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Abstract

Purpose To revise the IVIVC considering the physiologically sound Finite Absorption Time (F.A.T.) and Finite Dissolution
Time (F.D.T.) concepts.

Methods The estimates 7 and 74 for F.A.T. and F.D.T., respectively are constrained by the inequality 74 < ; their relative
magnitude is dependent on drug’s BCS classification. A modified Levy plot, which includes the time estimates for 7 and
74 was developed. IVIVC were also considered in the light of 7 and 7, estimates. The modified Levy plot of theophylline, a
class I drug, coupled with the rapid (30 min) and very rapid (15 min) dissolution time limits showed that drug dissolution/
absorption of Class I drugs takes place in less than an hour. We reanalyzed a carbamazepine (Tegretol) bioequivalence study
using PBFTPK models to reveal its complex absorption kinetics with two or three stages.

Results The modified Levy plot unveiled the short time span (~2 h) of the in vitro dissolution data in comparison with the
duration of in vivo dissolution/absorption processes (~ 17 h). Similar results were observed with the modified IVIVC plots.
Analysis of another set of carbamazepine data, using PBFTPK models, confirmed a three stages absorption process. Analysis
of steady-state (Tegretol) data from a paediatric study using PBFTPK models, revealed a single input stage of duration 3.3 h.
The corresponding modified Levy and IVIVC plots were found to be nonlinear.

Conclusions The consideration of Levy plots and IVIVC in the light of the F.A.T. and F.D.T. concepts allows a better physi-
ological insight of the in vitro and in vivo drug dissolution/absorption processes.

Keywords carbamazepine - cyclosporine - finite absorption time - finite dissolution time - IVIVC - levy plot - oral drug
absorption

Abbreviations Introduction

FA.T. Finite Absorption Time

FD.T. Finite Dissolution Time The collapse of the physico-mathematical fallacy of infi-

IVIVC In vitro in vivo correlations nite time of oral drug absorption [1-4], was followed by

PBPK Physiologically Based Pharmacokinetic the development of the finite absorption time (F.A.T.) con-
(PBPK) models cept [5]. In this context, Physiologically Based Finite Time

PBFTPK Physiologically Based Finite Time Pharma- Pharmacokinetic (PBFTPK) models, which rely on the
cokinetic (PBFTPK) models principles: i) oral drug absorption processes take place in

finite absorption time, 7 and ii) zero-order drug input (single
or multiple) because of the passive drug absorption under
sink conditions, were developed [6]. The PBFTPK models
were applied successfully to a large number of experimental
data and were found to be superior to the classical models
based on the first-order absorption notion [3—7]. Meaningful
parameters for drug’s input rate(s) and duration of absorp-
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dissolution runs for a finite dissolution time (F.D.T), 7,
which is equal to or shorter than F.A.T. In this vein, we
recently introduced [8] the concept of Finite Dissolution
Time (F.D.T.) as an intuitive extrapolation of (F.A.T.) con-
cept [2]. This means that drug dissolution takes place under
in vivo conditions for a finite time regardless of the complete
or incomplete dissolution of the dose administered.

Official compendia USP [9] and the FDA guideline
[10] define IVIVC as "the establishment of a relationship
between a biological property, or a parameter derived from
a biological property produced from a dosage form, and a
physicochemical property of the same dosage form" and as
"a predictive mathematical model describing the relationship
between an in-vitro property of a dosage form and an in-vivo
response”. Since IVIVCs play a critical role in drug develop-
ment and in optimization of formulations, numerous relevant
publications can be found in the literature, e.g., PUBMED
(9 October 2023) gives 20.005 results using the words “in
vitro in vivo correlations drug”. However, successful (Level
A) [10] IVIVCs published in the literature are very limited
despite the developments in our understanding of oral drugs
absorption phenomena manifested by the regulatory adop-
tion of biopharmaceutic classification system (BCS) and
the biopharmaceutic drug disposition classification system
(BDDCS) [11-15]. We quote the pessimistic assessment
for IVIVC submissions with overall acceptance rate 40% of
FDA scientists published in 2016: “... there is an imminent
need for addressing the issues behind a low success rate in
IVIVC development. The results from the current analysis
revealed that special considerations should be taken in areas
such as (a) selection of appropriate number/kind of formula-
tions for IVIVC development/validation, (b) construction of
exploratory plots to guide model building and selection, (c)
investigation of the reasons of inconclusive predictability,
(d) improvement on the quality and richness of the data, and
(e) avoidance of over parameterization.”[16].

We argue below that one of the major reasons of the
low development of IVIVCs [16-18] is associated with the
unphysical assumption of first-order oral drug absorption
[1-4], which leads to the misconception of the exponential
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nature of the % absorbed versus time plots [8]. In fact, the
importance of the long overlooked F.A.T. concept in the cor-
rect construction of the percent absorbed versus time curves
was just realized [8]. In this work, we consider the concepts
of ED.T. and F.A.T. in the realm of IVIVC.

Theory

It was recently shown [8] that the % absorbed versus time
plots exhibit either a bilinear- or a multilinear-type shape
when one single or more than one absorption stages are
observed, respectively [6], Fig. 1.

In practice, the calculation of the % absorbed drug at vari-
ous time points is based on modified Wagner-Nelson and
Loo-Riegelman equations as described in [8]. This exercise
obviously provides an upper limit for the in vivo drug dis-
solution process which operates for time 7, i.e., the finite
dissolution time (F.D.T.), 7, is necessarily less than 7 (7, <7).
Usually, the times at which the same percentage is absorbed
in vivo and dissolved in vitro are plotted in a Levy plot [19].
In this work, we propose a modified Levy plot, the so-called
hereafter Levy-Macheras plot. Here, finite absorption time
estimates 7 (as described in [6, 8]) are displayed versus in
vivo dissolution times 74 set equal to 7. The time frame of
the two processes, i.e., dissolution and absorption, are con-
strained by the inequality 7, <7, Fig. 2. This inequality relies
on the fact that the duration of drug dissolution cannot be
longer than the absorption process. In the extreme case that
drug dissolution could happen beyond the absorption sites,
namely, the termination of drug absorption, this will not
affect the experimental pharmacokinetic data.

The classical IVIVC plots can be also considered in
the light of 7, and 7 estimates. In a standard IVIVC plot %
absorbed is plotted versus % dissolved in vitro for the same
time duration. Under the F.A.T. premise the % absorbed drug
changes linearly with time [8], hence one can map the %
absorbed to a given fraction of z. In the case of multiple
absorption stages, the data analysis should be constrained
up to the end of the first stage. So, in Fig. 3 we display %
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Fig. 1 Schematic of bilinear-type (a) or multilinear-type (b) % absorbed versus time plots calculated based on Eq. 2 of Ref. [8]. The intersection
of the ascending last limb with the horizontal axis, denoted with a triangle, corresponds to the end of the absorption phase(s), 7 [8].
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Fig.2 The Levy-Macheras plot. The estimate for F.A.T., 7, defines
the value of equal duration F.D.T., 74. In principle, for class I drugs
74<7, for class III drugs 74< <7, while for class II and IV drugs
74=7. The approximate positions of class I and III drugs is indi-
cated by the respective symbols. The dotted line is the line of iden-
tity where class II and IV drugs are always located. The values of
7,4 increase in the following order: (biowaivers), (Class I, III drugs),
(Class IL, IV drugs).
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Fig.3 Modified IVIVC plot. The right time axis, introduced here
for the first time, corresponds to the in vivo data, because at time 7
absorption is 100%. The dashed line is the identity line for a perfect
IVIVC.

absorbed versus % dissolved in vitro and enhance the plot
with an additional vertical time axis, which indicates the
absorption progress with an upper limit the estimate for 7.
On the new axis we can display critical time points such as
the time for complete in vitro dissolution. Therefore, the in
vitro and in vivo data, when plotted in the modified IVIVC
(Fig. 3), can be easily contrasted with the value of 7, which
is the upper limit for z,;. This comparison provides a quick
assessment of the relative magnitude of the in vitro dissolu-
tion process versus the actual percent absorbed drug at vari-
ous time points under the prism of the estimate for z; this
can be further used in the development of scaling factors
between in vitro and in vivo data, if needed. Accordingly,

such plots provide not only the classical correlation infor-
mation between the two variables plotted, but also the time
evolution of the in vitro dissolution process in the realm of
the boundary time limits 7 and 7.

Results

The relative value of 7 and 7, for the various drug classes
can be considered under the prism of Fig. 2. Also, modified
IVIVC plots can be constructed using the drug examples
examined below.

An estimate for 7 of theophylline, which is a BCS Class
I drug, derived from a bioequivalence study of immediate
release formulations was found [20] equal to 0.75 (£ 0.03)
h. Since theophylline’s absorption is not dissolution limited,
we present the two limits based on the dissolution criteria 15
and 30 min for very rapidly (>85% dissolved in <15 min),
and rapidly (=85% dissolved in <30 min) dissolved drugs
in the Levy-Macheras plot, (Fig. 4) along with the highest
possible 74 estimate for theophylline. We also plot in Fig. 4
the F.D.T. values obtained from visual inspection of the
dissolution data of several drugs reported in the biowaiver
monographs [21-35]. All these data demonstrate that both
dissolution and absorption processes for BCS Class I drugs
take place in less than an hour.

Carbamazepine is a Class II drug whose absorption has
been studied extensively using dissolution, PBPK and bio-
equivalence studies, e.g., [37-40]. We first analyzed the con-
centration—time data of two carbamazepine bioequivalence
studies using Tegretol as a reference product [37] based on
percent absorbed versus time plots as described in [8] as
well as nonlinear regression analysis using PBFTPK models
[6]. In all cases the fittings using the PBFTPK models were
superior to the classical models of first-order absorption.
The best fitting results are presented in Figs. 5 and 6, while
the estimates derived for the model parameters using the two
methodologies are listed in Table I. These results show two
input stages (B11 and B12 data sets) or three (B21 and B23
data sets) [37] with a decreasing as a function of time input
rate. Remarkable similarity of the total duration, 7 of carba-
mazepine absorption was found for all data derived from the
two methodologies, Table I. The level of uncertainty for all
estimates for z was in the range 6% to 18% in terms of the
corresponding coefficient of variation. The results listed in
Table I unequivocally show that carbamazepine absorption
takes place apart from small intestine in the colon too; since
carbamazepine is a Class II drug, its dissolution continues
in the colon up to time 7, namely, 7,=7 (Fig. 2), which is
much longer than the mean intestinal transit time [5]. The
heterogeneity prevailing in the colon in terms of hydrody-
namic conditions, mobility, agitation, permeability results in
a complex absorption profile (two or three absorption phases
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Fig.4 The Levy-Macheras I I I
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with a decreasing with time input rate of variable duration,
Figs. 5 and 6), which is in full contrast with the smooth
first-order absorption models applied routinely in pharma-
cokinetics using the Bateman function [1, 4]. All these “time
dependent” absorption characteristics have been pointed out
long time ago [41] and the term “heterogeneous drugs” like
carbamazepine has been coined for Class II and IV drugs.
All these results allow us to re-plot the Levy plots
reported in Ref. [37] as modified Levy-Macheras plots. Fig-
ure 7 is a representative example from a total of 8 reported in
Fig. 3 of Ref. [37]; however, similar patterns were observed
in all data analyzed. In line with Fig. 2, both axes in Fig. 7
have been expanded to 17 h, which corresponds to the total

@ Springer

duration of the carbamazepine in vivo dissolution/absorp-
tion. The equation provided in the original figure [37], cor-
rected for the sign of the slope, gives an estimate for com-
plete dissolution at 0.59 h. This result highlights the vast
difference between the in vitro (0.59 h) and the in vivo (17 h)
finite dissolution time.

In a similar vein, in Fig. 8 we show a modified IVIVC plot
based on Fig. 4 of Ref. [37] in the form of Fig. 3. Obviously,
we need to use time scaling to make the range of the in vivo
and the in vitro times to be of the same order of magnitude
and to lead to slopes around 1; the scaling factor used was
40. Thus, we generated Fig. 8 with the % absorbed in vivo
as described in [8] and the original % dissolved in vitro from
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Fig.7 Levy-Macheras plot for the carbamazepine data shown in the
upper left panel of Fig. 3 reported in [37]. Both time axes have been
extended to accommodate the long duration (r) of carbamazepine
absorption and the corresponding equal Finite Dissolution Time (7).

[37]. Although the regression coefficient of the plot (Fig. 8)
is 0.97, one notes the vast difference between the actual

0 20 40 60 80 100
% dissolved

Fig.8 % absorbed (B11) as analyzed in Fig. 5 and % dissolved (A11)
for the reference formulation [37]. The IVIVC level A data shown in
the upper left panel of Fig. 4 reported in [37] are re-plotted in the
time frame of (z, 7). The following parameters are shown on the time
axis: the estimate for F.A.T. (z) (triangle) and the time for maximum
dissolution determined visually from the in vitro dissolution data
(Fig. 2 of Ref. 37]) (circle).

completion of the absorption at 17 h and the achievement of
80% dissolution at 1 h.

We also analyzed using PBFTPK models the blood con-
centration—time data of the immediate release tablets of
400 mg carbamazepine data of the PBPK study [38]. Car-
bamazepine absorption follows complex kinetics with three
successive input stages of total time of 33 (£ 2) hours (see
Fig. 9a). A very similar result was obtained by analyzing
the % absorbed vs. time plot (see Fig. 9b) according to [8].
This analysis confirms the complexity of the carbamazepine
absorption processes.

The last carbamazepine data we analyzed were derived
from a 1991 relative bioavailability paediatric study with
Tegretol as the reference formulation [39]. Here, we
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Fig.9 Data [38] for orally administered 400 mg carbamazepine
doses. (a) Fit to the data with zero-order absorption kinetics in three
successive stages for a total of 33 (+2) hours. (b) Analysis based on
the % absorbed (green squares) on the same data shows absorption
termination at 36 (+2) hours (black triangle). Symbols as Figs. 5 and
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> fep=12h
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Fig. 10 Simulation of an abbreviated version of a repetitive carba-
mazepine administration scheme given in [39]. Zero-order absorp-
tion kinetics is assumed for 3.3 h postdose. n corresponds to the total

number of doses administered; 7., corresponds to the time interval

between doses. The remaining parameters (FD/Vy, k,) were chosen to
make the simulation similar to the data analyzed.

estimated 7 using a PBFTPK model for multiple adminis-
tration. A pool of children were administered twice daily a
200 mg dose for 6 weeks (i.e., 84 doses). The pharmacoki-
netic profile at steady-state was monitored after the last dose.
Based on this scheme we performed a simulation assuming
zero-order absorption kinetics and one-compartment dispo-
sition (see Appendix for the mathematical aspects of this
approach). Using realistic parameter values (see Fig. 10) we
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established that a steady-state pattern could be reached in
less than a week. The data collected for the reference formu-
lation in that study were thus shifted by 108 h.

Figure 11 shows the PBFTPK analysis of the steady-state
pharmacokinetic data of carbamazepine [39]. The data are
described quite adequately by zero-order absorption kinetics
in a one-compartment model (see Fig. 11a, b, ¢) with a total
duration of absorption of 3.3 h. The complex and prolonged
absorption of carbamazepine shown in Figs. 6 and 9 is not
observed in Fig. 11. The reason is that carbamazepine C,,,
value ~ 10 pg/mL at steady state is three times higher than
the corresponding C,,,,, values ~3 pg/mL after single admin-
istration, Figs. 6 and 9. This implies a higher (about triple)
carbamazepine elimination rate, which causes a much more
rapid approach to a pseudo-steady state C,,,, overshadowing
thus the complex carbamazepine absorption characteristics.
This can also explain the higher elimination rate constant
value found (0.056 h™!) in the steady-state study than in the
studies after single administration (0.018 h~', 0.025 h_l),
Figs. 6 and 9.

Figure 12b, derived from data [39] shown in Fig. 12a,
shows that the Levy plot for the peadiatric study is nonlinear.
Similarly, the corresponding IVIVC plot exhibits nonlinear-
ity, Fig. 12c. However, caution should be exercised in inter-
preting these results, Fig. 12b and c; since the drug elimina-
tion rate is higher at steady state, the absorption phase of
carbamazepine has been “condensed” in terms of time.

Comparison of the 3 data sets analyzed shows a discrep-
ancy in the order of magnitude of the drug concentrations
in the blood. The first study indicates ng/mL concentrations,
whereas the other two are in the pg/mL range for administra-
tion of identical or comparable doses.

Discussion

This work is a plausible extension of the recently modified
approach for the construction of the percent absorbed drug
versus time plots using the F.A.T. concept [8]. Here, we
reconsider Levy and IVIVC plots in the light of F.A.T. and
F.D.T. concepts, which both constitute physiological time
boundaries for the in vivo drug/dissolution absorption pro-
cesses. The relative magnitude of the 7 and 74 estimates for
F.A.T. and F.D.T., respectively are intuitively coupled with
the four drug classes of the BCS, Fig. 2. For Class I and
biowaiver drugs, the estimates for 74 and 7z can be further
coupled with the regulatory dissolution limits for rapidly
and very rapidly dissolved drugs [36] as shown in the Levy-
Macheras plot, Fig. 4. For Class II drugs, the analysis of
the in vivo carbamazepine data using the PBFTPK models
[6] and percent absorbed drug versus time profile [8], has a
pivotal role for the estimation of the fundamental parameter,
(F.A.T.), 7. In this context, the fitting results of PBFTPK
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models (Fig. 6, Table I) not only reveal the complex profile
of carbamazepine absorption of the studied formulations
[37], but also raise concerns with the traditional parameters
and ¢,,, regarding their role in bioequivalence assess-
ment. Thus, Fig. 6 shows that C,

max

data sets B, B, and B,; while C

max

C

max

dissolution process, C, .,

is equal to C, for the
> C, for the data set
B,,; since C, corresponds to the end of the absorption and
also corresponds to the end of the

Besides, C,,

ax

studies [2, 4, 20].

cerning the role of C

max

dissolution/absorption processes for the first three data sets.
is a pseudo steady-state parameter for the data
set B,, since C,,, > C,, Fig. 6. Consequently, C,,
represent the classical rate parameter for all carbamazepine
data sets examined and plotted in Fig. 6. These observations
are in full agreement with the theoretical arguments con-
and C, pointed out in our previous

does not

ax
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It should be noted that the long duration, ~33 h, of car-
bamazepine absorption with three input stages was also
observed, Fig. 9, in the analysis of the blood concentra-
tion—time data of the immediate release tablets of 400 mg
carbamazepine data of the PBPK study [38]. One can see in
Fig. 9 the gradually diminishing carbamazepine input rate as
it moves down the gastrointestinal tract. However, this long
diminishing with time absorption was not observed [6] with
cyclosporine which is also a Class II drug. This means that
the absorption characteristics of Class II drugs are not only
drug related, but also formulation dependent; this is so since
cyclosporine was administered as either a micro-emulsion or
as a solution in olive oil [6]. A verification of the termination
of cyclosporine absorption in the small intestine can also be
based on the data [42] whereas an aqueous-ethanolic solu-
tion of cyclosporine was co-administered with milk, Fig. 13;
this plot shows that cyclosporine absorption terminates at
1.86+0.05 h, which implies cyclosporine absorption does
not take place beyond the small intestines.

The modified Levy-Macheras plot (Fig. 7) of carbamaz-
epine data provides a pictorial view not only for the correla-
tion established in [37], but also the time evolution of the
in vitro and in vivo data in relation to the physiologically
sound 7 and 7,4 estimates for F.A.T. and F.D.T., respectively.

40 a
— Y

L2
_48 2D/ =0+ 0ngimL, 7, =024 0081
FyD/V, = 159 £ 90 ng/mL, 7, = 0.42 £ 0.11 h
F,D/V, = 1080 £ 126 ng/mL, 7, = 1.20 + 0.12 h
— 600 A
2 k3 =012£03h
= -1 -1
S 400 k,=024%025h , a=0.78 h
~ -1 -1
O 5004 ,=049£03h , B=0.074h
0 ¢ e
T T T T T 1
0 2 4 6 8 10 12
t(h)
100
80
©
8
5 60 —
[}
Q
< 40
®
207 cyclosporine milk 7=1.86+0.06 h

0 _Ll_ I I I I I 1

0 2 4 6 8 10 12
t(h)

Fig. 13 (a) Best fitting results using PBFTPK models [6] to cyclo-
sporine data [42]. It is worth noticing that a lag time is obtained by
assuming that the first input stage is of zero magnitude. (b)The cor-
responding percent absorbed vs. time plot [8]. Symbols as in Figs. 5
and 6.
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Figure 7 shows that the time span of the correlated in vitro
data is remarkably much shorter than 17 h, which is the esti-
mated duration of dissolution/absorption processes under in
vivo conditions, Table I. Therefore, it is advisable to utilize
PBFTPK models [6] or percent absorbed versus time plots
[8] for the estimation of 7 prior to the construction of the
modified Levy-Macheras plot and IVIVC level A plots; obvi-
ously, this type of plot (Fig. 7) provides a physiologically
sound boundary for the IVIVC data and helps the pharma-
ceutical scientist realize the time span of the IVIVC data in
relation to F.A.T. and F.D.T. estimates. This is also clearly
shown on the time axis of Fig. 8.

Figures 10-12 deliver a very important message concern-
ing the bioequivalence studies for highly variable drugs. For
the first time the diminution of the duration of absorption at
steady state is quantified explicitly, namely, ~5 times (17 h/
3.3 h) for the example examined. Thus, the results presented
in Fig. 11b and c should be considered with caution since
they do not represent the real picture of a Levy or IVIVC
plot after a single carbamazepine dose administration. How-
ever, the reduction of the absorption phase variability for the
highly variable drugs/formulations is explicitly shown here,
Fig. 11 versus Figs. 5, 6 and 9; this justifies the execution of
bioequivalence studies under steady-state conditions [43].

Besides, the results of this study in conjunction with
results of the previous studies [5, 6, 8] have a tremendous
impact in the following two topics of extreme importance
for the pharmaceutical scientist in academia, industry, and
regulatory Agencies.

Drug Dissolution Impact The dream for an in vitro dissolu-
tion test predictable of in vivo behaviour was started almost
forty years ago. For example, milk was proposed as the first
dissolution biomedium to mimic fed conditions in 1986 [44,
45]. In the late 1990s this first approach was the starting
point for the development of incalculable biorelevant media
with a very limited success in terms of the IVIVC developed
and their predictability [13, 16]. All these studies focused
exclusively on the composition of the dissolution medium,
while important aspects of drug dissolution associated with
the recently developed F.A.T. and F.D.T. concepts have
been overlooked, namely, drug dissolution/absorption take
place in a finite time and operate under sink conditions [4,
5]; a linear increase over time of the % absorbed drug was
recently found [8] and short, e.g., cyclosporine [6], Fig. 13
or long, e.g., carbamazepine (Figs. 5, 6, Table I) duration of
absorption, which are both Class II drugs, were observed.
These features can be considered in the design of a predict-
able dissolution test by developing a biphasic one vessel
system [46, 47] which is most akin to the in vivo conditions
maintaining sink conditions and allow linear increase of the
dissolved drug amount in the organic layer facilitating thus
IVIVC. Besides, reduction of dissolution and input rates can
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be accommodated with a proper change of the surface area
between the aqueous and organic layers in accord with the
anatomic/physiological diminution of the surface area of the
gastrointestinal membrane in the colon in comparison with
the small intestines [38]. In addition, published studies [40]
on the importance of the volume of the dissolution medium
for adults and paediatric patients and its agitation can be
considered too. Work is in progress for the development of
such a dissolution system.

Development of Generics The analytical power of PBFTPK
models [6] coupled with the modified percent absorbed ver-
sus time plots developed in [8] can provide estimates for T
by analyzing the in vivo data of the reference (innovator’s)
product published in the literature. The fitting results of
PBFTPK models can be easily coupled with the in vitro dis-
solution data of the reference formulation in all compendia
media to develop the Levy-Macheras plot and IVIVC level
A, if any, or IVIV relationships. All these results for the ref-
erence formulation formulate a “map” which can be used as
a guide for the development of the generic formulation. For
example, if a strong IVIVC level A for the reference formu-
lations has been established, this finding necessitates a very
strong correlation between the in vitro data of the reference
and test (generic) formulation, e.g., high F, values. On the
contrary, a weak relationship between the in vitro and in vivo
data of the reference formulation rules out the importance
of the dissolution tests and points to other factors, which are
important for the in vivo drug absorption, e.g., permeability
or stability issues.

Needless to say that the above exercise can be carried out
using reference formulations for a large number of drugs.
The fitting results using PBFTPK models [6] and modified %
absorbed versus time plots [8] as well as the Levy-Macheras
plot and the IVIVC correlations will be of high interest for
the pharmaceutical scientist since structure based-dissolu-
tion/absorption relationships can be developed.

Finally, interested readers can contact the authors for the
use of PBFTPK software, which is not commercially avail-
able as yet.

Conclusions

The development of F.A.T. and F.D.T. concepts offers a new
consideration of the oral drug absorption phenomena. The
relative magnitude of 7 and 7,4 estimates is related to BCS class
of the drug considered, Fig. 2; these estimates are used for
the construction of novel Levy-Macheras plots, which allow
the comparison of the time evolution of the in vitro dissolu-
tion data with the actual observed in practice termination of

the drug absorption stage(s). The modified IVIVC plots, apart
from the statistical correlation developed, depict the time span
of the in vitro and the in vivo data and help the pharmaceuti-
cal scientist realize their utility and validity in terms of drug’s
absorption predictability. We envisage dissolution research
towards the development of two layers one vessel systems
most akin to the in vivo conditions relying on all physiologi-
cally related concepts delineated above. These in vitro results,
if analyzed with the Levy-Macheras plot and the modified
IVIVC plots developed herein, can lead to more, better, and
predictive IVIVC altering the prevailing pessimistic view [16].

Appendix

We list below the analytical expressions for 4 cases of drug
concentration in the blood as a function of time after oral
administration for the one-compartment model with zero-
order, finite time absorption kinetics in one or more stages.

1 Single input stage of duration 7.

ForO<r<r,
FD kot
Cc@ = 1 —e™
= (1= M
FD —k
C(r) = 1 —e ™"
@ = - (1-e) @
Forzt < ¢,
C(t) = C(r)e k= 3)
2 Two consecutive input stages of duration 7, and z,.
ForO0 <t <1,
F\D
Ct)y= ——— (1 — ek
0= (1-e™) “
F\D
C(r,) = 1 —ekam
() = (=) &)

Forz) <t <7 + 71,

D <1 _ e_kd(t—r,)) 6)

F
CciH)=C - e((f—fl) + 7
® (Tl)e 7, Vike

Forz; + 1, <1,

C(t) = C(7; + 7, ) e kal=n7m) @)
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3 nconsecutive input stages each of duration ;.

FOrO<tSTl,

C(t) = hD (1
B 71V ky

For ZJ’;} 7, <t< Z;:l T

c0=e(Z )+ (1 =)
i"d%el

(€))

— ) ®

For Y 7 <t,

C(r) = C(Z}ll ,j)e—ke,(r—z;;l 5)

(10)

4 One input stage of duration 7 coupled with » identical
doses administered at equal At intervals.

ForiAt <t < v + iAt, where i is an integer with0 <i < n

_ ; —kg(1—iAD) o T (1 _ —k,(t—iAD)
C(t) = C(iAr)e Fal=i2D 4 o (1 — ehati=itn) (11)
where C(0) =0
Fort+iAtr<t < (i+ 1)Atort+nAt<t,
C(t) = C(t + iAf)e kali=(+iAD) (12)

The latter set of equations was used to generate Fig. 10
and analyze the data shown in Fig. 11.
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