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Abstract
Purpose The Wagner-Nelson and Loo-Riegelman methods developed in the 1960s and used since for the construction of 
percent of drug absorbed as a function of time as well as in in vitro in vivo correlations are re-considered in the light of the 
physiologically sound Finite Absorption Time (F.A.T.) concept developed recently.
Methods The classical equations for the percentage of drug absorption as a function of time were modified by taking into 
account the termination of drug absorption at F.A.T., replacing the parameters associated with the assumption of infinite 
drug absorption.
Results Mathematical analysis using the relevant Physiologically Based Pharmacokinetic Finite Time (PBFTK) models 
assuming one- or two-compartment drug disposition, revealed that the modified %absorbed versus time curves are of bilinear 
type with an ascending limb intersecting the horizontal line at F.A.T. A computer-based methodology is described for the 
estimation of F.A.T. from experimental data. More than one linear ascending limb is found when more than one absorption 
phase is operating. Experimental data were analyzed and the estimates for F.A.T were found to be similar to those derived 
from nonlinear regression analysis using PBFTPK models.
Conclusion These results place an end to the routinely reported exponential %absorbed versus time curves prevailing in 
biopharmaceutics-pharmacokinetics since their inception in the’60 s. These findings point to the use of the F.A.T. concept in 
drug absorption research and regulatory guidelines such as deconvolution techniques for the assessment of drug input rate, 
stochastic mean absorption time calculations, population analyses, in vitro in vivo correlations and bioequivalence guidelines.

Keywords biopharmaceutics · finite absorption time · oral drugs · pharmacokinetics

Introduction

In the early days of Biopharmaceutics-Pharmacokinetics, 
Wagner and Nelson introduced the fundamental concept 
of percent absorbed versus time plots [1, 2]. These plots 
have been used extensively since they summarize the rate of 
drug input into the general circulation for one-compartment 

model drugs in a concise manner. Besides, these plots have 
been used for the estimation of the first-order absorption 
rate constant, ka. Few years later, Loo and Riegelman [3, 4] 
extended the construction of percent absorbed versus time 
plots to two-compartment model drugs. Both techniques 
[1–3] can be applied under any type of absorption kinetics 
[1–4]. However, the infinite drug absorption notion asso-
ciated with first order absorption kinetics, assumed in the 
subsequent analysis, has been criticized as an unphysical 
hypothesis [5]. In the late 1970s, numerical deconvolution 
emerged as an alternative method of calculating drug input 
rates [6]. Since then, multiple applications of deconvolution 
techniques have been published in the literature [7].

The construction of percent absorbed versus time plots 
is a basic element of in vitro-in vivo correlations (IVIVC), 
which play an important role in the production and approval 
of drug products and formulations. This is so since a suc-
cessful IVIVC for a set of formulations implies that in vitro 
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dissolution tests can be used in place of further bioequiva-
lence studies in the production or modification of different 
formulations [8]. In some cases, the so called “level A” IVIVC 
can be achieved when the % absorbed profile, in essence, 
represents the in vivo “dissolution profile”, which coincides 
point by point with the in vitro dissolution data [9].

All above techniques have been used over the past 
60 years in the field of pharmacokinetics [5]. However, it 
has been recently demonstrated that the concept of infinite 
absorption time, associated with the absorption rate con-
stant, which drives drug’s absorption rate, is not physiologi-
cally sound [5, 10–13]. The first-order absorption notion 
seriously affects all calculations applied to the construction 
of the percent absorbed versus time plots [1–5], which are 
essential elements for the IVIVC plots. The recent analysis 
of oral drug absorption based on the finite absorption time 
(F.A.T.) concept [10] and the relevant physiologically based 
finite time pharmacokinetic (PBFTPK) models developed 
provided meaningful and reliable estimates for the dura-
tion of drug absorption as well as for the corresponding 
drug input rate(s) [10–16]. The differential equations of 
the PBFTPK models rely on the principles of passive drug 
absorption under sink conditions lasting for a F.A.T. [10, 13, 
14]; for each one of the four Biopharmaceutics Classification 
System (BCS) drug classes [17–19] the input rate is linked 
with the limiting property, i.e., solubility or permeability 
[10, 16]. More than one input rate is observed when complex 
drug absorption is encountered [11, 13].

These advances prompted us to reconsider the percent 
absorbed versus time plots in terms of the F.A.T. concept. 
Accordingly, we modified the classical approaches [1–3] 
considering the termination of drug absorption, τ, which 
corresponds to F.A.T. We further applied the modified 
approach to simulated and experimental literature data. We 
developed a computer-based technique for the estimation of 
the value of a F.A.T. from experimental data for the proper 
construction of the percent absorbed versus time plots.

Theory

The PBFTPK Models

According to the F.A.T. concept [10] oral drug absorp-
tion takes place under sink conditions with one or more 
sequential constant input rates [10–14] lasting for a total 
time τ less than 5 h for intestinal drug absorption or less 
than 30 h when colon drug absorption is also operating. 
The F.Α.T. is the total time duration of the absorption 
phases, τ. The value of τ is either equal to tmax, which is 
the time corresponding to maximum blood concentration 
of drug Cmax, or is higher than tmax, i.e., it is observed at 
the descending limb of blood concentration–time curve 

[14]. For immediate release formulations the value of τ is 
dependent on the biopharmaceutical properties (solubility, 
permeability) of drug as well as its elimination charac-
teristics [12]. Accordingly, the PBFTPK models devel-
oped [13] have one or more sequential constant drug input 
rate(s) of not necessarily equal duration.

Percent Absorbed versus Time Plots

The construction of the fraction of dose absorbed versus 
time curve is a pivotal element for the development of 
IVIVC. All methodologies employed, Wagner-Nelson [1, 
2], Loo-Riegelman [3] and deconvolution techniques, e.g., 
[6, 7], rely on the use of the area [AUC]∞

0
 for normalization 

purposes. For example, Eq. 1 gives the fraction of dose 
absorbed up to time t, [AUC]t

0
 in accord with the Wagner-

Nelson method [1, 2].

where At is the amount absorbed up to time t, A∞ is the 
amount absorbed at infinite time, and kel is the elimination 
rate constant.

Under the F.A.T. notion, absorption terminates at time 
τ and therefore Eq. 1 should be changed to Eq. 2 whereas 
[AUC]∞

0
 is replaced by [AUC]�

0
 , A∞ is replaced by Aτ to 

which it is equal (see appendix in Supplementary Informa-
tion for details) and the blood drug concentration at the 
end of the absorption process, Cτ is added in the denomi-
nator for mass balance purposes

As shown in the Appendix, for a single input stage we 
get,

For two compartment model drugs, Loo and Riegelman [3, 
4] proposed Eq. 4 for the fraction of dose absorbed up to time 
t, which is symbolized with tn as originally suggested [3, 4],

where C
1tn

 , is the drug concentration in the central compart-
ment and C

2tn
 is the concentration of drug in the peripheral 

compartment. The latter is calculated [3, 4] from Eq. 5
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where tn is the sampling time of sample n, tn-1 is the sam-
pling time of the sample preceding sample n, C

1tn−1
 is the 

concentration of drug at central compartment for sample n-1, 
k12, k21 are the first-order micro-constants for the drug trans-
fer from the central compartment to peripheral compartment 
and vice versa, respectively; ΔC1 is equal to C

1tn
− C

1tn−1

 and 

Δt is equal to tn- tn-1. Since the concentration of drug in the 
peripheral compartment is zero at the start of the study, 
when evaluating the concentration at t1 it is appropriate to 
set the last term in Eq. 5 equal to zero. At each subsequent 
time, tn the drug concentration in the peripheral compart-
ment must be solved by a method of successive substitution 
of the peripheral concentration from the previous time 
interval.

Equation 4 can now be written in accord with the F.A.T. 
concept,

where C
2tn

 is given by Eq. 5.
Again, Eq. 3 holds for a single input stage and its proof is 

given in the Appendix. As is the case for the one-compart-
ment model, beyond time τ, this quantity is equal to unity.

Methods

We simulated curves showing the amount of drug absorbed 
as a function of time based on the F.A.T. concept and we 
converted published pharmacokinetic data to determine 
amount of drug absorbed and establish the duration of 
absorption. Simulated errorless data using the equations 
listed in the Appendix for classical and PBFTPK models 
with different input rate scenarios were generated and the 
percent absorbed versus time plots were constructed using 
Eqs. 1, 2, 4 and 6.

Regarding the experimental data, we first analyzed them 
mathematically to determine pertinent parameters for classi-
cal and PBFTPK one- and two-compartment models includ-
ing one or two input stages [13]. Using the resulting elimi-
nation rate constants required for the application of Eqs. 1 
and 4 for the classical approach and Eqs. 2 and 6 for the 
F.A.T. approach, we calculated in all cases the amounts of 
drug absorbed as a function of time. The amounts of drug 
absorbed which appear in the numerators and denominators 
of Eqs. 1, 2, 4 and 6, are only known within an unknown 
scaling factor which is the volume of distribution, Vd, or 
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the volume of the central compartment, Vc, depending on 
whether the drug is described by a one- or a two-compart-
ment model, respectively. Hence, numerators and denomi-
nators, as written in Eqs. 1, 2, 4 and 6, are, strictly speak-
ing, concentrations, although they are proportional to the 
amount of drug absorbed. We will use the term “apparent 
absorbed concentration” (AAC) to refer to the amount of 
drug absorbed, A, divided by the unknown volume of distri-
bution. A fitting procedure was then followed for all curves 
of the apparent absorbed concentrations to determine the 
duration of F.A.T.

Results

Simulated Data

The percent absorbed versus time plots for the simulated 
errorless data are presented in Fig. 1. The results of Fig. 1c 
and d correspond to drugs following one- or two-compart-
ment model disposition with the termination of drug absorp-
tion at tmax, i.e., tmax = τ [14]. Figure 1e and f show the per-
cent absorbed versus time plots for data exhibiting two input 
stages and termination of drug absorption beyond tmax, i.e., 
tmax < τ [14].

In all simulated data sets (Fig. 1) generated from the clas-
sical equations (A1, A4, A9, A12) with first-order absorp-
tion, the exponential increase of percent absorbed versus 
time curve reaching asymptotically the plateau value, 1, is 
observed. It should be noted that most of percent absorbed 
versus time plots reported in the literature for the last fifty 
years or so exhibit an exponential increase since first-order 
absorption for one or two compartment model drugs is rou-
tinely used. On the contrary, the percent absorbed versus 
time plots adhering to data generated from the PBFTPK 
models, exhibit either a single limb or two limbs when one 
(A12, A18, A19, A22; A39, A40, A45, A46, A47, A50) 
or two input rates (A23, A28, A29, A33, A34, A38; A51, 
A52, A57, A58, A59, A60, A61, A62, A63) are operating, 
respectively. There is always a specific time point, τ, corre-
sponding to the intersection of the two linear segments, that 
of the ascending limb and the horizontal line at the plateau.

The simulated data are in full accord with the math-
ematical analysis of the PBFTPK models presented in the 
Appendix. Most importantly it is shown that the value of 
the ratio of percent absorbed, At/Aτ is equal to one when 
t ≥ τ in all PBFTPK models examined (Eqs. A22, A38, 
A50, A63). Besides, there is a linear increase of the ratio 
At/Aτ as a function of time for t ≤ τ (A18, A45) or t ≤ �

1
 

(A28, A57) or t ≤ �
1
+ �

2
 (A33, A60). Both characteris-

tics, namely, the linear increase of At/Aτ during the succes-
sive absorption stages followed by a plateau value equal 
to one are clearly depicted in Fig. 1c,d,e,f. Based on these 
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observations, the percent absorbed versus time curve as a 
function of time is bilinear, when an input stage is operat-
ing, or multi-linear, when more than one input phase is 
observed, Fig. 1.

The generated curves from PBFTPK models with two 
compartment disposition have the same shape. In all cases, 
the horizontal line (100% absorbed) always intersects with 
the ascending final linear segment at time τ, which denotes 
the end of the absorption processes. In view of all above, 
we developed a computer-based approach for the estima-
tion of τ from experimental data, by calculating At/Vd as a 
function of time using combinations of experimental data 
points from the two segments of the bilinear plot. The 
best estimate for τ is determined by the sum of squares of 
deviations from the two lines, i.e., the partitioning of the 
data is scanned in search of the minimum value of this 
sum. This approach is described below and is applied to a 
series of experimental data delineated below.

Experimental Data

The detailed analysis of experimental data is presented in 
Figs. 2, 3 using cyclosporine data [13] to provide details 
for the procedures followed. In Fig. 2, the continuous line 
connects the points that correspond to the apparent absorbed 
concentration (numerator of Eqs. 1 and 4 divided by the vol-
ume of distribution) and the dashed lines show the absorp-
tion profiles based on F.A.T. (Eq. 3). The ascending part 
of the curve determines the sloping line, and the average 
of remaining data points defines the level of the horizontal 
line. Their intersection determines the end of the absorption 
stage, i.e., τ. This calculation depends on the choice of which 
points belong to the first segment and which ones to the 
second one. The intermediate point is allowed to be part of 
both segments. The best choice is determined by the sum of 
squares of deviations from the two lines, χ2. The partitioning 
of the data is scanned in search of the minimum value of this 
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Fig. 1  Simulated oral pharmacokinetic data showing drug concentration, C, in the blood (red line) and in the peripheral compartment (where 
pertinent, black line) and percent drug absorbed (dashed blue line) using one- (a, c, e) and two-compartment (b, d, f) models based on first-order 
infinite time absorption (a, b) and finite time, zero-order absorption (c-f). In c and d, τmax = τ, whereas in e and f, τmax < τ1 + τ2. Parameters used 
for the equations quoted in the Appendix: a: FD/Vd = 1, kel = 0.1, ka = 0.5; b: FD/Vc = 1, k10 = 0.1, k21 = 0.1, k12 = 0.14; c: FD/Vd = 1, kel = 0.1, 
τ = 4; d: FD/Vd = 1, k10 = 0.1, k21 = 0.1, k12 = 0.14, τ = 4; e: F1D/Vd = 1, F2D/Vd = 0.3, kel = 0.1, k21 = 0.1, k12 = 0.14, τ1 = 4, τ2 = 6; f: F1D/Vc = 1, 
F2D/Vc = 0.3, k10 = 0.1, k21 = 0.1, k12 = 0.14, τ1 = 4, τ2 = 6.
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sum. The values of χ2 for this data set are presented in Fig. 3 
and Table S1 as a function of the index of the turning point. 
Shown is also the corresponding value of the absorption 
time, τ, and its associated uncertainty, στ. The minimum in 
χ2 coincides with the τ value with lowest uncertainty. The 
values for τ, slope and plateau level at the least value of χ2 
are taken as the optimum values.

The analysis of experimental data [13] is presented in 
Figs. S1-S5 in the Supplementary Information. The classical 
and PBFTPK one- and two-compartment models fittings to 
experimental data are also presented in Figs. S1-S5 for com-
parative purposes; the fitted estimate of the elimination rate 

constant required for the application of Eqs. 1 and 4 for the 
classical approach and Eqs. 2 and 6 for the F.A.T. approach 
was used for the construction of percent absorbed (expressed 
as apparent absorbed concentration) versus time plots. In 
all these plots the continuous lines correspond to the effec-
tive concentration (numerator of Eqs. 1 and 4 divided by 
the volume of distribution) and the dashed lines show the 
absorption profiles based on F.A.T. (Eq. 3).

Figure S1 shows the percent absorbed versus time plot 
of paracetamol generated from the fitting results described 
in [13]. The absorption of paracetamol proceeds very rap-
idly and the estimate for τ is very close to 0.5 h regardless 
the estimation approach utilized. According to common 
scientific belief, the absorption of oral paracetamol occurs 
primarily along the small intestine by passive diffusion 
and the rate-limiting step is the rate of gastric emptying 
into the intestines. However, a plethora of data shows that 
the absorption of paracetamol is very rapid, e.g., a mean 
tmax of 0.875 ± 0.44 h is reported [20] and a major review 
[21] quotes that it is rapidly absorbed from the gastro-
intestinal tract and its systemic bioavailability ranges 
from 70 to 90%. This observation for paracetamol most 
likely means that all estimates for τ, quoted in Fig. S1, do 
not simply signify the termination of its absorption, but 
the completion of the absorption process, i.e., the entire 
dose has been absorbed and no more drug is available for 
absorption. In addition, one must recall here hundreds of 
millions of people who consume paracetamol or its com-
bination during almost any type of symptoms, who expe-
rience its rapid pharmacological action and therefore its 
rapid absorption.

Figure S2 shows the results of ibuprofen absorption [13]. 
The two stages of ibuprofen absorption, observed in the 
PBFTPK fitting (Fig. S2c), correspond to the two limbs of 
the ascending lines of the percent absorbed versus time plots 
(Fig. S2d) resulting in statistically equivalent estimates for τ, 
2.3 ± 0.2 h and 2.28 ± 0.13 h. This means that the termina-
tion of ibuprofen absorption takes place at 2.3 h in the small 
intestines. On the contrary, the estimate for τ derived from 
the classical method (Fig. S2b) is much shorter ~ 1.5 h.

Figure S3 shows the results of almotriptan absorption 
[13]. The estimates for τ derived from the classical methods 
(Fig. S3a-d) differ remarkably, 2.2 ± 0.2 h and 4.5 ± 0.8 h. 
This difference is associated with the method of estima-
tion of the elimination rate constant, i.e., semi-logarithmic 
approach using all elimination phase data (Fig. S3a) and 
best nonlinear fit estimate of the classical one-compartment 
model with equal rate constants (Fig. S3c). The best estimate 
for τ, 3.1 ± 0.2 h is derived when two ascending linear seg-
ments are utilized (Fig. S3f) in accord with the best PBFTPK 
modeling fitting (Fig. S3e). These results substantiate the 
view that almotriptan absorption is terminated in the small 
intestines.

Fig. 2  Percent absorbed (expressed as apparent absorbed concentra-
tion) versus time plot (green squares and solid line) for cyclosporine, 
reference formulation, fasted subjects [13]. Optimum partitioning of 
the data in two segments was found at i = 8 as seen in Fig.  3. The 
intersection of the two straight segments corresponds to the termina-
tion of cyclosporine absorption. For this example, the optimum esti-
mate for τ is 2.87 ± 0.09 h (see Fig. 3). The black triangle denotes the 
termination of drug absorption. The black dashed line is the simula-
tion based on the model (Eq.  6). The brown solid line is the fit of 
Eq. 6 to the ascending segment data; the red dotted lines are the aver-
age level of the plateau values.

Fig. 3  Investigation of the effect of partitioning of cyclosporine 
apparent absorbed concentration in rising and plateau segments. 
Shown are the values (and associated errors) for τ, (red solid line) as 
well as χ2 values (black dotted line) as a function of index of point 
where the two segments meet. The minimum value for χ2 determines 
the optimum selection of the transition point. The same data are listed 
in Table S1.
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Figure S4 presents the analysis of cyclosporine data 
derived from the bioequivalence study under fasted and fed 
conditions reported in [13]. In all cases, the estimates for τ 
based on the classical two compartment model fits are much 
higher with larger uncertainties compared to the estimates 
for τ based on the PBFTPK modeling and the F.A.T. con-
cept (visually compare the estimates in each one of the right 
panels vis a vis its succeeding panel in Fig. S4). Similarly, 
visual inspection of τ estimates in Fig. S4 reveals the more 
rapid absorption of cyclosporine from the test formulation 
than the reference formulation. The relevant τ estimates can 
be seen in Table I.

Figure  S5 shows the results of niraparib absorption 
[13]. Although the τ estimates using the classical approach 
and the F.A.T. based approach are statistically equivalent, 
3.3 ± 0.2 h and 3.3 ± 0.5 h one can mention the higher uncer-
tainty of the estimate derived from the classical approach. 
This is due to the poor fitting of the classical two-compart-
ment model with classical first-order absorption (Fig. S5a); 
this poor fitting is also reflected in the curvature observed 
in the “horizontal” segment of the percent absorbed versus 
time plot (Fig. S5b). However, this example shows that the 
application of the F.A.T. concept in a drug with extreme 
prolonged disposition profile like niraparib, can provide a 
reliable estimate for τ using a classical two-compartment 
model with first-order absorption.

Table I shows an overview of the τ estimates derived 
in this work vis a vis the estimates obtained using nonlin-
ear regression analysis on PBFTPK models [13]. Statisti-
cally equivalent estimates are determined with the two 
approaches. These results substantiate the view that the 
F.A.T. concept is physiologically and physically sound and 

its valid estimation can be accomplished with the technique 
developed herein.

Discussion

All above results associated with the modified, in terms 
of the F.A.T. concept, Wagner-Nelson and Loo-Riegel-
man equations have a broader interest beyond the percent 
absorbed versus time plots. In fact, these developments 
open a new horizon for applications of the F.A.T. concept 
in the whole spectrum of biopharmaceutic-pharmacoki-
netic and pharmacometric studies as well as in regulatory 
science of drug absorption studies. In this vein, we antici-
pate important implications or changes in the following 
topics dealing with oral drug absorption.

Drug Dissolution

A plausible, direct consequence of the F.A.T. concept is 
the consideration of the in vivo drug dissolution in terms 
of physiological time constraints. In fact, in vivo drug 
dissolution runs for a finite dissolution time (F.D.T.), τd, 
which is equal or shorter than F.A.T., τd ≤ τ. Intuitively, for 
BCS Class II drugs τd = τ, while for Class I and III drugs 
τd < τ. Accordingly, modified in terms of finite dissolu-
tion time functions must be applied in future work for the 
analysis of in vitro and in vivo dissolution data. Such an 
approach has been developed for the Noyes Whitney and 
Weibull functions used routinely in drug dissolution [22].

In vitro in vivo Correlations (IVIVC)

The major take home message of the present work is that 
the calculations of the percent absorbed drug using Eqs. 2 
and 6 are physically and physiologically correct. There-
fore, their use in the construction of IVIVC is scientifically 
sound. In parallel, physiologically based time constraints 
for the % of drug dissolved will be gradually applied as 
delineated in the previous paragraph. This will lead to 
better IVIVC improving the predictability of published 
[23] and most importantly the failed not published IVIVC 
[24]; such a development can result in a potential amend-
ment of the relevant guidelines, e.g., [9]. In the last twenty 
years or so, the attention has been focused on biorelevant 
dissolution media [19] as a rather utopic panacea for the 
prediction of the in vivo drug dissolution ignoring [25] 
the physiologically sound time constraints, i.e., F.A.T. and 
F.D.T. concepts. The current work points to a re-analysis 
of dissolution studies in classical and biorelevant media 
under the prism of F.A.T. and F.D.T. concepts using func-
tions of finite time [22].

Table I  Estimates for τ and their Uncertainties Derived in [13] 
using Non-linear Regression Analysis based on PBFTPK Modeling 
along with the Estimates Derived in the Present Study based on the 
Absorbed Amount

PBFTPK Absorbed 
amount

1 or 2

Data set τ (h) στ (h) τ (h) στ (h) Compartments

Paracetamol 28 min 2 min 29 min 3 min 1
Ibuprofen 2.3 0.2 2.2 0.14 1
Almotriptan 3.15 0.3 3.1 0.2 1
Cyclosporine, ref, 

fasted
2.9 0.1 2.87 0.1 2

Cyclosporine, ref, 
fed

4.7 0.1 5.2 0.3 2

Cyclosporine, test, 
fasted

1.56 0.15 1.5 0.1 2

Cyclosporine, test, 
fed

1.73 0.13 1.63 0.13 2

Niraparib 3.5 0.1 3.3 0.2 2
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Development of Generics

The advances quoted in the two previous paragraphs can 
also be applied to the development of generics. Analysis 
of the in vitro and in vivo data of the reference formulation 
as delineated above, can provide the real picture of IVIVC, 
if any, for the reference formulation. This result can be 
further used as a guide for the development of generic 
formulation.

Biowaivers

According to a biowaivers guidelines [26], “a BCS-based 
biowaiver for BCS Class I drug substances should display 
either very rapid (≥ 85% for the mean percent dissolved 
in ≤ 15 min) in vitro dissolution characteristics, or rapid 
(≥ 85% for the mean percent dissolved in ≤ 30 min)”. This 
implies that the F.A.T. and F.D.T. concepts lie in the heart 
of the guideline since the absorption of a biowaiver drug is 
terminated or, better, completed in a very short and specific 
(≤ 15 min or ≤ 30 min) period. This opens a new field of 
pharmacokinetic calculations for the estimation of absolute 
bioavailability of biowaivers from oral data exclusively using 
the F.A.T. concept as exemplified in [12] for theophylline.

Bioequivalence Studies

The termination or completion of absorption at time τ has 
a great impact on the use of the parameters Cmax and AUC  
for the assessment of bioequivalence studies [12, 15, 17]. 
In addition, a methodology for the revision of the assess-
ment of bioequivalence has been presented recently [27]. 
However, the present work points out specifically on the 
validity of important aspects of the bioequivalence guide-
lines associated with the sampling scheme and the duration 
of sampling. Thus, the two recommendations of the current 
bioequivalence guidelines [28, 29], namely, i) “The sam-
pling schedule should also cover the plasma concentration 
time curve long enough to provide a reliable estimate of the 
extent of exposure which is achieved if [AUC]t

0
 covers at 

least 80% of [AUC]∞
0

 ” and ii) the specific time limit of 72 h, 
for the calculation of total AUC , i.e., “AUC  truncated at 72 h 
( [AUC]72

0
 ) may be used as an alternative to [AUC]t

0
 for com-

parison of extent of exposure as the absorption phase has 
been covered by 72 h for immediate release formulations”, 
should be re-considered in view of the F.A.T concept and the 
physiological time limit for gastrointestinal drug absorption 
of 30 h [10].

Mean Time Estimates

Stochastic approaches based on mean absorption and mean 
residence time estimates have been and are still used in 

pharmacokinetics for the description of time course of drug 
in the body [30, 31]. In most cases, drug absorption is based 
on the first-order hypothesis and the mean absorption time 
corresponds to the reciprocal of the absorption rate con-
stant. Our work shows that zero-order considerations of 
single or multiple successive absorption phases should be 
used instead.

Physiologically Based Pharmacokinetic (PBPK) 
Models and Pharmacometrics

The PBPK models have been used for the last twenty years 
or so for the analysis and modeling of absorption phenom-
ena and the prediction of pharmacokinetic profiles [32, 33] 
based on drug’s physicochemical and biopharmaceutical 
properties. In essence, they are “bottom up” models, while 
PBFTPK models, which rely on the F.A.T. concept, are “top 
down” models. Their obvious complementarity will contrib-
ute to a better understanding of the drug absorption phenom-
ena. Recent relevant work paved the way [11, 15] towards 
this end. Pharmacometric studies utilize as structural mod-
els either one or two compartment models assuming first-
order absorption; therefore, the use of PBFTPK models will 
enhance the analytical power of population analyses dealing 
with drug absorption phenomena. A relevant application was 
recently published [11].

Drug Structure‑oral Absorption Relationships

The slope of the initial linear increase of percent absorbed 
versus time plots, e.g., Fig. 2, is a measure of the drug's 
input rate. The magnitude of the slope and the duration of 
input, τ can be coupled with drug's structural properties, e.g., 
molecular descriptors, or physicochemical properties, e.g., 
lipophilicity or biopharmaceutical properties, e.g., solubil-
ity, permeability, for the development of relationships. This 
type of work can be carried out using big data analysis tools 
to disrupt-revolutionize the traditional structure-absorption 
models.

Conclusion

The results of the present study are an additional piece of 
evidence against the routinely reported [34] infinite time of 
drug absorption used in biopharmaceutics-pharmacokinetics 
since 1953. This disruptive work completely revises the con-
struction of the percent absorbed versus time plots using 
the physiologically sound F.A.T. concept. A methodology 
for the reliable estimation of F.A.T. from experimental data 
is described. Numerous applications of the use of F.A.T. 
concept in biopharmaceutics, pharmacokinetics, PBPK, and 
pharmacometrics are anticipated.
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