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Abstract OBJECTIVE: The distribution of different antidepressants between plasma and red 
blood cells (RBCs) or between water and erythrocyte membranes (ghosts) has not 
been sufficiently compared so far.
MATERIALS AND METHODS: Distribution of seven antidepressants (amitriptyline, 
nortriptyline, imipramine, desipramine, didesmethylimipramine, dothiepin, and 
citalopram) was measured in vitro in small volumes of blood or erythrocyte mem-
brane suspension using radiolabeled drugs. Blood samples were taken from healthy 
subjects.
RESULTS: The distribution of antidepressants between plasma and RBCs is strongly 
affected by temperature; however, it does not depend on the antidepressant concen-
tration in the range of their therapeutic concentrations. The data analysis proved 
that the ratio of RBCs to plasma volume concentrations is the suitable parameter 
characterizing antidepressant distribution in whole blood. Significantly higher 
ratios of RBCs to plasma concentrations were found for demethylated metabolites 
of tricyclic antidepressants and in the case of citalopram. Citalopram showed the 
highest accumulation in intact RBCs and at the same time the lowest binding to 
isolated membranes. The binding of drugs to isolated erythrocyte membranes was 
much higher than in whole blood.
CONCLUSION: The concentration ratio of antidepressant in RBCs and in plasma is 
sensitive not only to the binding properties of plasma proteins and cell membranes, 
but also to changes in drug molecule, both in aminopropyl chain and in aromatic 
rings. This ratio is to a large extent characteristic of a particular antidepressant.

Abbreviations: 
RBC  – red blood cell,
 AD  – antidepressant,
 TCA  – tricyclic antidepressant,
 SSRI  – selective serotonin reuptake inhibitor,
 DOT  – dothiepin,
 AMI  – amitriptyline,
 NOR  – nortriptyline,
 IMI  – imipramine,

 DMI  – desipramine,
 DDMI  – didesmethylimipramine,
 CIT  – citalopram,
 TOT  – total drug concentration,
 PLA  – plasma drug concentration,
 ERY  – drug concentration in RBCs sediment,
 SUP  – free drug,
 GHO  – drug concentration in ghost sediment
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Introduction

Although the primary biochemical effects of antide-
pressants (ADs) are well known, they do not suffice to 
explain their therapeutic effects that occur only after a 
long-term treatment. Adaptive changes in neurotrans-
mission play the key role in the medical effects of ADs 
[10,41,44] though their specification is complicated by 
the interrelation of intracellular processes on the one 
hand, and, on the other, by the fact that individuals with 
identical depressive symptoms often respond to one and 
the same AD in a distinct way. 

Generally speaking, ADs are amphiphilic molecules, 
which dissolve in the aqueous phase, though they are 
equally soluble in the lipid part of cell membranes. As 
they easily pass through membranes [16], they occur in 
plasma as well as in cell membranes and cytoplasm in 
the state of equilibrium. Owing to the accumulation in 
the lipid part of cell membranes ADs can both indirectly 
affect the protein-protein or lipid-protein interactions 
and induce changes in composition or physical properties 
of the lipid bilayer [45]. The ADs in plasma occur either 
in a free form or bound to albumin, α1-acid glycoprotein, 
and lipoproteins [38]. Equilibrium distributions of some 
ADs between red blood cells (RBCs) and plasma were 
studied both in vitro [2,5], and in vivo [13,27,42]. 

A long-term treatment with ADs results in setting 
their concentration in blood and an uneven distribution 
in the brain [33]. It was demonstrated that the brain con-
centrations of several ADs could be affected by expression 
and activity of P-glycoprotein which acts as an extrusion 
pump for many xenobiotic compounds [46]. Plasma 
ADs levels of different individuals are largely varied with 
respect to differences in drug metabolism, variability 
in distribution between plasma and tissues, a mode of 
the drug application, age, smoking, or other psycho-
tropics [6,34,35]. Besides applied ADs, antidepressant 
metabolites are usually active as well [40]. Genetic factors 
contribute to the phenotype of antidepressant response 
[20,24]. Combined use of therapeutic drug monitoring 
and genotyping contributes to improve pharmacotherapy 
[11]. 

The therapeutic ranges of plasma concentrations of 
ADs stretch from tens to hundreds of ng/mL; however, 
no definitive therapeutic concentrations have been 
demonstrated for some antidepressants [32]. Different 
studies concluded that the maximum therapeutic effects 
shown by many ADs with specific groups of patients can 
be reached in a special range of invariable plasma levels, 
though the interrelation between plasma concentra-
tions and clinical effectiveness is not straightforward 
[22,30,35,36,39]. It is assumed that the RBCs/plasma 
ratios of ADs may correlate with the treatment outcome 
better than the total drug concentration in plasma [21,29]. 
When we quantified the relation between concentrations 
of imipramine+desipramine in blood and in the brain 
tissue of rats a close correlation among concentrations 
measured in the brain homogenate, plasma, and erythro-
cyte membranes was proved [13]. 

Recently, an interest in the relation of the lithium dis-
tribution between plasma and RBCs has been restored, in 
particular with respect to its possible role as a diagnostic 
indicator of bipolar disorder [8], or as a possible predic-
tor of lithium therapeutical effects or overdosing [7,28]. 
Mechanisms of desipramine toxicity and its dosage rec-
ommendations were also related to erythrocyte/plasma 
ratios [3]. A correct interpretation of results requires 
distinguishing the free (unbound) ADs in the aqueous 
phase, the ADs bound to the plasma proteins, and those 
accumulated in the lipid part of cell membranes or in the 
intracellular milieu. 

Our study was focused on determination of in vitro 
distribution of ADs both in whole blood and isolated 
erythrocyte membranes (ghosts), i.e. without plasma 
and cytoplasm proteins. These studies were performed 
in man, and in particular, in healthy subjects without 
medication. We studied the most often prescribed ADs 
both from the group of so-called tricyclic antidepres-
sants (TCAs) and from the group of selective serotonin 
reuptake inhibitors (SSRIs).

Materials and methods

We used our own measurement technique that 
afforded us to specify ADs distribution between RBCs 
and plasma in small volumes of blood. The tritiated ADs 
were prepared in our laboratories (see below) and used 
in these experiments. The following ADs were tested: 
dothiepin (DOT), amitriptyline (AMI) and its main 
active metabolite nortriptyline (NOR), imipramine (IMI) 
and its demethylated metabolites desipramine (DMI) 
and didesmethylimipramine (DDMI). Furthermore, 
we tested citalopram (CIT) as a representative of SSRI 
[4]. The experiments comply with the current laws of 
Czech Republic in which they were performed, and were 
approved by the Ethical Committee of Human Experi-
mentation of the 1st Faculty of Medicine of the Charles 
University of Prague, and were in accordance with the 
Declaration of Helsinki.

Human subjects
Blood samples were taken from healthy volunteers 

at the Blood Transfusion Unit of the Faculty of General 
Hospital. The group consisted of 128 subjects (woman 
and men, age spread 18–55) who had not been treated 
by any drugs.

Preparation of tritiated antidepressants 
CIT was obtained from Lundbeck (H. Lundbeck A/S, 

DK-2500 Copenhagen-Valby, Denmark), DDMI from 
the VÚFB (Prague, CZ), DOT from Léčiva (Prague, CZ). 
All other chemicals were purchased from Sigma-Aldrich 
Co. (St Louis, MO, USA). 

[3H]dothiepin ([3H]DOT) was obtained by catalyzed 
exchange in the solution-gas system (the CESG method). 
This method is generally applicable if we need to prepare 
compounds tritiated in the methylene position of benzyl 
[12,27]. With regard to the danger of simultaneous hydro-
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the specific activity 25.9 GBq/mmol and radiochemical 
purity > 98%. 

The procedure of preparation of other tritiated ADs 
was described before [26,27]. The following tritiated ADs 
were used: [3H]amitriptyline ([3H]AMI, specific activity 
4.07 TBq/mmol), [3H]nortriptyline ([3H]NOR, specific 
activity 80 GBq/mmol), [3H]imipramine ([3H]IMI, 
specific activity 2.85 TBq/mmol), [3H]desipramine 
([3H]DMI, specific activity 2.04 TBq/mmol) and [3H]
didesmethylimipramine ([3H]DDMI, specific activity 
1.81 TBq/mmol); all in the radiochemical purity within 
94–98%.

Distribution of antidepressants
The distribution of ADs between plasma and RBCs 

was measured in vitro in the following way. Small samples 
of non-coagulable blood were taken (0.1% EDTA was 
used as an anticoagulant). 250 μL of blood were shaken 
with 2.5 μL of ADs with the resulting concentration 1 
μmol/L; the sample was incubated for 2 hours while being 

 
Figure 1 (above left). The time dependence of the 

amitriptyline (AMI) and nortriptyline (NOR) distribution 
in blood characterized by concentration ratio in red 
blood cells to the plasma concentration (ERY/PLA). The 
mean ± SD out of four measurements is indicated.

Figure 2 (above right). The temperature dependence 
of the amitriptyline (AMI) and nortriptyline (NOR) 
distribution in blood characterized by concentration 
ratio in red blood cells to the plasma concentration 
(ERY/PLA). The mean ± SD out of four measurements is 
indicated.

Figure 3 (left). The concentration dependence of the 
amitriptyline (AMI) and nortriptyline (NOR) distribution 
in blood characterized by concentration ratio in red 
blood cells to the plasma concentration (ERY/PLA). The 
mean ± SD out of four measurements is indicated.

Fig. 1. Fig. 2.

Fig. 3.

genation of the multiple bond in the DOT molecule, the 
catalyst employed (10% PdO/BaSO4) was prereduced 
with gaseous hydrogen. The exchange reaction was car-
ried out in the dioxan : water (9 : 1) solvent system with 
approximately 5% tritium. After the reactive mixture was 
treated the product was purified by means of preparative 
chromatography on the thin layer with the chlorophorm 
: ethanol : ammonia (60 : 40 : 0.5) system, leaving the 
[3H]DOT with the specific activity 6.8 GBq/mmol and 
radiochemical purity > 98%.

The technique used for the preparation of 
[3H]citalopram ([3H]CIT) involved reductive alkylation 
of the correspondent desmethylderivative with form-
aldehyde [27]. The following reactive conditions were 
used: five-molar formaldehyde abundance, methanol, 
10% Pd/BaSO4 catalyst, and approximately 5% tritium. 
When the reactive compound was processed the product 
was purified with preparative chromatography on the 
thin layer with the ethyl acetate : n-propanol : ammonia 
(40 : 30 : 3) solvent system, leaving the [3H]CIT with 
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mixed at 37 °C. The following tritiated ADs were used as 
a radiotracer: [3H]AMI, [3H]NOR, [3H]DOT, [3H]CIT, 
[3H]IMI, [3H]DMI, and [3H]DDMI. The incubation was 
followed by withdrawing 10 μL of the sample by help of a 
positive displacement digital micropipette (Nichiryo Co., 
Tokyo, Japan) to read the whole blood activity (TOT), 
the blood was centrifuged at 14000 g for 10 min; 10 μL 
of plasma (PLA) and 10 μL of sediment (ERY) were 
withdrawn to measure the radioactivity. After adding 
the scintillation cocktail the samples were assayed on 
LS 6000IC scintillation counter (Beckman Instruments 
Inc, Fullerton, CA, USA). The samples were measured 
in doublets. 

The method was selected on the basis of measuring 
time (Fig. 1), temperature (Fig. 2), and concentration 
(Fig. 3) dependencies of [3H]AMI and [3H]NOR dis-
tribution between plasma and RBCs sediment. Trapped 
plasma in the erythrocyte sediment (about 7%) was 
determined by comparison of filtration and centrifuga-
tion technique to separate bound and free [3H]AMI. 
However, to avoid data error accumulation we did not 
correct drug concentration in RBCs sediment on the 
antidepressant localized in the intercellular space of the 
sediment.

Measurements of AD distribution between erythro-
cyte membranes (GHO) and the aqueous phase (SUP) 
followed the same basic steps, with a difference, that 
erythrocyte membranes (ghosts) prepared in the stan-
dard way [9] were used instead of whole blood.

Data processing
The distribution of ADs in whole blood was character-

ized with concentration ratios (v:v) in plasma to the total 
concentration (PLA/TOT), in RBCs sediment to the total 
concentration (ERY/TOT), and in RBCs to the plasma 
concentrations (ERY/PLA). With ghosts we examined 
concentration ratios of the free ligand in the aqueous 
phase to its total concentration (SUP/TOT), in the ghost 
sediment to the total concentration (GHO/TOT), and in 
ghosts to the aqueous phase (GHO/SUP).

All the values are presented as mean ± standard 
deviation (SD). Hypothesis testing was performed using 
analysis of variance (ANOVA), followed by post hoc 
Scheffé’s test. Spearman R was used to quantify relation 
between two quantitative parameters; pairwise deletion 
of missing data in correlation matrix was used. Statisti-
cal analyses were performed with the statistical package 
Statistica (StatSoft Inc, Tulsa, USA).

Results

We introduced a straightforward technique for in vitro 
measurement of tritiated AD distribution in small vol-
umes of the sample. Time courses of the ERY/PLA ratio 
determined for [3H]AMI and [3H]NOR (Fig. 1) proves 
that the parameter changed very little after two-hour 
incubation at 37 °C. A strong dependence on temperature 
was observed (Fig. 2). In the range of ADs concentrations 
overlapping their therapeutic values (0.03–3 μmol/L) no 
changes of the ERY/PLA ratio were observed (Fig. 3); 

Table 1: The distribution of antidepressants in blood characterized by concentration ratios in plasma to 
whole blood (PLA/TOT), in red blood cells to whole blood (ERY/TOT), and in red blood cells to the plasma 
concentration (ERY/PLA)

 PLA/TOT n  ERY/TOT n  ERY/PLA n

AMI 1.45 ± 0.14 106 0.61 ± 0.09 106 0.43 ± 0.07 128
NOR 0.86 ± 0.06 25 1.19 ± 0.17 25 1.38 ± 0.21 25
IMI 1.25 ± 0.10 13 0.83 ± 0.08 13 0.68 ± 0.09 13
DMI 0.91 ± 0.05 13 1.08 ± 0.08 13 1.19 ± 0.13 13
DDMI 0.86 ± 0.08 13 1.10 ± 0.08 13 1.29 ± 0.17 13
DOT 1.26 ± 0.13 25 0.87 ± 0.14 25 0.70 ± 0.13 25
CIT 0.74 ± 0.04 25  1.26 ± 0.12 25  1.70 ± 0.18 25

AMI, amitriptyline; NOR, nortriptyline; IMI, imipramine; DMI, desipramine; DDMI, didesmethylimipramine; DOT, 
dothiepin; CIT, citalopram. The mean ± SD is indicated.

Table 2: Post-hoc (after obtaining a statistically significant F test from the ANOVA) comparisons between the 
means of concentration ratios in red blood cells to the plasma concentration (ERY/PLA, see Table 1)*

 NOR IMI DMI DDMI DOT CIT

AMI <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
NOR <0.0001 0.0034 0.6196 <0.0001 <0.0001
IMI <0.0001 <0.0001 0.9998 <0.0001
DMI 0.6324 <0.0001 <0.0001
DDMI <0.0001 <0.0001
DOT <0.0001

*Post-hoc p-levels for the Scheffé‘s test.
AMI, amitriptyline; NOR, nortriptyline; IMI, imipramine; DMI, desipramine; DDMI, didesmethylimipramine; DOT, 
dothiepin; CIT, citalopram. 
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however, the ratio is growing at high concentrations. 
The correlations between concentrations in plasma and 
in RBCs were high both for AMI (R = 0.974, n = 28) and 
for NOR (R = 0.969, n = 28; calculated from the source 
data of Fig. 3).

We examined distribution of seven ADs between 
RBCs and plasma and sought to find which of the ERY/
PLA, ERY/TOT, and PLA/TOT ratios (Table 1) would 
best characterize differences between particular ADs. 
The data analysis (ANOVA and post hoc Scheffé’s test) 
proved that the number of significant differences for 
AMI, NOR, IMI, DMI, DDIMI, DOT, and CIT was for 
the ratio ERY/PLA > ERY/TOT = PLA/TOT. From this 
point of view the most suitable parameter characterizing 
ADs distribution between RBCs and plasma is the ratio 
of the ERY/PLA volume concentrations. Statistically, the 
ERY/PLA values were significantly different for all the 
tested ADs pairs with the exception NOR and DDMI, 
DMI and DDMI, IMI and DOT (Table 2). The highest 
ERY/PLA ratios were observed for CIT, NOR, DMI, and 
DDMI (Table 1).

The binding of ADs to isolated erythrocyte mem-
branes, i.e. without plasma and cytoplasm proteins, was 
much higher than binding to RBCs in whole blood (p 
< 0.0001). In the experiments involving erythrocyte 
ghosts (Table 3) the ADs concerned showed significant 
differences much more frequently for the GHO/SUP 
ratios than for the GHO/TOT or the SUP/TOT ratios. 
Significant differences in the GHO/SUP ratios were not 

found between AMI, IMI, DMI and DDMI (Table 4). The 
lowest GHO/SUP ratio was found for CIT. We found that 
the drug demethylation affects TCAs distribution in the 
suspension of erythrocyte membranes in an analogous 
way as in whole blood, i.e. higher GHO/SUP ratios for 
demethylated derivatives (Table 3). 

The GHO/SUP ratios were used to draw comparison 
with the ERY/PLA ratios in whole blood. For TCAs 
(AMI, NOR, IMI, DMI, DDMI) a significant correlation 
between ERY/PLA and GHO/SUP ratios was detected (R 
= 0.604, p < 0.0001, n = 45).

Discussion

Our project resumes our previous findings concerning 
the fact that the concentrations of TCAs in brain signifi-
cantly correlate with their concentrations in plasma as 
well as erythrocyte membranes [13]. Therefore, if a sig-
nificant change in ADs distribution between plasma and 
erythrocytes occurs, the brain concentrations need not 
correlate properly with plasma concentrations. This effect 
probably complicates the search for the relation between 
plasma concentrations of ADs and their therapeutic 
effects. ADs distribution between RBCs and plasma is a 
result of relatively complex procedures occurring in the 
interface between the membrane and the aqueous phase, 
which might be affected not only by changes of the free 
ADs concentration but also by local changes of pH or 
membrane lipid composition [14,15,17,31].

Table 3: The distribution of antidepressants in erythrocyte membrane suspension characterized by 
concentration ratios of the free ligand in the aqueous phase (supernatant) to its total concentration 
(SUP/TOT), in the ghost sediment to the total concentration (GHO/TOT), and in ghosts to the 
aqueous phase (GHO/SUP) (n = 9)

 SUP/TOT  GHO/TOT  GHO/SUP

AMI 0.392 ± 0.078 2.81 ± 0.38 7.4 ± 1.3
NOR 0.209 ± 0.058 3.41 ± 0.77 16.9 ± 2.9
IMI 0.403 ± 0.089 3.04 ± 0.64 7.7 ± 1.3
DMI 0.342 ± 0.068 2.98 ± 0.58 8.9 ± 1.6
DDMI 0.338 ± 0.064 3.32 ± 0.77 9.9 ± 1.7
DOT 0.288 ± 0.066 3.49 ± 0.84 12.3 ± 1.8
CIT 0.584 ± 0.098  2.24 ± 0.33  3.9 ± 0.8

AMI, amitriptyline; NOR, nortriptyline; IMI, imipramine; DMI, desipramine; DDMI, 
didesmethylimipramine; DOT, dothiepin; CIT, citalopram. The mean ± SD is indicated.

Table 4: Post-hoc comparisons between the means of concentration ratios in ghosts to the 
aqueous phase (GHO/SUP, see Table 3)*

 NOR IMI DMI DDMI DOT CIT

AMI <0.0001 0.9999 0.7856 0.2200 0.0002 0.0229
NOR <0.0001 <0.0001 <0.0001 0.0004 <0.0001
IMI 0.9172 0.3776 0.0006 0.0089
DMI 0.9686 0.0289 0.0001
DDMI 0.2808 <0.0001
DOT <0.0001

*Post-hoc p-levels for the Scheffé‘s test.
AMI, amitriptyline; NOR, nortriptyline; IMI, imipramine; DMI, desipramine; DDMI, 
didesmethylimipramine; DOT, dothiepin; CIT, citalopram. 
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In our study we introduced a straightforward tech-
nique affording in vitro measurement of drug distribu-
tion between plasma and RBCs or between water and 
membranes. Our method was based on measurement 
of time, temperature, and concentration dependence 
of AMI and NOR distribution in human blood. We 
found that it took a relatively long time (hours) till the 
equilibrium in whole blood was established compared 
to the rate at which balance was reached in the model of 
phospholipid membranes (liposomes) [14]. Obviously, 
this can be caused both by lower concentrations of free 
ADs in plasma and by a more difficult accessibility 
of the lipid part of cell membranes in the presence of 
integral and peripheral proteins. Our experiments sup-
posed that two-hour incubation at 37 °C is sufficient to 
reach equilibrium distribution of ADs between plasma 
and RBCs in whole blood (Fig. 1). The temperature 
dependence showed an increase in ADs accumula-
tion in erythrocytes with increasing temperature (Fig. 
2), which points to the role of the lipid part of cell 
membranes in ADs distribution between plasma and 
RBCs. On the other hand, no significant influence of 
various AD concentrations on the ERY/PLA ratio was 
observed, as far as these concentrations were less than 
3 μmol/L (Fig. 3), which is fulfilled under the physi-
ological conditions. An increase in the ERY/PLA ratio 
with high ADs concentrations can be explained by 
gradual saturation of their binding to plasma proteins, 
in particular to α1-acid glycoprotein [2], and it proves 
the previously described TCAs redistribution in the 
case of an acute overdose [1]. For AMI and NOR we 
found virtually identical distribution between RBCs 
and plasma as published before [2].

We measured distribution of seven ADs between RBCs 
and plasma in human blood or between ghosts and water 
(Tables 1 and 3). Significantly lower ERY/PLA ratios, i.e. 
smaller accumulation in RBCs, were observed for tertiary 
amines in comparison to their demethylated metabolites, 
i.e. for AMI versus NOR, IMI versus DMI, or IMI versus 
DDMI (Table 2). On the other hand, the ERY/PLA ratio 
was virtually identical for IMI and DOT (both being 
tertiary amines). These results imply an important func-
tion of the aminopropyl chain in the ADs distribution in 
blood. Besides the aminopropyl group all the tested ADs 
include a non-polar part composed of the dibenzazepine 
group for IMI, DMI, and DDMI, the dibenzothiepine 
group for DOT, the dibenzocycloheptane group for AMI 
and NOR, and phenylizobenzofuran for CIT. These 
groups are responsible for binding to hydrophobic bind-
ing sites in proteins and the lipid bilayer. AMI, IMI, and 
CIT have an identical dimethylaminopropyl chain bound 
to different cyclical parts of the molecule; therefore, these 
non-polar parts of molecules are evidently responsible 
for different ERY/PLA ratios of these drugs.

The comparison of the ERY/PLA and GHO/SUP 
ratios proved that the increased accumulation in RBCs 
for DMI and DDMI in comparison to IMI could not be 
explained by their increased binding into cell membranes 
resulting from the aminopropyl chain demethylation. 

This outcome corresponds with our previous findings, 
when we observed no significant differences in bind-
ing to model phospholipid membranes for these TCAs 
[14]. We suppose that the higher ERY/PLA ratios for 
demethylated IMI metabolites probably originate in their 
altered binding to plasma proteins [2]. The increased 
binding to RBCs for NOR in comparison with AMI is, in 
particular, due to the high NOR binding to a membrane 
that is enabled by the aminopropyl chain demethylation. 
The significantly higher binding to ghosts for DOT in 
comparison with IMI can be explained by the higher 
DOT binding into membranes, enabled by the distinct 
features of its tricyclic group. 

In comparison with TCAs, CIT showed the highest 
accumulation in intact RBCs and at the same time the 
lowest binding to isolated membranes. Such a behaviour 
of CIT can be explained by its lower binding to plasma 
proteins, because for TCAs the concentrations of the free 
(unbound) molecules in plasma are presented within the 
range of 4–16% [5,19,23,25,43], whereas for CIT within 
20–50% [18,37,47].

Considering the measurement of distribution of 
seven distinct ADs in whole blood and in the erythro-
cyte membrane suspension we can conclude that the 
ERY/PLA ratios are to a large extent characteristic of a 
particular AD. The measurement of ADs distribution 
between ghosts and water proved that the binding to 
isolated membranes is much higher without plasma 
and cytoplasm proteins than that to the intact RBCs in 
whole blood. This can be explained by the fact that ADs 
in blood are to a large extent bound to proteins and their 
transfer to the lipid part of cell membranes is determined 
by a relatively low concentration of a free AD. It can be 
speculated that RBCs/plasma concentration ratio can be 
used as one of parameters to study interindividual differ-
ences in response to pharmacotherapy.
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