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MATERIALS AND METHODS 

 

Animals 

Male Wistar rats weighing 270-320 g (± 2 months), from our own breeding 

colony were kept in cages with continuous access to foods and V. officinalis or its 

vehicle (ethanol 1%) in a room with controlled temperature (22±3 °C) and on a 12-

h light/dark cycle with lights on at 7:00 am.  

 

Drugs  

Haloperidol decanoate (Haldol®) was supplied from Janssen Pharmaceutical 

(São Paulo, Brazil). A standard tincture of V. officinalis (10 g of valerian roots per 

100 mL of ethanol) was obtained from Bio extracts.  

 

Treatments 

The rats were divided into four groups: control group received soy oil (that 

was the haloperidol vehicle, i.m.) and ethanol 1% in the drink water; V. officinalis 

group received soy oil (i.m.) and V. officinalis 1% in the drink water; haloperidol 

group received haloperidol decanoate (i.m.) and ethanol 1% in the drink water; and 

haloperidol plus V. officinalis group received haloperidol decanoate (i.m.) and V. 

officinalis 1% in the drink water. Haloperidol decanoate or its vehicle were 

administered intramuscularly (i.m.) every 28 days (38 mg/Kg, i.m.) that is 

equivalent to 1 mg/kg/day of unconjugated haloperidol. V. officinalis was dissolved 

in the drink water in a proportion of 1%. V. officinalis and its vehicle were placed 
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daily before the beginning of the dark cycle. It was not observed a reduction in 

liquid intake.  

V. officinalis treatment started 15 days before the administration of 

haloperidol. The treatment with haloperidol was carried out during 12 weeks 

concomitantly with V. officinalis.  

 

Behavioral analysis 

Quantification of OD 

Behavior measurement of OD was assessed before the treatment with 

haloperidol or its vehicle (basal evaluation) as previously described. The effect of 

drugs on behavior was examined every 15 days beginning on the 15th day after the 

first haloperidol injection (that occurred on same day of the basal behavior) during 

a period of 12 weeks. To quantify the occurrence of OD, rats were placed 

individually in cages (20x20x19 cm) and hand operated counters were employed to 

quantify vacuous chewing movement (VCMs) frequency. VCMs are defined as 

single mouth openings in the vertical plane not directed towards physical material. 

If VCMs occurred during a period of grooming they were not taken into account. 

The behavioral parameters of OD were measured continuously for 6 min after a 

period of 6 min adaptation. During the observation sessions, mirrors were placed 

under the floor of the experimental cage to permit observation when the animal 

was faced away from the observer. Experimenters were always blind. 

It was previously reported that the treatment with neuroleptic drugs does not 

result in the development of OD in all treated rats (Kane and Smith, 1982; 
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Shirakawa and Tamminga, 1994). In the present study, we have also verified the 

prevalence of neuroleptic-induced OD. In our laboratory, control rats present 

maximally 40 VCMs during a period of 6 min. Thus, in this study, we analyzed the 

rats that developed neuroleptic-induced OD (+VCM, more than 40 VCMs) 

separately from those that did not develop neuroleptic-induced OD (-VCMs, less 

than 40 VCMs), as described by Andreassen et al., 2003, Egan et al., 1994 and 

Shirakawa and Tamminga, 1994.  

 

Open field test 

 To analyze the locomotor activity, the animals were placed individually in the 

center of an open-field arena (40×40×30 cm) with black plywood walls and a white 

floor divided into 9 equal squares, as previously described (Kerr et al., 2005). The 

number of line crossings was measured over 2 min and taken as an indicator of 

locomotor activity. 

 

Elevated plus maze 

 To evaluate the anxiety state caused by treatment with haloperidol and/or V. 

officinalis, animals were exposed to an elevated plus maze (Chopin et al., 1985; 

Da Silva et al., 2006). The number of head dippings and the time spent into open 

or closed arms were recorded over a 2 min session. The percentage of the time 

spent on open arm and the percentage of the entries into the open arms were 

calculated, as follows: time spent or number of entries into the open arm/ total time 

or total number of the entries into closed and open arm X 100, respectively. 
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 Tissue preparations 

Rats were killed about 24 hours after the last session of behavioral 

quantification (on the 28th day after the last administration of haloperidol). The 

brains were immediately excised and put on ice. The cortex, striatum and region 

containing the substantia nigra were separated, weighed and homogenized in 10 

volumes (w/v) of 10 mM Tris–HCl, pH 7.4. A portion of the striatum was dissected 

for slices used for the [3H] dopamine uptake assay. 

 

[3H] dopamine uptake 

[3H] dopamine uptake was carried out as described by Holz and Coyle 

(1974) with some modifications. To measure [3H] dopamine uptake, the striatum 

was cut into 400 µm slices, which were washed with a buffered solution (1) 

consisting of 127 mM NaCl, 1.2 mM Na2HPO4, 5.36 mM KCl, 0.44 mM KH2PO4, 

0.95 mM MgCl2, 0.70 mM CaCl2, 10 mM glucose, and 1 mM Tris-HCl, pH 7.4. 

Slices (0.2-0.3 mg protein) were further pre-incubated in 96 well-polycarbonate 

plates for 15 min at 35º C with the buffered solution plus selegiline 1 µM. [3H] 

dopamine was added to the incubation medium and uptake was carried out for 10 

min at 35º C, after which the reaction was stopped by five washes of 30 seconds 

each with 1 mL of iced-cold solution 1, containing 1 µM selegiline and 100 µM 

cocaine. Immediately after washing, 0.25 mL of 0.5 M NaOH and 0.2% sodium 

dodecyl sulfate (SDS) was added to the slices that were digested by 10 min 

incubation at 60º C. Aliquots of the lysates were taken for protein content 

measurement by the Lowry et al. (1951) method. For determination of the 
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intracellular amount of dopamine, liquid scintillation counting was used. Results 

were expressed as [3H] dopamine uptake per mg of protein.  

 

Oxidative stress parameters 

 To evaluate the levels of reactive oxygen species (ROS), the homogenates 

were centrifuged for 10 min at 1,500 x g. Just after the centrifugation, an aliquot of 

supernatant was used for 2’,7’-dichlorodihydrofluorescein diacetate (DCFH-DA) 

oxidation. DCFH-DA-oxidation was determined spectrofluorimetrically, using 7 μM 

of DCFH-DA. Fluorescence was determined at 488 nm for excitation and 520 nm 

for emission. A standard curve was carried out using increasing concentrations of 

2’,7’-dichlorofluorescein (DCF) incubated in parallel (Pérez-Severiano et al, 2004). 

The results were put in percentage in relation to control group. 

To assess lipid peroxidation, we quantified thiobarbituric acid (TBA) reactive 

substances (TBARS). The homogenates were centrifuged for 10 min at 1,500 x g. 

Just after the centrifugation, an aliquot of 200 µl or of supernatant was incubated 

for 1 h at 37°C and then used for lipid peroxidation quantification as earlier 

described (Ohkawa et al., 2004; Rossato et al., 2002).  

 To verify protein carbonyl, cortical and nigral tissue were homogenized in 10 

volumes (w/v) of 10 mM Tris–HCl buffer pH 7.4. The protein carbonyl content was 

determined by the method described by Yan et al. (1995), with some modifications. 

Briefly, homogenates were diluted 1:8 in 10 mM Tris–HCl buffer pH 7.4 and 1 ml 

aliquots were mixed with 0.2 ml of 2,4-dinitrophenylhydrazine (10 mM DNPH) or 

0.2 ml HCl (2 M). After incubation at room temperature for 1 h in a dark ambient, 
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0.5 ml of denaturing buffer (150 mM sodium phosphate buffer, pH 6.8, containing 

3% SDS), 2 ml of heptane (99.5%) and 2 ml of ethanol (99.8%) were added 

sequentially, and mixed with vortex agitation for 40 s and centrifuged for 15 min. 

Next, the protein isolated from the interface was washed two times with 1ml of 

ethyl acetate/ethanol 1:1 (v/v) and suspended in 1 ml of denaturing buffer. Each 

DNPH sample was read at 370 nm against the corresponding HCl sample (blank), 

and total carbonylation calculated using a molar extinction coefficient of 22,000 M−1 

cm−1 according to Levine et al. (1990).  

To verify superoxide dismutase (SOD) activity, cortex, striatum or substantia 

nigra were adequately diluted to 40 volumes with Tris-HCl 10 mM (pH 7.5) and the 

assay was performed according to the method of Misra and Firdovich (1972). 

Briefly, epinephrine rapidly auto oxidizes at pH 10.2 producing adrenochrome, a 

pink colored product that can be detected at 480nm. The addition of samples (10, 

25, 50 µL) containing SOD inhibits the auto-oxidation of epinephrine. The rate of 

inhibition was monitored during 180 seconds at intervals of 30 seconds. The 

amount of enzyme required to produce 50% inhibition at 25º C was defined as one 

unit of enzyme activity. The SOD activity was expressed as units/g of protein. 

Protein content was measured by method of Lowry et al. (1951) and bovine 

serum albumin was used as standard.  

 

Statistical Analysis 

Data from behavioral parameter were analyzed by two-way ANOVA. F values are 

presented in the text only if p value associated with it was <0.05. Prevalence data 
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were analyzed by the qui-square test. Data from TBARS, ROS quantification, SOD 

activity, carbonyl content and [3H] dopamine uptake were analyzed by one-way 

ANOVA, followed by Duncan's Post Hoc tests when appropriate. A possible 

relationship between oxidative stress parameters, VCM, and [3H] dopamine uptake 

were also determined using linear regression analysis using SPSS 10.1 for 

Windows. Significance was considered when p < 0.05. 
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RESULTS 

 

Effects of V. officinalis on VCM induced by long-term treatment with haloperidol 

 Haloperidol caused a marked increase on VCM when compared with its 

vehicle (F(5, 44)=10.41 and p< 0.001; Figure 1). In fact, a significant interaction 

between haloperidol and VCM quantifications (F(30, 264)=2.27 and p<0.001) was 

observed in this case. Treatment with haloperidol induced an OD prevalence of 

40% compared to its vehicle (Qui-square = 4.05; p<0.05). The treatment with V. 

officinalis was not able to reduce neither the prevalence nor the intensity of OD in 

those rats that developed OD. In fact, the co-treatment of haloperidol with V. 

officinalis developed OD in 35.7% of the rats.   

 

Effects of haloperidol  and V. officinalis on oxidative stress parameters  

There was not a significant difference among the groups in DCFH-DA- 

oxidation levels, TBARS, carbonyl content groups and SOD activity in rats under 

long-term treatment with haloperidol and V. officinalis (Table 1). Furthermore, it 

was not found any significant relationship between biochemical parameters and 

brain structures. However, it was possible to observe a significant correlation 

between SOD activity in the cortex and VCMs (R2= - 0.40 and p<0.05; Figure 5A). 

  

Effects of haloperidol and V. officinalis on [3H] dopamine uptake  

Treatment with haloperidol, in those rats that developed VCM, caused a 

significant decrease in [3H] dopamine uptake in striatal slices when compared to 
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control group (p<0.05) (Figure 2). V. officinalis co-treatment did not protect against 

haloperidol-induced [3H] dopamine uptake reduction in those rats that developed 

+VCM (Figure 2). In rats co-treated with both drugs and presenting -VCM, the level 

of [3H] dopamine uptake was similar to vehicle levels (Figure 2). V. officinalis 

administration alone did not alter [3H] dopamine uptake in rats treated with vehicle. 

Interestingly, we found a significant correlation between the DCFH-DA-oxidation in 

the substantia nigra region and [3H] dopamine uptake in slices from striatum of rats 

(R2= -0.29 and p<0.05; Figure 5B). 

 

Effects of long-term treatment with Valeriana officinalis and haloperidol on 

locomotor activity in rats 

 Haloperidol caused a marked and time-dependent decrease on locomotor 

activity, represented by the number of crossings in the open field test. In fact, a 

significant interaction between haloperidol and time treatment (F(3,138)=12.12 and 

p<0.001) was observed. V. officinalis administered alone also caused a significant 

decrease in locomotor activity only after 10 weeks of treatment (Figure 3).  

 

Effects of long-term treatment with V. officinalis and haloperidol on plus maze test 

in rats 

 There was a significant effect of the time on head dipping (F(3,138)=5,72 

and p<0.05; Figure 4A). Long-term treatment with haloperidol did not cause any 

effect on head dipping in rats. Similarly, V. officinalis alone or with haloperidol also 

did not cause any effect on this parameter.  
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Long-term treatment with haloperidol did not cause any effect neither in the 

percentage of the time spent on open arm nor in the percentage of entries into the 

open arm (Figure 4B and 4C). V. officinalis alone caused a significant increase in 

the percentage of the time spent on open arm in last observation (Figure 4B). 

Furthermore, there was a significant difference of V. officinalis from other groups in 

the percentage of the entries into the open arm that started 8 weeks after the first 

haloperidol administration (Figure 4C). The co-treatment with V. officinalis and 

haloperidol did not cause neither effect in the percentage of the time spent into 

open (Figure 4B) nor in the percentage of entries into the open arm (Figure 4C). 

Also, a significant effect of the time was observed in the percentage of time spent 

into the open arm (F(3, 138)= 3.99; p<0.05) and in the number of entries into the 

open arm (F(3, 138) = 3.35; p<0.05). 
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DISCUSSION  

TD is a serious side effect caused by long-term treatment with neuroleptic 

drugs. Particularly, it is problematic due to its high prevalence and the lack of 

effective treatment. Our current study show that V. officinalis was not effective in 

reduces OD prevalence or intensity in rats under chronic treatment with 

haloperidol. V. officinalis showed a significant effect to maintain rats on the open 

arm of the elevated plus maze. The chronic treatment with V. officinalis and/or 

haloperidol did not cause any effect on oxidative stress parameters. Furthermore, 

the reduction in dopamine uptake in striatum seems to have an important role in 

the development of OD in rats, an effect not reversed by chronic treatment with V. 

officinalis.  

It has been demonstrated that long-term treatment with neuroleptic drugs is 

capable of producing OD in rats and TD in humans. However the mechanisms that 

can be involved are not clear. In the present study, we found that long-term 

treatment with haloperidol caused a prevalence of OD in 40% of treated rats. 

Accordingly, a previous study showed that chronic treatment with haloperidol 

develops significant OD 45-55% in rats with 6 months of treatment and 

approximately 65-75% after 12 months of treatment (Kaneda et al, 1992).  

Although the etiology of TD is unclear, reduced GABA is thought to be 

important in this syndrome. In fact, it has been described a decrease in the GAD 

activity and in the levels of GABA in brain regions of monkeys with dyskinetic 

symptoms induced by neuroleptics (Gunne et al, 1984). Accordingly, recent data 

from literature have demonstrated that GABA-mimetic drugs can provide a 
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protective role on OD induced by reserpine and neuroleptics in rats (Kaneda et al, 

1992; Gao et al, 1994; Raghavendra et al, 2001; Araujo et al, 2005). Furthermore, 

there are some human studies where GABA agonists were shown to improve TD 

(Tamminga et al, 1979; 1983; Morselli et al, 1985; reviewed in Tamminga et al, 

1989; Soares et al, 2004). V. officinalis is among the most widely used herbal 

medicines used for centuries as a calming and sleep promoting herb (Fugh-

Berman and Cott, 1999; McCabe, 2002; Lustberg and Reynolds, 2000; Morazzoni 

and Bombardell, 1995). In this way, V. officinalis could to be efficacious against TD 

since its mechanism of action seems to be related with the potentiation of 

GABAergic transmission via agonist effect at benzodiazepine site of GABAA 

receptor, induction of GABA release and inhibition of GABA reuptake (Santos et al, 

1994; Ortiz et al, 1999; Mennini et al, 1993). However, V. officinalis treatment was 

not able to alter the prevalence or the intensity of haloperidol-induced OD. Thus, V. 

officinalis seems not promote any beneficial effect on OD, at least in a well-

described animal model. 

V. officinalis is clinically used to relieve anxiety and improve symptoms of 

insomnia (McCabe, 2002; Lustberg and Reynolds, 2000; Morazzoni and 

Bombardell, 1995; Kennedy et al, 2006). Thus, we investigated the effects of V. 

officinalis in the locomotor activity and anxiety to evaluate if the treatment was 

capable of producing pharmacological effects. Showing effectiveness of our 

treatment, V. officinalis was capable of producing hypolocomotion and anxiolytic 

effect in the treated rats when assessed in open field and plus maze tests 10 

weeks after the beginning of the treatment. In accordance with our findings, it has 
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been demonstrated that acute and chronic treatment with Valeriana possesses 

similar effects on anxiety parameters (Della Loggia et al, 1981; Sakamoto et al, 

1992; Oliva et al, 2004). However, V. officinalis did not reduce OD induced by 

haloperidol in rats, even after 10 weeks of treatment. 

 A recent hypothesis postulated that free radicals could have an important 

role in the development of TD (Lohr et al, 1990; 2003). It is known that the initial 

action of neuroleptic treatment is to cause a secondary increase in dopamine 

turnover, which, in turn, increase the metabolism of dopamine by monoamino 

oxidase (MAO) and, hydrogen peroxide (H2O2) can be formed in this way 

(Andreassen and Jorgensen, 2000; Lohr, 1991; Lohr et al, 2003). Moreover, the 

own autoxidation of dopamine can form dopamine quinone that acts as reactive 

specie (Lohr et al, 2003). There are some studies showing that patients with TD 

had an increase in oxidative stress parameters in plasma and CSF (Brown et al., 

1998; Lohr et al, 1990; Pall et al, 1987; Tsai et al, 1998). In rats, acute OD has 

been related to an increase in oxidative stress parameters (Abílio et al, 2004; 

Andreassen et al, 2003; Naidu et al, 2003; Burger et al, 2005a,b; Faria et al, 2005) 

and treatment with antioxidant substances seems to be efficacious to reduce OD 

(Singh et al, 2003; Naidu et al, 2003; Burger et al, 2003; 2004; 2005a). However, 

oxidative stress seems to be important in beginning of the events that culminate in 

OD. In fact, it was detected increase in OD and oxidative stress in several brain 

regions one month after haloperidol treatment in rats (Naidu et al, 2003; Burger et 

al., 2005a). On the other hand, we have detected increased OD, but not oxidative 

stress in the same brain regions 7 months after haloperidol treatment (Fachinetto 
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et al., 2005). Here, we did not also find any alteration in oxidative stress 

parameters evaluated after 3 months under neuroleptic treatment. Nevertheless, a 

significant correlation between SOD activity in cortex and VCM quantity was 

observed. The negative correlation shows that the rats presenting high VCM had 

the lesser activity of SOD in cortex. Interestingly, some studies have reported 

alterations in cortical parameters of oxidative stress in rats receiving acute 

treatment with neuroleptic drugs (Burger et al, 2005a, Balijepalli, 2001).  

The clinical use of medicinal herbs has been demonstrated to be efficacious 

to treat several diseases. However, such treatment is also subject to develop 

important side-effects (Kumar, 2006). It was previous reported that the treatment 

with V. officinalis during 7 days caused oxidative stress in liver of mice (Al-Majed et 

al, 2006). However, an important finding of our study was that the chronic 

treatment with V. officinalis did not cause any alteration on oxidative stress 

parameters neither in the central nervous system (CNS) nor in liver and kidney 

(F.A.A Soares, unpublished data). More studies must be carried out to elucidate 

the toxic potential of V. officinalis treatment. 

We also demonstrated that there was a significant reduction in dopamine 

uptake in the animals presenting OD in relation to the control group and group that 

did not develop OD. V. officinalis could not neither prevent the reduction in 

dopamine uptake nor OD in those rats. Several factors might explain the reduction 

of dopamine uptake in the striatum of rats presenting OD, including 

neurodegeneration of cells that uptake dopamine and altered dopamine transport 

function. It has been shown that some neuroleptics, including haloperidol, can 
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directly interact with and inhibit the dopamine transporter (Lee et al., 1997). In 

addition to this putative mechanism, literature data have shown that oxidative 

stress can decreases the activity of dopamine transporters (Huang et al., 2003; 

Hashimoto et al, 2004). Accordingly, we find a negative correlation between the 

DCFH-DA-oxidation in the substantia nigra region and [3H] dopamine uptake in 

slices from striatum of rats. In addition to dopamine transport function mechanism, 

it was reported that the development of OD in rats is associated with 

histopathological alterations in the substantia nigra suggesting that nigral 

degeneration may contribute to the development of persistent VCM in rats 

(Andreassen et al, 2003). Since the projection of the nigral neuron is responsible to 

release and reuptake of dopamine in the striatum, the neurodegeneration in nigral 

cells could also explain the reduction in dopamine uptake. However, further studies 

must be carried out to elucidate the exact mechanisms through haloperidol-

treatment reduces dopamine uptake.    

 Taken together, our data suggest that the oxidative stress seems not to 

have an important role in maintenance of OD. Moreover, a mechanism involving 

the reduction of dopamine transport related with the maintenance of chronic OD in 

rats. V. officinalis was not able to prevent OD as well as reverse dopamine uptake 

levels in those rats that developed OD rats, thus, its chronic treatment seems not 

produce any oxidative damage to CNS. Therefore, V. officinalis seems to be 

devoid of effect to prevent or treat OD.  
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Legends for figures:  
 
Figure 1: Effects of V. officinalis on haloperidol-induced orofacial dyskinesia. 

Number of vacuous chewing movements (VCM) for 6 min during long-term 

treatment. Values are presented as means ± S.E.M. (Control, n=12; V. officinalis, n 

= 14; haloperidol (-VCM), n = 6, haloperidol (+VCM), n = 4; haloperidol + V. 

officinalis (-VCM), n = 9; haloperidol + V. officinalis (+VCM), n = 5).  

 

Figure 2: Effects of long-term treatment with haloperidol and V. officinalis on [3H] 

dopamine uptake (CPMA/mg protein) in slices from striatum of rats.  Data were 

analyzed by one-way ANOVA followed by Duncan’s multiple range tests.  

 

Figure 3: Effects of V. officinalis on open field test in rats. Number of crossings in 2 

min. Values of number of crossings are presented as means ± S.E.M. (Control, 

n=12; V. officinalis, n = 14; haloperidol , n = 10; haloperidol + V. officinalis, n = 14. 

Symbols represent significant differences among the groups in the same period of 

observation. 

 

Figure 4: Effects of V. officinalis on plus maze test in rats. A) Number of head 

dippings for 2 min, B) percentage of the time spent on the open arms for 2 min, C) 

percentage of entries into the open arms. Values are presented as means ± S.E.M. 

(Control, n=12; V. officinalis, n = 14; haloperidol , n = 10; haloperidol + V. 

officinalis, n = 14. (one way ANOVA followed by Duncan’s multiple range tests). 
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*represents significant differences among the groups in the same period of 

observation 

 
Figure 5: Linear regression analysis between SOD activity in cortex and VCM (A) 

and between DCFH-DA oxidation in substantia nigra and [3H] dopamine uptake (B) 

in striatum of rats following chronic treatment with haloperidol and V. officinalis.  

 

Table 1: Effects of haloperidol and V. officinalis treatments on oxidative stress 

parameters (Mean ± S.E.M) (Val: V. officinalis treatment Halo: Haloperidol 

treatment). 
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Brain regions Lipid peroxidation ROS levels SOD activity Protein carbonyl  

 (nmol of MDA/g 

tissue) 

(% of control) (U/mg protein) (nmol carbonyl/mg 

protein) 

Cortex     

Control 95.5±5.7 112.0±16.5 377.5±39.6 26.8±3.0 

Val 93.9±6.4 92.8±6.1 434.1±29.9 25.6±2.7 

Halo -VCM 89.0±9.9 84.1±9.8 348.7±65.4 30.2±2.3 

Halo +VCM 85.5±6.1 87.0±13.4 426.6±97.7 28.0±5.2 

Val+Halo -VCM 104.5±8.2 88.0±5.5 382.0±60.8 33.0±3.6 

Val+Halo +VCM 99.2±15.9 107.8±11.6 425.1±109.4 34.7±10.8 

Striatum     

Control 62.2±6.7 107.5±16.7 722.7±77.1 - 

Val 64.9±6.1 95.1±8.4 781.7±48.2 - 

Halo -VCM 49.6±2.4 131.1±22.3 721.3±92.4 - 

Halo +VCM 50.4±7.2 83.0±21.8 614.8±93.9 - 

Val+Halo -VCM 55.9±7.2 103.7±8.9 653.8±92.2 - 

Val+Halo +VCM 49.4±4.9 143.8±27.5 787.3±124.0  

Substantia nigra     

Control 88.9±10.5 75.1±9.0 388.8±56.4 29.7±3.4 

Val 76.6±3.9 87.1±4.2 459.3±52.1 30.7±3.1 

Halo -VCM 65.9±2.9 87.5±9.6 400.3±46.5 34.8±9.6 

Halo +VCM 66.8±9.3 97.5±9.9 533.0±39.3 24.4±0.6 

Val+Halo -VCM 82.2±9.8 89.1±4.2 433.8±59.4 30.5±3.3 

Val+Halo +VCM 80.5±10.0 100.6±11.5 481.1±56.3 28.1±3.1 
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Figure 1: 
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0 4 8 12
0

10

20

30

Control

V.officinalis

Haloperidol
Haloperidol + V.officinalis

aa

b

c

a
a

b

Weeks

C
ro

ss
in

gs
 (2

 m
in

)



 

 

59

 

Figure 4: 

 
 
 
 
 
 
 
 
 
 
 



 

 

60

 

Figure 5: 
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CONCLUSÕES PARCIAIS 2 

 A partir do segundo trabalho podemos concluir que:  

 

- O tratamento com V. officinalis não foi capaz de prevenir o desenvolvimento da 

DO. 

- O uso crônico de V. officinalis não produziu nenhum efeito tóxico observável. 

- A manutenção da DO em ratos parece envolver a redução no transporte de 

dopamina. 
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4. DISCUSSÃO 

 
 A DT consiste no principal problema associado ao uso prolongado de neurolépticos. 

Particularmente, a DT é problemática devido a sua alta prevalência e falta de um 

tratamento que seja efetivo. Apesar da grande quantidade de trabalhos propondo 

mecanismos para o desenvolvimento da DT, sua patofisiologia ainda é um campo obscuro 

para os pesquisadores.  

 O presente estudo teve como primeiro objetivo avaliar o efeito de dietas hiper- (HL) 

e normolípidicas (NL) sobre a DO induzida por haloperidol em ratos (artigo 1). Os 

resultados deste estudo indicam que a dieta HL causou um aumento na intensidade da DO 

em ratos. Contudo, este efeito foi transitório desaparecendo um mês depois. Além disso, 

observamos que a concomitante ingestão de dieta HL com a administração de haloperidol 

resultou em aumento de DO em ratos. Este efeito foi também transitório ficando menos 

evidente com o passar do tempo. No caso, dos MMV, a redução na intensidade deste 

parâmetro coincidiu com um aumento na DO dos ratos mantidos com dieta NL. No entanto, 

para o caso do tremor facial (TF) a redução na intensidade foi conseqüência de uma 

mudança mais complexa na DO de ambos os grupos. Um fator que pode ter contribuído 

para a modificação da intensidade de TF é a redução na ingestão após prolongada 

administração de haloperidol. De fato, os efeitos do haloperidol são complicados devido à 

relativa perda de massa corporal, sendo que este efeito foi mais exagerado no grupo que 

recebia haloperidol e dieta HL. Este efeito na perda de massa corporal poderia, em parte, 

explicar algumas das variações ocorridas. Esta hipótese, embora alternativa, está de acordo 

com dados da literatura indicando que a restrição alimentar reduz a produção de estresse 

oxidativo em mamíferos (Armeni e cols., 2003) e pode liberar fatores neurotróficos 

(Mattson, 2000). Estes resultados indicam que as duas medidas comportamentais não 

refletem necessariamente os mesmos efeitos patofisiológicos dos neurolépticos sendo que 

estes podem ser modulados independentemente por fatores exógenos, incluindo idade e 

restrição alimentar. De acordo com isso, em um estudo prévio, observamos que o ebselem 

(Burger e cols., 2003), um agente antioxidante, teve efeito diferente sobre os parâmetros 

comportamentais em ratos tratados com reserpina.  
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Dados da literatura indicam que a ação inicial do tratamento com neurolépticos é 

causar um aumento secundário na renovação de dopamina, o que, pode levar a um aumento 

no metabolismo da dopamina pela MAO e peróxido de hidrogênio pode ser formado desta 

maneira. Além disso, a própria autoxidação da dopamina pode formar dopamina quinona 

que age como espécie reativa (Lohr e cols., 1991; Andreassen e Jorgensen, 2000; Lohr e 

cols., 2003). De fato, existem alguns estudos mostrando que pacientes com DT possuem 

um aumento nos parâmetros de estresse oxidativo no plasma e fluído cérebro espinhal (Pall 

e cols., 1987; Lohr e cols., 1990; Tsai e cols., 1998). Além disso, tem sido demonstrado que 

a exposição ao haloperidol causa um aumento no estresse oxidativo cerebral (Tse e cols., 

1976; Clow e cols., 1980; Slivka e Cohen, 1985; Lohr, 1991; Casey, 1995; Andreasen e 

Jorgensen, 2000; Abílio e cols., 2004) que pode estar ligado de forma causal a um aumento 

da DO após tratamento com neurolépticos. Os resultados deste trabalho indicam que o 

consumo prolongado de dieta HL causou um aumento de estresse oxidativo em córtex e 

cerebelo, como indicado por um significativo efeito da dieta independente do tratamento 

com haloperidol. De particular importância para a DO, o haloperidol causou um aumento 

na produção de TBARS no grupo da dieta HL especificamente nas regiões do cérebro que 

são descritas como sendo envolvidas na gênese da DT, o estriado e a região contendo a 

substantia nigra (Tsai e Ikonomidou, 1995; Andreassen e Jorgensen, 2000; Lohr e cols., 

2003). Contudo, o aumento na produção de TBARS nestas regiões não pode 

exclusivamente levar a um aumento na DO, devido à falta de diferenças significativas nos 

parâmetros de DO entre os grupos das duas dietas e tratados com haloperidol, no final do 

período de observação.  

 Em conjunto, os resultados deste estudo indicam que a ingestão de dieta HL por um 

período prolongado pode ter alguns efeitos comportamentais transitórios em ratos. Além 

disso, demonstramos pela primeira vez que a ingestão simultânea de dieta HL e 

administração crônica de haloperidol causam exacerbação transitória na DO em ratos, 

contudo o modelo animal pode não refletir os mesmos efeitos em humanos. Apesar de os 

dados da literatura indicarem que a DO induzida por neurolépticos está associada com 

estresse oxidativo, fomos incapazes de estabelecer alguma correlação, porque o haloperidol 

aumentou o estresse oxidativo apenas em cérebro de ratos mantidos com dieta HL, já a 

intensidade da DO foi similar entre os grupos das dietas HL e NL. Uma possível explicação 
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para estes resultados reside numa antecipação do estresse oxidativo em ratos ingerindo 

dieta HL e tratados com haloperidol que é anterior ao desenvolvimento de DO em ratos. 

Isto está de acordo com Andreassen e cols. (1998) e Calvent e cols. (2002) onde a 

administração de ácido propiônico potencializou a DO de ratos. O desaparecimento de 

efeitos entre os grupos de dieta NL e HL pode ser conseqüência de uma complexa interação 

com fatores que afetam a DO em ratos, particularmente os de maior idade (Kane e Smith, 

1982; Woerner e cols., 1991; Yassa e Jeste, 1992) ou outros mecanismos compensatórios 

como plasticidade da neurotransmissão que poderiam levar a conseqüências neuronais de 

estresse oxidativo podendo ser influenciado pela idade. 

  O segundo objetivo deste estudo foi avaliar os efeitos da tintura de V. officinalis 

sobre a DO induzida por haloperidol em ratos (artigo 2). Este estudo demonstrou que a V. 

officinalis não foi efetiva em reduzir a DO em ratos tratados cronicamente com haloperidol. 

Contudo, o tratamento crônico com V. officinalis não causou nenhum efeito sobre 

parâmetros de estresse oxidativo em ratos. Além disso, a redução na captação de dopamina 

em estriado parece ter um importante papel na DO em ratos e o tratamento crônico com V. 

officinalis não foi capaz de revertê-la. 

 Tem sido demonstrado que o tratamento com drogas neurolépticas é capaz de 

produzir DO em ratos e DT em humanos. Neste estudo, o tratamento com haloperidol 

causou uma prevalência de DO de 40%. De acordo com isso, um estudo prévio demonstrou 

que o tratamento crônico com haloperidol desenvolve DO em cerca de 40-55% em ratos 

tratados durante um período de seis meses, sendo que este índice aumenta para cerca de 65-

75% após 12 meses de tratamento (Kaneda e cols., 1992). 

 Embora a etiologia da DT não seja clara, a redução no GABA parece ser importante. 

De fato, tem sido descrito uma redução na atividade da enzima glutamato descarboxilase e 

nos níveis de GABA em regiões do cérebro de macacos com sintomas discinéticos 

induzidos por haloperidol (Gunne e cols., 1984). De acordo com isto, recentes dados da 

literatura têm demonstrado que drogas GABA-miméticas podem ter um papel protetor na 

discinesia orofacial induzida por reserpina e neurolépticos em ratos (Kaneda e cols., 1992; 

Gao e cols., 1994; Raghavendra e cols., 2001; Araujo e cols., 2005). Além disso, existem 

alguns estudos em humanos onde agonistas GABAérgicos melhoraram os sintomas da DT 

(Tamminga e cols., 1979; 1983; revisado por Tamminga e cols., 1989; Soares e cols., 
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2004). V. officinalis está entre as ervas medicinais mais utilizadas como calmante e indutor 

de sono (Morazzoni e Bombardell, 1995; Fugh-Berman e Cott, 1999; Lustberg e Reynolds, 

2000; McCabe, 2002). Deste modo, V. officinalis poderia ser benéfica impedindo o 

desenvolvimento da DT desde que seu mecanismo de ação parece ser relacionado a uma 

potencialização na neurotransmissão GABAérgica via efeito agonista em receptor GABAA, 

indução da liberação e inibição da recaptação de GABA (Mennini e cols., 1993; Santos e 

cols., 1994; Ortiz e cols., 1999). No entanto, o tratamento com V. officinalis não foi capaz 

de alterar a prevalência e nem intensidade da DO induzida por haloperidol. Desta forma, V. 

officinalis parece não ter nenhum efeito benéfico sobre DO, pelo menos no modelo animal 

descrito. 

A V. officinalis é utilizada para o alívio de ansiedade e melhora dos sintomas de 

insônia. Então, investigamos os efeitos da V. officinalis na atividade locomotora e 

ansiedade em ratos com o objetivo de avaliar se o tratamento estava produzindo efeito 

farmacológico (Morazzoni e Bombardell, 1995; Lustberg e Reynolds, 2000; McCabe, 

2002; Kennedy e cols., 2006). De fato, a V. officinalis, na forma como foi administrada 

apresentou redução na atividade locomotora avaliada pela atividade dos animais no campo 

aberto e demonstrou efeito ansiolítico observado pelo maior tempo de permanência dos 

animais no braço aberto do labirinto em cruz.  

Com relação ao estresse oxidativo, este parece ser mais importante no início dos 

eventos que culminam em DO. Em um estudo anterior detectamos aumento de DO e 

estresse oxidativo em várias regiões do cérebro de ratos 4 semanas após tratamento com 

haloperidol (Burger e cols., 2005). Por outro lado, observamos aumento de DO, mas não de 

estresse oxidativo nas mesmas regiões do cérebro de ratos após 7 meses de tratamento com 

haloperidol (artigo 1). No presente estudo, não encontramos alterações nos parâmetros de 

estresse oxidativo avaliados 12 semanas após tratamento com neurolépticos. Entretanto, foi 

observada uma significativa correlação entre a atividade da SOD e quantidade de MMV. A 

correlação negativa entre esses dois parâmetros indica que ratos com maior quantidade de 

MMV apresentaram menor atividade da SOD. De fato, alguns estudos relatam alterações 

em parâmetros corticais de estresse oxidativo em ratos recebendo tratamento agudo com 

fármacos neurolépticos (Burger e cols., 2005a; Balijepalli, 2001). 
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Demonstramos também que houve uma significativa redução na captação de 

dopamina nos animais apresentando DO em relação ao grupo que não desenvolveu DO. V. 

officinalis não preveniu nem a redução na captação de dopamina nem a DO em ratos. A 

redução na captação da dopamina relacionada com o desenvolvimento de DO não tinha 

ainda sido demonstrada na literatura, consistindo numa nova hipótese para o 

desenvolvimento da DT. Em um recente trabalho (submetido para publicação), 

demonstramos que existe uma redução na captação de dopamina em animais tratados 

cronicamente com flufenazina e que desenvolveram DO, evidenciando que esta não é uma 

ação particular do haloperidol. Além disso, neste mesmo estudo, o disseleneto de difenila, 

um organocalcogêneo que apresentou eficácia na reversão da DO em tratamento agudo 

(Burger e cols., 2004; 2006), reduziu a prevalência da DO, sendo este efeito relacionado ao 

reestabelecimento da captação de dopamina em modelo crônico de DO. Vários fatores 

podem explicar a redução na captação de dopamina em estriado de ratos apresentando DO, 

incluindo neurodegeneração celular e alteração na função do transporte de dopamina. Foi 

demonstrado que alguns neurolépticos, incluindo o haloperidol, podem interagir 

diretamente reduzindo a atividade do transportador de dopamina (Lee e cols., 1997). 

Contribuindo para este mecanismo proposto, dados da literatura têm demonstrado que o 

estresse oxidativo pode reduzir a atividade dos transportadores de dopamina (Huang e cols., 

2003; Hashimoto e cols., 2004). De acordo com isso, encontramos uma correlação negativa 

entre a oxidação do diacetato de diclorofluoresceína (DCFH-DA) na substantia nigra e 

captação de [3H] dopamina em fatias de estriado de ratos. Além disso, foi relatado que o 

desenvolvimento de DO em ratos está associado com alterações histopatológicas na 

substantia nigra, sugerindo que a degeneração nigral pode contribuir para o 

desenvolvimento de MMV persistentes em ratos (Andreassen e cols., 2003). Desde que a 

projeção dos neurônios nigrais é responsável pela liberação e recaptação de dopamina no 

estriado, a neurodegeneração das células nigrais pode também explicar a redução na 

captação de dopamina.  Contudo estudos posteriores devem ser efetuados para elucidar os 

exatos mecanismos através dos quais o tratamento com haloperidol reduz a captação de 

dopamina.    

O conhecimento da toxicologia das ervas medicinais é de importância fundamental 

para o uso seguro destes medicamentos pela população. Foi recentemente relatado que o 
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tratamento com V. officinalis durante 7 dias causou estresse oxidativo em fígado de 

camundongos (Al-Majed e cols., 2006). No entanto, em nosso estudo, o tratamento crônico 

com V. officinalis durante 14 semanas não causou alterações sobre os parâmetros de 

estresse oxidativo no sistema nervoso central de ratos, em uma dose que teve efeito 

farmacológico, embora não apresente efeito sobre a DO induzida por neurolépticos. A 

toxicidade do tratamento crônico com V. officinalis também foi investigada em outros 

órgãos como fígado e rins destes animais e, nenhum efeito sobre parâmetros de estresse 

oxidativo foi encontrado (F.A.A. Soares, dados não publicados). 

 Em conjunto, nossos dados sugerem que o estresse oxidativo pode ter um 

importante papel no desenvolvimento de DO e um mecanismo envolvendo a redução no 

transporte de dopamina pode estar relacionado com a manutenção da DO crônica  em ratos. 

V. officinalis não foi capaz de prevenir o desenvolvimento da DO bem como reverter os 

níveis de captação de dopamina naqueles ratos que desenvolveram DO. Contudo, o 

tratamento crônico com V. officinalis parece não produzir estresse oxidativo ao SNC.  
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5. CONCLUSÕES FINAIS 

 

De acordo com os resultados apresentados nesta dissertação podemos concluir que: 

 

- fatores pró-oxidantes, representados pela dieta hiperlipídica, podem exacerbar a DO 

induzida por haloperidol em ratos, no entanto, a V. officinalis, embora tendo 

propriedades antioxidantes, não foi eficaz na reversão da DO; 

 

- o estresse oxidativo parece estar envolvido no desenvolvimento da DO, no entanto, 

após tratamento prolongado com haloperidol não observamos diferenças com relação ao 

controle; 

 

- a redução da captação de dopamina parece estar envolvida no desenvolvimento da DO 

e sua manutenção aos níveis normais parece ser o mecanismo que impede seu 

desenvolvimento.  
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6. PERSPECTIVAS 
 

  Com base nos resultados obtidos no presente trabalho, faz-se necessário: 

 

- investigar o efeito de outras drogas neurolépticas na captação de dopamina, tendo em 

vista que a redução da captação de dopamina parece estar diretamente relacionada ao 

desenvolvimento da DO; 

 

- estudar a partir de que período de tratamento com neurolépticos começa a acontecer essa 

redução na captação de dopamina e como estão os parâmetros de estresse oxidativo no 

cérebro de ratos neste mesmo período de tratamento; 

 

- avaliar a atividade do transportador de dopamina quando expostos a diferentes 

concentrações de neurolépticos, in vitro, bem como a possível reversão do efeito por 

agentes como o disseleneto de difenila; 

 

- investigar possíveis alterações na expressão protéica dos transportadores de dopamina; 

 

- determinar o nível de viabilidade celular em estriado de animais após tratamento 

prolongado com neurolépticos. 
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DEMAIS TRABALHADOS REALIZADOS DURANTE O PERÍODO DO 

MESTRADO: 

 

BRITO, V.B., FOLMER, V., PUNTEL, G. O., FACHINETTO, R., SOARES, J.C.M., 

ZENI, G., NOGUEIRA, C.W., ROCHA, J.B.T. Diphenyl Diselenide and 2,3-

Dimercaptopropanol increase the PTZ-induced chemical seizure and mortality in mice. 

Brain Res Bull., 68, 414-418, 2006. 

 

BURGER, M.E., FACHINETTO, R., WAGNER, C., PEROTTONI, J., PEREIRA, R.P., 

ZENI, G., ROCHA, J.B.T. Effects of diphenyl diselenide on orofacial dyskinesia model 

in rats.  Brain Res Bull., 70, 165-170, 2006. 

 

BURGER, M.E., FACHINETTO, ALVES, A., CALEGARI, L., ZENI, G., ROCHA, J.B.T. 

Acute reserpine and subchronic haloperidol treatments change synaptosomal brain 

glutamate uptake and elicit orofacial dyskinesia in rats. Brain Res., 1031, 202-210, 

2005. 

 

BURGER, M.B., FACHINETTO, R., ZENI, G., ROCHA, J.B.T. Ebselen attenuates 

orofacial dyskinesia and oxidative stress in rat brain. Pharmacol Biochem Behav., 81, 

608-615, 2005. 

 

FACHINETTO, R., PIVETTA, L., FARINA, M., PEREIRA, R.P., NOGUEIRA, C.W., 

ROCHA, J.B.T. Effects of ethanol and diphenyl diselenide exposure on the activity of 

δ-aminolevulinate dehydratase from mouse liver and brain. Food Chem Toxicol., 44, 

588-594, 2005. 

 

FACHINETTO, R., VILLARINHO, J.G., WAGNER, C., PEREIRA, R.P., PUNTEL, R.L., 

PAIXÃO, M.W., BRAGA, A. L., CALIXTO, J.B., ROCHA, J.B.T., FERREIRA, J. 

Diphenyl diselenide decreases the prevalence of orofacial dyskinesia induced by 

fluphenazine in rats. Neuropharmacology (Submetido). 



 

 

71

 

ROCHA, J.B.T., LISSNER, L.A., PUNTEL, R. L., FACHINETTO, R., EMANUELLI, T., 

NOGUEIRA, C.W., SOARES, F.A.A. Oxidation of delta-ALA- D and DTT mediated 

by Ascorbic Acid: modulation by buffers depends of free iron. Biol Pharm Bull., 28, 

1485-1489, 2005. 

 

SAVEGNAGO, L., NOGUEIRA, C., FACHINETTO, R., ROCHA, J.B.T. Characterization 

of ATP and ADP hydrolysis activity in rat gastric mucosa. Cell Biol Int., 29, 559-566, 

2005. 
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glycoside form of quercetin, prevents lipid peroxidation in vitro. Brain Res., 1107, 192-

198, 2006. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



 

 

72

 

7. REFERÊNCIAS BIBLIOGRÁFICAS 
 
 
ABÍLIO, V.C., SILVA, R.H., CARVALHO, R.C., GRASSL, C., CALZAVARA, M.B., 

REGISTRO, S., D’ALMEIDA, V., RIBEIRO, R.A., FRUSSA-FILHO, R. Important 

role of striatal catalase in aging- and reserpine-induced oral dyskinesia. 

Neuropharmacology, 47, 263-272, 2004.  

 

AL-MAJED, A.A., AL-YAHYA, A.A., AL-BEKAIRI, A.M., AL-SHABANAH, O.A., 

QURESHI, S. Studies on the cytological and biochemical effects of valerian in 

somatic and germ cells of Swiss albino mice. Food Chem Toxicol., IN PRESS, 2006. 

   

ANDREASSEN, O.A., AAMO, T.O., JORGENSEN, H.A. Inhibition by memantine of the 

development of persistent oral dyskinesias induced by long-term haloperidol treatment 

of rats. Br J Pharmacol., 119, 751-757, 1996. 

 

ANDREASSEN, O.A., FERRANTE, R.J., BEAL, M.F., JORGENSEN, H.A. Oral 

dyskinesias and striatal lesions in rats after long-term co-treatment with haloperidol and 

3-nitropropionic acid. Neuroscience, 87, 639-648, 1998. 

 

ANDREASSEN, O.A., JORGENSEN, H.A. Neurotoxicity associated with neuroleptic-

induced oral dyskinesias in rats. Implications for tardive dyskinesia? Prog Neurobiol., 

61, 525-541, 2000. 

 

ANDREASSEN, O.A., FERRANTE, R.J., AAMO, T.O., BEAL, M.F., JORGENSEN, 

H.A. Oral dyskinesias and histopathological alterations in substantia nigra after long-

term haloperidol treatment of old rats. Neuroscience, 122, 717–25, 2003. 

 

ARAUJO, N.P., ABILIO, V.C., SILVA, R.H., PEREIRA, R.C., CARVALHO, R.C., 

GONZALEZ, C., BELLOT, R.G., CASTRO, J.P., FUKUSHIRO, D.F., RODRIGUES, 

M.S., CHINEN, C.C., FRUSSA-FILHO, R. Effects of topiramate on oral dyskinesia 

induced by reserpine. Brain Res Bull., 64, 331-337, 2005. 



 

 

73

 

ARMENI, T., PRINCIPATO, G., QUILES, J.L., PIERI, C., BOMPADRE, S. AND 

BATTINO, M. Mitochondrial dysfunctions during aging: Vitamin E deficiency or 

caloric restriction - Two different ways of modulating stress. J Bioenerg Biomem., 35, 

181-191, 2003.  

 

BALIJEPALLI, S., KENCHAPPA, R.S., BOYD, M.R., RAVINDRANATH, V. Protein 

thiol oxidation by haloperidol results in inhibition of mitochondrial complex I in brain 

regions: comparison with atypical antipsychotics. Neurochem Int., 38, 425-35, 2001.  

 

BROMET, E.J., FENNIG, S. Epidemiology and natural history of schizophrenia. Biol 

Psychiatry. 46, 871–881, 1999. 

 

BROWN, S., BIRTWISTLE, J., ROE, L., THOMPSON, C. The unhealthy lifestyle of 

people with schizophrenia. Psychol Med., 29, 697-700, 1999. 

 

BURGER, M.E., ALVES, A., CALLEGARI, L., ATHAYDE, F.R., NOGUEIRA, C.W., 

ZENI, G. AND ROCHA, J.B.T. Ebselen attenuates reserpine-induced orofacial 

dyskinesia and oxidative stress in rat striatum. Progr Neuropsychopharmacol Biol 

Psychiatry., 27, 135-140, 2003. 

 

BURGER, M.E., FACHINETTO, R., CALEGARI, L., PAIXÃO, M.W., BRAGA, A.L., 

ROCHA, J.B.T. Effects on age on orofacial dyskinesia reserpine-induced and possible 

protection of diphenyl-diselenide. Brain Res Bull., 64, 339-345, 2004. 

 

BURGER, M.E., FACHINETTO, R., ZENI, G., ROCHA, J.B. Ebselen attenuates 

haloperidol-induced orofacial dyskinesia and oxidative stress in rat brain. 

Pharmacol Biochem Behav. 81, 608-615, 2005a.  

 

BURGER, M.E., FACHINETTO, R., ALVES, A., CALEGARI, L., ROCHA, J.B.T. Acute 

reserpine and subchronic haloperidol treatments change synaptosomal brain glutamate 

uptake and elicit orofacial dyskinesia in rats. Brain Res. 1031, 202-210, 2005b. 



 

 

74

 

BURGER, M.E., FACHINETTO, R., WAGNER, C., PEROTTONI, J., PEREIRA, R.P., 

ZENI, G., ROCHA, J.B.T. Effects of diphenyl diselenide on orofacial dyskinesia model 

in rats.  Brain Res Bull., 70, 165-170, 2006. 

 

BURT, D., CREESE, I., SNYDER, S.H. Antischizophrenic drugs: Chronic treatment 

elevates dopamine receptor binding in brain. Science, 196, 326-327, 1977. 

 

CADET, J.L., LOHR, J.B., JESTE, D.V. Tardive dyskinesia and Schizophrenic burnout: 

the possible involvement of cytotoxic free radicals. In: Henn FA, DeLisi LE (Eds). 

Handbook of schizophrenia: The neurochemistry and pharmacology of schizophrenia. 

Elsevier, Amsterdam p.425-438, 1987. 

 

CALVENT, P.R.V., ARAUJO, C.C.S., BERGAMO, M., ABILIO, V.C., ALMEIDA, V.D., 

RIBEIRO, R.D.A., FRUSSA-FILHO, R. The mitochondrial toxin 3-nitropropionic acid 

aggravates reserpine-induced oral dyskinesia in rats. Prog Neuropsychopharmacol & 

Biol Psychiatry., 26, 401-405, 2002. 

 

CASEY, D.E. Tardive dyskinesia: reversible and irreversible. Psychopharmacology, 2, 88-

97, 1985. 

 

CASTILHO, R.F., WARD, W., NICHOLLS, D.G. Oxidative stress, mitochondrial 

function, and acute glutamate excitotoxicity in cultured cerebellar granule cells. J 

Neurochem., 72, 1394-1401, 1999. 

 

CAVALLERO, R. e SMERALDI, E. Antipsychotic-induced tardive dyskinesia: 

recognition, prevention and management. CNS Drugs, 4, 278-293, 1995. 

 

COYLE, J.T., PUTTFARCKEN, P. Oxidative stress, glutamate, and neurodegenerative 

disorders. Science, 262, 689-695, 1993.  

 



 

 

75

 

CHILDS, J.A., GALE, K. Evidence that the nigrotegmental GABAergic projection 

mediates stereotypy induced by apomorphine and intranigral muscimol. 

Life Sci., 33, 1007-1010, 1983. 

 

CHOI, J., JANG, E., PARK, C., KANG, J. Enhanced suscetibility to 1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine neurotoxicity in high-fat diet-induced obesity. Free Radic 

Biol Med., 38, 806-816, 2005. 

 

CLOW, A., THEODOROU, A., JENNER, P., MARSDEN, C.D. Cerebral dopamine 

function in rats following withdrawal from one year of continuous neuroleptic 

administration. Eur J Pharmacol., 63, 135–144, 1980. 

 

CRANE, G.E. Tardive dyskinesia in patients treated with major neuroleptics: a review of 

the literature. Am J Psychiatry., 124, 40-48, 1968. 

 

CRANE, G.E. Persistent dyskinesia. Br J Psychiatry., 122, 395-405, 1973. 

 

CREESE, I., BURT, D., SNYDER, S.H. Dopamine receptor binding predicts clinical and 

pharmacological potencies of antischizophrenic drugs. Science, 192, 481-483, 1976. 

 

DABIRI, L.M., PASTA, D., DARBY, J.K., MOSBACHER, D. Effectiveness of Vitamin E 

for treatment of long-term tardive dyskinesia. Am J Psychiatry., 151, 925-926, 1994. 

 

DE KEYSER, C. Excitotoxic mechanisms may be involved in the pathophysiology of 

tardive dyskinesia. Clin Neuropharmacol., 14, 562– 565, 1991. 

 

DIETZ, A.B.M., MAHADYA, G.B., PAULIB, G.F., FARNSWORTH, N.R. Valerian 

extract and valerenic acid are partial agonists of the 5-HT5a receptor in vitro. Mol. 

Brain Res., 138, 191–197, 2005. 

 



 

 

76

 

EGAN, M.F., HYDE, T.M., ALBERS, G.W., ELKASHEF, A., ALEXANDER, R.C., 

REEVE, A., BLUM, A., SAENZ, R.E., WYATT, R.J. Treatment of tardive 

dyskinesia with Vitamin E. Am J Psychiatry., 149, 773-777, 1992. 

 

EGAN, M.F., HURD, Y., HYDE, T.M., WEINBERGER, D.R., WYATT, R.J., 

KLEINMAN, J.E. Alterations in mRNA levels of D2 receptors and neuropeptides in 

striatonigral and striatopallidal neurons of rats with neuroleptic-induced dyskinesias. 

Synapse, 18, 178-189, 1994.  

 

EGAN, M.F., HURD, Y., FERGUSON, J., BACHUS, S.E., HAMID, E.H., HYDE, T.M. 

Pharmacological and neurochemical differences between acute and tardive vacuous 

chewing movements induced by haloperidol. Psychopharmacology, 127, 337-345, 

1996. 

 

FARIA, R.R., ABILIO, V.C., GRASSL, C., CHINEN, C.C., NEGRAO, L.T., DE 

CASTRO, J.P., FUKUSHIRO, D.F., RODRIGUES, M.S., GOMES, P.H., 

REGISTRO, S., DE CARVALHO, R.D.E.C., D'ALMEIDA, V., SILVA, R.H., 

RIBEIRO, R.D.E.A, FRUSSA-FILHO, R. Beneficial effects of vitamin C and 

vitamin E on reserpine-induced oral dyskinesia in rats: critical role of striatal catalase 

activity. Neuropharmacology, 48, 993-1001, 2005. 

 

FOLMER, V., SOARES, J.C.M., GABRIEL, D., ROCHA, J.B.T. High-fat diet causes δ-

aminolevulinate dehydratase inhibition and lipid peroxidation in mice (Mus 

musculus). J Nutrition., 133, 2165-2170, 2003. 

 

FUGH-BERMAN, A., COTT, J.M. Dietary supplements and natural products as 

psychotherapeutic agents. Psychosom Med., 61, 712– 28, 1999. 

 

GALE, K., CASU, M. M. Dynamic utilization of GABA in substantia nigra: regulation by 

dopamine and GABA in the striatum, and its clinical and behavioral implications. 

Mol Cell Biochem., 39, 369-405, 1981.  



 

 

77

 

GAO, X.M., KAKIGI, T., FRIEDMAN, M.B., TAMMINGA, C.A. Tiagabine inhibits 

haloperidol-induced oral dyskinesias in rats. J Neural Transm Gen Sect., 95, 63-69, 

1994. 

 

GARDOS, G., COLE, J.O. The prognosis of tardive dyskinesia. Am J Psychiatry., 151, 

177-179, 1983. 

 

GLAZER, W.M., MORGENSTERN, H., SCHOOLER, N., BERKMAN, C.S., MOORE, 

D.C. Predictors of improvement in tardive dyskinesia following discontinuation of 

neuroleptic medication. Br J Psychiatry., 157, 585-592, 1990. 

 

GRANGER, R.E., CAMPBELL, E.L., JOHNSTON G.A.R. (+)- And (_)-borneol: 

efficacious positive modulators of GABA action at human recombinant a1b2g2L GABAA 

receptors. Biochem. Pharmacol., 69, 1101–1111, 2005.  

 

GUNNE, L.M., GROWDON, J., GLAESER, B. Oral dyskinesia in rats following brain 

lesions and neuroleptic drug administration. Psychopharmacology, 77, 134-139, 1982. 

 

GUNNE, L.M., HAGGSTROM, J.E. Reduction of nigral glutamic acid decarboxylase in 

rats with neuroleptic-induced oral dyskinesia. Psychopharmacology, 81, 191-194, 1983. 

 

GUNNE, L., HÄGGSTRÖM, J., SJÖQUIST, B. Association with persistent neuroleptic-

induced dyskinesia of regional changes in brain GABA synthesis. Nature, 309, 347-

349, 1984. 

 

HASHIMOTO, K., TSUKADA, H., NISHIYAMA, S., FUKUMOTO, D., KAKIUCHI, T., 

SHIMIZU, E., IYO, M. Protective effects of N-acetyl-L-cysteine on the reduction of 

dopamine transporters in the striatum of monkeys treated with methamphetamine. 

Neuropsychopharmacology, 29, 2018-2023, 2004. 

 



 

 

78

 

HEALY, D. The Creation of Psychopharmacology. Harvard Univ. Press, Cambridge, MA, 

pp. 9– 128, 2002. 

 

HENDERSON, D.C. Diabetes mellitus and other metabolic disturbances induced by 

atypical and antipsychotic agents. Curr diab Rep., 2, 135-140, 2002. 

 

HIPPIUS, H. The history of clozapine. Psychopharmacology, 99, S3– S5, 1989. 

 

HUANG, C.L., HUANG, N.K., SHYUE, S.K., CHERN, Y. Hydrogen peroxide induces 

loss of dopamine transporter activity: a calcium-dependent oxidative mechanism. J 

Neurochem., 86, 1247-1259, 2003. 

 

JESTE, D.V., POTKIN, S.G., SINHÁ, S., FEDER, S., WYATT, R.J. Tardive dyskinesia-

reversible and persistent. Arch Gen Psychiatry., 36, 585-590, 1979. 

 

JOHANSSON, P.E., TERENIUS, L., HAGGSTROM, J.E., GUNNE, L. Neuropeptide 

changes in a primate model (Cebus apella) for tardive dyskinesia. Neuroscience, 37, 

563-567, 1990. 

 

JORGENSEN, H.A., ANDREASSEN, O.A., HOLE, K. The relationship between motor 

e€ects in rats following acute and chronic haloperidol treatment. Psychopharmacology, 

116, 89-92, 1994. 

 

KANE, J.M., SMITH, J.M. Tardive dyskinesia: prevalence and risk factors, 1959 to 1979. 

Arch Gen Psychiatry., 39, 473-481, 1982. 

 

KANE, J., HONIGFELD, G., SINGER, J., MELTZER, H. Clozapine for the treatment-

resistant schizophrenic. A double-blind comparison with chlorpromazine. Arch Gen 

Psychiatry., 45, 789– 796, 1988. 

 



 

 

79

 

KANE, J.M. Tardive dyskinesia: epidemiology and clinical presentation. In: Bloom, F.E., 

Kupfer, D.J. (Eds.), Psychopharmacology: The Fourth Generation of Progress, vol. 39. 

Raven Press, Ney York, pp. 1485-1495, 1995. 

 

KANEDA, H., SHIRAKAWA, O., DALE, J., GOODMAN, L., BACHUS, S.E., 

TAMMINGA, C.A. Co-administration of progabide inhibits haloperidol-induced oral 

dyskinesias in rats. Eur J Pharmacol., 121, 43-49, 1992. 

 

KENNEDY, D.O., LITTLE, W., HASKELL, C.F., SCHOLEY, A.B. Anxiolytic effects of 

a combination of Melissa officinalis and Valeriana officinalis during laboratory 

induced stress. Phytother Res., 20, 96-102, 2006. 

 

KLAWANS, H.L., RUBOVITS, R. An experimental model of tardive dyskinesia. J Neural 

Transm., 33, 235- 246, 1972.  

 

KONRADI, C., HECKRS, S. Molecular aspects of glutamate dysregulation: implications 

for schizophrenia and its treatment. Pharmacol Ther., 97, 153-179, 2003. 

 

LAPORTA, M., ARCHAMBAULT, D., ROSS-CHOUINARD, A., CHOUINARD, G. 

Articulatory impairment associated with tardive dyskinesia. J Nerv Ment Dis., 178, 

660-662, 1990. 

 

LEE, S., OH, D., JUNG, S., KIM, Y., CHO, H., KOH, K., LEE, Y. Neuroleptic drugs alter 

the dopamine transporter-mediated uptake and release of dopamine: a possible 

mechanism for drug-induced tardive dyskinesia. Pharmacol Res., 35, 447-450, 1997. 

 

LEWIS, D.A., LIEBERMAN, J.A. Catching Up on Schizophrenia: Review Natural History 

and Neurobiology. Neuron, 28, 325–334, 2000. 

 



 

 

80

 

LOHR, J.B., JESTE, D.V. Neuroleptic-induced movement disorders: tardive dyskinesia and 

other tardive symptoms. In: Cavenar Jr, J.O. editor. Psychiatry. Philadelphia (PA): 

Lippincott., 1-17, 1988. 

 

LOHR, J.B., KUCZENSKI, R., BRACHA, H.S., MOIR, M., JESTE, D.V. Increased 

indices of free radical activity in the cerebrospinal fluid of patients with tardive 

dyskinesia. Biol Psychiatry., 28, 535-539, 1990. 

 

LOHR, J.B. Oxygen free radicals and neuropsychiatric illness. Arch Gen Psychiatry.,  48, 

1097-1106, 1991. 

 

LOHR, J.B., KUCZENSKI, R., NICULESCU, A.B. Oxidative mechanisms and tardive 

dyskinesia. CNS Drugs, 17, 47-62, 2003.  

 

LUSTBERG, L., REYNOLDS III, C.F. Depression and insomnia: questions of cause and 

effect. Sleep Med. Rev., 4, 253–262, 2000. 

 

MAHADIK, P.S., EVANS, D., LAL, H. Oxidative stress and role of antioxidant and ω-3 

essential fatty acid supplementation in schizophrenia. Prog Neuropsychopharmacol Biol 

Psychiatry., 25, 463-493, 2001. 

 

MAO, C.C., PERALTA, E., MORINI, F., COSTA, E. The turnover rate of gamma-

aminobutyric acid in the substantia nigra following electrical stimulation or lesioning of 

the strionigral pathways. Brain Res., 155, 147-152, 1978. 

 

MATTSON, M.P. Neuroprotective signaling and the aging brain: take away my food and 

let me run. Brain Res., 886, 47–53, 2000. 

 

McCABE, S. Complimentary herbal and alternative drugs in clinical practice. Perspect 

Psychiatr Care., 38, 98–107, 2002. 

 



 

 

81

 

MENNINI, T., BERNASCONI, P., BOMBARDELLI, E., MORAZZONI, P. In vitro study 

on the interaction of extracts and pure compounds from Valeriana officinalis roots with 

GABA, benzodiazepine and barbiturate receptors in the rat brain. Fitoterapia, 64, 291–

300, 1993. 

MORAZZONI, P., BOMBARDELLI, E. Valeriana officinalis: traditional use and recent 

evaluation of activity. Fitoterapia, 66, 99-112, 1995. 

 

NAIDU, P.S., SINGH, A., KULKARNI, S.K. Quercetin, a bioflavonoid, attenuates 

haloperidol-induced orofacial dyskinesia. Neuropharmacology, 44, 1100-1106, 2003a. 

 

NAIDU, P.S., SINGH, A., KAUR, P., SANDHIR, R., KULKARNI, S.K. Possible 

mechanism of action in melatonin attenuation of haloperidol-induced orofacial 

dyskinesia. Pharmacol Biochem Behav., 74, 641-648, 2003b. 

 

NIEMEGEERS, C.J.E. Pharmacology and mechanism of action of neuroleptics haloperidol 

and haloperidol decanoate. Workshop haloperidol decanoate. Departament of 

Pharmacology, Janssen Pharmaceutics Belgium, p. 1-13, 1983. 

 

ORTIZ, J.G., NIEVES-NATAL, J., CHAVEZ, P. Effects of Valeriana officinalis extracts 

on [3H]flunitrazepam binding, synaptosomal [3H]GABA uptake, and hippocampal 

[3H]GABA release. Neurochem Res., 24, 1373– 1378, 1999.  

 

ORTIZ, J.G., RASSI, N., MALDONADO, P.M., GONZALEZ-CABRERA, S., RAMOS, I. 

Commercial valerian interactions with [(3)H]Flunitrazepam and [(3)H]MK-801 binding 

to rat synaptic membranes. Phytother Res., 20, 794-798, 2006. 

 

PALL, H.S., WILLIAMS, A.C., BLAKE, D.R., LUNEE, J. Evidence of enhanced lipid 

peroxidation in the cerebrospinal fluid of patients taking phenothiazines. Lancet 2, 596-

599, 1987.  

 



 

 

82

 

PEIXOTO, M.F., ARAUJO, N.P., SILVA, R.H., CASTRO, J.P., FUKUSHIRO, D.F., 

FARIA, R.R., ZANIER-GOMES, P.H., MEDRANO, W.A., FRUSSA-FILHO, R., 

ABILIO, V.C. Effects of gabaergic drugs on reserpine-induced oral dyskinesia. 

Behav Brain Res., 160, 51-59, 2005. 

 

PILLAI, A., PARIKH, V., TERRY, A.V.Jr., MAHADIK, S.P. Long-term antipsychotic 

treatments and crossover studies in rats: Differential effects of typical and atypical 

agents on the expression of antioxidants enzymes and membrane lipid peroxidation in 

rat brain. J Psychiatr Res., IN PRESS, 2006.  

 

POST, A., RUCKER, M., OHL, F., UHR, M., HOLSBOER, F., ALMEIDA, O.F.X., 

MICHAELIDIS, T.M. Mechanisms underlying the protective potential of alpha-

tocopherol (vitamin E) against haloperidol-associated neurotoxicity. 

Neuropsychopharmacology 26, 397-407, 2002.  

 

RAGHAVENDRA, V., NAIDU, P.S., KULKARNI, S.K. Reversal of reserpine-induced 

vacuous chewing movements in rats by melatonin: involvement of peripheral 

benzodiazepine receptors. Brain Res., 904, 149-152, 2001.  

 

REAVILL, C., LEIGH, N., JENNER, P., MARSDEN, C.D. GABA mediated circling from 

substantia nigra. Nature, 287, 368, 1980. 

 

RUBINSTEIN, M., MUSCHIETTI, J.P., GERSHANIK, O., FLAWIA, M.M., STEFANO, 

F.J. Adaptative mechanisms of striatal D1 and D2 dopamine receptors in response to a 

prolonged reserpine treated mice. J Pharmacol Exp Ther., 252, 810-816, 1990. 

 

SACHDEV, P., SAHAROV, T., CATHCART, S. The preventative role of antioxidants 

(selegiline and vitamin E) in a rat model of tardive dyskinesia. 

Biol Psychiatry., 46, 1672-1681, 1999. 

 



 

 

83

 

SADAN, O., BAHAT-STROMZA, M., GILGUN-SHERKI, Y., ATLAS, D., MELAMED, 

E., OFFEN, D. A novel brain-targeted antioxidant (AD4) attenuates haloperidol-induced 

abnormal movement in rats: implications for tardive dyskinesia. 

Clin Neuropharmacol. 28, 285-288, 2005. 

 

SANTOS, M.S., FERREIRA, F., CUNHA, A.P., CARVALHO, A.P., MACEDO, T. An 

aqueous extract of valerian influences the transport of GABA in synaptosomes. Planta 

Med., 60, 278–279, 1994. 

 

SCHMUTZ, J., EICHENBERGER, E. Bindra, J.S., Ledmicer, D. (Eds.), Chronicles of 

Drug Discovery, vol. 1. Wiley, New York, pp. 39– 59, 1982.  

 

SEE, R.E., ELLISON, G. Intermittent and continuous haloperidol regimens produce 

different types of oral dyskinesias in rats. Psychopharmacology, 100, 404-412, 1990. 

 

SHARIFZADEH, M., HADJIAKHOONDI, A., KHANAVI, M., SUSANABADI, M. 

Effects of aqueous, methanolic and chloroform extracts of rhizome and aerial parts of 

Valeriana officinalis L. on naloxone-induced jumping in morphine-dependent mice. 

Addict Biol., 11, 145-151, 2006. 

 

SHIRAKAWA, O., TAMMINGA, C.A. Basal ganglia GABAA and dopamine D1 binding 

site correlates of haloperidol-induced oral dyskinesias in rat. Exp Neurol., 127, 62-69, 

1994. 

 

SLIVKA, A., COHEN, G. Hydroxyl radical attack on dopamine. J Biol Chem., 260, 

15466–15472, 1985. 

 

SNYDER, S.H. The dopamine hypothesis of schizophrenia: focus on the dopamine 

receptor. Am J Psychiatry., 133, 197-202, 1976.   

 



 

 

84

 

SOARES, K., RATHBONE, J., DEEKS, J. Gamma-aminobutyric acid agonists for 

neuroleptic-induced tardive dyskinesia. Cochrane Database Syst Rev., 18, CD000203, 

2004. 

 

STOTZ-INGENLATH, G. Epistemological aspects of Eugen Bleuler's conception of 

schizophrenia in 1911. Med Health Care Philos, 3, 153-159, 2000. 

 

TAMMINGA, C.A., CRAYTON, J.W., CHASE, T.N. Improvement in tardive dyskinesia 

after muscimol therapy. Arch Gen Psychiatry., 36, 595-598, 1979. 

 

TAMMINGA, C.A., THAKER, G.K., FERRARO, T.N., HARE, T.A. GABA agonist 

treatment improves tardive dyskinesia. Lancet, 9, 97-98, 1983. 

 

TAMMINGA, C.A., THAKER, G.K., NGUYEN, J.A. GABAmimetic treatments for 

tardive dyskinesia: efficacy and mechanism. Psychopharmacol Bull., 25, 43-46, 1989. 

 

TAMMINGA, C.A., DALE, J.M., GOODMAN, L., KANEDA, H., KANEDA, N.,. 

Neuroleptic-induced vacuous chewing movements as an animal model of tardive 

dyskinesia: a study in three rat strains. Psychopharmacology, 102, 474-478, 1990. 

 

TSAI, G., GOFF, D.C., CHANG, R.W., FLOOD, J., BAER, L., COYLE, J.T. Markers of 

glutamatergic neurotransmission and oxidative stress associated with tardive dyskinesia. 

Am J Psychiatry., 155, 1207-1213, 1998. 

 

TSE, D.C.E., MCCREERY, R.L., ADAMS, R.N. Potential oxidative pathways of brain 

catecholamines. J Med Chem., 19, 37–40, 1976. 

 

TSAI, L., IKONOMIDOU, C. Toward an understanding of tardive dyskinesia: chronic 

haloperidol enhances NMDA toxicity in mouse striatum. Soc Neurosci., 1721-1744, 

1995. 

 



 

 

85

 

UMBRICH, P., SOARES, K.V. Benzodiazepines for neuroleptic-induced tardive 

dyskinesia. Cochrane Database Syst Rev., 2003. 

 

WADDINGTON, J.L. Spontaneous orofacial movements induced in rodents by very long-

term neuroleptic drug administration: phenomenology, pathophysiology and putative 

relationship to tardive dyskinesia. Psychopharmacology, 101, 431- 447, 1990. 

 

WOERNER, M.G., KANE, J.M., LIEBERMAN, J.A., ALVIR, J., BERGMANN, K.J., 

BORENSTEIN, M., SCHOOLER, N.R., MURKHERJEE, S., ROTROSEN, J., 

RUBINSTEIN, M. e cols. The prevalence of tardive dyskinesia. J Clin 

Psychopharmacol., 11, 34-42, 1991. 

 

WOLFARTH, S., OSSOWSKA, K. Can the supersensitivity of rodents to dopamine be 

regarded as a model of tardive dyskinesia? Prog Neuropsychopharmacol Biol 

Psychiatry., 13, 799-840, 1989. 

 

WONODI, I., ADAMI, H., SHERR, J., AVILA, M., HONG, L.E., THAKER, G.K. 

Naltrexone treatment of tardive dyskinesia in patients with schizophrenia. J Clin 

Psychopharmacol., 24, 441-445, 2004. 

 

YASSA, R. & JESTE, D.V. Gender differences in tardive dyskinesia: a critical review of 

the literature. Schizophr Bull., 18, 701-715, 1992. 

 

 


