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Abstract:

The aim of the present study was to determine whether the residual area under the curve (AUCres%; expressed as % of total value of

AUC) could be used as a parameter for the qualitative evaluation of pharmacokinetic studies. We propose new criteria for the qualita-

tive evaluation of pharmacokinetic analysis. Two sets of hypothetical data that illustrate the relationship between concentration and

time were used for the analysis of drug pharmacokinetics. Non-compartmental analysis was applied for the calculations. The results

obtained from the hypothetical data were compared with those obtained from an in vivo study in which 3-week-old broiler chickens

were administered 10 mg/kg b.w. enrofloxacin intravenously (iv) or per os (po). In the first set of data (A–D), AUCres% values were

as follows: A = 16.29% and B = 20.79% for iv administration and C = 29.61% and D = 27.90% for po administration. In the next set

of data (E–G), AUCres% values after oral administration were 25.30% (E), 23.18% (F), and 20.79% (G). The AUCres% values after iv

administration of enrofloxacin were similar to po administration; the range of iv and po administration values were 14.35% to

17.50% and 11.14% to 28.33% of the total AUC, respectively. The analysis of the hypothetical data indicates that AUCres% is not an

optimal method for the evaluation of pharmacokinetic studies.
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Abbreviations: AUC��� – area under the curve from 0 to infin-

ity, AUC��� – value of the residual area under the curve, AUC����

��	 – minimal value of the residual area under the curve,

AUC���
 – residual observed part of the area under the curve

(expressed as % of AUC���), AUC���
� ���� – residual predicted

part of the area under the curve (expressed as % of AUC���),

b.w. – body weight, C���� ��� – last observed concentration, C��

– peak concentration, C-T – concentration- time, CV% – per-

cent of variability coefficient, DMPK – drug metabolism and

pharmacokinetics, HLOQ – higher limit of quantitation, HPLC

– high performance liquid chromatography, iv – intravenous

administration, K�� – elimination phase rate constant, LLOQ –

lower limit of quantitation, MRT������ – mean residence time

between 0 and t���� ���, po – per os administration, S – analytical

model sensitivity, t��� – elimination phase half-life time, t���� ���
– last observed concentration of C-T curve

Introduction

In vivo pharmacokinetic studies have three main as-

pects of study design: the design of the clinical com-

ponent, optimization of an analytic method, and the

adjustment of an appropriate mathematical model [17,

18, 23, 25, 32]. Toxicokinetic and bioequivalence pi-

lot studies are routinely performed on new medicinal

products. In these studies, optimization of the experi-

mental components is a main aim; this includes the

clinical component (the number of volunteers or labo-

ratory animals), determination of the sampling points
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(to obtain an optimal curve of concentration vs. time

(C-T) relationship), the bioanalytical component (op-

timization of the higher limit of quantitation (HLOQ)

and lower limit of quantitation (LLOQ)), choice of an

analytical method and its validation, and finally, the

analysis of pharmacokinetic parameters (calculation

model) [5, 6, 15, 16, 24, 26, 30]. These experimental

concerns apply to classical in vivo pharmacokinetic

studies following a single drug administration, studies

of toxicokinetic, and comparative studies, including

bioavailability or bioequivalence analysis [1, 10, 13].

High performance liquid chromatography (HPLC)

is among the most commonly used methods for the

chemical analysis of drugs and is an important tool for

the study of pharmacokinetics. HPLC gives precise

results and has a high degree of data repeatability. To

evaluate and describe analytical techniques and

validation procedures, the sensitivity and LLOQ are

calculated in addition to other parameters [8, 11, 12].

These calculations simultaneously describe a method

as an independent parameter and constitute elements

of the method validation [2]. A calibration curve may

be used to determine the sensitivity of the analytical

method. The calibration curve is described by the

regression equation and the coefficient of determination

[21]. Method sensitivity is expressed by the value of

the tangent to the angle of the calibration curve slope.

The curve illustrates the operating range of an

analytic method and allows the determination of the

limits of linearity in the range of LLOQ-HLOQ in the

analytical method [8]. Both LLOQ and HLOQ values

should be determined in a range demarcated by the

concentrations between the last observed concentration

of the C-T curve (Clast, obs) and the peak concentration

(Cmax). This should take into consideration the

variability of the concentration values in a given

experimental group; this variability is expressed by

the percent of variability coefficient (CV%) and the

limits of acceptance, which result from the validation

principles for bioanalytical methods (LLOQ < Clast,

obs – (Clast, obs × CV% × 0.20); HLOQ > Cmax + (Cmax

× CV% × 0.15)) (Tab. 1). The LLOQ and elimination

phase rate constant (Kel) values allow assignment of

the AUCres value. In particular, bioequivalence studies

relate the quality of the analytical method (expressed

as HLOQ and LLOQ values) with the value of Kel,

allowing for a quality estimation of the experiment

according to the 80:20 rule [1, 3, 7]. In a drug

metabolism and pharmacokinetics (DMPK) study, it

is assumed that sampling in the clinical phase should

be performed sufficiently long enough to take full

advantage of the capabilities of an analytical method.

This means that the final sample time point should

contain a drug concentration higher than the LLOQ of

the analytical method. Sampling that is too short

results in the omission of a portion of the C-T points;

confirms an elimination phase and error in the

calculation of the Kel. Due to imprecise calculation of

the area under the curve from zero to infinity

(AUC0–�
), an error appears in other AUC-associated

pharmacokinetic parameters, including the volume of

distribution and drug clearance. Over-sampling

should also not be performed to avoid extending

beyond the limit of determinability for the analytic

method.

One of the qualitative evaluation parameters asso-

ciated with pharmacokinetic studies is the residual

portion of the area under the curve (AUCres); this is

defined as the area calculated for the fragment of the

C-T curve that extends beyond the time of the final sam-

ple concentration (Clast, obs). According to the guidelines

of some drug registering agencies, the value of the re-

sidual observed part of the area under the curve

(AUCres%) in DMPK studies should be less than 20%

of the AUC total value from zero to infinity (80:20

rule) [3]. This rule poses a significant problem for

drugs with a long half-life (in the elimination phase)

and drug for which the concentration following a sin-

gle administration is maintained for several days in

the elimination phase. The 80:20 rule cannot be ap-

plied in these cases because the experimental sam-

pling would be significantly extended without an in-

crease in the quality of the DMPK calculation. This

occurs mainly with drugs that have an extensive and
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Tab. 1. Current and proposed assumptions of bioanalytical method
optimization that allow low residual area under the curve (AUC

���
)

values

Present rules Proposed relationships

HLOQ > C
max

HLOQ > C
max

+ (C
max

� CV% � 0.15)

LLOQ < C
last, obs

LLOQ < C
last, obs

– (C
last, obs

� CV% � 0.20)

AUC
res, min

= C
last, obs

/K
el

AUC
res, min

= [C
last, obs

� (CV% + 0.20)]/K
el

CV% – percent of variability coefficient; 0.15 – acceptable deviation
from a calibration curve in a bioanalytical method; ± 15% = 0.15 for
concentration points beyond LLOQ; 0.2 – acceptable deviation from
a calibration curve in a bioanalytical method; ± 20% = 0.2 for con-
centration points equal to LLOQ



complex distribution and redistribution processes,

such as hepato-intestinal circulation. Knowledge of

the AUCres% as quality criterion is still limited. Few

publications (excluding formal guidance) indicate the

truncated area calculation as the appropriate drug

pharmacokinetics analysis for drugs with a long half-

life (elimination half-life > 24 h) [19, 20, 22]. There-

fore, some registration agencies allow experimental

sampling up to 72 h for drugs with a long elimination

half-life, regardless of the value of the residual area

[2, 4, 7, 9].

The aim of the present study was to determine the

applicability of the AUCres% value as a parameter for

the evaluation of pharmacokinetic studies. Two sets of

hypothetical data were used in this study and they

consisted of a single drug administration differing

only in the route of administration. A secondary pur-

pose of the study was to establish whether the calcula-

tion methods employed elicit similar or different re-

sults of AUCres% between the hypothetical and ex-

perimental data sets. The results obtained from the

hypothetical data were compared with a representa-

tive data set from an in vivo study.

Materials and Methods

WinNonlin 5.01 software was used for the calculation

of the pharmacokinetic parameters. Two sets of data il-

lustrating the C-T relationship were used for the analy-

sis of drug pharmacokinetics. Non-compartmental

analysis is a common objective procedure for the de-

termination of pharmacokinetic calculations; this

analysis is typically used in clinical trial (I–IV) phase

studies. The elimination rate constant, determined by

the calculated residual parameters, was analyzed us-

ing the last four C-T points.

The first set of data (A–D) measured changes in

drug concentration following a single intravenous (iv)

administration (A and B) and per os (po) administra-

tion (C and D). Samples collected at 0.1, 0.5, 1, 1.5, 2,

2.5, 4, 6, 8, 12, 24, and 48 h had a concentration of

200, 150, 75, 35, 12, 10, 7, 5, 4, 3.5, 2, and 1.5 ng/ml

for A, 100, 75, 50, 25, 12, 10, 7, 5, 4, 3.5, 2, and 1.5

ng/ml for B, 0, 5, 8, 15, 12, 10, 7, 5, 4, 3.5, 2, and 1.5

ng/ml for C, and 1, 8, 12, 25, 20, 10, 7, 5, 4, 3.5, 2,

and 1.5 ng/ml for D, respectively.

The second set of data (E–G) measured changes in

drug concentration following a single po administra-

tion of a drug in three formulations. Samples col-

lected at 0.1, 0.5, 1, 1.5, 2, 2.5, 4, 6, 8, 12, 24, and 48

h had a concentration of 1, 5, 10, 20, 45, 25, 7, 5, 4,

3.5, 2, and 1.5 ng/ml for E, 1, 10, 20, 50, 45, 25, 7, 5,

4, 3.5, 2, and 1.5 ng/ml for F, and 5, 20, 40, 80, 45, 25,

7, 5, 4, 3.5, 2, and 1.5 ng/ml for G, respectively.

It was assumed that all the data sets were obtained

for the same drug and the only difference between

them were the C-T values. The elimination phase was

identical in each set. The four final C-T points and the

samples obtained between 8 and 24 h were used for

the calculation of Kel and AUCres%. The drug concen-

trations proposed for the hypothetical data had a simi-

lar C-T curve slope to that observed in the in vivo

enrofloxacin data set.

To verify the results obtained from the hypothetical

data, data sets from in vivo experiments were used

(Jakubowski and Jaroszewski, unpublished data), in

which 10 mg/kg b.w. of enrofloxacin (Enrobioflox

5% injection; Vetoquinol Biowet, Poland) was admin-

istered iv to a single 3-week-old broiler chicken. The

resulting calculations of the observed and predicted

residual area were obtained in accordance with the di-

rectives in force [3, 7]. The predicted Clast was based

on the regression line derived from a minimum of 3 or

4 data points in the elimination phase. Three to four

points in the final portion of the C-T curve, which was

determined from various modifications, were used for

the calculation of Kel. The plasma concentrations of

enrofloxacin were obtained using HPLC with fluores-

cence detection. The sampling time points for both

the iv and po administration were 0.08, 0.25, 0.5,

0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, and 24 h and

0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, and 24 h, re-

spectively. Animal procedures were approved by the

Olsztyn Local Ethics Commission on Experimental

Animal Care (Agreement No. 14/2006).

Results

Differences between the iv and po drug administration

from the first set of data are presented in Figure 1 and

the pharmacokinetic parameters are shown in Table 2.

In contrast to the Cmax, the AUCres% was lower for the

iv administration than the po administration. In addi-
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Fig. 1. Drug concentration changes
over time for hypothetical data sets A
(�), B (�), C (+), and D (�). The in-
serted graph illustrates differences be-
tween the hypothetical data sets dur-
ing the absorption phase (oral admini-
stration) and the distribution phase (in-
travenous administration) up to 2.5 h
after drug administration

Tab. 2. The pharmacokinetic parameters obtained for four sets (A–D) of hypothetical data after the intravenous (A, B) and oral (C, D) admini-
stration of a drug

Series Cmax

[ng/ml]
tmax

[h]
tlast

[h]
Clast,obs

[ng/ml]
Kel

[h–1]
MRT0–tlast

[h]
AUC0–tlast

[ng•ml–1•h]
AUC0–�

[ng•ml–1•h]
AUCres%

[%]
AUCres%

1

[%]

A 200.00 0.10 48.00 1.50 0.0244 7.63 315.50 376.90 16.29 9.73

B 100.00 0.10 48.00 1.50 0.0244 10.13 233.87 295.28 20.79* 12.70

C 15.00 1.50 48.00 1.50 0.0244 15.91 146.00 207.40 29.61* 18.90

D 25.00 1.50 48.00 1.50 0.0244 14.75 158.65 220.05 27.90* 17.66

* According to valid directives, the experiment is negatively verified. AUC����
� – the residual area calculated for time points K�� of 8, 12, and 24 h

Fig. 2. Drug concentration changes
over time for the hypothetical data sets
E (o), F (+), and G (�). The inserted
graph illustrates the differences be-
tween the hypothetical data during the
absorption phase up to 2 h after a drug
administration
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Tab. 3. The pharmacokinetic parameters obtained for three sets (E, F, and G) of hypothetical data after oral administration of a drug

Series Cmax

[ng/ml]
tmax

[h]
tlast

[h]
Clast,obs

[ng/ml]
Kel

[h–1]
MRT0-tlast

[h]
AUC0-tlast

[ng•ml–1•h]
AUC0-�

[ng•ml1•h]
AUCres%

[%]
AUCres%

1

[%]

E 45.00 2.00 48.00 1.50 0.0244 13.23 181.25 242.65 25.30 * 15.81

F 50.00 1.50 48.00 1.50 0.0244 11.92 203.50 264.90 23.18 * 14.32

G 80.00 1.50 48.00 1.50 0.0244 10.52 234.00 295.40 20.79 * 12.69

* According to valid directives, the experiment is negatively verified. AUC����
� – the residual area calculated for time points K�� of 8, 12, and 24 h

Fig. 3. Enrofloxacin plasma concentra-
tions in 3-week-old broiler chicken
treated intravenously (�) or per os (o)
with the drug at a dose of 10 mg/kg
b.w.

Tab. 4. Values of the residual area calculated in six different variants after intravenous (iv) or per os (po) administration of enrofloxacin (at
a dose of 10 mg/kg b.w.) in 3-week-old broiler chicken

Data Enrofloxacine in broiler chicken (po administration) M SD RSD
[%]

Number points K
el

3.00 4.00 3.00 3.00 3.00 4.00

Lower point K
el

[h] 10.00 8.00 8.00* 8.00 6.00* 6.00

Higher point K
el

[h] 24.00 24.00 24.00* 12.00 12.00* 12.00

AUC
res%

11.14 12.54 13.46 28.33 17.39 21.21 17.35 6.97 40.19

AUC
res%,pred

11.03 12.88 13.77 46.35 22.95 32.76 23.29 14.69 63.08

Enrofloxacine in broiler chicken (iv administration)

Number points K
el

3.00 4.00 3.00 3.00 3.00 4.00

Lower point K
el

[h] 10.00 8.00 8.00* 8.00 6.00* 6.00

Higher point K
el

[h] 24.00 24.00 24.00* 12.00 12.00* 12.00

AUC
res%

14.35 14.97 15.41 17.50 15.53 16.48 15.71 1.18 7.54

AUC
res%,pred

14.29 15.06 15.48 20.28 15.89 18.22 16.53 2.36 14.25

* The denoted point ranges were analyzed (excluding the point at hour 10)



tion, drug mean residence time (MRT) was lower for

the iv administration than for the po administration.

The AUC between points t = 0 and tlast, obs and the

AUC between points t = 0 to infinity were higher for

the iv administration than for the po administration.

The Kel, calculated on the based on the four final

measurement points, was the same for all the data.

In the second set of data, the only difference in the

output was the drug absorption phase (Fig. 2). The

pharmacokinetic parameters for this data set are pre-

sented in Table 3. The values of the AUCres% were

higher than 20% for each po administration. The Kel,

calculated based on the final four measurement

points, was the same for all the hypothetical data sets.

The residual area, calculated from the Kel in the

range between 8 and 24 h, was 10.82, 13.98, 23.44,

and 19.09% for the hypothetical data sets A, B, C, and

D, respectively. The area for hypothetical data sets E,

F, and G was 15.81, 14.32, and 12.69%, respectively.

The residual area exceeded 20% only in data C.

The plasma concentrations from broiler chickens

treated with an iv and po enrofloxacin administration

are shown in Figure 3. The residual area values in

the po and iv administration experiments reached

11.14–28.33% and 14.35–17.50% of the total AUC,

respectively; the exact value depended on the selected

range, number, and type of points (Tab. 4). In relation

to AUCres%, pred, these values ranged between 11.03%

and 46.35% for the po administration and between

14.29% and 20.28% for the iv administration. The

pharmacokinetic parameters of the iv and po enro-

floxacin administration are presented in Table 5.

Discussion

Despite differences in the absorption and distribution

phases in the first data set (A–D), the elements had

different qualifications; this suggests that the use of

an improper analytical method (differences in Clast,

obs) or an erroneous C-T curve (in the elimination

phase) did not negatively influence the evaluation of

the oral administration data. The experiment was

negatively evaluated due to the difference in area in

the initial stages of distribution and the low area value

obtained after oral administration. However, this

evaluation is not associated with the final section of

the curve. The analysis of the hypothetical data is re-

lated to the same analytical method used in both ex-

periments. The experiment is verified positively or

negatively depending on the administration route.

Therefore, the evaluation method is not objective. The

AUCres% value is independent of the drug administra-

tion route and it does not evaluate the effects of drug

administration route on the pharmacokinetic proper-

ties of the substance.

Of the hypothetical data E, F, and G, only experi-

ment G was positively qualified according to the cur-

rent criteria. We assumed that the results of all three

hypothetical data groups were obtained using the

same analytical method. Hypothetical data groups

used the same subject or the same animal laboratory

and had large intra-individual variability. The current

criteria (residual area 20% of the total area) disquali-

fied two of the experiments despite the fact that the

ratio of the residual area to the total area is dependent

only on changes in the absorption and distribution

phase. A negative evaluation of an experiment also

means that in this case, these data that have variability

in the absorption phase, which are valuable from the

cognitive point of view, are disqualified. The initial

course of the C-T curve modifies the value of the total

area and, subsequently, the ratio of the residual area to

the total area; therefore, the AUCres% value, (based

only on the elimination rate constant) represents only

AUC in the elimination phase but not in the whole ex-

periment.

The 80:20 rule, as a guideline for the evaluation of

a DMPK experiment, is not an optimal method for the

evaluation of the experiment correctness. The AUCres
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Tab. 5. The pharmacokinetic parameters obtained after intravenous (iv) and per os (po) administration of enrofloxacin at a dose of 10 mg/kg
b.w. in 3-week-old broiler chicken

Dosing Cmax

[µg/ml]
tmax

[h]
tlast

[h]
Clast,obs

[µg/ml]
Kel

[h–1]
MRT0–tlast

[h]
AUC0–tlast

[µg•ml–1•h]
AUC0–�

[µg•ml–1•h]

iv 4.62 0.08 24.00 0.32 0.0721 7.20 25.21 29.64

po 2.51 0.50 24.00 0.27 0.0831 7.75 22.91 26.19



value determined by the final concentration point

Clast, obs and Kel, is only associated with two pharma-

cokinetic parameters (AUCres = Clast, obs/Kel). The

AUCres% value associated with the AUC0–�
analysis

(AUCres% = Clast, obs/(Kel × AUC0–�
) × 100%) affects

analysis quality based on the route of administration,

rate of absorption, and distribution and redistribution

processes, in addition to other variables. This is con-

firmed by the analysis of the residual area after po and

iv enrofloxacin administration in broiler chicken. The

formula used for the calculation of the residual area is

imprecise; the formula assumes that Clast, obs is always

a point located on a linear curve and matches 3–4

points of the final section of the curve. In practical

terms, the final point is usually characterized by the

largest deviation from the matching curve. This

means that the calculations derived from this method

are erroneous. Analysis of the C-T curve generated

from the enrofloxacin administration to broiler

chicken demonstrated that atypical concentration

changes during the elimination phase caused an addi-

tional error, resulting in variable interpretation of the

directives and variable data.

The assumptions that are made when calculating

the residual area, which determine the positive or

negative qualification of drug pharmacokinetics, are

not optimal for the evaluation of the entire study. This

is because the parameter depends on factors other

than the quality of the analytical method and sampling

method used in the study. In addition, the parameter

depends on the drug administration route, in addition

to other variables; this was demonstrated by using

a hypothetical data set presenting typical time-

dependent variations in drug concentration after a sin-

gle oral or intravenous administration of a drug. Ac-

cording to the assumptions, the choice of DMPK sam-

pling scheme and the bioanalytical method should be

dependent on the residual area. In practical terms, the

parameter is associated with, at most, the final four

sampling points of the elimination rate constant

analysis and is completely unrelated to the accuracy

and precision of the bioanalytical studies. Experimen-

tal sampling control was the reason for introduction of

the residual area as an evaluations parameter for the

DMPK experiment. Insufficient sampling frequency

results in improper C-T points in the end stage of the

elimination phase, used for the calculation of the

elimination rate constant. This leads to an erroneous

rate constant value for the elimination phase, and

therefore, causes underestimation of drug half-life.

On the other hand, drugs with an extremely long

elimination profile cannot be verified by the evalua-

tion of the residual area with respect to the entire ex-

periment. Analysis of the hypothetical data proved

that the same bioanalytical method and the same ex-

perimental system, differing only by the drug admini-

stration route, may be verified negatively or posi-

tively, regardless of the analysis of the final section of

the C-T curve. The selection of sampling data was de-

pendent on the method used for calculating the elimi-

nation rate constant and included the final 3 or 4 data

points [2]; these points were selected by a trained ana-

lyst. In practical terms, this procedure allows liberal

interpretation of the guidelines provided by registra-

tion agencies. Therefore, the value of the residual area

may be calculated differently, as shown in our study

with hypothetical data and in vivo data. Because vis-

ual evaluation of the C-T curve cannot precisely sepa-

rate the elimination phase from the distribution phase,

the MRT0–tlast value is suggested as a separation crite-

rion. This value indicates the mean time drug mole-

cules stay within an organism [14]. Therefore, it may

be assumed that the point equal to MRT0–tlast is lo-

cated within the elimination phase. Because the MRT

time point is equal to 63.2%, the drug was eliminated

from the body, the time between MRT0–tlast and

tlast, obs is the optimal range for Kel analysis [ 27–29,

31]. It may also be assumed that a DMPK experiment

was ended at a proper time point, and the elimination

rate constant was determined properly, (qualifying

positively the experiment with optimal sampling dur-

ing the absorption and distribution phase) if experi-

ment meets the following premises:

– the linear equation is based on three to four C-T

points of a curve measuring the drug concentration

changes over time in the elimination phase;

– the slope of the fitted line (based on the final four

observed C-T points) is equivalent to the Kel used for

the calculation of elimination phase t1/2;

– the differences between observed and theoretical

concentrations (based on the linear equation) are be-

low 20% for at least three of four C-T points. This is

in accordance with a 20% deviation for accuracy, pre-

cision, and nominal LLOQ concentration in the bio-

analytical method validation procedure [1];

– at least two of the final C-T points used for the slope

calculation are located in a time point � MRT0–tlast

(� 63.2% of eliminated drug).

These rules positively qualify both the hypothetical

and the in vivo data; they are not affected by the route
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of administration in the same value as the 80:20 rule.

The 80:20 rule negatively verifies the po enrofloxacin

due to the high AUCres value. The sampling schedule

in the iv administration experiment resulted in a dif-

ferent quality analysis; however, the elimination pro-

file of the drug was independent of application or

dose. Quality analysis of experiments (iv and po) ac-

cording to the new rules allows proper performance.

In both cases (iv and po), the analysis was performed

based on 4 C-T points, which fulfills the conditions

described in subsections a, b, and c for a single time

point located before the drug MRT. The interpretation

of this analysis affirms the two-three points of C-T;

this is the basis for determination of drug Kel and is in

the portion of the kinetics in which 2/3 of the drug

was eliminated (subsection a and d). The determina-

tion of Kel using this procedure does not create erro-

neous estimation of the elimination kinetics (subsec-

tion b). The analytical method used in the experiment

is characterized by suitably low LLOQ value. This

finding reflects the ability to determine the proper

number of C-T points with a sufficiently low level of

concentrations (linear course of the fragment of the

curve 20% of standard deviation; subsections c and d).

In addition, the range of C-T points used in the Kel

analysis is controlled by a suitable LOQ and the omitted

falsification of late phase distribution (subsection d).

In conclusion, our study indicates that AUCres%

analysis is not the optimal method for the evaluation

of pharmacokinetic studies. The analysis of hypotheti-

cal data confirms that the residual area is a parameter

dependent on the drug administration route, despite it

not being an independent parameter used for the

evaluation of drug administration route.
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