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SUMMARY: Neuroleptic drugs such as haloperidol has side effects on extrapyramidal pathways. Tardive Dyskinesia is the most
important complication. The most characteristic feature of this Tardive Dyskinesia is involuntary movements of mouth lend face.
regard to this problem, the induction of gliosis and cell death in the nervous tissue are considered. In this studygadtDesgey
rats were used as experimental models. Rats were divided into control and experimental groups. The rats were kept ihdlseanimal
under standard conditions during experiments. The control rats were intraperitoneally treated with normal saline foré6edgesi-Th
mental samples were treated for the same time with 2, 5 and 10 mg haloperidol. After the trial period, the rats werewilgd fol
general anesthesia and their brains were removed after perfusion with a 4% formalin solution. Then, 1 mm cuts of theebrains wer
obtained. After that, im tissue sections were prepared and stained with hematoxylin and eosin. The stained sections were examined by
optical microscopy. The results showed that the short-term use of haloperidol does not lead to gliosis process in tre catrtesceb
The short-term use of 10 mg haloperidol results in cell death in the rat cerebral cortex. Cell death was not observetiohgheupo
and the groups that had received 2 mg and 5 mg doses of haloperidol. According to previous studies, it can be conctugkasikat th
process is induced in the cerebral cortex only following the long-term use of haloperidol. It is considered as a secandatheaus
neuroleptic drugs side effects. The primary cause of these side effects is the induction of cell death in neurons.
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INTRODUCTION

The neuroleptic drugs which are used in the treatment ~ Haloperidol is a dopamine receptor blocker. Tardive
of neurological diseases have side effects on extra pyramiélgiskinesia is considered as one of its side effects. The
pathways. The neuroleptic drugs exert their pharmacologidaloluntary movements of mouth and face are the most
effects through extrapyramidal dopamine receptor-mediatedmmon symptom of this disease. The mechanism of this
inhibition including Tardive Dyskinesia. However, they alsdrreversible complication on the nerve cells is not completely
affect other neurotransmitter systems (foal, 2004).The understood yet (Gale, 1980). One of the major mechanisms
dopamine system exists in many regions of the brain the incidence of medications side effects is cell death
including dark matter, striatum, hippocampus and cerebiiaduction. Two types of cell death including apoptosis and
cortex (Noket al, 2000). Since rats and primates show sanmeecrosis have been known.
involuntary movements of mouth and face as human in
response to neuroleptic drugs, and due to moral limitations ~ Some authors believed that haloperidol causes
on human, these species are used as valuable modelsecrosis cell death in neurons (Behal, 1996). But recent
improve the knowledge about the cause of Tardivetudies show that haloperidol leads to increasing dopamine
Dyskinesia (Notet al). Haloperidol is considered a typicalproduction in pre-synaptic neurons. This in turn causes
neuroleptic drug which is widely administered. increased glutamate levels in the post-synaptic neurons.
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GABA, and other oxidants and decrease of neurotransmittetsindard food and water. All experiments in this study were
and the resultant changes induce apoptotic cell deathgarformed in accordance with the ethical guidelines set by
neurons (Nolet al). the “Ethical Committee of Faculty of Medical Sciences,
Kermanshah University of Medical Sciences,” which
The other mechanisms leading to apoptosis includ®mpletely coincides with the ‘National Institutes of Health
activation of d2, JNK receptors in neurons that is triggergduide for the Care and Use of Laboratory Animals.’ All
by haloperidol. In general, the oxidative stress induced l@xperiments were conducted during the same time of day
haloperidol is considered as a part of the process of neuro(i:00 am to 06:00 pm).
damage by this drug (Post al, 2004; Behlet al, 1995;
Gale; Weiet al,, 2006). The General Procedures of the ExperimentsThe animals
received three doses of 2, 5 and 10 mg of haloperidol or
The previous studies on rats show that the long-termehicle drug (9% normal saline) for 6 consecutive days. Rats
use of haloperidol leads to increase of the volume of censere deeply anesthetized with chloroform 24 h after the last
bral ventricles, atrophy and gliosis (Gale) in wide areas afjection. The total volume of the brain was removed
the brain including the hippocampus, dark matter arfdllowing perfusion with 10% formalinin normal saline.
Accumbans striatum. It also reduces the number of dendritic
spines and synapses of the nucleus. Coronal sections with a diameter of 1 mm were
randomly prepared of the total volume of brains. After the
Some other studies have shown that the long-terasual tissue preparation proceduregind sections were
use of haloperidol causes damage to the nervous pathwayepared by the microtome. The sections were stained with
Thus, haloperidol can cause damages to the white tissuéhematoxylin and eosin and were examined by optical
the brain and nigrostriatal Pathway as well (Lettdl, 1994; microscopy.
Dalgalarrondo & Gattaz, 1994; Robestsl, 2002; Meredith
et al, 2000). Five different points were randomly selected for
histological observation in each section. The apoptotic and
The short-term use of haloperidol induces apoptosiormal cells of the brain slides of control and experimental
in the striatum and dark matter neurons of rats (Mitcheel groups were studied.
al., 2002) while causes no cell death in the rat cerebral cortex
(Gil-ad et al, 2001). Also, the use of haloperidol causebleurological-Behavioral ObservationsAfter injection of
apoptosis induction in neurons which have been isolatedhaloperidol or Vehicle, the neurological and behavioral
vitro from the cerebral cortex (Wet al). changes including agitation, withdrawal, and involuntary
movements of jaw and face were controlled for 1 h, after 24
Although the cellular damage of haloperidol on rah and prior subsequent injections.
cerebral cortex has been demonstrated in vitro conditions,
no evidences were found on either apoptosis or necrosis GBUNEL Assay. Brain cell apoptosis was assessed by
death induction in the cerebral cortex of rats followingerminaldeoxynucleotidyltransferase (TdT)-mediated deoxy-
administration of haloperidol. The present study wadTP nick end labeling (TUNEL) assay using
conducted in order to address the contradictions on the effAgtopTagalkaline phosphatase in situ Apoptosis Detection
of haloperidol on the cerebral cortex. The objective of that (Roche;11684809910), according to the manufacturer’s
present study is to investigate the histological properties iostructions.
rat cerebral cortex following administration of haloperidol.
Following TUNEL staining, sections were counter
stained with Harris Hematoxylin and mounted under glass
MATERIAL AND METHOD coverslips. The sections were examined and scored under
a light microscope (Nikon; YS100) equipped with a digital
camera (Motic) (400X). Apoptotic index was the ratio of
Materials. Experiments were performed on adult SpraguéFUNEL positive cells to negative ones and for this purpose
Dawley male rats with an average weight of 250 g (at thsections from 10 animals per group in at least 5 random
beginning of experiment). Animals were kept in a colonfields per brain were analyzed. As negative controls, a
room with a constant temperature £23C), humidity section from each animal was processed, but terminal
(70£5%) and artificial 12:12 h light-dark cycle. The lightstransferase was omitted from the TdT labeling buffer and
were turned on at 07:00 am. Animals were kept in indivior positive controls DNAse was added on the sections
dual cages with wood-chip bedding and had free accesqktsuet al, 2001).
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RESULTS Assessments of the slides of the study and control
groups reveal that some neurons in the experimental group
who have received a 10 mg haloperidol have more dense

The results were obtained by investigation ohuclei. The images with higher magnifications demonstrate
histological slides of adult rat cerebral cortex using an optictidat the nucleus is being fragmented. Fragmentation and
microscope. The slides in the control and experimentabndensation of the nuclei occurs during the apoptosis
groups were prepared from all regions of the cerebral cortg@rocess (Fig. 1B). This data was confirmed by stained cells

with TUNEL in this group (Fig. 1D). This has been seen

The gliosis process does not occur in adult rat cerbefore in the case of dark matter and striatum neurons
bral cortex following the short-term use of haloperidol. Théollowing administration of haloperidol. Given that apoptosis
results show that the morphology of the cerebral cortex atcurs within 1-2 h, some apoptotic cells are lost during the
the control group is similar to groups which received 2 mgrocess and cannot be observed by optical microscopy. The
and 5 mg haloperidol. As can be seen in Figure 1, in @poptotic neurons are observed in all cerebral cortex sections
sections, neurons and supporting cells can be seen naturafljhe group that received 10 mg haloperidol. It is therefore
together. Morphologically, the supporting cells and neurorigely that the short-term use of haloperidol reduce the size
are not similar. Also, the aggregation of supporting cell isf the rat cerebral cortex. Therefore, it is recommended that
not observed and the cells are located with a natural distameduture studies on the effects of neuroleptic drugs on the
from each other. cerebral cortex, stereological methods would be used to de-

termine the impact of changes resulting from the use of such

No changes were observed in the morphology ardtugs.

aggregation of supporting cell in all sections of the cerebral

cortex of adult male rats treated with 10 mg haloperidol (Fig.

1B). Thus, none of the haloperidol doses will change tH2ISCUSSION

morphology of supporting cells. Furthermore, the gliosis

process that is characterized by the accumulation of

supporting nerve cells is not occurred in the rat cerebral One of the most important cellular events in response

cortex following the use of haloperidol. to pathological conditions of the brain is the process of
gliosis. Microglial cells and astrocytes have an essential role

The short-term use of haloperidol with a dose of 1 the formation of gliosis process. The response of astrocytes
mg causes apoptosis in the cerebral cortex neurons of adalf situation includes the increase of the number and size
rats. and production of GFAP pathological protein. The

Fig. 1. The optical microscope image of the cerebral cortex of adult rats with a magnification of X400. The sections thtai€del wi

(A, B) or TUNEL mixture (C, D). A: collection of supporting nerve cells with bright nucleus and cytoplasm are observedr{&tars).
neurons are observed with a more dense nucleus and cytoplasm. Also, the location of the leaving the axon of a neurad geraminal a
hills can be seen (Black and white arrows). The same morphology was seen in all sections in the experimental groupk geated wit
and 5 mg haloperidol. B: in the group treated with 10 mg, a collection of supporting nerve cells with bright nucleus asdcatepl
observed (White arrow). Also, neurons with more dense nucleus and cytoplasm as well as the location of the leavingaheeaxon of
terminal and axon hills can be seen (star). It seems that the nucleus of a neuron is becoming denser and dividing tat(Bfauk par
arrow). C: TUNEL staining of cerebral cortex of control adult rats and also in 2 mg and 5 mg haloperidol treated groupELD: TUN
staining of cerebral cortex of 10 mg haloperidol treated adult rats showed that some of the cells stained with dark blueeappear
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biochemical stimuli that lead to activation of astrocytes amntioxidants in these two regions of the brain is much lower
derived from neurons and microglial cells so that ththan other regions such as the cerebral cortex (Mitciteel
production of glutamate, glucose and free radicals in neuroak). Since the primary mechanism of apoptosis caused by the
and production of interleukins in microglial cells activateéhaloperidol is the oxidative stress due to production of free
astrocytes. The activated astrocytes result in production mfdicals and also given that in order to eliminate oxidative
amyloids and cytokines which in turn may increase the damasfeess, the amount of enzymes and antioxidants in the cere-
to neurons (Drugat al,, 2003). bral cortex is higher than the dark matter and the striatum, it
can be concluded that the lack of observed differences in the
The long-term effects of environmental factors maynorphology and number of cortical neurons following the use
induce the gliosis process in the rat cerebral cortex similar @b haloperidol is due to larger amount of antioxidants in the
the use of therapeutic doses of certain drugs and oxygearebral cortex
deficiency during which astrocytes are seen as cells collections
in the cerebral cortex (Lictgt al; Robertset al). However, Perhaps this is why the other studies have claimed that
the short-term effects of these environmental factors in highéespite the side effects by using low doses of haloperidol, it
doses do not induce the gliosis process in the rat cerebral coders not cause damage to the cerebral cortex. This is while
(Marin-Padilla, 2000). haloperidol induces apoptosis in cortical neurons due to higher
production of oxidizing agents in a dose of 10 mg. The studies
Similarly, the short-term effects of higher therapeuti@also indicated that antioxidants such as vitamin E and C can
doses of haloperidol do not induce the gliosis process in theduce cell damage induced by haloperidol (B¢hl, 1996;
dark matter and striatum of the rat brain following in vitrdPostet al, 2002).The simultaneous use of antioxidants is
removal of cerebral cortex cells. The other studies have alsoportant so that the simultaneous use of dopamine and
shown that the haloperidol does not affect the number and stmdoperidol does not reduce the cell damage caused by the
of the supporting tissue cells (Meredithal; Gil-adet al). haloperidol (Gil-acet al). Therefore, it is recommended that
the amount of antioxidants and antioxidant enzymes in brain
In the present study, the short-term use of haloperididésue is evaluated in addition to histological examination of
was administrated at doses higher than the therapeutic ddke.effects of neuroleptic drugs. Also, antioxidants like vitamin
The comparison of the slides prepared from the brains of r&lsE, selenium and zinc can be used to reduce tissue damage
in the control and experimental groups showed no changesaused by neuroleptic drugs.
the status of supporting tissue cells. Therefore, the present
study also confirms that the short-term use of the haloperidol Considering the findings of the study, it can be
do not induce the gliosis process in the cerebral cortex of ratencluded that long-term therapeutic doses of haloperidol
Given that the studied animals showed the clinical symptorasid short-term haloperidol doses well above the therapeutic
of Tardive Dyskinesia following haloperidol administrationdose cause same clinical complications. But they have
and since the gliosis process was not observed in brain sectiliiferent cellular effects. The short-term use of haloperidol
of rats in experimental groups, it can be concluded that theduces the apoptosis cellular damage to the cerebral cortex
gliosis process is not considered as the main cause of Tardivey at doses higher than the therapeutic dose. This may be
Dyskinesia as the haloperidol side effect. Since Tardiwdue to the high amount of antioxidants in the brain cortex.
Dyskinesiais caused following damage to neurons, it can ocdtiis also proposed that it may be due to lower levels of the
as a secondary factor due tolong-term use of haloperidol. Tamtioxidants in dark matter and the striatum compared to
studies on long-term use of haloperidol have shown that theain cortex. At low doses, haloperidol causes apoptosis in
gliosis process is induced following damage to the cerebmaéurons in these two brain nuclei.
cortex neurons.
In general, the cause of Tardive Dyskinesia side
In the case of damage to neurons, the administrateffect is the apoptosis cell death induction caused by the
dose should also be noted in addition to the duration baloperidol. It induces the same process in the cerebral
exposure to environmental factors. It was shown that Tardigertex at higher doses. It is suggested that in future studies,
Dyskinesia occurs using a dose of 2 mg. The effect dhe antioxidants would be used to reduce the side effects of
haloperidol on the behavioral changes in the tissue slicessafch drugs.
the cerebral cortex of experimental and control groups are the
same in accordance to neuronal morphology. However, the
same dose of haloperidol results in cell damage of apoptoACKNOWLEDGEMENT . This work is supported as a
cell death in some regions of the brain such as the striatgrant (no. 92006) for MSc. degree from Kermanshah
and dark matter. The studies have shown that the amountfiversity of Medical Sciences.
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RESUMEN: Los farmacos neurolépticos como el haloperidol tiene efectos secundarios sobre las vias extrapiramidales. La disceesia tardia
la complicacién mas importante. El rasgo mas caracteristico de esta discinesia tardia son movimientos involuntariog dark Bock que respecta
a este problema, se consideran la induccion de gliosis y muerte celular en el tejido nervioso. En este estudio, fueratasizrague - Dawley
adultas como modelos experimentales. Las ratas se dividieron en grupos control y experimentales, y se mantuvieron enestaditéomkirante los
experimentos. Las ratas control fueron tratadas por via intraperitoneal con solucién salina normal durante 6 diasnydatatgdurante el mismo
tiempo con 2, 5y 10 mg de haloperidol. Luego, las ratas se sacrificaron y sus cerebros se extrajeron después detmperéusidncion de formalina
al 4%, obteniendo cortes de 1 mm de los cerebros. Se prepararon y se tifieron con hematoxilina y eosina en seccionesXenigjan 9 se
examinaron por microscopia optica. Se observo que el uso a corto plazo del haloperidol no conduce a proceso de glitesia errielral de rata. El
uso a corto plazo de 10 mg de haloperidol produjo muerte celular en la corteza cerebral de rata. La muerte celular a@sebipsgyo control ni en
los grupos que habian recibido 2 y 5 mg de haloperidol. De acuerdo con estudios anteriores, se concluye que el prosesoiddgi®en la corteza
cerebral sélo tras el uso a largo plazo de exposicion al haloperidol. Se considera como una causa secundaria de |losrsfeades|aslVarmacos
neurolépticos. La principal causa de estos efectos secundarios, es la induccién de muerte celular en neuronas .
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