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Introduction
Approximately 10% of the schizophrenic patients, whose serum 

concentrations for CLO, OLA or QUE are tested in our therapeutic 
drug monitoring laboratory, are co-medicated with one of these beta-
blockers: MET, PRO, BIS, NEB or CAR.

One possible complication of using this combination may be 
pharmacokinetic interactions. Both substance classes are metabolized 
by the same CYP-isoenzymes, especially CYP2D6, which is inhibited 
by representatives of both substance classes. CLO and PRO are both 
described as CYP2D6 inhibitors [1-5]. Data concerning a CYP2D6 
inhibitory effect of MET are inconsistent. In some studies MET is 
characterized as a weak inhibitor [3,6], in other references no inhibitory 
effect could be observed [5,7,8]. All considered drugs are substrates 
of CYP2D6 [9-17] and therefore could be affected by the inhibitory 
effect of CLO, PRO and MET. OLA is an inhibitor of CYP1A2 and can 
cause interactions with PRO and CAR, which are both metabolized 
via CYP1A2 [18]. Inhibition of these enzymes could slow down the 
metabolism of these drugs, eventually resulting in increased serum 
concentration and increased risk of side effects. Altered serum 
concentrations and increased adverse side effects caused by the 
CYP2D6-inhibitors cimetidine and quinidine are described for MET 
[19-23], PRO [20,21,24,25] NEB [26] and CLO [27].

In addition to pharmacokinetic interaction between the 

described antipsychotics and beta-blocking agents, there could be 
pharmacodynamic interactions, too. Both substance classes can cause 
similar adverse events, which may lead to additive effects. Antipsychotics 
as well as beta-blockers are associated with weight gain [28-31]. and 
increase of serum triglycerides [32-39]. Several studies investigated 
the onset of Type II diabetes mellitus in patients treated with CLO and 
OLA [39-43]. Antipsychotics and beta-blockers can alter serum glucose 
levels [29,44-46]. Further adverse effects include impaired glucose 
tolerance caused by CLO and PRO [28,40] and decreased insulin 
sensitivity induced by MET and PRO [38,47]. Concomitant treatment 
with antipsychotics and beta-blockers increases the adverse effects of 
both, which may be a potential risk factor for metabolic syndrome, may 
increase the risk of new onset of Type II diabetes mellitus and impair 
management of existing diabetes mellitus.

The purpose of the present study was to investigate the 
pharmacokinetic interactions between different combinations of 
antipsychotics and beta-blockers to prevent unnecessary adverse effects.
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Abstract
The purpose of this study was to evaluate a potential pharmacokinetic interaction between antipsychotics 

(quetiapine QUE, clozapine CLO and olanzapine OLA) and beta-blockers (metoprolol MET, propranolol PRO, 
bisoprolol BIS, nebivolol NEB and carvedilol CAR). Antipsychotics and beta-blockers are metabolized by the same 
cytochrome-P450 (CYP)-isoenzymes, which are inhibited by representatives of both substance classes. Pooled 
human liver microsomes (HLM) and recombinant CYP isoenzymes were used to determine whether the investigated 
antipsychotics and beta-blockers inhibit the metabolism of each other. Drug concentrations have been measured 
by high performance liquid chromatography (HPLC) with ultraviolet (UV) detection. Experiments with HLM showed 
that the metabolism of QUE as well as CLO slowed down in presence of CAR. There was no significant difference 
between the metabolism of the antipsychotics alone and the metabolism in combination with BIS, NEB and the 
two known CYP2D6-inhibitors MET and PRO. Experiments with recombinant CYP2D6 demonstrated an inhibitory 
effect on the metabolism of QUE and CLO by MET, PRO, NEB and CAR. The results suggest that CAR is also 
an inhibitor of other CYP enzymes, which are involved in the metabolism of CLO and QUE. It is assumed that 
CYP2D6 is a minor pathway of the antipsychotics and that the CYP2D6-inhibitory-effect of MET, PRO and NEB is 
compensated through a higher metabolism rate via the metabolic pathways of the other CYP-isoforms.
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was mixed by the measurement system. Until minute 2, samples were 
delivered to the pre-cleaning column. At minute 2, the switching valve 
was set to the analytical position and the analytical eluent delivered the 
sample to the analytical column in backflush mode. At minute 4, the 
valve was set back to the starting position. Chromatographic separation 
was performed applying a gradient consisting of 10% methanol in 
buffer pH 3.1 and acetonitrile. The acetonitrile content was set to 
8% until 8 minutes. Then the content of acetonitrile was increased 
by 1% acetonitrile/min, to 40% at the end of the total run time of 40 
minutes. Retention times of OLA, MET, BIS, PRO, CLO, QUE, CAR 
and NEB were 10.89 min, 20.30 min, 25.97 min, 29.72 min, 30.39 min, 
32.19 min, 36.97 min and 39.21 min, respectively. Calibration curves 
were constructed by spiking a potassium phosphate buffer (pH 7.4)/ 
acetonitrile mixture (1:1) with OLA, MET, BIS, PRO, CLO, QUE, CAR 
and NEB in 3 concentrations: 62.5 ng/ml, 250 ng/ml and 1000 ng/
ml, respectively. A quality control sample was measured in each run 
at a concentration of 500 ng/ml. The chromatograms were monitored 
and integrated by the Chromeleon software version 6.80 SR13 from 
ThermoFisher (Idstein, Germany).

Statistical analysis

All results are expressed as mean (± S. D.). Statistically significant 
differences in concentrations were tested with a t test using SigmaPlot 
10.0 (Systat Software Inc., San Jose, CA, USA).

Results
Influence of beta-blockers on the metabolism of antipsychotics 
via HLM

As shown in Figure 1, in experiments using HLM, only CAR 
inhibited the metabolism of QUE and CLO. The metabolism of OLA 
was not affected. Even the two known CYP2D6 inhibitors MET and 
PRO did not slow down the metabolism of the antipsychotics.

OLA was slowly metabolized, after 90 min only 6% (7.2) of OLA 
was degraded. No significant difference could be observed between the 
metabolism of OLA alone and in combination with the beta-blockers.

After 20 min, 50% of QUE was metabolized. After 90 min, only 6% 
(1.8) of the parent drug remained. In combination with CAR, 72% (2.1) 
of QUE was left after 90 min, which represents a statistically significant 
difference (p<0.001). In combination with BIS, MET, PRO and NEB 
the QUE concentration after 90 min was at 6% (0.9), 7% (1.3), 8% (1.8) 
and 10% (1.1). The four beta-blockers had no significant effect on the 
metabolism of QUE.

After 90 min, 65% (1.7) of CLO remained. In combination with 
CAR, 87% (4.4) of CLO was left. CAR decreased the metabolism of CLO 
by 34%. The difference in CLO metabolism between CLO alone and in 
combination with CAR was not significant at 15 min. However, after 
30 min the inhibition of the metabolism of CLO was significant with 
p<0.05 and at 60 min and 90 min with p<0.01. In combination with 
BIS, MET, PRO and NEB, the concentration of CLO after 90 min was 
at 61% (4.4), 65% (3.2), 69% (5.0) and 71% (2.2) of the concentration 
at time zero, respectively. The four beta-blockers had no significant 
influence on the metabolism of CLO.

The metabolism rate of QUE was higher than for CLO. Six percent 
(1.8) of QUE was left after 90 min. In comparison, 65% (1.7) of CLO 
remained after 90 min. OLA was metabolized to the lowest extent. 94% 
(7.2) of OLA was left after 90 min.

Materials and Methods
Chemicals and reagents

Metoprolol tartrate, propranolol hydrochloride, carvedilol, 
nebivolol hydrochloride, olanzapine and clozapine were purchased 
from Sigma-Aldrich (Seelze, Germany). Quetiapine hemifumarate was 
kindly supplied by Astra Zeneca GmbH (Wedel, Germany). Bisoprolol 
hemifumarate, di-potassium hydrogen phosphate trihydrate, dimethyl 
sulfoxide, HPLC-grade acetonitrile, HPLC-grade methanol and ortho-
phosphoric acid were acquired from Merck (Darmstadt, Germany). 
Potassium dihydrogen phosphate was purchased from Carl Roth 
(Karlsruhe, Germany). Pooled human liver microsomes, recombinant 
CYP Supersomes and NADPH regenerating system were purchased 
from Corning (Woburn, MA). Water used for preparation of stock 
solutions, buffer and mobile phases, was deionized and filtered by the 
water purification system Arium® basic from Sartorius (Goettingen, 
Germany).

Enzyme assay

The experiment was carried out according to the CYP Corning-
SupersomesTM and Mammalian Liver Microsomes Guidelines for Use. 
Incubation mixtures contained 40 µl NADPH Regenerating System 
Solutions A (1.3 mM NADP+, 3.3 mM glucose 6-phosphate and 3.3 
mM MgCl2, final concentrations), 8 µl NADPH Regenerating System 
Solutions B (0.4 U/ml glucose-6-phosphate dehydrogenase, final 
concentration) and 3.2 µl substrate (10 µM, final concentration) in 
0.5 M potassium phosphate buffer (pH 7.4) to a final volume of 800 
µl. After pre-incubation (5 min at 37°C), the reaction was initiated 
by addition of 20 µl HLM (0.5 mg of protein/ml, final concentration) 
or recombinant CYP Supersome (0.025 pmol of P450/ml, final 
concentration). After mixing, a reference sample was withdrawn 
immediately, and the reaction was stopped by adding the sample to 
the same volume of iced acetonitrile. The remaining mixture was 
incubated at 37°C and 300 rpm in a Thermomixer comfort (Eppendorf, 
Hamburg, Germany). After 15, 30, 45, 60, 75 and 90 minutes, 90 µl 
from the incubated mixture was withdrawn and added to 90 µl iced 
acetonitrile. The mixture was centrifuged at 13.000 × g, at 5°C for 3 
minutes. The supernatant was withdrawn from the protein pellet and 
analyzed by HPLC-UV.

HPLC assay

Analyses of CLO, QUE, OLA, MET, PRO, BIS, NEB and CAR were 
performed with a validated HPLC-UV method. The HPLC system 
consisted of an Ultimate 3000 autosampler, a binary low-pressure 
gradient pump P680, a programmable column heater TCC100 and a 
variable wavelength photodiode array detector UVD 170U, all from 
ThermoFisher (Idstein, Germany). All analyses were performed with 
a Security Guard Cartridge Gemini Phenyl-Hexyl 4 × 3.0 mm pre-
column coupled to the analytical column Gemini Phenyl Hexyl 110A 
250 × 4.6 mm (5 µm), both obtained from Phenomenex (Aschaffenburg. 
Germany). Pretreatment was carried out on a LiChrospher RP-4 ADS 
extraction column (25 μm) from Merck (Darmstadt, Germany). The 
process of switching from extraction column to the analytical column 
was executed by an electric 6-port valve. The volume of injection was 
125 µl. Autosampler temperature was set to 20°C and column heater 
temperature to 30°C. Three different UV wavelengths were used for 
detection of the analytes: PRO, NEB, CLO and QUE at 215 nm, MET 
and BIS at 226 nm and OLA and CAR at 242 nm. The flow rate was set 
to 1.0 mL/min. The extraction column eluent (8% acetonitrile in water) 
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Influence of beta-blockers on the metabolism of the QUE and 
CLO via recombinant CYP2D6

In the experiments with recombinant CYP2D6, the four beta-
blockers MET, PRO, CAR and NEB slowed down the metabolism of 
QUE and CLO (Figure 2).

After 90 min, 3% (1.6) of QUE remained. In combination with 
MET, PRO, CAR and NEB, the remaining concentration of QUE 
after 90 min was 23% (6.7), 69% (2.6), 64% (12.0) and 88% (1.7) of the 
concentration at time zero, respectively. Concomitant with MET, PRO, 
CAR and NEB, there was a 7.7-fold, 23.0-fold, 21.3-fold and 29.3-fold 
reduced metabolism rate of QUE, respectively. The difference between 
QUE alone and in combination with MET was not significant at 15 
min. A significant difference was documented after 30 min (p<0.01) 
and 90 min (p<0.001). In combination with PRO, CAR and NEB, the 
inhibition of the QUE metabolism was statistically significant at 15 min 
(p<0.01) and after 30 min (p<0.001).

After 90 min, 9% (0.5) of CLO remained. In combination with 
MET, PRO, CAR and NEB, the concentration of CLO after 90 
min stayed at 16% (0.5), 58% (5.2), 64% (1.1) and 86% (1.3) of the 
concentration at time zero, respectively. Incubated with MET, PRO, 
CAR and NEB, there was a 1.8-fold, 6.4-fold, 7.1-fold and 9.5-fold 
increase of the concentration of CLO, respectively. The difference 
between CLO alone and in combination with MET was not significant 
at 15 min. After 30 min the difference was significant with p<0.01 and 
after 60 min with p<0.001. In combination with PRO, CAR and NEB, 
the inhibition of the metabolism of CLO was at any time statistically 
significant (p<0.001).

QUE was metabolized to a slightly higher extent than CLO via 
CYP2D6. After 90 min 3% (1.6) of QUE and 9% (0.5) of CLO was left. 
MET proved to be a weak CYP2D6-inhibitor, whereas NEB showed the 
strongest inhibitory properties. 

Influence of antipsychotics on the metabolism of beta-
blockers via HLM

As shown in Figure 3, the antipsychotics QUE, CLO and OLA 
did not inhibit the metabolism of MET, PRO, CAR, NEB and BIS. 
In combination with CLO, the concentration of NEB (32%, 6.5) after 
90 min was significantly lower than the concentration of NEB when 
incubated alone (46%; 4.0). The difference was statistically significant 
(p<0.05) at any time, at 60 min and 75 min with p<0.01.

After 90 min, 82% (4.6), 61% (8.1), 32% (6.5), 46% (4.0) and 
95% (2.6) of MET, PRO, CAR, NEB and BIS remained, respectively. 
CAR and NEB were metabolized to the highest extent, whereas the 
metabolism of BIS was low.

Influence of OLA on the metabolism of PRO and CAR via 
recombinant CYP1A2

In the experiment with recombinant CYP1A2 it could be 
documented that OLA slowed down the metabolism of CAR. The 
metabolism of PRO was not affected (Figure 4).

After 90 min, 20% (5.2) of CAR remained. In combination with 
OLA, the concentration of CAR after 90 min decreased to 32% (7.6) 
of the concentration at time zero. The difference between CAR alone 
and in combination with OLA was not statistically significant at 30 min 
(p=0.08) and 90 min (p=0.09). A significant difference was found at 15 
min, 60 min and 75 min (p<0.05) and at 45 min (p<0.01).
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Figure 1: Influence of the beta-blockers on the metabolism of the 
antipsychotics. Pooled human liver microsomes (0.5 mg of protein/ml) were 
incubated with 10 µM QUE, CLO and OLA alone (solid line) and in combination 
with 10 µM MET, PRO, CAR, NEB or BIS. After 15, 30, 45, 60, 75 and 90 
minutes, 90 µl was withdrawn from the incubation solution, added to 90 µl iced 
acetonitrile, centrifuged and the supernatant analyzed via HPLC-UV. Results 
are expressed as the mean ± S. D. (n=3).
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Figure 2: Inhibition of the metabolism of QUE and CLO via CYP2D6 by MET, PRO, CAR and NEB. Recombinant CYP2D6 (0.025 pmol of P450/ml) was incubated 
with 10 µM QUE and CLO alone (solid line) and in combination with 10 µM of either MET, PRO, CAR or NEB. After 15, 30, 45, 60, 75 and 90 minutes, 90 µl was 
withdrawn from the incubation, added to 90 µl iced acetonitrile, centrifuged and the supernatant analyzed via HPLC-UV. Results are expressed as the mean ± S. D. 
(n=3).

The metabolism rate via CYP1A2 for PRO seemed to be lower than 
for CAR. 76% (1.3) of PRO and 20% (5.2) of CAR was left after 90 min.

Influence of CLO on the metabolism of the beta-blockers via 
recombinant CYP2D6

In the experiment with recombinant CYP2D6, CLO inhibited the 
metabolism of MET and PRO but not of CAR and NEB (Figure 5).

After 90 min, 10% (4.8) of MET was left. Combined with CLO, 
the concentration of MET after 90 min decreased to 18% (0.9). The 
difference between MET alone and in combination with CLO was 
statistically significant at all time points (After 15 min and 30 min: 
p<0.001; after 45 min, 75 min and 90 min: p<0.01; after 60 min: p<0.05).

After 90 min, 0.03% (0.051) of PRO remained when used alone. 
In combination with CLO, 3% (1.1) of the initial PRO was left. The 
inhibition of the metabolism of PRO by CLO was significant (at 15 
min: p<0.05; at 30 min: p<0.01; at 45 min: p<0.001).

CAR was completely metabolized after 75 min and therefore 
showed the highest metabolism rate. Of the four beta-blockers 
investigated, NEB was metabolized as the lowest rate. After 90 min, 
23% (9.6) of NEB was left. The metabolism of CAR and NEB was not 
affected by CLO.

Discussion
The present study using HLM showed that only CAR altered the 

metabolism of QUE and CLO. The two CYP2D6-inhibitors MET 
and PRO did not show the expected alteration in metabolism rate 
of the antipsychotics. The experiments with recombinant CYP2D6 
confirmed an inhibitory effect of MET and PRO on CYP2D6. The non-

recognizable CYP2D6-inhibition by MET and PRO in this study with 
HLM suggests that CYP2D6 plays only a minor role in the metabolism 
of the antipsychotics and the CYP2D6-inhibition is compensated 
through a higher metabolism rate via the metabolic pathways of other 
CYP-isoforms. Also other studies showed that CYP2D6 inhibitors 
like cimetidine, haloperidol, risperidone and imipramine did not 
increase the serum concentration of QUE (DeVane and Nemeroff), 
while the CYP3A4-inhibitor ketoconazole and the CYP3A4-inductors 
phenytoin and thioridazine increased or decreased the concentration 
of QUE [48] The main metabolic pathway of QUE is via CYP3A4 with 
a contribution of 89% [49]. Also for CLO, CYP2D6 presents only a 
minor pathway with 6% contribution. CYP2D6 polymorphism did not 
influence CLO pharmacokinetics [50,51]. However, in another report 
the CYP2D6-inhibitor cimetidine increased serum clozapine levels and 
the risk of adverse effects [27]. CLO seems to be mainly metabolized via 
CYP1A2 with a contribution of 30-50% [18,50]. Further degradation 
pathways are CYP2C19, CYP3A4 and CYP2C9 [50]. OLA, similar to 
CLO, is mainly metabolized via CYP1A2 (contribution of 30-40%). 
CYP2D6 has only a minor role [9,18] CYP2D6 genotypes do not seem 
to have any influence on the clearance of OLA [52]. In summary, the 
studies mentioned above suggest that the three antipsychotics OLA, 
CLO and QUE are metabolized to a lesser extent via CYP2D6 and 
polymorphisms of CYP2D6 normally do not have any influence on the 
clearance of these antipsychotics. These observations are consistent with 
the results of the present study that the CYP2D6-inhibitors MET and 
PRO did not have any effect on the metabolism of the antipsychotics. 
To the best of the authors’ knowledge, no literature on inhibitory 
effects of CAR is available to explain the slower metabolism of CLO 
and QUE in combination with CAR. One potential explanation is that 
CAR inhibits CYP3A4 (the main pathway of QUE) and CYP1A2 (the 
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Figure 3: Influence of the antipsychotics on the metabolism of the beta-blockers. Pooled human liver microsomes (0.5 mg of protein/ml) were incubated with 10 µM 
MET, PRO, CAR, NEB and BIS alone (solid line) and MET, PRO, CAR, NEB and BIS in combination with 10 µM of either QUE, CLO or OLA. After 15, 30, 45, 60, 
75 and 90 minutes, 90 µl was withdrawn from the incubation, added to 90 µl iced acetonitrile, centrifuged and the supernatant analyzed via HPLC-UV. Results are 
expressed as the mean ± S. D. (n=3).
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Figure 4: Influence of OLA on the metabolism of PRO and CAR via CYP1A2. Recombinant CYP1A2 (0.025 pmol of P450/ml) was incubated with either 10 µM 
PRO or CAR alone (solid line, respectively) and with PRO or CAR in combination with 10 µM OLA. After 15, 30, 45, 60, 75 and 90 minutes, 90 µl was withdrawn 
from the incubation, added to 90 µl iced acetonitrile, centrifuged and the supernatant analyzed via HPLC-UV. Results are expressed as the mean ± S. D. (n=3).
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Figure 5: Influence of CLO on the metabolism of MET, PRO, CAR and NEB via CYP2D6. Recombinant CYP2D6 (0.025 pmol of P450/ml) was incubated with 10 
µM MET, PRO, CAR and NEB alone (solid line) and with the combination of MET, PRO, CAR or NEB with 10 µM CLO. After 15, 30, 45, 60, 75 and 90 minutes, 90 
µl was withdrawn from the incubation, added to 90 µl iced acetonitrile, centrifuged and the supernatant analyzed via HPLC-UV. Results are expressed as the mean 
± S. D. (n=3).
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inhibited the metabolism of the antipsychotics QUE and CLO and 
increased their concentration 12-fold and 1.3-fold, respectively. The 
results suggest that CAR is also an inhibitor of other CYP-isoenzymes, 
which are involved in the metabolism of CLO and QUE.
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