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SUMMARY

' Pharmacokinetic characteristics may be sepnraled mro Ihree classes: firstly, those which are lmly mdependenl of pharmacokinetic modellmg :

- curve characteristics for instance, Such as Coux OF lmes,

but also organic clearance values; secondly, those which can be evaluated without an

explicit- pharmacokinetic model but under basic assumptions - characteristics such as total clearance, mean and variance of residence times or
total volume of distribution; and thirdly, rhose which are bound to elaborate pharmacokmenc models, such as hybrid constants, micro-constants
or partial volumes of distribution. .

It can be demonstrated that the second class - the model-inde opendi I 1 characteristic - and the third are mutually lransfzrrable, ex-
amples of this transcription are given. However, these purely theoretical considerations can only demonstrate that the second class is consistent
with classic pharmacokinetic modelfing.

The useful, of the model-inde dent e characleri.vlic is underlined by results of clinical pharmacological inyestigations in which
this technique was applied. The topics addressed by these studies cover the problems of deep compartments, differences in absorption, mﬂuence
of disease, drug interaction, and first-pass metabolization.

Since the mean-time concepr in particular is still controversial in the literature, some general theoretical explanations seem to be necessary.
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INTRODUCTION
Pharmacokinetics as a service contributes to the
" overall picture of a drug, characterizing ‘the phar-
macological, toxicological, and pharmaceutlca.l proper-
ties ‘of that substance. During drug development alarge
number of detailed pieces of. information are compil-
ed;-each of which may provide the answer to one-part
" of the puzzle which makes up the overall picture. It is
a subject of discussion whether this partial aspect is im-
portant or even decisive to the overall picture in in-
dividual cases. It is also debatable whether this part has
to be filled with very complex interpretations as
physiological models (1) or with apparently very sim-
ple models as the statistical interpretation of the fate

of drugs in the body (2). The following demonstrates

how this part of the puzzle is-completed- by means of

the mean-time concept, in full consideration of the fact

that there are other parts to which it is linked.

Theoretical background
Some. notes concerning the nomenclature are

" nécessary; the mean residence time and the moments

of residence times in general are defined by a complex
mtegral formula (3):

of Pt dM(t)
of dAM()

My =
Eq. 1
where dM(t) is an infintesimal amount of drug-definitely

leaving the system at time elapse t after administration
(4). The implications when looking at residence times



* . or rather, transit- times: - from the endpoint

«eliminated» has been discussed elsewhere (4,5).

However, a numerical approximation is-shown in

Equation: 2 (6)_:
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' Eq.2

where A M(t). means the fraction of the drug definite-
ly leaving the body during the period A t for which

t; is the midpoint. & M(t) may be a measured or a
* predicted quantity. The outcome of Equatlon 1 or the'

approximation Equation 2 is explained in Table 1.

In contrast to mathematical statistics a zero moment
m, is defined as-the area under the curve AUC which
may be estimated by the area under the data AUD us-
ing the trapezoidal rule. In mathematical statistics the
sero moment must always equal unity (3); however,
here it is more convenient to define a zero moment dif-

" ferent from unity. The first moment m, is the arithmetic-
average of all life-spans any one of the molecules spends
in the body system (2). The second moment around zero
m, is nothing more than a mathematical definition. The
second. central moment. g, is simply better known: it
is the same as the second moment around the mean -
called the variance of residence times. In the same way,

the third moment around the mean is what is referred

to as the skewness of the distribution of residence times
of drug molecules in the system.

‘What is really fascinating with this statlstlcal inter-
pretation of pharmacokinetics is the hierarchical order
of the mformatron iricreasing with each moment in-

TABLE 1. Defi mlrons used for the statistical interpretation of the fate
of drug in the syslem

m, . AUC

zero moment of residence times
m; MT oatn MRT first. mioment or mean of
residence times
m, k. th moment of residence times
I VT ot VRT econd central moment or
variance of residence times
third central moment or skewness

I} ST,.,,.:,SR_T
. of residence times

where g = x'n, - (my)?

B = Wy - 3mpmy + 2mgP

|

‘TABLE 2. l;{ierarehy of the information collected by the statistical in-

. terpretation of ‘the.fate of drug in the system - |

Model-independent - = "Evaluable
evaluable or global " compartmental
characteristics .+ : . mode!
Mo L . '. . . CLker
. - : CLut/f.
&m, N MT., Vaeoreennss ...1-CP
. ‘ - MT,. Vou/f .
TEm, - [ eeecreseescensrseines 1-CP-ABS
& - m; . . 2-CP

where 1-CP means one compartmeént body model, 1-CP- ABS means -

one-compartment body model with first order absorprlon, arid 2-CP
two' compartment body model.

volved in the interpretation. This is summarized in

Table 2.

As is well known, the area under the curve gives the
total clearance or total clearance over f (2), from which
one may derive the dosing schedule. Clearance el‘,xplicitly
reflects the overall properties of the drug and ‘it is not
necessary to state a model. ‘

In adding the first moment, one is in the posmon
to split up total clearance into its two components -

|
volume and time. These components are the mean

residence time and the steady state volume of distribu- -

tion in the general case. It seems worth notin% that the

mean time offers a characteristic which is suprerlor to

the biological half-life or the dominant half- hfe (7)and -

other attempts which have been undertaken to givean
overall characteristic of drug ehmmatron, smce1 the total

mean fime weights each exponential process a‘ccordmg
to its contribution to the area under the curve (8).

The steady state volume of distribution Sl‘IOWS the
volume which can be reached by drug molecu‘les. This
may be accessible-to physiological interpretatio‘n or may

. simply show that the drug is accumulated somewhere
. in the body. 1
A one-compartment model can be defined bv the Zero -

and the first moment - if reasonable: =~
kew —b o 1
MT.. m,
Eq. 3a
c_. D _ _AUC _m
\A MT.. my
Eq. 3b

where k. is the rate constant of elimination, MT, is the-

miean time in the! system, ie. asingle volume of distribu-

. tion V.. D denotes the dose administered and m, is iden- :
- tical with MT... A Bateman- function .can be defined

by adding the second moment (8,9); of -course, this is

reasonable after non-systemic administration provid- .

ed the Bateman curve descnbes the concentratlon ume

course: adequately

Ko = 1/( my .oy } mz 3(m1)2

Eg. 4a
£C = 2. AuCk, = mok
Eg. 4b

where k, mearis the rate constant of absorption and k.
has the same meaning as above. From Equation 4a it
is obvious that it is impossible to decide from the con-
centration time curve alone which process reflects ab-
sorption and which elimination.

A two-compartment model can be described when
the third moment is annexed (8), again under the logrcal
presumption that the concentration-time course can be
adequately described by two exponentials:

Ay =1 /( - 3-mym,
N6y - 12+(my)?
“:V( m; - 3mem; (2 4 3-(my)? - 2-my-my ) '
6-m, - 12-(m,)? 6:m, - 12-(my)?
. o Eq. 5a
G o MU e |
(/A - (1)
o Eq. 5b
o MmN,
1% - (1/N)
Eq. 5¢

where )\, and ), are the hybrid rate constants and C,
and C, are the intercepts for the two exponentral
functions.

It is therefore possible to proceed from a simple
characterization - for mstance by clearance, mean time,

and volume of distribution - to more complex inter-
pretations by adding higher moments wrthout drop-
ping the former ones.

- As @ reminder, the equations- for the model— ’

independent evaluable pham'racokmet\c charactenstrcs o

are listed below:"

" Total cléarance CL.., or relative total clearance CL./f .

is the quotient of the dose administered D and the area
under the curve AUC (2). AUC can be substituted by
the area under the data AUD with or without an
extrapolation. . .

AUC = -~ m;

CLu: ! D . D
CL./f 0 =

"Eq. 6

With intravenous bolus injections, the steady state
volume of distribution V,. is the product of total
clearance and the mean of times for which the molecules-
linger in this volume. In all other cases, i. €. nonsystemic
and. non. bolus-administration, the respective pfoducf
gives the relative total volume of distribution V. /1,

which may even include a site of absorption or release -
(10).

b
1

CL..-MT..,

Vol/f = CLW/EMToe

i

Eq. 7
The mean time can be obtained from the
concentration-time-data by two consecutive integration
steps (11). Numerical integration of the concentration
time course yields a series of AUD data depicted in the
lower graph of Figure 1.
In the second numerical integration step the area be-

" tween the curve and its asymptote is determined, and

the- mean is estimated as ABC over AUC (11).

MT... } _ _ABC.
MT.,. AUC .

" Eq. 8

Applications

Some practical examples will be presented whlch
show that essential information can be obtained from
clinical trials using thé model-indepéndent approach to
evaluation; results from our own work have been
balanced with examples taken from literature. Never-

“theless, this can only illustrate a small section of the
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applications of model-independent characteristics in
clinical pharmacology.

In 1980 von Hattingberg et al. pubhshed a paper on
-the pharmacokinetic characteristics of gentamicin (12)
which were derived by model-independent evaluation
techniques using data from Wahlig and coworkers (13).
The mean residence time and the terminal half life were
estimated from urinary data alone, which also indirectly
served to estimate the st_eédy state volume of distribu-

tion. The results are compared with data published by_

Schentag and colleagues (14) in Table 3.

Schentag and his: colleagues, used data from 47 pa-
tients (16 with normal renal function) treated with 0.4
to 7 mg/kg/day for 5 - 45 days. With the cumulative

effect of repetetive dosing and an improved analytical

method, they were able to demonstrate the existence
of a deep compartment and to explain why previous
investigators had employed only a one-compartment
model for gentamicin kinetics.

Comparing the figures in Table 3, it is obvious that
the model-independent evaluation reveals almost. the

" theoretical considerations (15).

TABLE 3. Pharmacokinetic ch istics of )
Model-independent . -- . Model‘d pend
_evaluation? ' evaluation? -
CLL UMY~ 291 U o e
ol . 718, ) o 53.3
. . - (from urine) o (from serum)
"MT, 0] 27 MT.h. (215
o " (from urine) . " (from serum)
Vol 67.4 vl . 56.8

! von Hattingberg and Brockmeier (1980) usmg data from \Vahlié et
al., (1975) .
2 Schentag et al. (1977

same characteristics and the existence of a deep com-
partment, although a less sensitive analytical method
was used by Wahlig and coworkers. S
This result also demonstrates that the mean residence
timie can be derived easily from urinary data, which had
been stated before by von Hattingberg on| purely

The next example considers the differgnt stages in-
volved in drug absorption. However, the field of in
vitro/in vivo correlation of dissolution will not be ad-
dressed, although we have new and provocative results
(10), since this topic has already been extensively
discussed by Professor von Hattingberg and Dr.
Voegele at these meetings in the past. | .
Hammarlund and coworkers studied the total mean
time for different modes of intravenous and (I)ral ad--
ministration of 40 mg furosemide in 8 subjects (16).

Their results are summarized in Table 4.

TABLE 4. Mean time characteristics for intravenously and orally ad-
ministered furosemide

Mean SEM _Range .
MT.. [min] 51.4 Ls | as60

MTa i, {min) 144 . 39 126-158
(postprandial) ' .

[Y's S {min] 839 - 84 |. 6124
(fasting) ’ U .

" MT s, - min] 60.6 1 990
MT oot .~ [min} 109 73 | 70-131
(postprandial) ]
MTawia {min] 352 87 - 987

{postprandial)

Data taken from Hammarlund e al. (i6).

‘I'ne mean time in the steady state volume of distribu-
‘tion is extremely consistent for all subjects (Table 4).

The same is true for total clearance. The: additivity of-
-mean times attributed to the different stéps in absorp- | -
* tion:is used to decompose the total mean time. The ad-. -

dmv1ty is one of the most useful propertles in the méan
time analysis technique (11): For example; one can im-
mediately read from the data that the absorpuon MT,,;

"is the rate-limiting step within the overail kmetxc,

regardless of whether this step-can be modelled by a
first order process or not. The mean gastric emptying
time M Tyac, empr, and its ranige is in good agreement with
the values reported when large-scale methods, such as
scintigraphy, were used.

» Unfortunately, Hammarlund and coworkers 'did not .
".calculate the mean time characteristics from the urinary

data which they monitored. From the graphs- for
cumulatlve urinary excretion depicted it is most likely
that the same results ‘would have been obtained.

They obtained the mean in vivo dissolution time
TMuis-wio under postprandial administration as the
difference between the mean absorption time for the
tablet MT . ps.can. and the solution MT.s...r. (Table 4).
However, the mean in vivo dissolution times cover a
tenfold range which is very unlikely to be due to the
formulation properties of the tablet.

Figure 2 shows the pH-dependent solubility of .

furosemide, and also piretanide, which rises. from 20
pg/ml at pH 1-2 to 50 mg/ml at pH 7.4 (17) - more
than one thousand-fold higher.

It is therefore most likely that differences in gastrlc
pH are responsible for marked interindividual dif-
ferences-in solubility, and this is in fact the reason for
the large variation in the. mean in vivo dissolution times
reported by Hammarlund, who gave the 40 mg tablet
together with 200 ml of water or orange juice.

However, this solubility problem cannot explain the
considerably large interindividual differences in the ab-

' _ solute bioavailability of furosemide ranging from 26

to 81% in the study of Hammarlund et al, which con-
firms the results of earlier studies (18). )

This example was ¢hosen to- demonstrate: that the
path of the drug through the body and its fate can be
decomposed easily by the model-independent approach.

The answers may not be as complete as desirable;
however, critically teviewed, they will provoke
hypotheses for carefully directed investigations.

For example, we studied the absorption of piretanide
after endoscopic placement of the drug at three different
sites of the gastrointestinal tract under visual control
(19). The median concentration profiles after instilling
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FIG. 2. pH-dependent solubility of furosemide (0) piretanide (o).

the drug into ‘the stomach,. duodenum and colon are
shown in Figure 3.

It is immediately stukmg that the rate of absorption
for the large intestine is very low. Biometricians have,
however, successfully weaned clinicians off reading
something directly from a graph, and have persuaded

them that proving the hypothesis by adequate statistical - -

testing is what is needed. The area under the data com-
pleted by extrapolation AUDCis depicted in Figure 4.
Datapoints connected by a line refer to the same sub-
ject. Obviously, the difference in the area under the
curve for administration in the stomach and in the colon.

- is significant. The same holds for the duodenum and

colon. The difference between the stomach and
duodenum is not significant. ’
Since the-total clearance of piretanide shows small ’

“interindividual variations, as is also the. case for

furosemide, the area vaIues largely reﬂect the amount
absorbed.

Due to the slow absorption from the large i intestine;
the total mean time MT for this site of administration .
is significantly greater than for the two other sites which )
are not significantly’ different (Fig. 5). .

This conclusion is possible, since the interindividual
variation of the mean time. for piretanide after in-
travenous administration is also remarkably small. This
means that differences in total mean time mainly reflect
differences in the mean absorption time.
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FIG. 3. Median serum concentration of piretanide after placement of

the dose at three different sites of administration. The solution was
instilled into the stomach (®), duodenum (A), and ascending colon
(0) under endoscopic control. (Reproduced from Brockmeier ef al.
(19) with kind permission of Springer Verlag, Heidelberg.) -
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FIG. 4. The amount absorbed was measured by the area.under the
data completed by extrapolation (AUDC, ordinate) after placement of
piretanide at different sites of the gastrointestinal tract (abscissa).
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FIG. 5. Differences in the rate of absorption were measured by the
total mean time (MT, ordinate).
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FIG. 6. Serum concentrations of piretanide after instilling a piretanide
solution into the stomach (*). Before administration the stomach was
immobilised with intravenous hyoscine-N-butylbromide. The solid line
represents the adjusted pharmacokinetic model which states three sites
of labsorption with different absorption rates.

. .

With this answer to the absorption features of the
gastrointestinal tract, one may proceed to more: rigorous
modelling, the outcome of which is depicted in Figure 6.

The model states three sites with differe:nfI absorp-
tion rates: absorption from the stomach where dissolu-
tion is certainly the ratelimiting step under un-
favourable conditions, absorption from the upper in-

testine with a high absorption rate and from'tlhe lower

intestine with a slow rate. It is important to note that -

the stomach was immobilised by intravex;lous ad-

ministration of 40 mg hyoscine-N-butylbromide, and

therefore the first peak must reflect absorpt on from

the stomach. .
A routine step in drug development is to characterize

the pharmacokinetics in subjects with varymg degrees -

of renal function. Here typical data taken fqom Mat-

zke and coworkers are presented (20). They studxed the
disposition of cefotaxime in a group of sub]ects with -

normal creatinine clearance, mild, moderate and severe

renal insufficiency and a group with endstpge renal .

-disease requiring maintenance haemodialysis. 'Il"ota.l and
renal clearance, mean residence time, and total volume

" of distribution were evaluated as mentionecl above. -

As expected, the renal clearance of cefotaxime cor-

relates closely with the creatinine clearance. Figure 7.

depicts the mean values for each of the fi'v:e groups,
since individual values were not reported. |

. The total clearance also shows a clear dependency
on creatinine clearance (Fig. 8).The .intercept: may also

Concentration {ng/mll . ’
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Plotted from data of Matzke et al. (1985)

FIG. 7. Renat clearance of cefotaxime. Mean values and standard devia- ’
tions for five groups of patients with renal impairment characterized’
by their mean creatinine clearance (abscnssa) Data taken from Mat-

zke et al. (20).
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Plotted from data of Matzke et al. (1985)

'FIG. 9. Total volume of distribution for cefotaxime. The mean values '
for Tive groups of patients are plot(ed over .their mean creatinine .
clearance.

Total meon time _Ih]

Creatinine—clearance Imi/min}

Plotted from data of Matzke et al. (1985)

FIG. 8. Total clearance of cefotaxime. Mean values are plotted versus

‘mean creatinine clearance.

be considered as an'estimate of the nonrenal clearance
of cefotaxime_ as an average value, provided.that-
mnonrenal clearance is not affected by renal insufficieri-

" “cy. This concept has been proposed by Dettli (7).
" The steady state volume of distribution. depicted in .

Figure 9 shows no statistically significant dependency

" on creatinine clearance. Nevertheless, the question arises’

whether the increase in the volume of distribution below
a creatinine clearance of 20 ml/min reflects the water
retention in these patients.

"The theoretical hyperbolic relation between creatlmne
clearance and mean residence time is also not very con-

vincing, since the dialyse_dA group shows on average a

- FIG. 10. Mean resids

0 %0 40 60 B0 100 12 140
Crectinine—clearance [ml/min)
-Plotted from data of Matzke et al. (1985)

time for . Mean values for five
groups of patients with impairment are plotted over the rspecuvc

- means for creatinine clearance.

smaller mean time than the group with severe ren_al' in-
sufficiency (Fig. 10). Indeed, very frequently more ques-

 tions arise from a study than one initially sets out to

investigate.

Lalonde and his colleagues 1), admlmstered 10
rg/kg digoxin intravenously over 5 min to 11 healthy
subjects during one phase of their study; in the other
phase the drug was administered together with oral in-
gestion of 25 g activated charcoal approximately every
4 hours. They estimated total clearance, mean residence
time and steady state volume of distribution as describ-
ed above. Figure 11 shows the total clearance values
for both phases of the trial. It is immediately striking
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FIG 1 J Total clearance of mtravcnously admlmstered digoxin with -

" or without oral activated charcoal. Points connected by a line refer

to the same subject: Data taken from Lalonde ef n{l. 21).

that the oral administration of activated charcoal raises
the total clearance clearly in all subjects but one with
an average increase of 50%.

In the same manner the total mean time is reduced
for all subjects but one (Fig. 12). The average decrease
was also S0%, while the terminal half-lives decreased .
by approximately 40% on average. :

- An unexpected decrease in the steady state volume
of distribution of about 24 % was observed durmg the
charcoal phase.

Without doubt, the main question. of the trial, i.e.
whether the total clearance of digoxin could be increas-

mean residence time

MT, (h]
80+
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0- T T
without .  with )
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Plotted from data of Lalonde et al. (1955)

FlG 12. Mean residence time of digoxin after intravenous administra-
tion with or without oral activated charcoal. Connected points refer
_ to the same subject.

L tlfied by model—mdependent evaluation.

ed,lor in other words, the mean residence tim¢: of drug
in the body would be reduced by oral administration
of activited charcoal, was answered. clearly ard quan-

" The mechanists for the reported effect are not clear
and cannot be answered due to the design o [ the ex-

. periment. As discussed by the authors, enterohepatic
" recirculation of the drug does not seem to be essential

for this. effect since clearance of phenobarbital is also-
increased by orally administed charcoal, although

" phenobarbital is not known to undergo emerohepauc

recirculation. |

Passive diffusion of the drug from the circulation into

I
the gastrointestinal lumen and adsorption to charcoal

is discussed by the authors. It seems worth recalhng that,

it was this rediffusion of several acidic and basic drugs-
into the stomach which led Shore, Brodie and|Hogben
to set up the pH partition hypothesis (22). | .

The idea of going even further in modelling the
mechanisms explicitly is attractive, but this requires a

more elaborate experimental setting. ~Nevé7rthel&ss,

specific pharmacokinetic trials in’ healthy volunteers -

cannot answer the question of which of the Ireporte:d
effects is of significance in the case of dlgoxlm intox-
ication. This latter question must be substantiated in
patients - especially for those with renal implairment.

In a recent publication we proposed a method of
estimating the first-pass effect from a single| oral ad-

ministration using the additivity of mean times (23).

The method requires the analysis of the par'ent drug - -

. 1
and the metabolite and the evaluation of their mean

times. )
When a first-pass metabolism of relevant lextent is
present, the total mean time of the metabolite is the.

weighted sum of the mean times of the two/ subfrac-.

tions, the one which undergoes first-pass metaboliza-
tion and the one which does not: '
MTo mee = F-MTatsoriz + MToss oty + - MTuss mer)
C ot () MTosoe + MTog e
= FMTosone + (H)MTassire +
MTVS‘MEI :

Eq. 9

"The rearranged equation suggests plotting the mean -

. . ]
time of the metabolite versus the mean time of the

parent drug, and reading the fraction f - pis is the
availability after absorption - off the slope of the regres-
sion line.

For .example, plotting the mean times of SINI1, a

()

MT of metabolite [hl
0N X

o 1 2 3 3
MT of parent drug [h)

FIG. 13. The total mean time of 'SINl. a metab'oliié of molsidomine

* is plotted against the total time of molsidomine itself (+). The avérage

first-pass effect can be estimated from the regression line: (Reproduc-

_ ed from Brockmeier ef al. (23) with kind perm:ssnon of Springer Verlag.

Heldelberg )

metabolite of molsidomine, versus the mean times of
molsidomine itself evaluated for 11 healthy volunteers,
yields a significant dependency with a slope of .71,
which is unfortunately not significantly different from
one. (Fig. 13). The bioavailability estimated by area
comparison for the same subjects gives a value of 55 %.
The second example was taken from the literature
(24) showing the total mean time for 10-hydroxy-
nortriptyline versus the total mean time for nortrip-
tyline itself (Fig. 14). The regression is significant and

5019 -
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10 20 30. 40 50
MT: of parent drug [hil

FIG. 14. The total mean time of 10-hydroxy nortriptyline versus the

_ 'total mean time of nortriptyline (»). The slope of the regression line -
provides an estimate of the average first-pass effect. (Reproduced from
- Brockmeier et al. (23) with kind permission of Springer Verlag

Heidelberg.)
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FIG. 15 The total mean time of propranolol glucuronide is ploned

against that of unconjugated propranolol. Two different, bloequwalem
tablet formulations of propranolol were administered - (=, A).

{Reproduced from Brockmeier et al. (23) with kmd permission of |

Springer Verlag, Heidelberg.)

the slope differs significantly from unity. Here again
the availability after absorption estimated by the mean
‘time method is larger than the bioavailablity calculated
-from area comparison, namely 76 versus 60 %. - .

In the last example, propranolol glucuronide is plot-
ted over the mean time of propranolol itself (Fig. 15).
Due to the large scatter in the data, we used the results
for both formulations compared in a bioequivalence
study (25). Despite the large scatter, the regression is
significant and the slope indicates a first-pass effect of
64% or an availability after absorption of 36 %. The
average bioavailability of propranolol has been reported
as 25%.

For each of the three drugs studied, .the estimated
first-pass effect was smaller than would be concluded .
from comparison of the areas. The small number of
studies analysed does not make it possible to conclude
whether this indicates ‘that the mean time method is

- more precise than area comparison. The theoretical ad-

vantage of the mean time method over evaluation of -
the first-pass effect by comparing the quotient of areas -
after oral and i.v. administration is clear: only the
amount of drug which has actually been: absorbed is
accounted for, while the comparison of areas will also
encompass the unabsorbed fraction, a loss which is not.
due to first-pass metabolism.

CONCLUSION
In general, model-independent evaluation techniques
provide the answer to questions posed in a clinical trial. -



This has been demonstrated by the applications refer-
~ red to in this paper which dealt with completely -dif-
" ferent topics of clinical pharmacology and which i is also’
underlmed by thei mcreasmg number of pubhcatlons us-
ing this technique.

However, one should not have any hesitation in pro—
R _ceedmg to more sophisticated evaluation techniques if
necessary, or if a more comprehensive answer can be

" obtained by using different evaluation routines.
Nevertheless, when the part of the puzzle made up
by pharmacokinetics has been properly filled by quarn-
tifying characteristics, one is left with the duty of in-

terpreting the results, which, without do_ubt, is -

,ometimes the most critical part of the job.
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