (21.1)
V4 Volume peripheral compartment, M1-trans (L) 41.7 (7.29) 32.9 (30.7)
CL4 Distributional clearance, M1-trans (L/h) 28.4 (11.7) –
V5 Volume central compartment, M1-cis (L) 3.78 (34.13) –
CL5 Clearance M1-cis (L/h) 91.6 (6.77) 39.1 (27.8)
FM Fraction parent metabolized to M1-cis 0.194 (11.8) 41.1 (33.4)

Proportional residual error term, parent 26.1 ( 10.6)
Additive residual error term, parent –

Proportional residual error term, M1-trans 17.4 (17.3)
Additive residual error term, M1-trans 0.217 (177)
Proportional residual error term, M1-cis 15.0 (20.4)
Additive residual error term, M1-cis 0.614 (39.0)

Coefficient of variation expressed as a percentage
RSE relative standard error, expressed as a percentage

Fig. 3. Diagnostic plots following fit of the simultaneous PK model to observed rolofylline (circles), M1-
trans (squares), and M1-cis (dots) plasma concentrations. Progressing clockwise from the top-left corner, the
model diagnostic plots are comprised of a observed versus population predicted concentrations, b observed
versus individual predicted concentrations, c residual and d weighted residual plots
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respectively. Additionally, the apparent terminal half-life
estimated from noncompartmental analysis of population
predicted profiles was approximately 17 h for all analytes,
which is consistent with formation-rate limited kinetics for the
M1-trans and M1-cis metabolites.

Two caveats are important in interpretation of parameter
estimates. First, although several known aspects of the
biotransformation pathway for rolofylline and metabolites
are captured by the simultaneous model, additional routes of
elimination are active for rolofylline and metabolites in vivo
(e.g. hydroxylation of M1-trans metabolite) that are not
explicitly captured in the simultaneous model. Addition of
additional elimination routes for either rolofylline or M1-
trans in addition to those included in the final model (i.e.,
first-order elimination to the environment for rolofylline and
M1-trans) resulted in nonidentifiable systems in both instan-
ces; similarly including an oxidative pathway for elimination
of M1-trans instead of interconversion resulted in an a system
that was not identifiable. This impacts the physiological
interpretability of parameter estimates associated with the
simultaneous model (10,21). Second, the treatment of data
below the LOQ as missing may have adversely affected
parameter bias and precision and model selection (22,23);
with this caveat, selection of a more sophisticated method for
treatment of below LOQ data would result in additional
model and computational complexity with potentially limited
practical improvement in parameter estimates (24).

As mentioned in the “INTRODUCTION”, results from
both in vitro binding experiments and preclinical in vivo
experiments suggested that the pharmacological activity of
rolofylline administrationwould be attributable to the combined
action of rolofylline, M1-trans, and M1-cis. The overall contri-
bution of rolofylline and metabolites to the observed pharma-
codynamic effect is expected to be a function of the exposures
and potencies of these analytes (25). A historical evaluation of
the contribution of an active metabolite to the overall pharma-
cological activity of tesofensine was captured via a competitive
interaction PK/PD model that included provisions for the
relative exposures of parent and metabolite to the overall
activity observed in mice (26) and again in the clinic (27).
Although model diagnostics pointed to challenges in capturing
peak levels of rolofylline andmetabolites, collectively the model
diagnostics were generally favorable for use of the simultaneous
model in estimation of overall exposures. The simultaneous
model provided both a framework for understanding the
disposition of rolofylline and metabolites and a potential bridge
to understanding the impact of new clinical scenarios on relative
exposures and the time course of the pharmacodynamic effect.

CONCLUSION

The proposed simultaneous pharmacokinetic model
adequately describes the concentration–time profile of

Fig. 4. Visual predictive check for rolofylline (left-most panels), M1-trans (center panels) and M1-cis (right-most panels).
Concentration profiles corresponding to 1 and 2 h infusion times were dose-normalized to the 10- and 50-mg dose levels,
respectively, and depicted on the top and bottom panels, respectively. Observed data are indicated as points; the solid and
dashed lines represent median and both 10% and 90% intervals of the model-predicted concentrations. For clarity, only data
up to 25 h post-start of infusion are depicted in this representation
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rolofylline and both M1-trans and M1-cis metabolites follow-
ing single rising doses in healthy volunteers. The final model
captures features of the biotransformation pathway of rolofyl-
line, including the conversion of rolofylline to M1-trans and
M1-cis metabolites, as well as conversion of M1-trans to M1-
cis. Since the simultaneous model is capable of providing
insight regarding the relative exposures of rolofylline and
active metabolites, it acts as a key component in understand-
ing the impact of new clinical scenarios upon overall activity.
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