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ABSTRACT 
Haloperidol is an antipsychotic drug and shown to be antagonist at D2 receptors and 
found to cause severe impairment of locomotor performance. The serotonin (5HT1A) 
receptor agonist 8-OH-DPAT has been reported to attenuate extrapyramidal side effects 
of haloperidol. The present study was designed to examine the modulatory effect of 
serotonergic activities on haloperidol induced up-regulation of dopamine D2 receptors. In 
the acute phase of study, 8-OH-DPAT (0.5mg/kg/ml) elicited behavioral syndrome was 
monitored in rats preinjected with haloperidol(5mg/kg/ml). Results of single haloperidol 
administration revealed that 8-OH-DPAT induced forepaw treading (p<0.05) and 
hyperlocomotion( p<0.01) were smaller in haloperidol than saline preinjected rats. In 
repeated phase of study, 8-OH-DPAT (0.5mg/kg/ml) induced behavioral syndrome was 
monitored in rats injected with haloperidol for 10 days (x2). The result of repeated 
haloperidol administration showed that 8-OH-DPAT elicited flat body posture (p<0.01) 
was greater in repeated haloperidol injected rats than repeatedly saline injected rats. 
 
Relationship between 5HT1A receptors and D2 receptors has been discussed. It is 
suggested that combining neuroleptics with 5HT1A ligands is thought to improve the 
preclinical profile of neuroleptics and may be of interest in the development of new 
compounds that have greater therapeutic potential and/or better tolerated. 
 

INTRODUCTION 
 
The discovery of drugs that are effective in the treatment of psychotic illnesses, have been 

perhaps the most important psychopharmacological event of the second half of the 20th century.  
Antipsychotic, mood-stabilizing and antidepressant agents used to treat the most severe mental 
illnesses have had remarkable impact in psychiatric practice and theory. 

 
Although antipsychotic drugs have been widely prescribed for the treatment of schizophrenia 

since the 1950’s (Baldessarini, R.J., 1985), their beneficial effects are accompanied by involuntary 
movement disorders.  Janssen in 1974 discovered the antipsychotic properties of haloperidol a 
butyrophenone, a non-specific D-2 antagonist (Christensen et al 1984; Tam and Cook, 1984), is a 
potent neuroleptic associated with a high incidence of acute extrapyramidal side effects (Rona et 
al., 1999) and tardive dyskinesia (Kelly et al., 1990) Haloperidol is regarded as the dopamine 
receptor blocking agent acting chiefly on the CNS (Aden et al., 1970). The antischizophrenic 
actions of haloperidol was similar to but more potent than phenothiazines and correspondingly 
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more potent in elevating the concentration of methoxylated metabolites of dopamine in brain 
(Carlsson and Lindqvist, 1963). The increase in dopamine activity may be related to the decreased 
activity of one or more neurotransmitters such as 5-HT, acetylcholine (Synder et al., 1974). 

 
 Subchonic treatment of rats with haloperidol result in behavioral and biochemical 

supersensitivity of DA receptor (Ungerstedt and Ljungberg, 1977; Seeman, 1980). Chronic 
administration of D2  receptor antagonists increases the density of D2 receptor (Burt et al., 1997; 
McGonigle et al., 1989). 

 
5-HTIA receptor agonist 8-OH-DPAT reduce the effects of the classical neuroleptic 

haloperidol (Ellenbroek et al., 1994).  Serotenergic agonists are true partial agonists for D2 
receptor.  The 5-HTIA receptor is one of several types of receptors for 5-HT that exist in brain 
(Pedigo et al., 1981).  Autoradiographic studies of rat brain using l3HI- 8-OH-DPAT reveal a high 
density of 5HTIA binding sites in both the mid brain, raphe nuclei & in certain fore brain regions.  
5-HTIA receptors located both presynaptically on 5-HT cell bodies in the raphe nuclei where its 
activation inhibits the firing of raphe neuron (Sprouse and Aghajanian, 1987) and post 
synaptically being particularly high in hippocampal and Cortical areas (Jacobs and Azmitia, 1992). 

 
Administration of 5-HTIA receptor agonist (8-OH-DPAT) produces a characteristic behavior 

syndrome comprising forepaw treading, head weaving, hind limb abduction & hyperlocomotion 
which is sensitive to antagonism by 5-HTIA receptor antagonist such as propanolol (Hjorth et al., 
1982; Goodwin et al., 1987a).  

 
The present study was designed to examine the effects of single and repeated prior 

administration of haloperidol on behavioral responses to 8-OH-DPAT. 
 

 

MATERIALS AND METHOD 
 

Experimental animals: 
Animals used in this experiment were male Wistar rats purchased from HEJ Research 

Institute of Chemistry, Pakistan. The animals weighed 200-250 gm.  The rats were housed 
individually in cages with saw-dust covered floor where they had free access to dry food pellets 
and fresh tap water at room temperature with regular 12 hours light 7:00 am to 7:00 pm dark 
scheduled.  Behavioral experiments were conducted between 9:00 am to 11:00 am in a separate 
testing room. 

 
All animals were handled 2-3 days before starting experiments.  
 

Drugs and Injections: 
Drugs used for the treatment were: 

1- Haloperidol (searl) available in 5 mg/ml ampoules was injected. 
2- 8-hydroxy-2-(di- n- propylamino)  tetralin (8-OH-DPAT) (purchase from RBI Research 

Biochemical, USA).  The drug was prepared in Saline (0.9% W/V NaCl) and injected I.P. at a 
dose of  0.5 mg/kg body weight. 

 
Experimental Protocol: 

The animals were randomly assigned as test and control group. In case of single 
administration, test animals were injected with 5 mg/kg/ml haloperidol while control animals were 
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injected with saline (0.9% NaCl). Animals were injected with 8-OH-DPAT at a dose of 0.5mg/kg 
after 30 minutes post injection. Behavioral syndrome was monitored for 20 minutes. 

 
In case of repeated administration animals were randomly divided in to test (haloperidol 

treated) and control (saline treated) groups.  Test animals were injected with haloperidol at a dose 
of 5mg/kg/ml twice daily. Control animals were injected with saline (1 mg/kg NaCl) two times 
daily (8.00-9.00 a.m. and 2.00-3.00 p.m) for 5 days. On the 6th day, both the groups were again 
divided in to saline and 8-OH-DPAT injected rats. 8-OH-DPAT was injected at a dose of 0.5 
mg/kg/ml. Behavioral syndrome was monitored for 20 minutes after 8-OH-DPAT administration 
Test and control animals were again injected with haloperidol (5mg/kg/ml x 2) and saline 
(1mg/kg) two times on 7th, 8th and 9th day. On the 10th day of treatment animals were injected with 
saline or 8-OH-DPAT (0.5mg/kg/ml) and behavioral syndrome was monitored for 20 minutes.. 

 
Behavioral Syndrome: 

Animals were transferred to Perspex observation cages (26 x 26 x 26 cm) with sawdust 
covered floor.  Behavioral scoring started after 8-OH-DPAT (0.5 mg/kg/ml) injection.  Each 
animal was continuously observed for 20 minutes.  Forepaw treading and hyperlocomotion were 
counted.  Flat body posture was scored on 0-4 scale of absent to maximum intensity. 

 
Statistical analysis: 

The results are presented as the means ± S.D.  5-HT behavioral syndrome data was analyzed 
by Mann – Whitney U-test.  Values P< 0.05, P< 0.01 were considered statistically significant. 

 
RESULTS 

 
Fig 1 shows the effect of 8-OH-DPAT (0.5mg/kg/ml) elicited 5-HT syndrome (forepaw 

treading, hyperlocomotion and flat body posture) in single saline and haloperidol (5 mg/kg/ml) 
injected rats. 

 
Data analyzed by Mann-Whitney U-test revealed that 8-OH-DPAT induced forepaw treading 

(P<0.05) and hyperlocomotion (P<0.01) were smaller in haloperidol than saline pre-injected rats.  
8-OH-DPAT elicited flat body posture (P>0.05) was not significant. 

 
Fig .2 shows the effect of 8-OH-DPAT (0.5mg/kg/ml) elicited 5-HT syndrome i.e. forepaw 

treading, hyperlocomotion and flat body posture in repeated saline and repeated haloperidol 
injected rats. 

 
U-test showed that 8-OH-DPAT elicited flat body posture (p<0.01) was greater in repeated 

haloperidol injected rats than their respective controls.  Intensity of forepaw treading (p>0.05) and 
hyperlocomotion (P>0.05) were not significantly different in repeatedly haloperidol and 
repeatedly saline treated rats.  

 
DISCUSSION 

 
Two responses that have been used to study 5HTIA receptor activation in intact rats are 

hypothermia and the “5-HT syndrome” (Paul et al., 1994). Stereotypic increase in locomotor 
activity is a well-characterized component of 5-HT syndrome (Ortman, 1985). The 5-HT 
syndrome is a collection of behaviors that include flat body posture, reciprocal forepaw treading, 
side to side body movement, resting tremor, hind limb abduction and straub tail (Grahame-Smith, 
1971 a, b, Jacobs, 1976, Tricklebank, 1985). It can be induced in rats by treatment that increase 
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synaptic levels of 5-HT (Grahame-smith, 1971a; Trulson and Jacobs, 1976, Kennett 1987) or by 
some drugs that directly stimulate 5-HT1A receptor (Grahame-smith 1971b, Hiorth et al., 1982). 
The syndrome is produced by the administration of a number of 5-HT agonists such as 5 – 
methoxy – N, N-dimethyl tryptamine (5-Me ODMT) and 8-hydroxy-2-(di-n-propylamino) tetralin 
(8-OH-DPAT) (Glennon et al 1986, Hillegaart et al 1989). Selective 5-HT1A receptor agonist 
such as 8-OH-DPAT (8-hydroxy-2-(di-n-propylamino) tetralin), flesinoxan, 5-methylurapidil and 
others, increased locomotor behavior in rats following s.c. injection (Kalkman and Soar 1990). Fig 
1 shows that intensity of forepaw treading & hyperlocomotion were smaller in haloperidol than 
saline pre injected rats. Acute administration of neuroleptics increases dopaminergic neuronal 
firing and augmented synaptic release of DA (Seeman, 1985). 

 
Chronic administration of D2 receptors antagonist increases the density of D2 receptors (Burt 

et al., 1977, McGonigle et al, 1989). We examined the modulatory effect of 8-OH-DPAT on rats 
pretreated with haloperidol. Fig 2 shows that 8-OH-DPAT elicited flat body posture was greater in 
repeated haloperidol injected rats. Repeated administration of haloperidol may induce DA receptor 
sensitivity when given in clinically relevant dose (Rupanik et al., 1984).  
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Fig. 1: 8-OH-DPAT(0.5 mg/kg/ml) induced forepaw treading, hyperlocomotion and flat body
posture in saline (0.9% NaCl) and haloperidol ( 5 mg/kg/ml) injected rats. Values are means ±
S.D. ( n=3). Significant differences by Mann-Whitney U-test. *p<0.05, ** p<0.01 from saline + 8-
OH-DPAT injected rats. 

Saline + 8-OH-DPAT 

Haloperidol + 8-OH-
DPAT
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Administration of high doses of haloperidol was found to cause a long lasting effect on both 
DAergic and serotenergic neurons that paralleled severe impairment of locomotor performance 
(Susan et al 1992). The postsynaptic D2 receptors activate locomotor activity (Levesque, 1990; 
Levant, 1997) 5-HTIA receptor agonist 8-OH-DPAT reduce the effects of the classical neuroleptic 
haloperidol (Ellenbroek et al, 1994) and also increased locomotor behavior (Kalkman and Soar, 
1990). 

 
The result of repeated study showed that behavioral effects of 5-HTIA agonist may be 

mediated, in part by DA release in various brain regions (Ichikawa and Meltzer, 1999). 
 
The fact that activation of 5-HTIA receptors after systemic administration of DPAT at low 

doses can increase DA cell firing in the VTA and substantia nigra (Sinton and Fallen, 1988; 
Kelland et al., 1990; Arborelius et al., 1993; Prisco et al., 1994) and increase extracellular DA 
levels in NAc (Boulenguez et al., 1996) and VTA  (Chen and Reith 1995) suggests that actions of 
DPAT at the level of the mesoaccumbens circuit may contribute to the observed behavioral 
effects. 
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Fig. 2: 8-OH-DPAT (0.5mg/kg/ml) induced forepaw treading, hyperlocomotion and flatbody 
posture in repeated saline and repeated haloperidol (5 mg/kg/ml for 10 days x 2) injected rats.
Values are means ±  S.D. (n=6). Significant differences by Mann-Whitney U-test. **p<0.01 
from repeated saline + 8-OH-DPAT injected rats. 

Repeated saline + 8-OH-DPAT

Repeated Haloperidol + 8-OH-
DPAT 
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5-HT syndrome is mediated by post synaptic 5-HT1A receptors. Two components of 5-HT 
syndrome is due to the action at post synaptic sites (i.e. flat body posture and forepaw treading) 
(Connell and Curzon, 1996). 5-HT1A postsynaptic receptors are supersensitized after chronic 
administration of haloperidol. The result of repeated administration indicates that serotonergic 
agonists behave as typical partial agonist for D2 receptor (Rinken et al., 1999) and when 8-OH-
DPAT administered acutely attenuate cataleptic side effect of antipsychotics (Assie et al., 1997). 

 
5-HT syndrome is mediated by post synaptic 5-HT1A receptors. Two components of 5-HT 

syndrome is due to the action at post synaptic sites (i.e. flat body posture and forepaw treading) 
(Connell and Curzon, 1996). 5-HT1A postsynaptic receptors are supersensitized after chronic 
administration of haloperidol. The result of repeated administration indicates that serotonergic 
agonists behave as typical partial agonist for D2 receptor and when 8-OH-DPAT administered 
acutely attenuate cataleptic side effect of antipsychotics (Assie et al., 1997). 

 
CONCLUSION 

 
The present study shows that 8-OH-DPAT elicit some components of 5-HT syndrome in rats 

following repeated haloperidol administration. The components of syndrome induced by 8-OH –
DPAT in rats following single haloperidol injection were smaller. Repeated haloperidol 
administration upregulates D2 receptors (Burt et al, 1977; McGongile et al., 1989). The present 
study shows an interaction of 5HT1A receptors+ D2 receptors in manifestation of atleast some of 
the components of syndrome. The present study also suggests that an upregulation of 5HT1A 
receptors may be involve in upregulation of 5HT1A receptors may be involve in the 
extrapyramidal symptoms observed in patients receiving longterm haloperidol administration. 
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