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The influence of psychotropic drugs on cerebral cell death:
female neurovulnerability to antipsychotics

Raphael M. Bonelli#, Peter Hofmann?®, Andreas Aschoff®,

Gerald Niederwieser®, Clemens Heuberger®, Gustaf Jirikowski®

and Hans-Peter Kapfhammer®

Tissue transglutaminase (tTG) is a marker for apoptosis,
and its protein level is known to be increased in post-
mortem Alzheimer's and Huntington’s disease brains. tTG
is increased in the cerebrospinal fluid of patients with
Alzheimer's disease., However, the influence of psycho-
tropic medication on acute cell death has not been studied
so far in vivo, although some experiments performed in
vifro suggest that antipsychotic drugs are neurotoxic. The
protein level of tTG was examined in the cerebrospinal fluid
obtained from 29 patients under neuroleptic medication in
the last 24 h before lumbar puncture (eight patients
diagnosed with Alzheimer's disease and 21 patients with
other neurological diseases), and compared with those
from 55 patients without antipsychotic medication (25
Alzheimer's patients and 30 others). In addition, the
influence of several other psychotropic drugs on apoptosis
was analysed. A significant influence (P<0.01) of anti-
psychotic drugs for both the Alzheimer's and the non-
Alzheimer's group was found with respect to tTG protein
levels in cerebrospinal fluid. By contrast to the male
subgroups, the female groups showed a strong influence
of neuroleptics on cerebral cell death. Surprisingly, atypical
antipsychotics did not differ from typical neuroleptics in
neurotoxicity. By contrast, no influence of antidepressants,
cholinesterase-inhibitors, nootropics, tranquilizers and
tramadol on cerebral cell death was found. The results
suggest that typical and atypical antipsychotic drugs may

Introduction

Neuroleptics are prescribed worldwide in various indica-
tions, mostly in neuropsychiatric disturbances, such as
schizophrenia, psychotic depression, behaviour disorders,
agitation, delirium and hyperkinetic movement disorders
(Tourette syndrome, Huntington’s disease). Moreover,
these substances are also under use in several other
conditions, such as pain, nausea and vomiting, and
hiccups disorders (Zitman er /., 1994), although not
evidence-based in all indications (Zitman e /., 1991; Patt
et al,, 1994), It is well known that these substances
(typical and atypical) often produce side-effects, with the
most prominent of them being tardive dyskinesia. The
production of these extrapyramidal unwanted effects is
definitely a major limitation to the use of antipsychotics.
The pachophysiology of tardive dyskinesia, a disabling
and commonly irreversible movement disorder, is still
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induce cerebral cell death, especially in female patients.
Subjects with Alzheimer’s disease might be even more
vulnerable to any antipsychotic. Therefore, subsequent
research should aim to identify atypical neuroleptics
without neurotoxicity. A limit on the use of first- and
second-generation antipsychotics in elderly patients is
proposed. Finally, the possible connection between the
observed increased cerebral cell death and tardive
dyskinesia, the most threatening side-effect in
antipsychotic therapy, is discussed. Int Clin
Psychopharmacol 20:145-149 © 2005 Lippincott
Williams & Wilkins.
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obscure. Current studies performed iz virre have focused
on the role of neuroleptic-induced neuronal toxicity in its
development because the traditional concept of super-
sensitivity of striatal dopamine receptors is no longer
satisfying (Casey, 2004). Haloperidol, the most promi-
nent antipsychotic drug, has been reported to cause cell
death iz vitro (Behl ez al., 1995; Noh ez a/., 2000), probably
as a result of oxidative stress, resulting from alternations
of mitochondrial function (Cadet er @/, 1994; Galili e¢ 4l.,
2000). Chronic treatment with typical neuroleptics most
likely lead to brain damage in schizophrenic patients
(Sunderland and Cohen, 1987). Neuroimaging studies of
tardive dyskinesia brains showed ventricular dilatation
and atrophy in several brain areas (Mion & 4/, 1991;
Dalgalarrondo and Gattaz, 1994). Recently, Ukai e a/.
(2004) found that treatment with haloperidol produced
apoptosis of cortical neurones accompanied by shrinkage

‘l
!
!




146 International Clinical Psychopharmacology 2005, Vol 20 No 3

of the cell body, and prominent DNA ladders, hallmarks
of apoptosis.

Tissue transgiutaminase (tTG) is known to be an
indicator of apoptosis iz vitro (Volokhina e @/, 2003). It
is activated during the apoptotic cell death cascade and
plays a key role in the formation of apoptotic bodies
(Volokhina ez /., 2003). tTG is upregulated in apoprotic
cells after activation of the caspase cascade iz vitro
(Johnson ez #., 1997). On the other hand, inhibition of
tTG prevents apoptosis and increases cell survival
(Oliverio er a/, 1999). An increase in tTG protein level
is found in post-mortem Alzheimer’s disease (AD)
(Lesort er a/,, 2000) brains, as well as in Huntington’s
disease {Bailey ¢7 2/, 2004). In a previous study, our group
demonstrated an increased concentration of tTG in the
cerebrospinal fluid of AD patients compared to controls,
whereas vascular dementia did not differ from controls
(Bonelli ez 4f., 2002). We therefore were able to show that
t'TG may serve as a biochemical marker of apoptosis not
only i vitro, but also /7 viwo. In the present study, we
analysed the influence of psychotropic medication,
especially antipsychotic drugs, on cerebrospinal fluid
apoprosis.

Methods

The detailed process of selecting and processing cere-
brospinal fluid is described elsewhere (Bonelli e 4/,
2002). We used the cerebrospinal fluid obtained from 29
patients who were under neuroleptic medication in the
last 24 h before lumbar puncture, eight of them patients
with AD and 21 patients with other neurological diseases.
The apoptotic marker was compared with the cerebrosp-
inal fluid of 55 patients without neuroleptic medication,
25 of them diagnosed with AD. All patients underwent
lumbar puncture for diagnostic reasons after they had
provided their informed consent; no single patient
underwent lumbar puncture in the present study.
Because controls and vascular dementia do not differ in
t'T'G values (Bonelli ¢ /., 2002), they are united in one
group (non-AD) here. The baseline-characteristics of the
study subjects are shown in Table 1.

Psychotropic medication (antipsychotics, antidepres-
sants, cholinesterase-inhibitors, nootropics, tranquillizers
and tramadol) of all 84 patients was analysed retro-
spectively from the clinical records. None of the
patients received antipsychotic drugs due to a schizo-
phrenic disorder. Demented patients were treated with
neuroleptics mostly for behavioural problems, whereas
non-demented subjects received these substances for
pain relieve in the majority of cases. Due to the
hypothesis that older antidepressants might influence
brain metabolism differently, the group of antidepressants
was finally divided into serotonin reuptake inhibitors
(SSRI) and other antidepressants. Final diagnosis at the

Baseline characteristics of the study subjects

Table 1

AD Controls
n 33 51
Female (%) 22 (67) 31 (61)
MMSE (mean = SD) 21.8+4.72 27.3+0.6° .
Age (meantSD) 71.87+£8.3° 58.631£16.7
APD (%) 10 (30) 21 (41)
SSRI (%) 10 (30) 10 (20)
ADe (%) 17 (52) 18 (35)
CEl (%) 7 (21)2 2 (4)2
Noo (%) 7 (21) 4 {(8)
Ben (%) 4(12) 9 (18}
Opo (%) 2 (6) 3 (6)
TG (mean+ SD) 757 £9.2° 2.97+5.12

aGtatistically significant different. AD, Alzheimer's disease; MMSE, Mini-Mental
State Examination; APD, Antipsychotic drugs; SSRI, selective serotonin reuptake
inhibitor; ADe, other antidepressive drugs; CEl, choline esterase inhibitor;‘Noo.
nootropic drugs; Ben, bezadiazepines; Opo, opioides (i.e. tramadol); tTG, tissue
transglutaminase.

time of discharge from the hospital and medication at the
day before lumbar puncture is shown in Table 2. The
Jirikowsi Laboratory at the University of Jena, Germany,
carried out the measurement of tTG protein levels by
enzyme-linked immunosorbent assay. All laboratory staff
were blinded for diagnosis, medication, sex and age
of patients; and followed the laboratory method as
previously described in detail (Bonelli er 4k, 2002).
A professional statistician performed the statistical
analysis of data. Variables are presented as mean =+ SD
tTG levels. The statistical software package SPSS version
11.5 for windows (SPSS Inc., Chicago, Illinois, USA) was
used for statistical analysis. Because tT'G values are non-
negative by definition and highly asymmetric, we did not
expect them to be normally distributed. A Kolmogorov—
Smirnov test rejected the hypothesis of normal distribu-
tion. An exponential distribution was also rejected by the
Kolmogorov—Smirnov test. Because normal distribution
cannot be assumed, we did not confine ourselves to using
Student’s paired #test (or its variant for samples
of heterogeneous variance) alone, although it is known
to be rather robust against deviations from normality.
We therefore also used Mann~Whitney’s non-parametric
U-test, which does not make any assumptions on
normality, However, both tests lead to the same conclu-
sions in all analysis performed. P < 0.05 was considered
statistically significant. Because cerebrospinal fluid from
clinically necessary diagnostic procedures was used
retrospectively, no ethic committee approval was neces-
sary in the countries where the study was performed.

Results

The main results of the study are shown in Table 3. In
the AD group, division between neuroleptic medication
at the time of lumbar puncture and those without
happened to find statistically equally distributed sex-
ratios, age, cognitive functioning, SSRI, other antidepres-
sants, cholinesterase-inhibitors and tranquillizers. We
found a significant influence (P < 0.01) of antipsychotic




Table 2 Diagnosis and medication of subjects
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* Total Female APD SSRI ADe CEl Noo Ben Tra
AD 33 22 8 10 17 7 7 4 2
VaD 18 11 9 4 9 2 2 2 1
Somatoform disorders 10 6 8 4 6 0 1 0 1
Low back pain 9 4 1 2 2 o} 0 0 1
Cephalea 5 3 1 0 0 0 1 0 0
Neuropathy 4 2 1 0 1 0 0 0 0
Meniere's disease 2 2 0 0 0 0 0 0 0
Trigeminal neuralgia 2 2 1 0 0 0 0 0 0
Spasmodic torticollis 1 1 0 0 0 0 0 0 0
Total 84 53 29 20 35 e} 11 6 5]

AD, Alzheimer's disease; APD, Antipsychotic drugs; SSRI, selective serotonin reuptake inhibitor; ADe, other antidepressive drugs; CEl, choline esterase inhibitor; Noo,

nootropic drugs; Ben, bezodiazepines; Tra, tramadol; VaD, vascular dementia.

Table 3 Results from the study

AD (n=383) Non-AD {(n=51)

nNL NL nNL NL
n 25 8 30 21
Female (%) 16 (64) 6 (75) 23 (77)2 6 (29)*
MMSE (mean =+ SD) 20.4+6.6 29.243.9 28135 27.3+4.0
Age (mean  SD) 74.0316.1 70.91+9.1 58,47+18.4 58.85+14.3
SSRI (%) 8 (32) 2 (25) 4(13) 6 (29)
ADe (%) 12 (48) 5 (63) 5 (17)° 13 (62)°
CEl {%) 5 (20) 2 (25) 2(7) 0 (0)
Noo (9%6) 4(16) 3 (38) 0(0) 2 (10)
Ben (%) 3(12) 1(13) 2(7) 2 (10)
Opo (%) 1 (4) 1 (13) 0 (0) 2 (10)
tTG, men (mean= SD) 467454 10.75%+6.4 2,97+1.8 3,18£3.4
tTG, women (mean + SD) 590+78% 16.37+£14.2° 0.4540.8° 9.93+09,2°
tTG, all (meanSD) 5454 7,0 14.21+1256° 1.04+15° 5.72+6.9°

AStatistically significant different,

®Highly significant different. MMSE, Mini-Mental State Examination; SSRI, selective serotonin reuptake inhibitor; ADe, other antidepressive drugs; CEl, choline esterase
inhibitor; Noo, nootropic drugs; Ben, bezodiazepines; Opo, opioides (i.e. tramadol); NL, group of patients treated with neuroleptics; nNL, group of patients not treated
with neuroleptics; AD, group of patients suffering from Alzheimer's disease; non-AD, group of patienls not suffering from Alzheimer's disease; TG, tissue

Transglutaminase in the cerebrospinal fluid (in ng/dl).

drugs in the apoptotic marker tTG in this group. Divided
by gender, this difference remained statistically signifi-
cant in females, whereas it failed to show significance in
the male subgroup (probably due to small sample size).
By contrast, in the non-AD group, neuroleptic-medicated
patients included statistically more females and tended
to have more (other) antidepressants chan those without
antipsychotic drugs. Age, cognitive functioning, SSRI,
cholinesterase-inhibitors and tranquillizers were equally
distributed. In this majoritarian non-demented, younger
group with less cholinesterase-inhibitors and a physiologic
tTG level (Table 1), we found the same influence of
antipsychotic drugs on cerebral apoptosis as in the AD
group. Interestingly, the whole effect is driven by the
female subgroup, thus changing to highly significance
when isolated, whereas males fail to show any apoptotic
change by antipsychotic drugs.

Seven different antipsychotic substances were used in
our patients. As the next step in our analysis, we divided
the subjects to receive four typical neuroleptics (melper-
one, flupentixol, haloperidol and prothipendyl) and three
atypical antipsychotics (risperidone, zotepine, olanza-

pine). The two groups comprised 15 and 14 patients,
respectively, and were equally distributed in sex and
diagnosis. Patients receiving typical neuroleptics were
significantly younger compared to those taking atypicals
(56.7 versus 72.1, respectively). However, tTG is known
not to be age-dependent. Astonishingly, despite being
equally distributed in the only two important factors (i.e.
sex and diagnosis), both groups failed to differ in tTG
values (7.81 ng/dl and 8.11 ng/dl, respectively). Of inter-
est is the additional information obtained with respect to
the seven single substances: we found five substances to
have above average tT'G levels compared to the whole
cohort of 84 patients (mean value 4.78 ng/dl): melperone
(four patients) 14.95ng/dl; zotepine (four patients)
8.78 ng/dl; olanzapine (eight patients) 8.5 ng/dl; flupen-
tixol (seven patients) 7.86ng/dl; and haloperidol (one
patient) 7.3 ng/dl. By contrast, two substances, risper-
idone (two patients) 5.25 ng/dl and prothipendyl (chree
patients) 3.16ng/dl, did not differ from the average.
Nearly all patients free of neuroleptics were actually
neuroleptic-naive. In those five patients with a history
of antipsychotic treatment in recent years, but not in
the last 24h before lumbar puncture, tTG levels in




148 International Clinical Psychopharmacology 2005, Vol 20 No 3

cerebrospinal fluid appeared to be equivalent to their
corresponding group without neuroleptics, suggesting
a termination of cell death after discontinuation
of medication. A multivariant analysis found no influence
of SSRI, other antidepressants, cholinesterase-inhibitors,
nootropics, tranquilizers and tramadol on the actual
(TG level,

Discussion

We found a significant tTG increase in cerebrospinal fluid
due to both typical and atypical antipsychotic drugs.
These results indicate an increased cerebral apoptotic
process, thus suggesting neurotoxicity. Although this is
the first report to be obtained #» vive, the neurotoxicity of
(both typical and atypical) neuroleptics has been found in
neuronal cell culture: perphenazine, clozapine and
haloperidol decreased cell viability by 87%, 43% and
34%, respectively. On the other hand, risperidone was not
toxic in this study (Gil-Ad ez /., 2001), chus affirming our
results with risperidone and haloperidol.  Similarly,
haloperidol, but not risperidone, was found to induce
caspase-dependent apoptosis by reducing cellular survival
signaling (Ukai e 4/, 2004). Most current findings
indicate that haloperidol-induced cell death is apoptotic
rather than necrotic (Andreassen and Jorgensen, 2000;
Galili er al., 2000; Post er 4., 2002). However, it is a rather
challenging finding that atypical neuroleptics do not
differ from the first-generation antipsychotics in their
neurotoxicity, which contradicts the widespread euphoria
on these agents. In accordance with our results, Gil-Ad
et al (2001) found that an atypical antipsychotic
(clozapine) decreased cell viability to a higher degree
than the typical neuroleptic haloperidol. Moreover, as the
authors pointed out, various atypical substances appear to
differ in their potential harmful effects, and we suggest
that further studies performed i wvitro are rewuired for
the different types of second-generation antipsychotics.

Our findings in AD patients are challenging and of
practical relevance. Seventeen of our demented patients
(AD and vascular dementia) received neuroleptics, most
of them for behavioural problems (Table 2). These
substances still comprise the preferred medication for the
management of psychosis or agitation (with or without
psychosis) in AD (Cummings, 2004). Atypical neurolep-
tics are said to produce fewer side-effects, such as
parkinsonism and tardive dyskinesia, than conventional
neuroleptic drugs. Double-blind, controlled trials support
the efficacy of atypical antipsychotics in reducing the rate
of psychosis and agitation in patients with AD, as is also
known for haloperido! (Cummings, 2004). However, our
study failed to show a difference in neurotoxicity
between atypical and typical neuroleptics, and we should
be extremely careful when using neuroleptic as first-line
drugs in AD patients. Beyond doubt, neuroleptics are still
necessary in dealing with some agitated demented

patients, but therapy with mood stabilizers or antid§-
pressants alone or in combination with anmpsychorgc
agents might be an alternative to reduce neurotoxic
burden in this vulnerable patient group.

Our findings in non-AD patients (average age 59 yftars)
are even more challenging. Twelve of our patients
received antipsychotics for pain relieve (eight with
somatoform disorder, and one patient each with low back
pain, cephalea, neuropathy and trigeminal neuropathy,
respectively). This off-label treatment is not evidence-
based, but nevertheless common in everyday clinical
practice (Zitman et al, 1994). We consider it to bc' an
appropriate time to question such subscription practice.
Because the level cerebral apoptosis of non-demented
patients on antipsychotics appears to be indistinguishable
to AD patients without this medication, the question
might arise as to whether neuroleptics actually induce
some degenerative process. Moreover, the incidence of
tardive dyskinesia is much higher in this age group who
are receiving antipsychotics than it is in the younger age
group. A Canadian study of geriatric psychiatric first-
admission patients who had never taken neuroleptic
drugs before reported that 35.4% of the patients
developed tardive dyskinesia (Yassa e «/, 1992), thus
confirming the higher vulnerability of non-demented
elderly patients treated with neuroleptics.

Moreover, we found a female vulnerability to antipsycho-
tics, both in the AD and especially the non-AD group.
Concordantly, prevalence of tardive dyskinesia is signifi-
cantly higher in women (26.6%) than in men (21.6%)
after neuroleptic treatment, as previously reported in a
metaanalysis of 39187 patients (Yassa e «/, 1992).
Interestingly, male AD patients show lower tT'G values
than females, although this difference did not reach
statistical significance, whereas there was no gender
difference in the non-AD group (Bonelli ez @/, 2002).
This might be related to the incidence of AD in females
being significantly higher than in males (Nussbaum and
Ellis, 2003).

SSRIs, other antidepressants, cholinesterase-inhibitors,
nootropics, tranquilizers and tramadol did not have an
influence on cerebral cell death. Although only the
number of SSRIs and other antidepressants were
statistically valid, the result is encouraging because no
data on antidepressant neurotoxicity are available in the
literature that have been obtained # virro. In conclusion,
we suggest that typical and atypical neuroleptics should
be strictly limited in all elderly patients, especially in
females and all patients with AD.
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