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Supra-therapeutic plasma concentrations of haloperidol induce
moderate inhibition of lipopolysaccharide-induced interleukin-8

release in human monocytes
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Background: The clinical use of antipsychotics and mood-stabilizing drugs with proven efficacy is largely
determined by the occurrence of treatment-emergent adverse events and routine clinical chemistry and
haematology data, which together define the safety and tolerability profile of these psychopharmaceuticals.
Whereas the effects of mood-stabilizing drugs on functional properties of blood cells have been poorly investigated,
the effects of antipsychotics have received more attention. Such studies have yielded conflicting results. This study
examined the effects of the mood-stabilizing drugs carbamazepine and valproic acid and of the antipsychotic drugs
olanzapine, risperidone and haloperidol on the production of the pro-inflammatory chemokine interleukin-8 (IL-8),
which is released from human monocytes when activated by Gram-negative lipopolysaccharide (LPS).

Methods: Peripheral human whole blood was diluted with Roswell Park Memorial Institute (RPMI) cell culture
medium and stimulated with LPS. Accumulating IL.-8 was quantified in the supernatant with an adapted enzyme-
linked immunosorbent assay (ELISA) and the results correlated to the number of monocytes at venipuncture.
Results: At supra-therapeutic concentrations of 100 pM, haloperidol inhibited the LPS-induced release of IL-8
in peripheral human monocytes moderately, whereas olanzapine, risperidone, carbamazepine and valproic acid
showed no such effect.

Conclusions: The results suggest that these mood-stabilizing drugs and antipsychotics are endowed with

clinically favorable inertness rather than pro-inflammatory properties.
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Introduction

Antipsychotics are used to treat psychotic symptoms and
mood instability in a wide variety of neuropsychiatric
disorders, including organic mental disorders such as
dementia; intoxication or withdrawal symptoms due to
ingestion of psychoactive substances; schizophrenia,
schizotypal, delusional and schizoaffective disorders; bipolar
disorders; tic disorders, in particular Tourette’s syndrome;
and, in severe cases, depression and anxiety, obsessive-
compulsive disorders, personality and eating disorders, and
emotional instability associated with mental retardation
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(1,2). Anticonvulsants such as carbamazepine or valproic
acid have traditionally been used to treat partial and
generalized seizures (3), but are also used to successfully
treat mood disorders (4). In addition, antipsychotics and
anticonvulsants are frequently prescribed in combination (5).
While the clinical efficacy and treatment-associated adverse
events of both antipsychotics and anticonvulsants have
been well investigated, knowledge about the effects of these
psychopharmaceuticals on blood cell functions remains
scarce and has been confined, primarily, to reports of rare
cases of agranulocytosis or aplastic anaemia associated
with clozapine or carbamazepine treatment (6,7). The
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lack of interest in the effects of antipsychotics and other
psychopharmaceuticals on blood and immune cell functions
is surprising, considering that a role for infection and
immunity in the pathogenesis of schizophrenia has been
proposed for decades. Torrey and Peterson formulated
a hypothesis in 1973 that early infections with slow and
latent human viruses may contribute to the development of
schizophrenia in adult life (8). More recently, Karlsson and
colleagues detected retroviral RNA in both cerebrospinal
fluid and plasma of individuals with recent-onset
schizophrenia (9,10). Maternal exposure to influenza viruses
has been proposed as a risk factor for the development of
schizophrenia (11) and for the onset of bipolar disorders
with psychotic symptoms (12) in adult offspring.

Because many infections induce the synthesis and release
of inflammatory mediators, it seems obvious to propose a
role for such mediators in the development of schizophrenia
and possibly other psychiatric disorders. Some inflammatory
mediators, such as the pro-inflammatory cytokines
interleukin-1B (IL-1B), interleukin-6 (IL-6) and tumour
necrosis factor-a (TNF-a), which are normally associated
with the peripheral immune system, are also synthesized and
released by cells of the central nervous system where they
assume a pivotal role in central nervous system development
and function (13). A role for IL-1B, IL-6 and TNF-a in the
pathogenesis of various psychiatric conditions, including
schizophrenia, has been postulated based on the observation
that these pro-inflammatory cytokines are pivotal in the
development of sickness behaviour (14) and because the
range of symptoms in sickness behaviour shows a significant
overlap with symptoms of depression (14,15), which
accompany many, if not all, psychiatric conditions (2).

This study examined the release of the pro-
inflammatory chemokine interleukin-8 (IL-8) in Gram-
negative lipopolysaccharide (LPS)-stimulated human
whole blood ex vivo, in the presence or absence of the
mood-stabilizing drugs carbamazepine and valproic
acid and in the presence or absence of the antipsychotic
drugs olanzapine, risperidone and haloperidol. At plasma
concentrations exceeding the therapeutic range by
three orders of magnitude, haloperidol reduced LPS-
induced IL-8 production only moderately, while at
equimolar concentrations, carbamazepine, valproic acid,
olanzapine or risperidone remained inert with respect
to LPS-stimulated IL-8 release. These findings suggest
that the pharmaceuticals tested in this study possess
clinically desirable inertness with respect to LPS-induced
inflammatory processes.
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Methods
Pharmaceuticals and reagents

Olanzapine (Zyprexa®, C,;H,,N,S, molecular weight,
M, 312.4 g/mol) was supplied in glass vials containing
10 mg of dried substance (Eli Lilly, Vernier, Switzerland).
In accordance with the manufacturer’s recommendations,
olanzapine was reconstituted in supplied H,O, and stock
solutions (5 mg/mL) were used immediately. Risperidone
(Risperdal®, C,;H,,FN,O,, M, 410.5) and haloperidol
(Haldol®, C,,H,;CIFNO,, M, 375.9) were supplied in
liquid form at concentrations of 1 mg/mL for risperidone
and 2 mg/mL for haloperidol (Janssen-Cilag, Baar,
Switzerland). Carbamazepine (Tegretol®, C;;H,,N,O, M,
236.3) was supplied in liquid form at a concentration of
20 mg/mL (Novartis, Berne, Switzerland), and valproic acid
(Depakine®, CgH,;O,, M, 144.2, pKa 4.8) in liquid form
at a concentration of 60 mg/mL (Sanofi-Aventis, Meyrin,
Switzerland). The following products were obtained from
Sigma (St. Louis, MO, USA): Roswell Park Memorial
Institute (RPMI) 1640 cell culture medium, containing
L-glutamine and sodium bicarbonate; cell culture grade
phosphate-buffered saline (PBS), supplied as a 10x
concentrate; cell culture grade and y-irradiated Escherichia
coli 0111:B4 LPS, purified by gel-filtration chromatography;
cell culture tested non-ionic detergent Tween-20; molecular
biology grade H,O; sodium dodecyl sulfate (SDS), supplied
as a 10% stock solution; hydrogen peroxide (H,0,), supplied
as a 30% stock solution; and ABTS tablets, containing the
diammonium salt of 2,2’-azino-bis-3-ethylbenzthiazoline-6-
sulfonic acid.

LPS stock solutions (1 mg/mL PBS) were stored at
-20°C until further use. Heat-inactivated foetal bovine
serum (FBS), low in haemoglobin and low in endotoxin,
was supplied by Thermo Fisher Scientific (Waltham, MA,
USA). IL-8 OptEIA™ enzyme-linked immunosorbent
assay (ELISA) sets were obtained from Becton Dickinson
(Franklin Lakes, NJ, USA) and contained unconjugated
monoclonal anti-human IL-8 antibody (capture),
biotinylated anti-human IL-8 monoclonal antibody
(detection), streptavidin-horseradish peroxidase (HRP)
conjugate (detection) and lyophilized baculovirus-expressed
recombinant human IL-8 standard.

Materials

The median cubital vein was punctured to collect venous
blood samples by using a BD Vacutainer® Safety-Lok™
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21-gauge needle blood collection set with 8-inch tubing
containing a 0.3-mL priming volume (Becton Dickinson).
For LPS activation, venous blood was collected in 6-mL
evacuated glass vials (Vacutainers) with yellow-coloured
conventional stoppers. The vials contained 13.2 g/L
trisodium citrate, 4.8 g/L citric acid and 14.7 g/L dextrose
[acid citrate dextrose (ACD)] as an anticoagulant (Becton
Dickinson). Monocyte counts in venous blood were
determined by using 3-mL Vacutainers with lavender-
coloured conventional stoppers; these vials contained the
dipotassium salt of ethylenediaminetetraacetic acid (EDTA) as
an anticoagulant (Becton Dickinson). Corning vacuum filter
systems, containing cellulose acetate membranes, 0.2 pM in
pore size, with a bottle volume of 1,000 mL, were obtained
from Sigma. Parafilm® M, consisting of polyolefins and
paraffin wax, was obtained from Brand (Wertheim, Germany).
Polystyrene flat-bottom 96-well MaxiSorp™ microplates with
high-capacity binding for immunoglobulin and containing
maximum well volumes of 400 pL. were from Invitrogen (Basel,
Switzerland). Non-sterile standard microplate lids with cut-

off corners (a Nunc product) were obtained through Thermo
Fisher Scientific (Waltham, MA, USA).

Healthy donors

Volunteers were excluded if they were feeling unwell,
if they reported cold symptoms or fever, or if they were
under treatment for any condition at the time of blood
sampling, including receiving any prescription drugs
or over-the-counter drugs. Particular care was taken to
exclude volunteers with any immune disorder, acute or
chronic infection such as hepatitis B or C, coagulopathy,
past thromboembolic complications, past thrombophlebitis,
recent surgical procedures, past or current substance use,
or a past or current psychiatric disorder. Also excluded
were individuals who presented with sclerotic cubital veins.
A healthy volunteer was defined as an individual who met
none of the above-mentioned exclusion criteria.

Blood sampling

The collection of human whole blood involves the puncture
of veins in the cubital fossa. Although a minimally invasive
procedure, venipunctures are associated with health
risks. Adherence to good clinical practice guidelines is
recommended, as well as adherence to the ethical guidelines
issued by the local ethics committee and to the statutory
provisions that regulate health care services. Venipunctures
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may be performed by physicians or by licensed nurses,
depending on the statutory provisions that regulate the
sampling of venous blood from peripheral veins. It is
advisable to have an anesthetist or emergency care physician
on call during the entire procedure.

The person who performs the venipuncture should be
sufficiently protected against infection with a hepatitis
B virus (HBV). The Twinrix vaccine (GlaxoSmithKline)
is recommended. Finally, in the event of a needle prick
injury, immediate medical attention in an emergency
department should be sought to evaluate the need for post-
exposure prophylaxis after suspected exposure to HBV or
human immunodeficiency virus, or post-exposure follow-
up after suspected exposure to hepatitis C viruses. The
person who performs the venipuncture should be familiar
with the potential hazards and complications of venous
access procedures, e.g., pain, bleeding, local infections,
syncope and injuries from falls. Blood samples should not
be collected in the laboratory, but rather, a consulting
room is recommended that is properly equipped with a
couch, a biohazard container for the disposal of needles
and other blood-tainted material, suitable surface and skin
disinfectants, kidney trays, tourniquets, alcohol swabs and
adhesive bandages. Vacutainers should be labelled before
blood is being drawn and coat, gloves and goggles should
be worn for protection against blood-borne pathogens
when handling human blood. Although in clinical practice,
venipunctures are often performed in a sitting position, a
supine position on a couch is recommended.

The procedures outlined above were adhered to as nine
venous blood samples were obtained from eight healthy
donors and collected in ACD and EDTA Vacutainers.
Experiments were scheduled on three different days with
four volunteers participating on day 1, three volunteers
participating on day 22 and two volunteers participating on
day 183, with one volunteer participating twice, on day 1
and on day 183. Blood from EDTA Vacutainers was used
to determine the number of peripheral blood monocytes
(normal range 160-950 per pL undiluted whole blood). As
described previously (16), cells were stained for endogenous
peroxidase and samples analyzed on an ADVIA 120 flow
cytometer (Bayer Diagnostics, Munich, Germany).

LPS activation

Aliquots of LPS stock solutions (1 mg/mL) were thawed
and 5 pL added to 5 mL of PBS to yield the LPS working
dilution (1 pg/mL). After whole blood was collected, a
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stopwatch was used to monitor time as long as samples
contained live cells. ACD Vacutainers were opened in a
negative pressure laminar flow unit by slowly twisting and
pulling off the yellow stoppers. Blood from each donor
was transferred to a 50-mL polypropylene tube by using
a 5-mL disposable plastic pipette, which allowed volume
measurement of transferred blood with an accuracy of
100 pL. Three volumes of RPMI 1640 medium, pre-
warmed to 37 °C, were added and gently mixed by once
pipetting up and down. RPMI-diluted whole blood was
split into two 50-mL polypropylene tubes, one receiving
10 pL LPS working dilution per 1 mL diluted whole blood to
yield a final LPS concentration of 10 ng/mL LPS, the other
receiving 10 pL saline. Samples were split again into 15-mL
polypropylene tubes, one tube receiving the psychotropic
drug of interest at a final concentration of 100 pM, the
other receiving an equal volume of saline. The resulting
four samples from each donor, containing either saline
alone (sample 1), psychotropic drug in saline (sample 2),
LPS in saline (sample 3) or LPS plus psychotropic drug in
saline (sample 4), were then incubated for 3 h at 37 °C in a
5% CO, atmosphere. Samples were subsequently placed on
ice and centrifuged at 400g for 5 min. Supernatants (diluted
citrated plasma) were stored frozen at =20 °C or -70 °C until
further analysis.

ELISA

The protocol used in this study is an adaption of the
BD OptEIA assay for the detection of low analyte
concentrations and requires the following working
solutions. Coating buffer: 7.1 g NaHCO; and 1.6 g Na,CO;
were added to 800 mL of deionized water (dH,O) and
the solution adjusted to pH 9.5 by using 10 N NaOH. To
obtain a 0.1 M sodium carbonate buffered solution, the
volume was adjusted to 1,000 mL by using dH,O. Assay
diluent: 10 mL FBS was added to 90 mL PBS. Wash buffer:
500 pL of Tween-20 was added to 1,000 mL of PBS. ABTS
buffer: 51.5 mL of 0.2 M Na,HPO, (28.4 g/L) was added to
48.5 mL of 0.1 M citric acid monohydrate (21 g/L) and the
solution adjusted to 400 mL with dH,O to obtain a 0.05 M
phosphate-citrate buffered solution, pH 5. ABTS substrate
solution: one ABTS tablet, containing 10 mg ABTS, was
dissolved in 100 mL ABTS buffer and aliquots stored at
=20 °C. Stop solution: 1% SDS. Coating buffer, assay diluent
and wash buffer were passed through 0.22-pM filters and
the solutions were refrigerated (4 °C) and used within
1 week. Lyophilized IL-8 standard was brought to room
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temperature and 1,000 pL. dH,0O added. The resulting lot-
specific concentration was calculated and aliquots stored at
=70 °C.

The ELISA procedure was started by transferring
10-mL coating buffer to a 15-mL polypropylene tube. A
lot-specific amount of IL-8 capture antibody was added
and the mixture briefly vortexed and poured in a plastic
reservoir (e.g., polypropylene lids of pipette tip boxes). An
eight-channel micropipette was used to transfer 100 pL
of coating buffer to each well of a 96-well MaxiSorp plate.
Particular care was taken to avoid touching the bottom
of the plate. The MaxiSorp plate was covered with a
microplate lid, sealed with Parafilm M and kept at 4 °C
overnight. The plate was then brought to room temperature
and the capture antibody solution discarded by inverting
and flicking the plate over a sink. The top of the plate
was blotted dry by briefly touching the inverted plate on
absorbent paper. Wells were washed three times with 300 pLL
of wash buffer before 100 pL of assay diluent was added to
each well (blocking) and left for 1 h at room temperature.
Wells were washed again three times with 300 pL of wash
buffer and the last wash left in the wells. An aliquot of the
IL-8 stock solution was thawed out and diluted in assay
diluent to obtain a concentration of 1,000 pg/mL in a final
volume of 500 pL. After being vortexed, 250 pL of the
resulting dilution was transferred to 250 pL of assay diluent.
This procedure was continued to obtain a serial dilution
down to 16 pg/mL. Sample aliquots that had been stored
frozen in 1.5-mL Eppendorf tubes were thawed, vortexed
and centrifuged for 5 min in a tabletop Eppendorf 5415D
centrifuge at maximum speed, i.e., 13,200 rpm. Note that
samples may contain transmissible blood-borne pathogens and
should be handled as biohazardous material. The final wash
solution was discarded and 100 pL of samples and standards
were added in duplicate by using a single-tip micropipette.
This step is critical, as working at a fast pace is required to
avoid drying of wells. The plate was covered with a lid, sealed
with Parafilm M and left for 2 h at room temperature. Samples
and standards were then discarded by inverting the plate on
absorbent paper and the soaked paper discarded in a biohazard
container. Wells were washed five times with 300 pL of wash
buffer and the last wash left in the wells. Note that wash
buffer contains the detergent Tween-20, which inactivates
transmissible blood-borne agents. A lot-specific amount of
biotinylated IL-8 detection antibody was added to 10 mL
of assay diluent and the mixture briefly vortexed. A lot-
specific amount of streptavidin-HRP conjugate was then
added and the mixture vortexed again. The wash solution
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was discarded and 100 pL of the detection-HRP mix
transferred to each well. The plate was covered with a lid,
sealed with Parafilm M and left for 1 h at room temperature.
Wells were washed seven times with 300 pL. of wash buffer
and the last wash left in the wells. Immediately before use,
10 pL of H,0, stock solution was added to 10 mL of ABTS
substrate solution. After discarding the wash solution, 100 pLL
of the substrate solution was added to each well.

Optical density (OD) was read at 405 nm (17,18) with a
reference setting at 550 nm, using a Titertek Multiskan device
(ICN Pharmaceuticals, Costa Mesa, CA, USA). The ABTS
substrate is ideal for kinetic (multiple) measurements, as
colour develops slowly. Most optical readers convert relative
OD values into concentrations (pg/mL). Alternatively, sample
concentrations can be calculated manually by using OD means
of standard dilutions and subtracting the background mean
(OD mean of wells containing 0 pg IL-8). Resulting standard
OD values (x-axis) are plotted against the corresponding
standard concentrations (y-axis) on double logarithmic
paper and a best-fit linear regression line is drawn. Note that
linearity may be lost at high standard concentrations. Sample
concentrations can then be estimated with an accuracy that
is limited by the logarithmic paper. For better accuracy,
sample concentrations may be calculated by placing the
mean OD value (x-axis) into the linear regression formula
y = ax + b, where b=0 (background subtraction) and a =1 for a
regression line angle of 45°. If sample analyte concentrations
fall outside the linear range, the samples should be diluted
and reanalyzed. Alternatively, sample concentrations can
be approximated by linear interpolation by using standard
values above and below the OD value of interest. Comparing
the standard analytical procedures mentioned above, linear
interpolation yielded the most accurate results. Therefore,
in this study, OD values were converted to concentrations
(pg/mL) by using linear interpolation formulas.

Finally, monocyte counts (number per milliliter undiluted
EDTA blood) obtained from routine haematology analysis
were used to convert IL-8 concentrations (pg/mL) into IL-8
amounts (pg) released by 10° monocytes. Note that blood
from two individuals may contain significantly different
numbers of monocytes, yet may produce similar IL-8
plasma concentrations upon LPS stimulation. Normalizing
IL-8 amounts to monocyte numbers defines the activity of
LPS-stimulated monocytes.

Statistical analysis

Multiple variables were analyzed by using a one-way
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analysis of variance (ANOVA) for correlated samples and
post-ANOVA pairwise comparisons were performed by
using the Tukey honestly significant difference (HSD)
procedure. Two-tailed probabilities of less than 0.05
(P<0.05) were considered statistically significant.

Results

Previously, we have examined various chemical structures
for their ability to either increase or decrease LPS-induced
monocyte responses in RPMI-diluted whole blood (19).
The purpose of the present study was to examine the effects
of five frequently used psychopharmaceuticals on LPS-
induced IL-8 release in RPMI-diluted peripheral venous
human whole blood. LPS-activated monocytes release
many pro-inflammatory mediators that can be quantified
by using microplate-based ELISA protocols similar to that
described in this study. The advantages of using IL-8 as a
marker for LPS-induced pro-inflammatory processes in
human whole blood have been discussed previously (16).
TNF-a, for instance, is a very sensitive and early marker
for LPS activation and has been used to demonstrate
heparin-mediated enhancement of the LPS response in
cultured human monocytes (20). In human whole blood,
however, the release of TNF-a in the presence of 10 ng/mL
LPS exceeds amounts of 1 ng per 10° monocytes after an
incubation period of 4 h at 37 °C (data not shown). This
near-maximum release in the presence of LPS limits the
use of TNF-a as a suitable marker for the identification of
drugs that modify LPS responses. Heparin, for instance,
enhances LPS responses by a factor of one-half or less
when TNF-a is measured (data not shown), but by more
than five-fold when IL-8 release is quantified (21). Other
limitations apply to IL-1B, which appears slowly after LPS
stimulation, requiring prolonged incubation times, or to
IL-6, which is produced at relatively low levels after LPS
activation, thereby hampering the detection of moderate
LPS-inhibiting effects (22).

"To mimic iz vive conditions as closely as possible, whole
blood was diluted ex vivo with RPMI cell culture medium
to decrease the viscosity of the blood for further handling,
yet without subjecting monocytes to physical (23,24) or
immunological enrichment (25,26) or to cytokine-induced
differentiation procedures, which require prolonged
incubation periods (26), rendering the results more difficult
to interpret. The experimental design is illustrated in
Figure 1. One volume of citrated peripheral venous whole
blood from healthy volunteers was diluted with three
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Figure 1 Manual ELISA-based measurement of IL-8 in RPMI-diluted peripheral venous whole blood from healthy donors. First, whole
blood was collected in EDTA Vacutainers (lavender-coloured cap) and the number of monocytes per volume determined by a semi-
automatic system (ADVIA120) involving peroxidase staining and flow cytometric analysis. Subsequently, whole blood was collected in ACD
vacutainers (yellow cap), transferred to polypropylene tubes (blue cap) and diluted with three volumes of RPMI 1640 culture medium (RPMI
blood). LPS (10 ng/mL) or an equal volume of saline was added, combined with either the psychotropic drug (100 pM) of interest or with an
equal volume of saline, respectively. Samples were incubated at 37 °C for 3 h followed by centrifugation at 400 g for 5 min. Supernatants (RPMI
plasma) were either analyzed immediately or stored at -20 °C. Flat-bottom polystyrene microplates were used for detection of IL-8 in RPMI
plasma. The ABTS peroxidase substrate yields a blue-green product to be measured at a wavelength of 405 nm. The sample arrangement
depicted in the figure comprises IL-8 standard dilutions in duplicate, ranging from 1,000 pg/mL (A1-A2) to 16 pg/mL (G1-G2).
Wells H1-H2 contained no IL-8 (background samples). Samples from three individuals (A, B, C) containing saline alone are shown in
duplicate (rows 5 and 6). Samples containing the psychotropic drug of interest were arranged in the same manner on the right-hand side
(A8-C9). Samples containing LPS (E8-GY9) and samples containing both the psychotropic drug of interest and LPS (E5-G6) were
analyzed on the same microplate. Finally, IL-8 concentrations obtained by ELISA measurements (pg/mL) were converted into pg IL-8/10
monocytes by using the results obtained by the ADVIA120 system. The IL-8 release in the presence of 100 pM haloperidol is shown on
a logarithmic scale (y-axis) for the eight individuals (n=9) who participated in this study (see also Figure 3C). ACD, acid citrate dextrose;
EDTA, ethylenediaminetetraacetic acid; ELISA, enzyme-linked immunosorbent assay; LPS, lipopolysaccharide; RPMI, Roswell Park

Memorial Institute.

volumes of RPMI cell culture medium and incubated for 3 h
at 37 °C in the presence or absence of 10 ng/mL LPS with
or without the addition of 100 pM of the mood-stabilizing
drugs carbamazepine and valproic acid (Figure 2) or the
antipsychotics olanzapine, risperidone and haloperidol
(Figure 3). In the presence of saline alone, incubation
of diluted whole blood ex vivo resulted in baseline IL-8
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releases ranging from 11+9 pg/10° monocytes (Figure 3B)
to 14x10 pg/10° monocytes (Figure 2A). In the presence
of carbamazepine, valproic acid, olanzapine, risperidone
or haloperidol, IL-8 secretion remained close to baseline
levels, ranging from 127 pg/10’ monocytes (Figure 3A) to
28+35 pg/10° monocytes (Figure 3C). The presence of
risperidone or haloperidol yielded somewhat higher
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Figure 2 LPS-induced release of the pro-inflammatory monocyte-derived chemokine IL-8 in the presence or absence of the mood-
stabilizing anticonvulsants carbamazepine (A) and valproic acid (B). Human whole blood from eight healthy volunteers was collected
in ACD Vacutainers and diluted with three volumes of RPMI 1640. Equal volumes of either saline, LPS (10 ng/mL), carbamazepine
(100 pM), valproic acid (100 pM) or LPS combined with either carbamazepine or valproic acid were added and samples incubated for 3 h
at 37 °C. Secreted IL-8 was measured by ELISA and the resulting protein weight per volume RPMI-diluted plasma (ng/mL) converted to
protein weight per monocyte count in undiluted whole blood (pg/10’ cells). Monocyte counts (cells/pL) were determined by using whole
blood drawn into EDTA Vacutainers. Pairwise comparison of correlated samples by ANOVA Tukey HSD analysis showed no significant
differences between samples with or without carbamazepine or valproic acid. Results are plotted on a logarithmic scale to optimize
visualization at low and high IL.-8 concentrations. Data (n=9) are expressed as mean (closed circles) = 1 SD (vertical lines). ACD, acid citrate

dextrose; EDTA, ethylenediaminetetraacetic acid; HSD, honestly significant difference; ELISA, enzyme-linked immunosorbent assay; LPS,

lipopolysaccharide; ANOVA, analysis of variance; RPMI, Roswell Park Memorial Institute; SD, standard deviation.

IL-8 amounts, with values of 25220 pg/10’ monocytes
(Figure 3B) and 28+35 pg/10° monocytes (Figure 3C,
inset Figure I), respectively. However, none of the five
psychopharmaceuticals increased or decreased the amounts
of IL-8 in RPMI-diluted plasma to levels reaching
statistical significance when compared with the baseline
condition in the presence of saline alone. Adding LPS
(10 ng/mL) resulted in a substantial IL-8 increase,
ranging from 760357 pg/10° monocytes (Figure 34) to
890+444 pg/10° monocytes (Figure 24). When the mood-
stabilizing anticonvulsants carbamazepine and valproic
acid were added along with LPS, the amounts of IL-8
were similar to those obtained with LPS alone. Indeed,
analysis by the ANOVA Tukey HSD procedure revealed
that the differences were statistically non-significant
(Figure 2). Adding the antipsychotic drugs olanzapine or
risperidone to samples containing LPS resulted in IL-8
levels that were, again, statistically indistinguishable from
IL-8 levels obtained by samples containing LPS alone
(Figure 34,B). However, the addition of haloperidol resulted
in a statistically significant, albeit moderate, inhibition
of LPS-induced IL-8 secretion (Figure 3C). Haloperidol,
at the supra-therapeutic concentration of 100 pM,
combined with 10 ng/mL LPS, resulted in the release of
436+293 pg IL-8/10° monocytes, whereas the addition
of LPS alone produced 875+399 pg IL-8/10" monocytes
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(Figure 3C). Therefore, haloperidol inhibited LPS-
stimulated IL-8 secretion in RPMI-diluted whole blood by
approximately 52% (Figure 3, inset).

These results confirm the early findings by Moots
and colleagues on haloperidol’s inhibiting effect on
LPS-mediated pro-inflammatory responses in human
monocytes (27). However, in this study, haloperidol-
mediated inhibition was moderate and required supra-
therapeutic drug concentrations; moreover, it was
observed only for haloperidol and not for carbamazepine,
valproic acid, olanzapine or risperidone. Taken together,
the results presented here argue in favour of these five
psychopharmaceuticals being inert, rather than pro-
inflammatory, and thus bearing a clinically desirable

property.

Discussion

The results of this study show that haloperidol exhibits
moderate inhibition of LPS-induced IL-8 release in human
whole blood monocytes and further demonstrate that
carbamazepine, valproic acid, olanzapine and risperidone
lack such modifying effects on LPS-induced monocytic
IL-8 release. We previously showed that the appearance
of IL-8 in LPS-stimulated human whole blood primarily
reflects the activation of monocytes but not neutrophils (16),
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Figure 3 LPS-induced release of the pro-inflammatory monocyte-derived chemokine IL-8 in the presence or absence of the antipsychotic
drugs olanzapine (A), risperidone (B) and haloperidol (C). Human whole blood from eight healthy volunteers was collected and diluted with
RPMI cell culture medium as described in the legend to Figure 2. Equal volumes of either saline, LPS (10 ng/mL), olanzapine (100 pM),
risperidone (100 pM), haloperidol (100 pM) or LPS combined with either olanzapine, risperidone or haloperidol were added and samples
incubated for 3 h at 37 °C. IL-8 was measured and the results were converted to pg IL-8/10° monocytes (pg/10°). Pairwise comparisons by
ANOVA Tukey HSD analysis showed no significant differences between samples with or without olanzapine or risperidone. When LPS
responses were set at 100%, the presence of 100 pM haloperidol reduced the amount of secreted IL-8 to 48%=13% (P<0.01). The inset shows
LPS responses with and without 100 pM haloperidol on a linear scale. Other results are plotted on a logarithmic scale and data (n=9) expressed
as mean (closed circles) + 1 SD (vertical lines). In the presence of haloperidol alone, 1 SD exceeded the mean, reflecting the variability of the

amounts of secreted IL-8 among individuals (dashed vertical line; see Figure 1, inset, for original results). HSD, honestly significant difference;

LPS, lipopolysaccharide; ANOVA, analysis of variance; RPMI, Roswell Park Memorial Institute; SD, standard deviation.

thus defining IL-8 as a suitable marker for determining
LPS-enhancing or LPS-neutralizing effects of a chemical or
drug of interest.

If pharmaceutical drugs are to be compared for their
ability to interfere with cellular signalling pathways, then
equimolar drug concentrations must be used. In this study,
equimolar drug concentrations of 100 pM were used, first,
because the therapeutic blood levels for carbamazepine
and valproic acid are within the micromolar range (28)
and second, because the concentrations of olanzapine,
risperidone and haloperidol, applied intramuscularly,
are within the millimolar range with micromolar
concentrations occurring in the surrounding tissue. In
the peripheral bloodstream, however, the concentrations
of olanzapine, risperidone and haloperidol remain within
a nanomolar range (29-31) (Table I). The finding that
100 pM haloperidol reduced LPS-induced IL-8 release in

© Annals of Translational Medicine. All rights reserved.

monocytes by half after an incubation period of 3 h suggests
that, iz vivo, this reduction remains confined to tissue where
drug concentrations of this magnitude occur, i.e., in the
adjacent tissue after intramuscular haloperidol injections.
Rare injection site reactions have been reported after
intramuscular haloperidol administration (32); however,
injection site abscesses after intramuscular injection of
haloperidol decanoate appear to be rarer (Haldol® Injection,
Janssen, package inset). The results presented here are
consistent with previous observations that severe injection
site complications occur infrequently after intramuscular
olanzapine (33) or risperidone (34) injections.

Whereas this study reports a moderately inhibiting
effect of haloperidol on immune responses evoked by
Gram-negative LPS, such inhibition, when evoked by
other mechanisms, may be beneficial for the host. Moots
and colleagues described the case of a female patient with
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Table 1 Basic characteristics of five commonly prescribed psychopharmaceuticals
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Generic name Brand name Mr (g/mol) Stock (mM) Injection site (mM) Blood levels References

Carbamazepine  Tegretol 236.3 84.7 - 17-50 pM Palmer et al. [1995] (28)
Valproic acid Depakine 144.2 416.1 - 350-700 uM Palmer et al. [1995] (28)
Olanzapine Zyprexa 312.4 16.0 16.0 22-146 nM Olesen and Linnet [1999] (31)
Risperidone Risperdal 410.5 2.4 0.6 50-150 nM Olesen and Linnet [1997] (30)
Haloperidol Haldol 375.9 5.3 13.3 13-106 nM Dahl [1986] (29)

Characteristics of the psychopharmaceuticals used in this study. Generic and brand names are indicated. The molecular weight
(9/mol) was obtained from https://pubchem.ncbi.nlm.nih.gov. The stock solutions used in this study correspond to galenic formulations
intended for clinical use and are described in detail under methods. Tissue concentrations are indicated for psychopharmaceuticals with
parental applications. Intramuscular olanzapine injections consist of 10 mg olanzapine solubilized in 2 mL aqueous solution. Intramuscular
haloperidol injections consist of 5 mg haloperidol solubilized in 1 mL aqueous solution. Risperidone is used clinically at a maximum
concentration of 50 mg of slow-release microsphere-associated risperidone (Consta) solubilized in 2 mL aqueous solution with 1%
(0.6 mM) risperidone being released into the surrounding tissue immediately after the injection. Therapeutic pharmaceutical concentrations
in the blood range from micro- to nanomolar and are discussed in detail in the references indicated.

both rheumatoid arthritis and mania, the latter being
treated with haloperidol (27). Unexpectedly, markers
of systemic inflammation decreased during haloperidol
treatment and a clinical improvement of the active synovitis
occurred as long as haloperidol was administered. This
observation prompted the authors to investigate the effect
of haloperidol on the release of the pro-inflammatory
cytokines IL-1B and TNF-a in whole blood that had been
obtained from one healthy donor and diluted with RPMI
1640 medium before stimulation with LPS. They found
that the release of both cytokines in diluted whole blood
was inhibited by haloperidol and, furthermore, that the
release of IL-1B in cultured THP-1 cells showed similar
inhibition when haloperidol was added. Unfortunately,
these authors used heparin as an anticoagulant in their
whole blood experiment, introducing an unwanted bias, as
heparin strongly enhances LPS-induced pro-inflammatory
responses in human whole blood (21).

Studies investigating pro-inflammatory cytokines
in patients with schizophrenia, with or without drug
treatment, have yielded conflicting results. For example,
Maes and colleagues examined venous plasma samples from
14 schizophrenia patients, 10 mania patients and 21 healthy
control subjects and found that the pro-inflammatory
cytokine IL-6 was elevated in schizophrenia patients but
not in mania patients or in healthy controls. Moreover,
these authors found that treatment of schizophrenia
patients with the antipsychotics haloperidol, perphenazine
or thioridazine reduced IL-6 levels, whereas in mania

© Annals of Translational Medicine. All rights reserved.

patients treated with valproic acid, no change in IL-6
levels occurred (35). However, investigating a sample of
10 patients receiving haloperidol monotherapy, Pollmicher
and colleagues found no change in the plasma levels of
either IL-6 or TNF-a during the course of treatment (36).
Applying an experimental approach with minimal sample
processing, de Witte and colleagues determined the
cytokine profile in peripheral venous blood by using
serum tubes that had been kept clotting for 2 h at room
temperature before analysis. The study compared healthy
volunteers with antipsychotic-naive individuals who were
having their first episode of schizophrenia and found no
differences between the groups in the levels of TNF-a (37).

The work by Zhang and colleagues demonstrates that
initial positive results from non-randomized studies can be
lost when study conditions are chosen to be more robust.
In their pilot study, Zhang and colleagues collected venous
whole blood from 70 drug-free schizophrenia patients and
30 healthy control subjects and determined the serum levels
of IL-6 and IL-8. The authors found that the proportion
of schizophrenia patients exhibiting detectable levels
of IL-6 or IL-8 was larger than that of control subjects
with measurable amounts of IL.-6 or IL-8. Furthermore,
blood concentrations of both inflammatory mediators
were significantly higher in schizophrenia patients than in
healthy controls (38). Subsequently, Zhang and colleagues
conducted a 12-week randomized controlled trial with an
intention-to-treat sample of 78 schizophrenia patients.
After a 2-week lead-in period with placebo treatment, the
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authors randomized the patients into two groups, providing
treatment with either risperidone or haloperidol. Measuring
serum concentrations of IL-6 and IL-8, the authors found
no pre- to post-treatment differences in the levels of either
cytokine in either group (39).

Meta-analyses of larger numbers of studies confirmed
these conflicting results. Miller and colleagues published
a meta-analysis of 40 studies on the association of blood
cytokine levels and schizophrenia (40). The authors
reported elevated levels of IL-1p, IL-6 and TNF-a in first-
episode psychosis and elevated levels of IL-6, IL-8 and
TNF-a in acutely relapsed schizophrenia patients. Notably,
treatment with antipsychotics led to normalization of the
levels of IL-1pB, IL-6 and TNF-a in these patients. However,
different results were reported by Tourjman and colleagues,
who published a meta-analysis of 23 studies on the effect
of antipsychotic treatment on blood cytokine levels in
schizophrenia (41). While excluding studies involving
in vitro leukocyte stimulation, the authors found that IL-1f
and INF-y, but not IL-6 and TNF-a, were reduced during
treatment. The work by Zakharyan and Boyajyan seems to
suggest that results on the association between cytokines
and schizophrenia are contradictory, partly because of the
different methodical procedures used to determine blood

levels of cytokines (42).

Conclusions

In conclusion, this study provides evidence for beneficial
inertness, rather than pro-inflammatory properties, of the
frequently used psychopharmaceuticals carbamazepine,
valproic acid, olanzapine and risperidone. The inhibition
of LPS-induced IL-8 release by 100 pM haloperidol was
moderate, suggesting that these effects on pro-inflammatory
processes are confined to intramuscular injection sites.
Since its original synthesis by Bert Hermans at Janssen
Laboratories in 1958 (43), haloperidol, both orally and
intramuscularly, has been administered to a great number
of patients, suggesting that its effect on immune functions
compromises neither safety nor tolerability. However,
elucidating the mechanism by which haloperidol interferes
with the LPS signaling pathway in a moderate fashion may
lead to novel insights into the pharmacodynamics of other
butyrophenones and define pharmaceutical targets in the
LPS activation pathway that could be beneficial for the
development of future sepsis drugs.

© Annals of Translational Medicine. All rights reserved.
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