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Abstract. Nine chronic schizophrenic patients selected from
three hospital departments were treated with flupentixol
(orally and IV) and cis(Z)-flupentixol decanoate in Viscoleo
(IM) in a three-phase pharmacokinetic study. Oral adminis-
tration (single and repeated dosage) showed a relatively slow
absorption with maximum serum concentration around 4h
after administration. Intravenous injection indicated multi-
compartment kinetics for cis(Z)-flupentixol. The biological
half-lives calculated after the different doses were the same,
indicating that the pharmacokinetics of cis(Z)-flupentixol
does not differ between single and repeated administration
and does not change when moderately higher doses are given.
The bioavailability of orally administered cis(Z)-flupentixol
was calculated to be about 40 9, with I'V injection as reference.
After IM administration maximum serum concentration was
seen between 4 and 10 days in most patients. Calculation of a
disappearance half-life gave very variable results, indicating
that the release of the drug from the oil depot is not a
monoexponential process. The intramuscular depot had a
much lower bioavailability than IV injection, which means
that steady state has not been obtained after 8 weeks of depot
treatment. Serum prolactin concentrations were elevated
during neuroleptic treatment, but no correlation was found
between prolactin concentrations and the serum concen-
trations of cis(Z)-flupentixol. A correlation between the
changes in clinical ratings and concentrations of cis(Z)-
flupentixol or prolactin was not found.
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The importance of establishing exact measures of the effect of
treatment with neuroleptic drugs has created an increasing
interest in estimation of drug levels. Previously, a serious
obstacle to such studies was that reliable analytical methods
were not available, but with the introduction of radioim-
munoassay techniques, and not least high performance liquid
chromatography, methodology is no longer a limiting factor.
Although the ultimate aim of blood level studies is to establish
a correlation between drug level and clinical effect in order to
guide the treatment by drug monitoring, it is obviously
essential to base such studies on fundamental pharmacoki-
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netic studies of the drug in question. The present study was
carried out to obtain such basic pharmacokinetic knowledge
of the neuroleptic drug cis(Z)-flupentixol in patients with
chronic schizophrenia. Cis(Z)-flupentixol has the advantage
over most other neuroleptic drugs of representing only one
active compound, the metabolites being devoid of neuroleptic
activity in pharmacological studies (Christensen, unpublished
data). Moreover, the drug is available in both oral and IM
depot forms, and a simple and reliable radioimmunoassay for
active drug is available (Jérgensen 1978). In addition to the
main object of the present study — to study the pharmacoki-
netics of cis(Z)-flupentixol in patients — we have measured
prolactin levels. By rating of the patient’s clinical condition
we have also attempted to correlate the levels of both cis(Z)-
flupentixol and prolactin with clinical outcome.

Materials and Methods

Patients. Thirteen chronic schizophrenic patients, who gave
informed consent to participate, were entered into the trial.
They were selected from three hospital departments as being
well stabilized on neuroleptic therapy. They were considered
suitable subjects for treatment with the several drug and
placebo regimens. Four of the patients dropped out very early
in the trial because they refused to allow blood samples to be
taken. Only the results from the nine patients who completed
the trial have been included in the present paper. They all had
severe chronic schizophrenia as defined by Schneider (1959).
Of the nine patients eight had been ill for more than 10 years.
The length of the total mental hospital stay was more than
1 year. Five of the nine patients were treated in an outpatient
setting, whereas the remaining four were chronic inpatients.
Details of the patients’ sex, age, duration of illness, body
weight, and height are shown in Table 1.

Drug Preparations. Fluanxol (H. Lundbeck & Co. A/S, Co-
penhagen) tablets containing 1 and 5 mg flupentixol were
used for oral administration of 10 mg or less. Fluanxol drops
containing 100 mg/ml flupentixol were used for oral doses
of more than 10mg. Injectable flupentixol containing
1 mg/ml flupentixol was used for IV injection. Flupentixol,
which is present in all these preparations, is a 1:1 mixture
of cis(Z)-flupentixol and trans(E)-flupentixol. For the IM
injections, Fluanxol Depot, 20 mg/ml of cis(Z)-flupentixol
decanoate in Viscoleo (Danish Soyacake Factory Ltd.,
Copenhagen) was used for doses below 100 mg and Fluanxol
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Patient Sex Age Duration of Body Height Repeated oral dose (mg) Fourth depot inj. (mg)
No. (years) disease weight (cm) Dose level Dose level

(years) (kg)

1 2 3 1 2

1 M 62 33 84 184 5 10 40 40 60
2 M 40 10 61 178 5 10 60 100 150
3 M 48 11 106 184 5 10 20 20 40
4 M 44 13 58 162 5 10 20 602 60
5 M 46 18 67 171 5 10 20 80 80
6 M 37 14 55 165 5 10 20 20 20
7 M 37 16 73 171 5 10 — 20 40
8 M 25 1 71 178 5 10 - 102 —
9 F 37 24 55 161 5 10 - 10 20
2 QOnly third injection on this dose
Table 2. Study design and dosage
Pre-treatment period Phase 1 Phase 2 Phase 3

(Single dose) (Repeated oral dose) (IM depot)

Single oral dose of 5 mg flupen-
tixol. Single IV dose of 2 mg
flupentixol

No neuroleptic drug for 3 weeks,
when treated orally, and for
3 months, when given IM depot

Repeated administration of 5 mg,
10 mg, and if possible higher doses flupentixol decanoate in Viscoleo

of flupentixol for 7 days. Last dose with intervals of 2 weeks. Two dose
is followed by a 6-day placebo

Repeated IM injection of cis(Z)-

levels each given four times

period

Depot, 100 mg/ml of cis(Z)-flupentixol decanoate in Visco-
leo, for doses of 100 mg or more.

Study Design and Dosage. As shown in Table2 the study
consisted of a pre-treatment period and a three-phase treat-
ment period made up of a single dose phase, a repeated oral
dose phase and an IM depot phase. The pre-treatment period
was a wash-out period without neuroleptic medication. The
duration of this period was 3 weeks if the patient was on oral
medication before entering the study, and 3 months if the
patient was on depot treatment. In phase 1 of the treatment
period single doses of Smg flupentixol orally and 2mg
flupentixol IV were given with an interval of 5 days. In phase 2
oral dose levels of 5 mg, 10 mg and in six patients a third level
of 20, 40, or 60 mg of flupentixol were given repeatedly once
daily for 7 days. The last dose was followed by a 6-day placebo
period. In phase 3 repeated IM injection of cis(Z)-flupentixol
decanoate in Viscoleo was given at fortnightly intervals at two
individualized dose levels, 10 — 100 mg and 20— 150 mg, each
given for 8 weeks. The last injection period was followed by an
8-week placebo period. The doses administered to the in-
dividual patients are shown in Table 1.

Blood Sampling. Venous blood samples for estimation of
cis(Z)-flupentixol were taken from the patients at various
times after administration. In phase 1 samples were taken
before and 2, 4, 6, 8, 12, 24, 48 and 72h after oral
administration, before and approximately 2, 10, 20 min, 1, 2,
4, and 24 h after IV injection. In phase 2 blood samples were
obtained after 1 week of treatment at time 0, 4, 8, 12, and 24 h
relative to the last dose on each dose level. At the highest dose
level samples were also drawn at 48, 72, and 96 h after the last
dose. In phase 3 blood samples were obtained in the first and
the fourth dosage interval on the first dose level, but only at

the fourth dosage interval on the second dose level. Blood
sampling times relative to injection were at 0, 1, and 4 h, 2, 4,
7, 10, and 14 days. In the final placebo period blood samples
were drawn weekly.

Venous blood samples for estimation of prolactin con-
centrations were obtained in the morning, after the patient
had been awake for 2 —3h and before they had received any
medication. Precautions were taken not to stress the patient
before and during blood sampling and the patient was only
allowed a light breakfast. The blood samples were taken at the
start of the study, before and at 24 h after the last dose on each
dose level with repeated oral administration (phase 2), and
before injection and at day7 and 14 in the depot dosage
intervals, in which blood samples for estimation of cis(Z)-
flupentixol were taken (phase 3).

The blood samples were taken from the cubital vein. Ten
to 15ml of blood were collected in a glass tube. After
coagulation and centrifugation the serum was removed and
frozen (—18°C). The samples were kept frozen until analysis
which was carried out within 6 months of collection of the
first samples.

Analytical Procedures. The serum concentrations of ¢is(Z)-
flupentixol were determined by a radioimmunoassay with a
limit of sensitivity of 0.2—0.3ng/ml and a good specificity
with respect to cis(Z)-flupentixol (Jprgensen 1978). During
administration of flupentixol the patients received the same
amount of the frans(E)-isomer as of the cis(Z)-isomer. The
trans(E)-isomer is co-estimated to about 79, but as the
cis(Z)/trans(E) ratio remains constant at around 1 (Muusze et
al. 1977) it is possible to correct for this interference. Cis(Z)-
flupentixol decanoate is co-estimated to about 6%, but the
serum concentration of this compound is considered to be too
low to influence the determination of cis(Z)-flupentixol after



60

injection of Fluanxol Depot (Jgprgensen 1978). The within-
assay standard deviation is 6—79%, and the between-assay
standard deviation is about 20 %,. Because of this difference
samples from the same patient were analysed in only two
assays, one following oral and IV administration and the
other following IM depot injection. The serum concen-
trations of prolactin were determined by a radioimmunoassay
utilizing *#°T and a double antibody technique (Kazuko et al.
1976). The relative standard deviation of the assay was 4—
59%. The prolactin estimations were performed by BIO-
DATA Lab., Kolding, Denmark.

Data Treatment. The biological half-life of cis(Z)-flupentixol
was determined after oral and IV administration by using the
terminal exponential declining part of the serum concen-
tration curve to obtain the elimination parameter f§, which is
— 2.303 x slope in a semilogarithmic system. The biological
half-life, 15, is then 0.693/f. The time periods used were
12—72h after single dose, 2—24h after IV injection, and
12— 96 h after the last dose with repeated oral administration.
In the same way a disappearance half-life could be estimated
after the last IM dose by using the concentration data from
2 weeks after administration and onward.

The areas under the serum concentration curves (AUC)
were calculated by the trapezoidal rule for a dosage interval
with repeated administration and from time0 to the last
measured point (72 h after oral administration and 24 h after
IV injection) for single dose administration. The remaining
part of the total area for single dose administration was
calculated from the formula AUC,_,, = C¢/B, in which Cis
the serum concentration at the last sampling time (7) and f is
aparameter calculated as described above. Based on dose and
AUC after IV injection the systemic clearance Cl, was
calculated from the formula:

dose
~ AUC
For the mutual correlations of dose, concentrations of cis(Z)-
flupentixol, prolactin concentrations and clinical assessments

we used Pearson’s product moment correlation coefficient
(Kendall and Stuart 1973).

Cl,

Clinical Assessments. The following rating scales were used to
assess the symptoms and signs as well as possible side effects
of the drug: Clinical Global Impression (CGI; a slightly
modified version of the scale described by Guy 1976), Brief
Psychiatric Rating Scale (BPRS), 16 items, (Overall and
Gorham 1962) and Extrapyramidal Side Effects Scale (EPS),
12 items, (Simpson and Angus 1970).

CGI and BPRS were completed in the morning of each
blood sampling day in phase 1. Phase 2 was the same except
that for the placebo period assessments were made only on
days 2 and 4. In phase 3 assessment were performed on days 0,
7, and 14 of the dosage intervals, during which blood were
taken, and at the end of weeks 2 and 8 in the placebo period.

The EPS scale was completed in the morning of each
blood sampling day in all three phases, except that they were
restricted to days 2 and 4 in the phase 2 placebo period.

Results

Serum Concentrations of cis( Z )-Flupentixol After Single Dose
Administration (Phase 1). Administration of a single dose of
5 mg flupentixol gave a serum concentration curve for cis(Z)-

flupentixol which in all nine patients reached a maximum at
4h after administration (seee. g., Fig. 1a). One patient (No. 2)
showed the same concentration at 2 h and three patients (Nos.
5, 6, 8) the same concentration at 6 h as that measured at 4 h.
The maximum serum concentrations ranged from 1.2 (No. 8)
to 2.5 (No.9) ng/ml.

From the exponentially declining serum concentration
curves biological half-lives were calculated for the period 12—
72h (Table 3). Mean biological half-life was 35.9h (SD 7.1,
range 27.6 —47.1). In one patient (No. 8) no half-life could be
estimated as the levels at 48 and 72 h were below the limit of
sensitivity of the analytical method.

Intravenous injection of 2 mg flupentixol gave very high
serum concentrations when measured within a few minutes of
administration. The initial high serum concentration was
followed by a very rapid decline which after about 1 h passed
into a slowly declining curve (Fig. 1b). In six of the nine
patients a biological half-life could be estimated from the
concentrations measured at 2, 4, and 24 h after administration
(Table 3), whereas in three patients (Nos. 1, 7, 8) it was clearly
seen that the decline was not exponential. The mean systemic
clearance, CL,, was 0.29 (SD 0.13) I/min, (range 0.15—0.51).

Serum Concentrations of cis(Z )-Flupentixol After Repeated
Oral Administration (Phase2). The serum concentration
curves after repeated oral administration resembled those
seen after single oral administration (Figs. 1c and 2a). In all
but a few cases the maximum serum concentration was seen at
4h after administration. The data indicate that the patients
have only reached steady-state conditions with the 5 mg dose,
since for the 5 mg dose level the 24-h serum concentration did
not differ significantly from the 0 h value (Sign test, P = 0.50),
whereas the 24-h value was significantly higher than the 0-h
value at the 10 mg dose (P = 0.004) and at the higher doses
taken together (P = 0.03). For the 5mg dose the mean ratio
of maximum serum concentration to minimum serum con-
centration (the minimum taken as the mean of the 0- and 24-h
values) was 2.2 (range 1.4—3.0). The last two serum con-
centrations on the highest oral dose, together with the
concentrations measured in the placebo period following the
highest dose, showed an exponential decline and enabled us to
estimate a biological half-life in all patients (Table 3). The
half-lives ranged from 22—44h with a mean (SD) of 33.9
(7.3).

Although some variation in the biological half-life
(Table 3) was seen within the individual patients the half-lives
calculated after the three different treatments, single oral
administration, IV injection and repeated oral adminis-
tration, showed a good agreement. The total mean (SD) was
34.7(9.5) h, a value which is close to the means found for each
of the three individual treatments.

Serum Concentrations of cis( Z )-Flupentixol After Injection of
cis(Z )-Flupentixol Decanoate (Phase3). The two samples
drawn at 1 and 4h on the day of injection had concentrations
of cis(Z)-flupentixol which were equal to the serum con-
centrations measured in the samples drawn immediately
before the injection of cis(Z)-flupentixol decanoate in
Viscoleo. Thus, rather than showing an immediate rise, the
serum concentration rose slowly to reach a maximum value
4— 10 days after injection in most patients. In a few cases the
maximum was seen as early as 2 days and in one case as late as
14 days after injection. An example of a fourth injection
serum concentration curve is shown in Fig. 1d and a mean
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Fig. 1a—d. Serum concentrations of cis(Z)-flupentixol (ng/ml) in samples from patient No. 6. a Single oral dose; b single IV dose; ¢ repeated oral dose;

d repeated IM depot injection

Table 3. Biological half-lives of cis(Z)-flupentixol

Patient Single oral dose Repeated oral dose IV inj. Repeated oral dose as % 1V inj.
No. of single oral dose as % of single dose
1 27.6 31.4 - 114 —

2 37.2 40.1 47.0 108 126

3 45.6 36.3 47.0 80 103

4 324 44.3 20.9 137 65

5 47.1 34.6 249 74 53

6 354 35.0 50.2 99 142

7 31.0 38.2 — 123 —

8 — 23.6 — — -

9 31.2 22.0 15.4 U 49
mean (SD) 359 (7.1) 33.9 (7.3) 34.2 (15.5) 101 (24) 90 (40)

Total mean (SD): 34.7 (9.5)

concentration curve normalized to a 40 mg dose is shown in
Fig.2b. As expected the 14-day serum concentration was
significantly higher than the pre-injection concentration (sign
test, P = 0.035) at the first injection, whereas the correspond-
ing values were similar at the fourth injection on each dose
level. Two patients (Nos. 4, 5) who had had their dose
changed between the first and the fourth injection, were
excluded from the latter comparison. The maximum/
minimum (mean of pre-injection and 14-day value) con-
centration ratio in the fourth dosage interval ranged from 1.2
to 5.3 with an overall mean (SD) of 2.4 (1.2). For the fourth
dosage interval significant correlations were found for dose

against minimum serum concentration (r = 0.93, P = 1.00),
maximum serum concentration (r = 0.88, P = 1.00), and
AUC (r = 0.92, P = 1.00). The two former correlations are
shown in Fig. 3. No correlation was found for dose against
maximum/minimum ratio. On the assumption that the serum
concentration curve had a monoexponential decline from
14 days after the last injection and onwards, a disappearance
half-life could be estimated in six patients. In three patients
(Nos. 2, 4, 7) the curves were clearly non-exponential and no
half-life was estimated. The calculated disappearance half-

lives showed a very large variation, from 5~ 113 days with a
mean (SD) of 46 (40).
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Table 4. Areas under the serum concentration curves (AUC) from periods with single dose administration and periods with the patient in steady state.

AUC values are given ng/ml x h per mg dose of cis(Z)-flupentixol

Patient Single oral Repeated IV dose IM depot IM depot Mean oral AUC
No. dose oral dose 2 mg dose level 1 dose level 2 as % of IV
5 mg 5 mg fourth injection fourth injection AUC
1 20.2 20.2 83.7 9.9 21.0 24.1
2 17.8 222 68.2 35.0 31.4 29.3
3 51.5 28.3 109.0 17.7 28.9 36.6
4 26.4 27.6 39.8 - 27.6 67.8
5 16.4 20.2 539 - 532 34.0
6 26.8 21.8 102.8 25.5 : 384 23.6
7 26.1 274 66.5 29.9 317 40.2
8 10.5 13.9 329 — — 374
9 27.5 30.8 411 — 17.6 70.9
Mean (SD) 24.8 (11.6) 23.6 (5.3) 66.4 (27.5) 28.8 (11.2) 40.4 (17.4)
N&/ML NG/ML
. . 16— . ¢

5 MG FLUPENTIXOL P.0.,

4— REPEATED DOSAGE
Mean * s.p., N=8

0 4 8 12 HOURS 2

b

40 M6 c15{Z)-FLUPENTIXOL DECANOATE 1.M.
REPEATED INJECTION
Mean 5D, N=8

i | | ) l l

0 2 4 7 10 DAYS 1
Fig.2a and b. Mean serum concentrations of cis(Z)-flupentixol (vertical
bars give + SD). a 5 mg flupentixol orally for 7 days; b cis(Z)-flupentixol
decanoate in Viscoleo given with fortnightly intervals for 8 weeks. The
concentrations are normalized to a 40 mg dose

Estimation of Areas Under the Serum Concentration Curves
(AUC). The AUC values in ng/ml x h per mg dose of cis(Z)-
flupentixol have been calculated for the two periods with
single dose administration and for the repeated dose period
during which the patients are considered to be in steady-state
i.e. single oral dose (5 mg), IV injection (2 mg), repeated oral
dose with 5 mg and the fourth injection of depot on each dose
level (Table 4). Apart from patient No. 3 who had a very high
single dose AUC, the AUC values of the two oral doses were
in good agreement with each other, with a mean AUC (SD)
for all patients of 24.2 ng/ml x h per mg (8.8). When body
weights were taken into account the relative SD became
higher and the mean (SD) was 1744 ng/ml x h x mg/kg (1048).

- ¥ =0.93+0,13 x

r=1088

v =-0,084 + 0,044 x
r =093

|

Q 0 40 60 80 100 Dose 1w MG/2 WEEKS 150
Fig.3. Correlations between the serum concentrations of cis(Z)-
flupentixol given as the maximum values (closed circles) and the
minimum values (open circles) after treatment with 2-week intervals for
8 weeks

The AUC after IV injection was higher than that found after
oral administration with all patients. When expressed in
relative terms the mean oral AUC of each patient was 24—
71 % of the IV AUC (mean 40.4, SD 17.4). The AUC values
after IM injection in general show poorer agreement between
the two periods and a somewhat higher standard deviation
than seen with the two oral treatments. Mean (SD) for AUC
after IM injection was found to be 28.8 (11.2) ng/ml x h per
mg and 2013 (776) ng/ml x h per mg/kg. The oral mean AUC
relative to IM mean AUC was found to be 34—171 9, with
mean (SD) 101.9 (49.6).

Serum Prolactin Concentrations. The serum prolactin con-
centrations are shown in Table 5. The prolactin levels are in
general elevated compared to the starting value, but only the
highest oral dose and day 7 in the first depot interval give a
significant difference. A significant correlation between risein
serum prolactin concentration relative to the starting value
and serum cis(Z)-flupentixol concentration could not be
demonstrated. Neither could changes in prolactin between
different administrations or within the same administration
interval be found to correlate to changes in cis(Z)-flupentixol
concentration.
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Table 5. Prolactin serum concentrations (ug/l)

Phase Day 1 2 3 4 5 6 7 8 9

1 0 8.0 8.0 12.9 19.6 3.7 12.6 5.9 12.6 31.9

2 7 16.8 11.2 14.1 13.7 4.0 20.3 11.7 25.8 96.3

2 8 10.2 14.8 13.7 13.9 438 11.5 10.9 22.3 69.9

2 14 232 11.8 21.3 13.4 6.8 22.8 20.9 — 143.2

2 15 16.1 8.9 19.4 12.9 7.3 221 15.7 - 122.7

2 21 35.4 33.8 354 22.5 22.1 15.7 — 21.8 -

2 22 37.4 23.8 31.4 232 18.3 33.2 — 26.7 —

3 0 14.2 5.2 7.1 4.0 3.0 12.6 11.9 22.0 271

3 7 23.5 30.2 16.6 26.8 31.9 251 12.4 26.4 354
3 14 18.3 10.0 17.5 43 3.9 154 11.9 14.5 413

3 42 39.8 12.6 11.2 6.3 4.4 171 11.5 — 324

3 49 31.0 19.8 13.6 7.3 38.0 18.0 10.9 — —

3 56 20.3 7.7 10.1 6.5 5.2 16.2 12.3 — 27.5

3 98 24.0 14.4 14.4 26.4 34.0 17.8 14.8 — 39.9

3 105 17.7 21.8 13.6 32.8 23.4 17.4 17.8 — 36.32
3 112 10.8 8.6 10.0 12.3 7.7 14.7 9.2 — 374

* Sample from day 3 of the dosage interval instead of day 7 as planned

Clinical Assessments. A correlation analysis was performed
for the cis(Z)-flupentixol serum values and prolactin serum
concentrations against the data obtained from the three
rating scales for each patient. No correlation was found
between the serum concentrations of the active drug or
prolactin and the results from the scales. Therefore, we do not
consider that the individual patient data merit discussion in
this paper.

The CGI was between 2 and 4 in seven patients. Two
patients reached degree 6—7 for short periods during the
trial. The scores on the 16-item BRPS scale decreased slightly
during the trial. The mean total score on entry was 14.4, at the
end of the second depot period 12.2 and at the end of the last
placebo period 11.3. Two of the patients showed dete-
rioration during the 8-week placebo period. The total EPS
score ranged between 1 and 5 and no significant changes were
found. The patients did not report extrapyramidal symptoms.
No antiparkinsonian drugs were used during the study.

Discussion

The preparations used for oral and IV administration contain
flupentixol, which is a 1:1 mixture of the two geometrical
isomers, cis(Z)- and trans(E)-flupentixol. Pharmacological
(Mgller Nielsen et al. 1973) and clinical (Johnstone et al. 1978)
studies have shown that only the cis(Z)-isomer possesses
neuroleptic activity whereas the trans(E)-isomer is devoid of
this activity. It seems therefore relevant only to measure
serum concentrations of cis(Z)-flupentixol as we have done in
this investigation. We have no direct comparison of the
kinetics of cis(Z)-flupentixol given alone and together with
trans(BE)-flupentixol, but for the closely related drug clopen-
thixol it has been shown in volunteers that administration of
doubletheamountofthe trans(E)-isomer doesnotinfluence the
kinetics of the cis(Z)-isomer (Aaes-Jgrgensen, unpublished
data). The dose of clopenthixol, cis(Z)/trans(E)-mixture, was
30mg in this investigation. The depot preparation cis(Z)-
flupentixol decanoate in Viscoleo, contains the pure cis(Z)-
isomer although in an ester form. However, the ester form is

hydrolysed rapidly in the body to liberate cis(Z)-flupentixol
which must be considered the active drug (Jérgensen et al.
1971). The major metabolites of flupentixol are flupentixol
sulphoxide and N-dealkyl flupentixol (J¢rgensen et al. 1969).
These metabolites have no neuroleptic activity in pharma-
cological studies (Christensen, unpublished data) and they do
not interfere with the assay of cis(Z)-flupentixol to any
significant degree (Jorgensen 1978). The available data thus
make it reasonable only to measure cis(Z)-flupentixol in
schizophrenic patients treated with flupentixol or cis(Z)-
flupentixol decanoate.

The biological half-life of cis(Z)-flupentixol as estimated
after oral and IV single dose and oral repeated dosage is about
35h. This is somewhat more than found for some other
neuroleptic drugs, e.g. haloperidol, #,, = 19.5h (Forsman
and Qhman 1977), perphenazine, ;, = 9.4h (Eggert Hansen
et al. 1976), fluphenazine, #;, = 16.4h (Dysken et al. 1981)
and most antidepressant drugs (Molnar and Gupta 1980).
The fact that the half-lives estimated after low doses given as
single dose and higher doses given repeatedly are identical
indicates that neither repeated administration nor moderately
higher dosage influence the elimination of cis(Z)-flupentixol.
The half-lives found in the patients are in good agreement
with earlier reported half-lives of 19 — 38 h estimated in male
human volunteers (Jgrgensen 1980).

The time of maximum serum concentration (4h) after
single oral administration indicates that the absorption of
cis(Z)-flupentixol is relatively slow. This, together with a half-
life of more than 24 h, shows that once daily administration of
flupentixol tablets is reasonable from a pharmacokinetic
point of view, an impression which is further supported by a
limited fluctuation of the serum concentration with 5mg
flupentixol tablets given once daily. With repeated oral
administration, comparison of time 0 and 24h serum con-
centrations shows that the patients have only reached steady-
state conditions with the lower dose whereas with the higher
doses steady-state has not yet been reached. The reason for
this phenomenon is obscure, but it seems very unlikely that
doses of the magnitude given in the present study can cause
saturation of any transport/biotransformation process. With
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a biological half-life as long as 35 h a treatment time of 7 days
is about the limit time needed to reach steady-state.

The multiphased decline in the serum concentration after
IV injection clearly demonstrates that pharmacokinetically
cis(Z)-flupentixol follows a multicompartment model. The
small number of data points, however, does not allow a
computer analysis to elucidate this aspect further. Jorgensen
(1980) has done computer analysis with data obtained after
IV infusion of cis(Z)-flupentixol to human volunteers, but did
not come closer to a solution than to suggest that three or
more compartments are needed to describe the kinetics of
cis(Z)-flupentixol.

As we have found in animal studies that the presence of
free cis(Z)-flupentixol base in the cis(Z)-flupentixol de-
canoate preparation can cause high concentrations of c¢is(Z)-
flupentixol a few hours after injection, we have drawn blood
samples at 1 and 4h after IM injection and compared the
concentrations with those of the pre-injection samples. The
fact that we did not find an increase in the concentrations on
the day of injection shows that free cis(Z)-flupentixol base is
not present in the cis(Z)-flupentixol decanoate preparation to
any significant degree. This phenomenon has also been
investigated for fluphenazine decanoate in sesame oil
(Modecate) and different authors (Curry et al. 1978, 1979;
Nasrallah et al. 1978; Wiles 1979; Wiles and Gelder 1979)
have reported the presence of peak concentrations on the day
of injection. The last mentioned authors, who carried out the
most thorough investigation, found that in 18 patients from
different hospitals the mean time of the peak concentration
was 3.3 h and that the peak height was 1.2—12.6 times the
pre-injection concentration. A clinical report has indicated
that these early peaks may be of practical importance in
causing side effects on the day of injection (Curry et al. 1979).

The general appearance of the serum concentration curves
after injection of cis(Z)-flupentixol decanoate in Viscoleo
together with the time of peak around 7 days after injection
clearly demonstrate the depot properties of the cis(Z)-
flupentixol decanoate preparation as also reported earlier
(Jorgensen 1980; Stauning et al. 1979). The depot effect in all
probability depends on a slow release of cis(Z)-flupentixol
decanoate from the oil vehicle, as we know from animal
studies that the hydrolysis of the decanoic ester is rapid
(Jorgensen et al. 1971), and thus cannot be the rate limiting
step. Since the slowest in a series of processes is the one

_determining the declining part of the serum concentration
curve, the estimated disappearance half-lives refer to release
of ester from the depot and are not elimination half-lives. The
shortest disappearance half-lives of 5.3 and 11.3 days (Nos. 1,
7) were fountd in patients in whom the concentrations after the
Jast injection rather rapidly went below the limit of sensitivity
of the radioimmunoassay whereas the longest half-lives of
112.6 and 69.2 days (Nos. 3, 6) were found in cases where the
serum concentration could be measured for a long time after
the last injection. Thus a probable explanation for the large
variability in the disappearance half-lives is that the release
from the oil vehicle is not a monoexponential process, but that
some part of the ester is released relatively rapidly whereas
some persists in the muscle for a very long time. From this it
follows that the magnitude of the disappearance half-life
which one estimates will depend on the part of the curve used,
and that the validity of this half-life is questionable. Using
concentration data obtained at day 14, 21 and 28 after dosing
to steady-state, Jorgensen and Fredricson Overg (1980) have
calculated relatively short half-lives for cis(Z)-flupentixol

palmitate and clopenthixol decanoate in Viscoleo (17.3 and
19.2 days, respectively).

The area under the serum concentration curve (AUC)
calculated from time 0 to infinity with single dose adminis-
tration and for a dosage interval with repeated dose adminis-
tration at steady-state is an expression of the systemic
availability of drug from an administered drug preparation.
By definition I'V injection gives 100 % systemic availability, so
the bioavailability of cis(Z)-flupentixol from tablets is seen to
be about 40 9 (Table 4). This reduced bioavailability could be
due to incomplete absorption after oral administration. How-
ever, since absorption has been shown to be complete in rats
(Jorgensen et al. 1969) a more probable explanation is that
cis(Z)-flupentixol is partly metabolized on passage through
the gut wall and the liver during absorption (first-pass
metabolism). The bioavailability after oral administration
tends to be lower than the mean bioavailability figure of 559
found in volunteers (Jorgensen 1980), but the difference is not
significant. The AUC values after the fourth injections of the
depot preparation (Table4) are surprisingly low, as IM
injection should also give complete bioavailability. However,
the precondition for using the AUC from a single dosage
interval is that the patient is at steady-state, and this does not
seem to be the case at the fourth injection, because part of the
oil depot releases the drug with a very long half-life. Based on
the bioavailability figure of 40 % for oral administration, and
the precondition that IM depot injection gives complete
bioavailability, the pharmacokinetically equivalent doses
would be: 10mg flupentixol orally per day corresponds to
40mg cis(Z)-flupentixol decanoate IM every fortnight (at
steady-state).

All the nine patients who entered the trial were chronic
schizophrenics, which is clearly demonstrated by the data
given earlier in this paper. Moreover, nearly all the patients
had been treated with neuroleptics for a fairly long time. They
therefore seemed to be representative of the patient whois a
candidate for maintenance treatment and also for long-acting
neuroleptics. Such aspects must be considered relevant in
respect of the heterogeneity of schizophrenic patients treated
with neuroleptics. For a critical review on such aspects see
May and van Putten (1978). Three out-patients belonged to
the very strictly defined subgroup for depot neuroleptics.
They did not differ in kinetic parameters from the chronic in-
patients.

No consistent association between serum flupentixol
values and results from the rating scales could be de-
monstrated. However, that is not surprising because the
chronic patients chosen for this study were already in a stable
phase in the long-term neuroleptic treatment programime.
Such patients usually demonstrate only slight variations in
the target symptom profile and side effects, except at changes
of the treatment programme or if a release occurs. It is also
well known that many such patients usually do not show any
symptom change during a time-limited drug withdrawal
period. The wash-out period was restricted with that knowl-
edge in mind. Therefore no relapse symptoms appeared nor
did any target symptom decrease when the patients were given
the neuroleptic agent, i.e., flupentixol, again.

The effect of neuroleptic treatment on the serum prolactin
level has been studied extensively during the past decade. It
has been shown that acute treatment with a neuroleptic drug
leads to pronounced increase in the proiactin level (Meltzer et
al. 1976; Langer et al. 1977; Wiles et al. 1976), whereas old
patients treated for a very long time showed almost normal



prolactin levels (Beumont et al. 1974; Rivera-Calimlim et al.
1976; Kolakowska et al. 1976a). This effect may be com-
bination of tolerance development (Naber et al. 1979) and
structural changes in the brain. We did not find a significant
correlation between increase in prolactin during treatment
and concentration of neuroleptic drug, although we found
that the neuroleptic treatment leads to increase in prolactin.
The fact that no correlation was found between change in
prolactin and change in clinical parameters may be due to the
selection of very stable patients. However, this finding is in
accordance with previous investigations (Rivera-Calimlim et
al. 1976b; Bjerkenstedt et al. 1977; Bjgrndal et al. 1980). The
reason may also be that prolactin and schizophrenia are
linked to separate dopamine systems, which are differently
influenced by neuroleptic drugs.
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