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Abstract

Purpose To develop physiologically based finite time pharmacokinetic (PBFTPK) models for the analysis of oral pharma-
cokinetic data.

Methods The models are based on the passive drug diffusion mechanism under the sink conditions principle. Up to three drug suc-
cessive input functions of constant rate operating for a total time 7 are considered. Differential equations were written for all these
models assuming linear one- or two-compartment-model disposition. The differential equations were solved and functions describing
the concentration of drug as a function of time for the central and the peripheral compartment were derived. The equations were used
to generate simulated data and they were also fitted to a variety of experimental literature oral pharmacokinetic data.

Results The simulated curves resemble real life data. The end of the absorption processes 7 is either equal to #,,,, or longer
than 7., at the descending portion of the concentration time curve. Literature oral pharmacokinetic data of paracetamol,
ibuprofen, almotriptan, cyclosporine (a total of four sets of data), and niraparib were analyzed using the PBFTPK models.
Estimates for 7 corresponding to a single or two or three different in magnitude input rates were derived along with the other
model parameters for all data analyzed.

Conclusions The PBFTPK models are a powerful tool for the analysis of oral pharmacokinetic data since they rely on the
physiologically sound concept of finite absorption time.

KEY WORDS almotriptan - cyclosporine - finite absorption time - ibuprofen - niraparib - oral drug absorption - oral
pharmacokinetics - paracetamol - physiologically based finite time pharmacokinetic models

Abbreviations Introduction

FAT Finite absorption time

PBFTPK Physiologically based finite time The term pharmacokinetics was first introduced by F.
pharmacokinetic H. Dost in 1953 in his text, Der Blutspiegel. Kinetik der

PBPK Physiologically based pharmacokinetic Konzentrationsabldufe in der Kreislauffliissigkeit (1). Dost

adopted the Bateman equation to describe the concentra-
tion of drug in plasma, C(¢), assuming first-order absorption
(input) and first-order elimination
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where F is the bioavailable fraction of dose D, V is the vol-
ume of distribution and k,, k are the absorption and elimi-
nation first-order rate constants, respectively. This equation
implies that absorption and elimination run concurrently for
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absorption kinetics, i.e., Eq. 1 applies only for a specific time
period. Due to the fact that the blood flow in the portal vein
has a velocity of 20—40 cm/s (6), sink conditions prevail for
the drug transfer from the gastrointestinal lumen to the blood
stream. This led to the development of physiologically based
finite time pharmacokinetic (PBFTPK) models and the cor-
ollary zero-order drug input (7). The basic features of the
PBFTPK models are the finite termination times lower than
5 and 30 h, for drug absorption in the small intestines and
colon, respectively (7, 8). In parallel, multiple-successive
constant drug input rates were also considered (7) in line
with the varying character of drug absorption because of
the potential dissolution/precipitation/re-dissolution and/or
regional drug permeability in jejunum, ileum, colon of the
gastrointestinal tract.

In this work, we formally define the basic PBFTPK
modes, which interpret oral drug kinetic data in terms of the
finite absorption time (FAT) concept. To this end, we also

Fig.1 (A) Schematic of the
passive transfer of dissolved
drug molecules (white spheres)
from the gut lumen to portal
vein. The blood flow in the
portal vein, 2040 cm/s (6)
ensures sink conditions for the
passive drug transfer due to its
continuous removal from the
portal vein to liver. The physi-
ological time limits 5 and 30 h
for drug absorption from the
small intestines and colon (7, 8),
respectively are shown on the
time axis. (B) Enlargement of
the region gut wall-portal vein
for the drug transfer; the arrows
indicate up to three successive
constant input rates for the dis-
solved drug molecules (white
spheres) passive transfer under
sink conditions.
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carry simulations and apply the PBFTPK modes for fitting
purposes using the PBFTPK software developed.

Theory

According to the fundamental model developed in (7), drugs
are absorbed passively under sink conditions for physiological
reasons (6), Fig. 1A. Drug absorption under sink conditions
has been used and is still used extensively and successfully in
physiologically based pharmacokinetic (PBPK) modeling (9,
10). Due to the anatomical-physiological characteristics of the
gastrointestinal tract, drugs with different biopharmaceutical
properties, e.g., solubility, permeability, ionization, can exhibit
one or two or three successive constant input rates, Fig. 1B.
For drugs following linear disposition kinetics, we coin
the term p-PBFTPK-m, where p is the number of the succes-
sive input rates 1, 2, 3 and m takes the values 1 or 2 denoting

blood flow:20-40cm/sec

Portal Vein

Portal Vein
B
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the disposition characteristics of drug, namely, one- or two
compartment model, respectively. For the metabolized drugs
following non-linear Michaelis—Menten disposition kinetics
we coin the term p-PBFTPK-m(MM). A schematic represen-
tation of models exhibiting linear or non-linear disposition
kinetics is shown in Fig. 2.

The differential equations for the linear models,
p-PBFTPK-m are listed in Table 1. The corresponding equa-
tions for drug’s concentration change as a function of time
in the central compartment, C(¢), and in the peripheral com-
partment, P(t), for these models are listed in Table II and
III. It should be noted that the ratio of the distribution vol-
umes of the central and the peripheral compartment is not

Fig.2 Schematic representa-
tion of one compartment (A)
and two compartment (B)
p-PBFTPK-m models. In all
cases the horizontal arrows

at the left-hand side of the
central compartment denote the
number of successive constant
drug input rates, not necessar-
ily of the same drug amount 2
or duration; k,, is the elimina-
tion rate constant, ky is the
elimination rate constant of

the central compartment of the
two compartment model drugs;
ki, and k,; are the disposition
micro-constants for the transfer
of drug from the central to
peripheral compartment and
vice versa, respectively; V.
and Ky, correspond to the maxi-
mum biotransformation rate and
the constant of the Michaelis—
Menten kinetics.

included explicitly in the following expressions. This does
not affect any calculations or conclusions because there are
no data on the actual drug concentration in the peripheral
compartment.

Materials and Methods
Simulations
The analytic model equations of Tables II and III were used

to generate concentration — time profiles assigning various
values to the model parameters.

Central Compartment
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ka1

A

Kio or (Wnax Ku)
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Table | Differential Equations or Linear Models p-PBFTPK-m Model Fittings
p m  Kinetic (differential) equations 1 <t<t, Eq )
The model equations were fitted to experimental data
L1 % = TF—‘Z -k, C 0 T 2 obtained from the literature. The PBFTPK software used in
% =—k,C oo 3 all model fittings relies on user defined functions in Igor pro-
2 1 z;_C =50 . 0 7, 4 gramming environment. In this implementation we adapted
.V, e . . . . . .
o FD c . 4T 5 its versatile built-in least squares algorithm which allows,
;é Ty, : e among other features, restrictions to parameter values, the
o = kaC Tt e 6 use of statistical weights and data sub-sets, calculation of
301 % = % —k,C 0 7 7 parameter covariance matrix, and easy graphical representa-
TVa
dc _ BD _ C 7, 7+, 8 tion of results. Due to the complex form of the model equa-
:é ’;f,g L C it ot O tions and the convoluted shape of the resulting x> hypersur-
@ ny, e e e face in parameter space with numerous local minima, the
o = —kC nitTtTs 10 determination of initial trial parameter values was crucial
L2 % =22 —k;C—kyCHkyP O T 11 and required their manual adjustments.
™Va
di
d—[: =k,C—ky P 12
dc _
€ = —kyyC — kyoC + kyy P T 0 13 Results
dpP
& =k;C—ky P 14
202 G = kaC—kyCtly P 0 n 5" Simulations
Z—f =ky,C —ky P 16
% = fz‘f’ —kyC—kyoC +ky P T 7,41, 17 Figures 3 and 4 show simulated concentration—time curves
@ _ kz dC_ P 18 generated from the model equations for one- and two-com-
- IZ c 2}'{ Catp rtr o 19 partment model drugs, respectively. Both Figures demon-
&= — + . .
@ 12 10 2 b b | Strate the resemblance of the simulated curves with real
@ = k€ -k P life data reported in the literature. When a single input rate
di F\D . . . . . .
32 &= o, ~ k€ —koC kP 0 o 21 is applied (Fig. 3A, Fig. 4A), the simulated data exhibit
‘Z_” = kjyC — ky, P 22 a patent change of drug concentration C(z) at the end of
1 . . .
% _ :z‘ﬁ) —kppC = kyyC + ko P 71 7,471, 23 the duration of the absorption process at time 7z, (marked
P kz ‘C o p o with the symbol A), which also corresponds to the maxi-
a R ,s  mum drug concentration, C,,,,, observed in plasma. For the
dc _ BD _ - + +7,+ . . .
7 = v, kC—koCrkyP 0172 ATOTE simulated data with multiple input rates, the values of C(z)
% = k;,C — ky, P 26 can be either equal to C,,,, (Figs. 3B, D, 4D) or smaller
‘Z_C = —k;,C — k1oC + ky, P 7+70,+17; 0 27 (Fig. 3C, 4B, C), i.e., the termination of the absorption phase
't
P k1 C — by P 28 s observed at the descending limb of the curve. The simu-
£ lated results for the P(#) curves show the shape similarity of
Table Il Solutions to Linear » m c() f<1<t, Eq
Models p-PBFTPK-1
1 1 FD — e~ kat 0 29
7V k, <1 e ) ‘
C(r)ekatt=7) T o0 30
2 1 BD () ekat 31
7 Vld’"e/ (1 e ) f
C())ekal=n) 4 _szVZf/)m (1 - e—h;(’ﬂ:)) 7 T+7, 32
C(Tl + fz)e—ka(f—fl—fz) 71+7, 0 33
F\D &
3 1 S (1 - k) 0 7, 34
k(- F,D k(1= T 7,47 35
C(Tl)e z‘l([ ])+12V2_(,kd(1_e u([ 1)) 1 17
C(TI + Tz)e*kel(t*ﬂ*fz) + _FD (1 — e*kcl(T*TI *Tz)) 71+ SRR 36
T3 Vakel
C(Tl +17, + T})g—ku("ﬁ —-1,-13) T,+7,+15 00 37
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Fig.3 Simulated curves for
one compartment model
drugs (m=1) following linear
disposition kinetics with p=1
(Egs. 29-30, panel (A)), p=2
(Egs. 31-33, panel (B)), p=3
(Egs. 34-37, panels (C) and
(D)). Model parameter values
are shown in each panel. The
symbol A denotes termination
of all absorption stages.

Fig.4 Simulated curves for
two compartment model drugs
(m=2) following linear disposi-
tion kinetics showing central
(red) and peripheral (black)
compartment concentrations

for p=1 (Egs. 3841, panel
(A)), p=2 (Egs. 42-47, panel
(B)), p=3 (Eqgs. 48-55, panels
(C) and (D)). Model parameters
are shown in each panel. The
symbol A denotes termination
of all absorption stages.

Fig.5 Plots of the deriva-

tive dC/dt as a function of
time. (A) t,,,, =7=4.0 h and
the derivative was calculated
from Egs. 29 and 30. (B)
tmax=3-9 h<7=9.5h and the
derivative was calculated from
Eqgs. 34-37.
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the generated curves, which poorly reflect the changes of the
drug concentration in the central compartment C(), Fig. 4.

In all above plots the (C(z), 7) pair is a discontinuity
datum point. When #,,,,, =, there is a more patent change
of the concentration—time curve in the neighborhood of the
discontinuity time point, Figs. 3A, B, 4A, D. On the con-
trary, when .., <7, the discontinuity datum point lies in the
descending part of the concentration—time curve, Figs. 3C,
D, 4B, C and therefore this change is less abrupt. In Fig. 5,
one can see the change of the derivative dC/dt for two exam-
ples with ¢_,, =7 and t,,,, <. In the former case, the deriva-
tive changes from positive to negative values at ¢, =7; in
the latter case, the sign of the derivative is maintained nega-
tive close to 7 and throughout the descending portion of the
curve. These plots demonstrate that under experimental con-
ditions the estimation of 7 will be easier when #,,, =7. When
thax <7, the presence of experimental error and the sparse
sampling close to 7 can make the estimation of z impossible.

Model Fittings

In our previous work we analyzed experimental data of
drugs (5, 7) exhibiting a single zero-order input. Here, we
present only a similar example (paracetamol) and extend our
applications to drugs belonging to various biopharmaceuti-
cal classes exhibiting more complex absorption and follow-
ing one or two compartment model disposition. In all cases,
modified release formulations were not examined.

i) Paracetamol. It is considered a high solubility compound
with > 85% absorption (11). We analyzed the experimen-
tal data of a pharmacokinetic study (12). The best fit
results using Egs. 29, 30 which adhere to the simplest
model with a constant input rate and first-order elimina-
tion are shown in Fig. 6. According to the results pre-
sented in Fig. 6, paracetamol absorption is very fast and

FD/Vy=10.5+ 0.5 ug/mL

8000 k,=0.30+0.03h"
~ 7=0.51+0.03h
E 6000 X =4.9641e+06, R =0.986
(o))
£ 4000
)
2000
0
| | T | T T |
0 2 4 6 8 10 12
t (hours)

Fig. 6 Best fit results of Eqgs. 29, 30 to paracetamol experimental data
(12). The symbol A denotes the end of the absorption process. The
top panel depicts the fit residuals.

0

7,=0.900.06 h
F,DIV,=7.7 + 1.8 pg/mL
1,=14+02h

k,=0.34+0.03h"
X = 4.7644e+06, R? = 0.9968

12

C (x10° ng/mL)
[ee]

t (hours)

Fig.7 Best fit results of Eqgs. 31-33 to ibuprofen experimental data
(12). The symbol A denotes the end of the absorption processes.

terminates at 0.51 +0.03 h. For comparative purposes
the best fit results using Eq. 1 are shown in the supple-
mentary material (Fig. S1).

ii) Ibuprofen. This is a classical BCS class II drug with low
solubility at pH 1.2 and 4.5 and high solubility at pH 6.8
since it is a carboxylic acid. We analyzed the experi-
mental data of a pharmacokinetic study (12). The best
fit results using Eqs. 31-33, which adhere to a model
with two constant input rates and first-order elimination
are shown in Fig. 7. These data reveal that absorption
terminates at 2.3 h, namely, ibuprofen is absorbed in
the small intestine. For comparative purposes the best
fit results using Eq. 1 are shown in the supplementary
material (Figs. S2-S3).

iii) Almotriptan malate. This is a selective serotonin recep-
tor agonist with hydrophilic properties. We analyzed
the experimental data of a pharmacokinetic study (13).
The best fit results using Eqs. 31-33, which adhere to
a model with two constant input rates and first-order
elimination are shown in Fig. 8. These data reveal that
absorption terminates at 2.8 h, namely, almotriptan is
absorbed in the small intestine. For comparative pur-

0
-6 F,DIV, = 45.4 + 9.7 ng/mL

7,=1.11£025h
F,DIV, =33 + 11 ng/mL
7,=1.78+03h

k,=0.174+0.016 h”
¥ =59.041, R?=0.994

C (ng/mL)
w
o
L

I | T T T
0 5 10 15 20
t (hours)

Fig. 8 Best fit results of Eqs. 31-33 to almotriptan experimental data
(13). The symbol A denotes the end of the absorption processes.
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Fig. 9 Best fit results of Egs. 29, 30 to test formulation under fasted (A), fed (B) conditions and reference formulation under fasted (C) condi-
tions (15). Best fit results of Eqs. 48-55 to reference formulation under fed (D) conditions. The symbol A denotes the end of the absorption
processes.

1v)

poses the best fit results using Eq. 1 are shown in the
supplementary material (Figs. S4-S5).

Cyclosporine. This is a Class II drug with very low solu-
bility (14). We analyzed the experimental data of the
fundamental bioequivalence study under fast and fed
conditions, which led to the replacement of the reference
formulation (Sandimmune) with the test formulation
(Sandimmune Neoral) (15). The best fit results for the
test (administered as a single oral dose of 180 mg) and
reference (administered as a single oral dose of 300 mg)
formulations under fasted and fed conditions are shown
in Fig. 9.

The plots of Fig. 9 A, B and C reveal that the absorp-
tion of cyclosporine for the test formulation (Sandim-
mune Neoral) under both fasted and fed conditions as
well as for the reference formulation (Sandimmune)
under fasted conditions is described by a zero-order
input process, which terminates at 1.6, 1.7, and 2.9 h,
respectively. This shows that cyclosporine absorption
terminates sooner with the test formulation than with
the reference formulation. The graph in Fig. 9D shows
the complex absorption of cyclosporine from the test
formulation under fed conditions; in fact, the best fit
corresponds to a model with three successive fluctuating
input rates of total duration of 4.6 h. All these results are

@ Springer

1200 F,D/V, = 802+157 ng/mL, 7, = 2.06£0.3 h
N K, =0.083£0.02h"
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> ki, =0.0343 £0.0026 h™", §=0.0167 h”
G 400 x° =7523.2, R =0.9988

40
0
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400 500

Fig. 10 Best fit results of Eqs. 42-48 to experimental data of nira-
parib (16). The symbol A denotes the end of the absorption pro-
cesses.

indicative of the erratic absorption of cyclosporine from
the reference formulation in presence of food. These
findings are related to the hydrophobic nature of cyclo-
sporine and the pharmaceutical differences of the two
formulations, namely, the test formulation is a micro-
emulsion while the reference formulation is a solution of
cyclosporine in olive oil. The reader should also notice
the high uncertainty (SDs) of the disposition parameters
of cyclosporine in the panel of Fig. 9D in contrast to the
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corresponding values in panels of Fig. 9 A,Band C. In
all cases, the fits presented in Fig. 9 were superior (data
not shown) to the fits of Eqs. 1 or 57 to the experimental
data.

and two-compartment disposition are shown in Fig. 10.
These data reveal that absorption terminates at 3.4 h,
namely, niraparib is absorbed in the small intestine;
the long stay of the drug in the body is due to the slow

v) Niraparib. This is an orally bioavailable anticancer disposition characteristics. For comparative purposes
agent. Here, we analyze the pharmacokinetics of an the best fit results using Eqs. 1 and 57 (describing the
absolute bioavailability study of niraparib (16) using drug concentration in the central compartment of a two-
PBFTPK models. The best fit results using Eqs. 4248, compartment model) without time restriction is presented
which adhere to a model with two constant input rates in the supplementary data (Figs. S6-S7).

C= D b —a e el ey k1 &, ekt (57)
Vil =)=y (k,=P)a=p  (a=k)(F-k,)
Discussion absorption (17). The results presented in Figs. 6, 7, 8, 9,

The analysis of data, Figs. 6, 7, 8, 9, 10, underlines the fact
that the duration, 7, of the absorption process is a fundamen-
tal biopharmaceutical parameter of drug when administered
as an immediate release formulation. The type of immediate
release formulation can also have an impact on the 7 estimate
(see cyclosporine results, Fig. 9).

For years and years, the absorption rate constant became
the sole parameter for expressing quantitatively the rate of
drug absorption in classical and population pharmacoki-
netic studies. However, it was found to be the most variable
parameter with non-meaningful physiological units (time™),
not allowing a valid interspecies or pediatric scaling and
relying on the unphysical assumption of infinite time of

10, if contrasted with the results derived from the fitting
of Egs. 1 and 57 to the same data presented in the supple-
mentary material, clearly demonstrate the superiority of
PBFTPK models for the description of absorption charac-
teristics of drugs/formulations. Roughly, the more complex
the absorption is the better is the performance of PBFTPK
models compared to the Bateman equation (Eq. 1).

The assessment of permeation in the physiologically
based pharmacokinetic (PBPK) models (10, 11) is based
on permeability estimates; thus, the use of absorption rate
constant for the assessment of the drug’s input rate has
been abandoned in the PBPK modeling work. The current
work relies on the FAT concept (5, 7) and allows the esti-
mation of 7z, which can characterize each drug/formulation

A : B : C .
08— . . !
—~ 06— : ' :
< : : '
Q 1 1 :
5 04— ; ; .
<® . : |_H : .
0.2 — | —y— : I
« Iél | ” c-abs : '
0.0 I I T T T T 1
0 1 2 3 4 5 10 15 20 25 30

FAT 7 (h)

Fig. 11 Plot of elimination rate constant, k,, or f, estimates vs. finite absorption time (FAT), 7, estimates (+SD) Key: paracetamol (@), cyclo-
sporine (Sandimmune Neoral, fasted) (A), ibuprofen (»), almotriptan (W), cyclosporine (Sandimmune Neoral fed) (O), cyclosporine (Sand-
immune, fasted) (#), niraparib (), theophylline (5) (<a), BMS-626529 drug (5, 18) (#). Filled symbols correspond to k; estimates (one-com-
partment model drugs), while empty symbols correspond to # estimates (two-compartment model drugs). The term c-abs next to cyclosporine
(Sandimmune, fed) (o) administered under fed conditions, denotes complex absorption.
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given as an immediate release formulation, Figs. 6, 7, 8,
9, 10. This is so since 7 is conceptually associated with
the fundamental biopharmaceutical properties solubility
and permeability as shown in Ref. (7). Intuitively, drugs/
immediate release formulations can be classified into: i)
rapidly absorbing 7 < 1.5 h like paracetamol and borderline
cyclosporine (Sandimmune Neoral) administered under
fasted conditions in the present study; ii) medium absorb-
ing 1.5 <7 <5 h like ibuprofen, almotriptan, cyclosporine
(Sandimmune Neoral) administered under fed conditions
as well as cyclosporine (Sandimmune) administered under
fasted conditions in the present study and niraparib; iii)
slow absorbing 5 <7< 30 h not observed in the present
study. For the first two categories, drug absorption takes
place only in the small intestine, while for the third cat-
egory, colon absorption is also operating. Several drugs/
formulations exhibiting either selective regional perme-
ability or solubility/ionization characteristics which lead
to precipitation/re-dissolution comprise a fourth category
characterized by a complex absorption profile like cyclo-
sporine (Sandimmune) administered under fed conditions
in the present study (see Fig. 9D). Figure 11 shows the
proposed three categories (A, B and C) where a drug exhib-
iting complex absorption, denoted with c-abs, can also be
classified in accord with its 7 estimate. All estimates for
7 are coupled with the corresponding estimate for drug’s
elimination rate constant k. or # for drugs obeying one-
or two-compartment model kinetics, respectively, Fig. 11.

Visual inspection of Fig. 11 reveals that the one-com-
partment model drugs paracetamol (Fig. 6) and theophylline
(5), which are biowaivers, are located in Class A close to the
ordinate. This is in accord with their extensive absorption
calculated from oral data, if one applies the one-compart-
ment model methodology described for theophylline in Ref.
(5). This also applies for the BMS-626529 drug (5, 18). All
cyclosporine formulations, ibuprofen and almotriptan are
classified in Class B. Finally, it will be interesting to explore
the classification presented in Fig. 11 in relation to other
biopharmaceutical classifications (19-24).

In all examples analyzed the estimate for = was found
to be equal to ¢,,,,. Reliable estimates were derived for 7
using our PBFTPK software, Figs. 6, 7, 8, 9, 10, since an
adequate number of samples were available throughout the
time course of drug in the body. For the one-compartment
model drugs exhibiting one input rate like paracetamol,
this finding, r=1,,,, is a logical consequence of the FAT
concept. On the contrary, estimates for 7 were not found in
the descending leg of the curves (v>t,,,), which could be
observed in other drugs. Although this is theoretically pos-
sible (Fig. 5B), the fitting results and the statistical meas-
ures presented in Figs. 5, 6, 7, 8, 9, 10 provide conclusive

evidence that 7=t_,,. However, the sampling design in the

@ Springer

neighborhood of 7 and the magnitude of the experimental
error of the data can make the estimation of 7 not possible
using the PBFTPK software developed. Interested readers
can contact the authors in case they wish to use it.

Overall, the application of finite absorption time (FAT)
concept (5, 7) can open new avenues in the oral drug
absorption research. Thus, the FAT concept can be also
applied to interspecies and pediatric scaling using the
estimates for each one of the species or children/adult as
a core parameter in the scaling exercise. Additionally, the
application of PBFTPK software for re-analysis of oral
data can provide input rate estimate(s) (FD/tVy) which
will be certainly associated with the rate controlling
parameter(s) of absorption, solubility and/or permeability
as explained in Ref. (7). Analysis of big oral data using
machine learning techniques coupled with molecular
descriptors can also elucidate critical factors of oral drug
absorption phenomena. Besides, further applications of
PBFTPK models to the following topics can be envisaged
too: i) development of models based on multiple oral drug
administration; ii) construction of percent absorbed versus
time plots and use in in vitro-in vivo correlations (IVIVC)
under the prism of FAT concept; iii) extension/application
of the modeling work to population studies; iv) coupling
the PBFTPK modes with pharmacodynamic models. These
applications (i-iv) can be also considered in the light of non-
linear (Michaelis—Menten) kinetics. All above, if coupled
with the implications of finite absorption time models on
bioavailability/bioequivalence issues (5, 25), point to a
new era in the scientific and regulatory aspects of oral drug
absorption. To this end, a Finite Time of Absorption-Group
(FTA-G) has been established for all those interested in the
experimental and theoretical analysis of oral drug absorption
phenomena using the FTA concepts, which can be contacted
via the website http://www.athenarc.gr/.

Conclusions

The finite absorption time (FAT) of drugs is a physiologi-
cally sound concept and the relevant estimate for = derived
from the analysis of oral data using an immediate release
formulation is a characteristic drug property. The application
of PBFTPK models to the analysis of oral drug absorption
data will enhance our understanding of oral drug absorption
phenomena.
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