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Objective: To look at (1) the association between
antipsychotics and cell stress, (2) whether first-
generation antipsychotics may show different effects
than second-generation antipsychotics, and (3) whether
recommendations can be made regarding medication.

Data Sources: We conducted a systematic review of
5 databases for all articles published until December 31,
2007: PubMed, Ovid MEDLINE, EMBASE, PsycINFO, and
EBM Reviews. Under specific headings (eg, “heat shock
proteins” and “oxidative stress”), a systematic search of
these databases included such terms as HSP70 and homo-
cysteine, and specific search strings were constructed. No
limits were placed on the year or language of publication.
References from pertinent articles or books were retrieved.

Study Selection: We included 42 articles of human
studies from 2,387 references originally retrieved. We in-
cluded only articles that (1) were quantitative; (2) referred
only to human tissue, in vivo, or in vitro; (3) stated what
tissue was examined; (4) identified what metabolites were
measured; and (5) had references.

Data Extraction: All articles were assessed by 2
authors, which ensured that the inclusion criteria were
met. The selected studies were too heterogeneous to be
combined for any useful meta-analysis. Three authors,
therefore, independently interpreted the data, using
specified criteria to judge whether each study showed
a beneficial, detrimental, or no effect on the markers
measured.

Data Synthesis: The analysis revealed no conclusive
association with direct or indirect markers of oxidative
cell stress and antipsychotics. For every reviewed anti-
psychotic, we revealed differing research results showing
a beneficial, detrimental, or no effect. This was true for in
vivo as well as in vitro studies.

Conclusions: It remains unclear whether antipsychotics
increase or reduce cell stress. Claims of neuroprotective
properties of antipsychotics seem premature.
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The use of antipsychotics in patients with schizophre-
nia is widespread and recommended.! Furthermore,
antipsychotic medication has recently been claimed to be
neuroprotective,”* and its early use in first-onset psychosis
has been advocated widely.® In a recent major review Ng et
al® found consistent, robust, and multidimensional evidence
that oxidative cell stress is involved in the pathogenesis of
schizophrenia and bipolar affective disorder, with weaker
evidence for its involvement in other mental disorders. They
point out that “evidence for the interdependent relationships
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between oxidative pathways and those involving neurotrans-
mitters, hormones and inflammatory mediators further
enhance the plausibility of the oxidative stress hypothesis,
and provide a unifying framework for the various conceptual
theories of causality”*P%¢7) We fully acknowledge that the
etiology of schizophrenia is multifactorial, but Ng and col-
leagues’ evidence points to oxidative stress as an important
factor in the biologic aspects of etiology and mortality in pa-
tients with schizophrenia. We therefore decided to conduct a
systematic review to look at (1) whether there is any evidence
that antipsychotic medication is associated with or causes
cell stress or has beneficial effects on cell stress, (2) whether
first-generation antipsychotics show different effects than
second-generation antipsychotics (including clozapine), and
(3) whether any 1 medication can be shown to be particu-
larly beneficial with regard to cell stress.

Background

Long-term use of antipsychotic medication is associ-
ated with a number of adverse effects, such as neutropenia
and agranulocytosis,”® hyperprolactinemia,” cardiomyo-
pathy,'%!! weight gain,'>!* and metabolic changes,'* which
include insulin resistance and hypertension. Antipsychotic
medication is also associated with an increased risk of devel-
oping type II diabetes, which exacerbates the already elevated
risk of cardiovascular problems and diabetes in people who
use antipsychotics long term.'> Although the development of
neuroleptic malignant syndrome is associated with the use of
all antipsychotic medication, it more commonly occurs with
first-generation antipsychotics than with second-generation
antipsychotics.®

The finding that oxidative stress is implicated in the
etiology of major mental illness raises the possibility that
oxidative cell stress arising from the bioactivation of anti-
psychotic drugs may impose an additional oxidative burden
upon tissues that are already stressed and could result in cell
death through apoptosis or necrosis. This process has been
implicated in the pathogenesis of the metabolic syndrome.!”
Furthermore, oxidative stress has been associated with
agranulocytosis through the formation of chemically reac-
tive nitrenium iron-containing metabolites!! and free radical
formation.'® It is also known that people with schizophre-
nia who are on antipsychotic medication have less mature
neutrophils compared to healthy unmedicated volunteers,”®
implying an immunologic effect. This effect seems least sig-
nificant for sulpiride, flupentixol, and fluphenazine but is
highly statistically significant for olanzapine, risperidone,
haloperidol, thioridazine, and trifluoperazine. In the case
of olanzapine, the finding was slightly surprising given that
it was previously considered to have little association with

J'Clin Psychiatry 72:3, March'2011



Antipsychotic Medication and Oxidative Cell Stress

Table 1. Systematic Review Search Terms—Heat Shock Proteins (HSPs), Oxidative Stress, and Antipsychotic Medication

Heading Search Terms Examples of Search Strings
HSP Stress proteins, HSP70, HSP72, HSP32, Haem oxygenase, Antipsychotic OR benperidol OR olanzapine OR clozapine OR
and HO-1 amisulpride OR aripiprazole OR chlorpromazine OR flupenthixol
OR flupentixol OR haloperidol OR quetiapine OR risperidone
OR sertindole OR thioridazine OR trifluoperazine OR zotepine
OR fluphenazine OR levomepromazine OR methotrimeprazine
OR pericyazine OR periciazine OR perphenazine OR pimozide
OR prochlorperazine OR promazine OR sulpiride OR
zuclophenthixol OR aripiprazole OR zotepine OR pipotiazine
Oxidative Oxidative stress, oxidative damage, hyperoxic, hyperoxia, (Oxidative adj stress) OR (Oxidative adj damage) OR TBARS OR
stress oxidant, pro-oxidant, antioxidant, oxygen radicals, free 542-78-9 OR 29343-52-0 OR 107-02-8 OR (F2 adj isoprostane)
radicals, superoxide, singlet oxygen, nitric oxide, nitric OR (glutathionylated adj protein) OR (carbonylated adj protein)
oxide toxicity, hydrogen peroxide, homocysteine, cell death, OR 3604-79-3 OR 7298-90-0 OR 54788-30-6 OR 980-21-2 OR
necrosis, and apoptosis 88847-89-6
Antipsychotic  Olanzapine, clozapine, risperidone, benperidol, amisulpride, (superoxide adj dismutase) OR (glutathione adj peroxidize) OR
medication aripiprazole, chlorpromazine, flupenthixol, flupentixol, catalase OR 70-18-8 OR 27025-41-8 OR 1406-18-4 OR 11103-

haloperidol, quetiapine, risperidone, sertindole, thioridazine,
trifluoperazine, zotepine, fluphenazine, levomepromazine,
methotrimeprazine, pericyazine, periciazine, perphenazine,

pimozide, prochlorperazine, promazine, sulpiride,
zuclophenthixol, aripiprazole, zotepine, and pipotiazine

57-4 OR 50-81-7 OR TAC OR TRAP OR 454-28-4 OR Hsp70 OR
Hsp72 OR (heme adj oxygenase) OR hyperoxic OR hyperoxia OR
oxidants

Abbreviations: adj =adjacent, TAC = total antioxidant capacity, TBARS = thiobarbituric acid reactive substances, TRAP =total radical-trapping antioxidant

parameter.

agranulocytosis.! All this is accumulative evidence that oxi-
dative stress is a possible mechanism for antipsychotic side
effects.

Oxidative stress may also have an effect on vascular
endothelium.?® Equally affected by oxidative cell stress are
heat shock proteins (HSPs), which have a variety of protective
intracellular duties and show increased expression in response
to stress to protect cells from stress-induced damage.?! Heat
shock proteins are known to be affected by peripheral vas-
cular disease?? and cardiovascular disease,”® and oxidative
stress has been suggested as a possible reason for this.”> Noth-
ing is known about HSP levels in the context of antipsychotic
medication usage. HSP70 is induced by many physiologic
stresses including oxidative stress,?! and HSP32 is induced
specifically by oxidative stress.** While HSPs are tradition-
ally regarded as intracellular proteins, it is now known that
they are present extracellularly and are correlated to certain
disease processes?>?>2¢ and in vitro cellular stress.?’3? Serum
HSPs may be of use in the monitoring of disease should they
be shown to be affected by antipsychotic drugs. Heat shock
protein release from cells in culture is another method for
monitoring stress induced by antipsychotics in in vitro stud-
ies. It is interesting to consider that schizophrenic patients
are at increased risk of premature death due to cardiovascular
disease, with a relative risk of 1.5 of patients dying from car-
diovascular disease.®! If oxidative stress were a side effect of
antipsychotic medication, it could help explain this worrying
increase in cardiovascular disease.

DATA SOURCES AND EXTRACTION

We conducted a systematic review of 5 databases for all
articles published until December 31, 2007—PubMed (pro-
duced 1,568 results), Ovid MEDLINE (produced 868 results),
EMBASE (produced 1,008 results), PsycINFO (produced 88
results), EBM Reviews (produced 41 results). Under specific
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headings, eg, “heat shock proteins” and “oxidative stress,”
a systematic search of these databases included such terms
as HSP70 and homocysteine (Table 1), and specific search
strings were constructed. No limits were placed on the
year or language of publication. References from pertinent
articles or books were retrieved using the following criteria:
(1) only articles that were quantitative; (2) those that referred
only to human tissue, in vivo, or in vitro; (3) articles that
stated what tissue was examined; (4) articles that identified
what metabolite/metabolites were measured; and (5) those
that had references. We looked for homogeneity within the
identified studies. Our aim was to pool any homogenous
studies for a meta-analysis. In the case of heterogeneity, we
planned to look at each substance individually. We pooled all
the markers we were looking at into 3 categories:

e Category 1 combined all markers of direct oxidative
stress, including malondialdehyde/thiobarbituric
acid reactive substances, reactive oxygen species/
reactive oxygen metabolites, hydrogen peroxide
(H,0,), and O,. These are all a direct measure of
oxidants (eg, H,O,) or the result of oxidative activity
(eg, malondialdehyde).

» Category 2 consisted of indirect markers of oxidative
stress, including superoxide dismutase, glutathione,
glutathione peroxidase, catalase, essential polyunsat-
urated fatty acids, HSP antibodies and antioxidants.
These are all induced by oxidative stress and are
typically part of the cellular defense against oxidative
stress.

» Category 3 consisted of other markers of
immune response such as proinflammatory, anti-
inflammatory, or markers of neutrophil shift or
danger. These are also induced by oxidative stress,
but are not part of an antioxidant defense but
directly relate to the immune response.
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Figure 1. Data Selection Flowchart

2,387
1,853 articles excluded
Nonhuman studies
534
490 articles excluded
Did not meet inclusion criteria
44
19 articles excluded
Data not quantitative
25
5 articles added
t (manual literature search)
30
20 articles added
(11 from pharmaceutical company
data and 9 from references of
» identified articles)
8 articles excluded (duplications)

We assessed all selected studies and extracted all available
data on any antipsychotic mentioned or combined data on
first- or second-generation antipsychotics. We looked at the
available in vitro data on human cells separately from the in
vivo data. The lead author and 2 of the coauthors (JH.H.W,,
PL., and PR.H.) individually assessed whether the sub-
stance had a beneficial (positive) or a detrimental (negative)
effect on cells. Generally, a rise in direct or indirect markers
of cell stress was interpreted as negative while a reduction was
interpreted as positive. Among the immune markers, a reduc-
tion of proinflammatory markers, a rise in anti-inflammatory
markers, a reduction in the neutrophil shift, and a reduction
in hemolysis and danger markers were seen as positive. The
opposite was interpreted as a negative effect.

SELECTION OF ARTICLES

Two reviewers (J.D. and R.M.) independently searched
the 5 databases, finding 2,387 abstracts after the removal of
duplicates (Figure 1). We wrote to all pharmaceutical compa-
nies manufacturing antipsychotics, requesting information
regarding published or unpublished trials or work in prog-
ress on these drugs and their associations with cell stress. A
database of these abstracts was created within a reference
management software package (EndNote, Thomson-Reuters,
New York, New York). We then applied the terms subject or
patient to our database to exclude nonhuman data (Figure 1).
This process excluded 1,853 articles from the identified ab-
stracts, giving us a total of 534 abstracts. Further processing
excluded 490 articles as they did not meet the inclusion crite-
ria. In this group some had no references, others were similar
articles written by the same authors with slightly different
titles but submitted to different journals. They were treated as
duplicates. Another substantial number of articles looked at
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related subjects such as tardive dyskinesia rather than schizo-
phrenia or did not record any cell response.

All articles were assessed by 2 reviewers, which ensured
that the inclusion criteria were met. A further 19 articles
that contained no measurable parameters were excluded,
leaving 25. Five articles were identified by manual literature
search, 11 were added from the pharmaceutical industry, and
9 from the references within the identified articles bringing,
the total up to 50 articles. Then 8 articles were identified
as duplications and excluded, leaving a total of 42 included
articles.

The selected studies were too heterogeneous to be com-
bined for any useful meta-analysis. Some failed to give details
for individual antipsychotics but combined a selection of
first-generation antipsychotics.>-3¢ Some examined more
than 1 cell stress marker.*>¥”~40 Many studies looked at more
than 1 effect and more than 1 antipsychotic, which explains
why the total number of reported effects for a particular
drug or effect does not necessarily correspond with the total
number of studies showing that effect. One study*! met the
inclusion criteria but did not yield results at 2 different points
in time and was therefore not included in the analysis. We
show the referenced results for all individual antipsychotics
in an interpreted format in Table 2. Table 3 shows a summary
description of all included studies with their design, quality,
and outcome. Table 4 shows the actual observed change for
all studies and substances.

We excluded animal studies as they can be poor models
for human cell behavior. Furthermore, we wanted to in-
crease the relevance of the review to psychiatric practice by
focusing on human cells.

DATA SYNTHESIS

First-Generation Antipsychotics

In summary, 11 studies®>3+353842-48 Jooked at differ-
ent first-generation antipsychotics and direct oxidative
stress markers. Most of them used haloperidol. Two of the
studies*>* showed a beneficial effect; 5 studies,>4344:49:50
a detrimental effect; and 6 studies,?>3438:424548 g ef-
fect on cells. When we considered markers of indirect
oxidative stress, 3 studies*>>!"? showed a beneficial effect;
6 studies,3>3436:40:50.53 3 detrimental effect; and 7 stud-
ies, 3333738434754 ng significant effect. Regarding markers
for immune responses, 1 study>® showed a beneficial effect
on inflammation and similar markers, 6 studies®#%->0-36-58
showed a detrimental effect, and 2 studies®*® showed no ef-
fect. One of these studies was Delieu et al,® which showed
that chlorpromazine, trifluoperazine, thioridazine, flupen-
thixol, and sulpiride caused a neutrophil shift to less mature
cells, while no such effect was seen with fluphenazine.

Second-Generation Antipsychotics

For the second-generation antipsychotics, the results
were equally ambivalent. When we looked at direct oxi-
dative stress markers, 3 studies®*®! showed a beneficial
effect, 5 studies!®3>%2-%4 showed a detrimental effect, and
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Table 2. Summary of Results: Number of Studies Using an Antipsychotic That Resulted in a Positive, Negative, or No Effect on

Cell Stress/Immune Response?

Direct Markers Indirect Markers Immune Markers
Positive Negative No Positive Negative No Positive Negative No
Antipsychotic Effect Effect Effect Effect Effect Effect Effect Effect Effect
SGA
All SGAs 7 5 18 12 18 14 4 8 4
Clozapine 3 4 5 3 3 5 2 6 0
Risperidone 1 1 5 5 6 5 1 1 1
Olanzapine 1 0 4 2 7 3 1 1 1
Amisulpride 0 0 2 0 0 1
Quetiapine 1 0 2 1 1 0 0 0 1
Ziprasidone 1 0 0 1 1 1
FGA
All FGAs 2 9 12 6 10 24 1 11 2
FGA (combined) 0 1 2 0 3 3
Haloperidol 1 4 3 4 2 6 1 4 1
Chlorpromazine 1 1 2 0 1 5 0 3 0
Flupenthixol 0 0 1 0 1 0
Fluphenazine 0 0 1 0 0 4 0 0 1
Thioridazine 0 0 1 0 0 2 0 1 0
Trifluoperazine 2 0 0 0 1 0
Sulpiride 0 0 1 0 0 2 0 1 0
Zuclopenthixol 0 0 1 0 0 2
Bromperidol 0 2 0
Molindone 0 2 0
Prochlorperazine 0 1 0
Metoclopramide 0 1 0
Levomepromazine 0 1 0
(methotrimeprazine)

This table describes positive, negative, and no effect on cells. The total for FGAs and SGAs sums up all individual results from all studies included.
Some studies examined multiple substances or used more than 1 marker. Generally, a rise in direct or indirect markers of cell stress was interpreted
as negative, while a reduction was interpreted as positive. Among the immune markers, a reduction of proinflammatory markers, a rise in anti-
inflammatory markers, a reduction in the neutrophil shift, and a reduction in hemolysis and danger markers were seen as positive.

Abbreviations: FGA = first-generation antipsychotic, SGA = second-generation antipsychotic.

7 studies®>3438:43:4548.63 showed no significant effect. The

1 prospective randomized controlled study*® we identified
showed a tendency toward a positive effect for clozapine, ris-
peridone, and amisulpride but a tendency toward a negative
effect for olanzapine compared to first-generation antipsy-
chotics. However, when we did our own ¢ tests using mean
and standard deviations comparing day 21 with day 0 for all
drugs, none of them were significant. Even those compari-
sons that appeared to be the most promising at face value
between first-generation antipsychotics and olanzapine had
a P value of P=.1 in both cases. Regarding markers of in-
direct cell stress, 5 studies**>>5%6566 showed a beneficial
effect, 5 studies>¥2343962 showed a detrimental effect, and
4 studies®*?>38433 showed no significant effect. Looking at
markers of inflammation, we found 2 studies®>®’ that showed
a beneficial effect (ie, reduced inflammatory markers), 7
studies®4%57:98.68-70 that showed a detrimental effect, and 1
study*® that showed no effect. A neutrophil shift toward less
mature cells was found with risperidone and olanzapine.?

In Vitro Studies

To summarize, no substance had exclusively beneficial
or detrimental results across the board. First-generation
antipsychotics do not come out better or worse than second-
generation antipsychotics. With regard to the consequences
of taking antipsychotics on cell stress and immune response
markers, no definite conclusion can be drawn about poten-
tial harm or benefit from antipsychotic medication.

J-Clin Psychiatry 72:3, March'2011
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DISCUSSION

Given the recent independent research on second-
generation antipsychotics and their relative risk for metabolic
disturbance and weight gain as well as efficacy compared
to first-generation antipsychotics, it is paramount that we
gain more knowledge about potential risks and benefits of
antipsychotic medication. Any suggestion from the data
regarding beneficial effects on cell stress would have been
highly welcomed. However, our results are inconclusive
for every substance analyzed, with almost as many studies
showing beneficial effects across the board as studies showing
detrimental effects. We therefore cannot draw any conclu-
sion as to whether antipsychotic medication increases the
risk of cell stress, nor can we make any specific recommen-
dation of 1 substance to be less likely to increase cell stress
than another. It is not possible to conclude that antipsychotic
medication does increase cell stress either, and no such as-
sumption of increased metabolic risk should be drawn from
our results.

There is now increasingly unambiguous evidence that
oxidative stress is involved in the etiology of schizophre-
nia and bipolar affective disorder, probably also in major
depression and other mental disorders.® This evidence in
itself demands further research in order to explore whether
this new knowledge may lead to future treatment options.
These include antioxidants and related substances,”! some of
which have already been successfully tested in the treatment
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Table 4. Summary of Cell Responses

Direct Oxidative Cell
Stress Indirect Oxidative Stress Immune  Damage
2 g _ 228G
zz SPEZEEET g
£ 2 £ %23 8325 8 28
52d . moazx s> E£Ra £EEQE &
Study Cell Stress Marker(s) Antipsychotic = S E2338338S B ESEZ2 L3 ESZE &
Abdalla et al*” SOD, GSH-Px Chlorpromazine - —
(1986) Haloperidol - —
Fluphenazine - —
Akyol et al*® Nitric oxide, TBARS, SOD, Haloperidol — — —
(2002) GSH-Px, XO Zuclopenthixol — — —
Chlorpromazine — — —
Thioridazine — - —
Fluphenazine — - —
Olanzapine — - —
Sulpiride — - —
Risperidone — —|—
Arolt et al®® (2000) IFN-y, IL-2, sIL-2R Clozapine +1
Chlorpromazine +1
Arvindakshan Plasma TBARS, red cell Clozapine — +1
etal® (2003) membrane EPUFA Risperidone _ +1
Olanzapine — +1
FGAs - +1
Atmaca et al®® SOD, GSH-Px, catalase Olanzapine +]
(2005)
Bindoli et al*? MDA Chlorpromazine +]
(1987)
Bonelli et al*® Transglutaminase FGAs (including +1
(2005) haloperidol),
SGAs (including
olanzapine)
Dakhale et al® MDA, SOD, ascorbic acid Clozapine +] +] +1
(2004) Risperidone +| +| +1
Olanzapine +| +| +1
Quetiapine +] +] +1
Ziprasidone +] +] +1
Delieu et al® Neutrophil maturity Flupenthixol +1
(2006) Fluphenazine —
Haloperidol +1
Thioridazine +1
Trifluoperazine +1
Sulpiride +1
Olanzapine +1
Risperidone +1
Evans et al* EPUFA, SOD, GSH, catalase ~ Risperidone +1 +1 +1
(2003) Olanzapine +1 +1 +1
Fehsel et al® SOD Clozapine +1
(2005) Olanzapine —
Fischer et al'® Free radical generation from  Clozapine +1
(1991) clozapine, ie, potential to
produce ROS
Gama et al*? TBARS, SOD Haloperidol +1 —
(2006) Clozapine — —
Gross et al® ROS Clozapine +
(2003)
(continued)
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Table 4 (continued). Summary of Cell Responses

Direct Oxidative Cell
Stress Indirect Oxidative Stress Immune  Damage
;‘._‘a
$ 3% - 5§
2 g _222%:
2 SPEZEEEY g4
SH- fiz2%z:<E 257 ¢
339 .38%:5E:5555E¢8;5 ¢
Study Cell Stress Marker(s) Antipsychotic S 2T o000 HV0UuUHEHIE<LCITIT A< SEAQRT <
Hinze-Selch et al®®  IL-6, sIL-2R Clozapine +1
(1998)
Hinze-Selch et al®® TNE-a, soluble TNF receptors ~ Clozapine +1
(2000) p55 and p75, sIL-2R, leptin,
blood granulocyte counts
Jeding et al* OH- scavenging, inhibition Haloperidol +1
(1995) of iron-dependent OH- Chlorpromazine +1
g.el.leration,. inhibition of Prochlorperazine +1
lipid peroxidation, peroxyl -
radical scavenging, effect Metoclopramide +1
on heme-protein dependent Methotrimeprazine +1
lipid peroxidation, reaction
with superoxide, scavenging
of hypochlorous acid
Joffe et al** (1998) ROS Clozapine +1
Joffe et al®! (1999) ROS Clozapine +]
Kaminska etal®®  IL-1a, IL-6, TNF-q, ROS, Haloperidol +1 +1 +1
(2003) catalase
Khan et al*? (2002) EPUFA (including AA and FGAs (including — +1
DHA), TBARS haloperidol)
Clozapine — +1
Olanzapine — +1
Risperidone — +1
Kim et al** (2001)  Anti-HSP70, anti-HSP90 Clozapine +] 1+
Risperidone +1 +]
Haloperidol +] 4]
Bromperidol +] +|
Molindone +] +]
Trifluoperazine + +]
Kim et al®® (2002) IL-12 Risperidone +1
Olanzapine +1
Nemonapride +1
Clozapine +1
Haloperidol +1
Kropp et al*® MDA Haloperidol —
(2005) Flupenthixol —
Risperidone —
Olanzapine —
Clozapine —
Amisulpride —
Quetiapine —
Li et al? (1999) SOD, low-affinity nerve Olanzapine +1
growth factor receptor p75
Lieber et al*® Human erythrocyte membrane Chlorpromazine +1
(1984)
Linday et al*! GSH-Px in plasma and red Clozapine
(1995) cells, selenium
Maes et al®” (1994) 1L-6, sIL-6r, sIL-2R Clozapine +1
Neeman et al*? MDA, homocysteine Clozapine —
(2005) Risperidone —
Olanzapine —
FGAs —
Paietal® (1994)  GSH, MDA Haloperidol +1 +]
Peet et al*’ (1995) TBARS, EPUFA Chlorpromazine — —
(continued)
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Table 4 (continued). Summary of Cell Responses

Direct Oxidative Cell
Stress Indirect Oxidative Stress Immune  Damage
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£8-5¢
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20 . AL EDE=Eas 2 E E & E o
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Study Cell Stress Marker(s) Antipsychotic 2 &m0 UH0OUNRI<IIaA<S AT <
Pollmacher et al’® IL-1, IL-6, sIL-2R, TNF-a, Clozapine +1
(1996) soluble TNF receptors p55
and p75
Ramchand etal®®*  Cell membrane lipid Chlorpromazine +1
(1996) peroxidation, indirectly
measured
Rudolf et al®” IL-2, IFN-y Haloperidol +1
(2002) Clozapine +1
Amitriptyline —
Sarandol et al*® MDA, SOD (S100B: marker for Risperidone — —
(2007) neurodegeneration—also Olanzapine — —
sometimes called an -
« . . Clozapine — _
alarmin” or “danger signal”) Lt
Quetiapine — —
Amisulpride — —
Haloperidol — —
Skoblenick etal®>  Apoptosis-inducing factor Haloperidol +1
(2006) Clozapine —
Szuster-Ciesielska ~ IL-2, IL-4, IL-10, IL-12, IFN-y, Clozapine +] +1
et al*® (2004) TGE-B, ROS (0,7), H,0, Chlorpromazine + +
Yao et al®! (1998)  SOD, GSH-Px and catalase in ~ Haloperidol +]
erythrocytes
Zhang et al® SOD, GSH-Px, catalase, MDA  Clozapine +1 — —
(2006) Risperidone +1 - -
FGA (not specified) +1 — | —
Zhang et al® SOD Risperidone +|
(2003)
Zhang et al® SOD (prolactin) Risperidone +]
(2006) Haloperidol +|
Zhang et al* SOD Haloperidol —
(2001)

Abbreviations: AA =arachidonic acid, DHA = docosahexaenoic acid, EPUFA = essential polyunsaturated fatty acids, FGA = first-generation antipsychotic,
GSH =glutathione, GSH-Px = glutathione peroxidase, H,O, = hydrogen peroxide, HSP =heat shock protein, IFN-y = interferon-y, IL=interleukin,
MDA =malondialdehyde, O, = superoxide free radical, OH- = hydroxyl radical, ROM = reactive oxygen metabolites, ROS =reactive oxygen species,
SGA =second-generation antipsychotic, sIL = soluble interleukin, SOD = superoxide dismutase, TBARS = thiobarbituric acid reactive substances,
TGF-f =transforming growth factor-f, TNF = tumor necrosis factor, XO = xanthine oxidase.

Symbols: + =an effect, —=no effect, 1 =an increase in the variable, | =a decrease in the variable.

of schizophrenia. Another important clinical implication is
for the claims of neuroprotective properties attributed par-
ticularly to expensive second-generation antipsychotics. This
has led to calls for the early use of antipsychotic medication
in newly diagnosed schizophrenic patients.® Heat shock pro-
teins are undoubtedly involved in diverse neuroprotective
mechanisms,”? making a link between oxidative stress and
neuroprotection very plausible. Our findings suggest that
claims of neuroprotective properties of antipsychotics may
well be premature given that we obtained very inconclusive
results from the current literature. Unless it were proven
that oxidative stress and neuroprotective properties of anti-
psychotic medication are unrelated, which is highly unlikely
given the current breadth of evidence, any definite claims
of neuroprotection should be treated with caution. This
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may also mean that we need to rethink neuroprotection as a
potential benefit in the argument for the early use of second-
generation antipsychotics in newly diagnosed schizophrenic
patients. One in vitro study®” showed that haloperidol and
clozapine cause a significant proinflammatory response in
an activated system, indicating potential problems with
inflammatory responses for patients on antipsychotic medi-
cation at times of infection or increased stress. This leaves
open the possibility of varying responses according the cur-
rent level of system activation.

Limitations of our study include the impossibility of
making clear quality judgments about each study, as they
do not fit into the usual quality assessment framework for
randomized controlled trials. However, all included studies
have a good or reasonable design and methodology for what

J'Clin Psychiatry 72:3, March'2011



they are intended to measure. Although they were all trials
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