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Abstract


Background: The pathophysiology of tardive dyskinesia (TD) remains unknown. Recent clinical evidence shows that low brain-derived neurotrophic factor (BDNF) may play an important role in its pathophysiology. Ginkgo biloba (EGb-761), a potent antioxidant, may have neuroprotective effects through enhancing BDNF levels. This study aimed to assess the efficacy of EGb-761 for the treatment of TD and the effect on plasma BDNF levels in a rodent model.



Methods: Fifty rats were randomly assigned into five groups: control group [injected saline intraperitoneally (IP) for 9 weeks], TD model group and three treatment groups (injected haloperidol 2mg/kg/day for 4 weeks, and then saline, 50mg/kg, 100mg/kg or 200mg/kg EGb-761 daily for the following 5 weeks). We performed behavioral assessments shown as vacuous chewing movements (VCMs) weekly and analyzed BDNF levels in plasma at the end of treatment.



Results: Haloperidol administration led to a progressive increase in VCMs, but all three groups of daily doses of EGb-761 significantly decreased VCMs, with both 100mg and 200mg showing the greater decreased in VCMS. Haloperidol also decreased BDNF plasma level, but 100mg EGb-761 administration significantly increased BDNF levels with no significant difference from the control group.


Conclusion: BDNF may be a significant biomarker related to the pathophysiology of TD. EGb-761 reduces TD symptoms possibly via its effect on BDNF system, which is related to its dosing.
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Introduction


Tardive dyskinesia (TD) is a serious, often disabling, movement disorder associated with long-term neuroleptic treatment, in which characteristic abnormal, involuntary,persistent movements of the tongue and lips and facial musculature are seen [1]. However, TD is a common side effect of antipsychotic drugs treatment in patients with schizophrenia, such as haloperidol, perphenazine or chlorpromazine treatment, and the incidence rate has been estimated that up to 32% [2]. As a consequence, the adverse events induced by these drugs make schizophrenia patients having to face more difficulty in daily life. As so far, the etiology and pathophysiology of TD remain unclear. A recent neurodegeneration hypothesis has been proposed to explain the development of TD, suggesting that long-term antipsychotic treatments can enhance neurotoxic free radical generation [3], which can induce potentially irreversible damage in motor regions of the brain such as the basal ganglia, resulting in TD [4,5]. Currently, no standard treatment approach is available for physicians confronted with such patients. 







Brain-derived neurotrophic factor (BDNF), the most abundant of the neurotrophins in the brain, plays an important role in neuronal survival, development and maintenance [6,7]. BDNF increases dopamine uptake in mesencephalic, and GABA uptake in basal forebrain, preventing neurons damage of the basal forebrain and the striatum induced by cholinergic or glutamatergic mechanism [8,9], which was implicated in the pathogenesis of TD [10,11]. Moreover, BDNF had been found to enhance the survival of neurons, to confer protection against the neurotoxic effects, and to increase the activity of the protective enzyme [12]. Interestingly, we recently reported lower serum BDNF levels in patients with TD [13,14] and found that these levels were inversely correlated with their abnormal involuntary movement scale (AIMS) score, suggesting that BDNF may play an important role in TD pathophysiology [13].


Ginkgo biloba is an ancient Chinese tree, and extracts from its leaves have been used therapeutically in traditional medicine for centuries [15,16]. EGb-761, the standardized extract of Ginkgo biloba leaves, has been widely exploited to treat cerebrovascular and peripheral vascular insufficiency, cognitive and functional symptoms associated with "mild to moderate" dementia [17]. Studies have showed that it may improve the cognitive function and the social functioning, behavioral and psychological symptoms (BPSD), activities of daily living and quality of life in demented patients [18-20]. Beck et al. [21] reported that Ginkgo biloba extract EGb-761 improved cognitive flexibility and response inhibition in elderly adults with subjective memory impairment. Many clinical trials have demonstrated that EGb- 761 treatment may be effective in the treatment and prevention of neurodegenerative disorders such as Alzheimer's disease (AD) [20,22-24] and Parkinson's disease (PD) [23,25-27].


Recently, a systematic review also confirmed the efficacy of EGb-761on the treatment of patients suffering from Alzheimer's, vascular or dementia with BPSD [28]. The potent antioxidant and neuroprotective activity and free radical scavenging actions were proposed to underlie the beneficial effects of EGb-761 [29-31]. Moreover, our previous study showed that EGb-761 enhanced the effectiveness of antipsychotic drug haloperidol and reduced its extra pyramidal side effects [32]. We found that EGb-761 was an effective treatment for reducing the symptoms of TD in schizophrenia patients [33]. Several studies reported that EGb761 treatment in dosage strengths of 50 mg/kg/day could attenuate and prevent vacuous chewing movements in a rodent model of TD, though not compared the efficacy of different doses [34,35]. Interestingly, our recent study showed that EGb-761 treatment improved symptoms of TD and increased BDNF levels. Furthermore, the improvement of AIMS total score correlated with the increase in BDNF levels, indicating that EGb- 761 has neuroprotective and neuromodulatory effects on TD by enhancing BDNF [36,37].

However, to our knowledge, there is little study on whether EGb-761 may reduce TD symptoms and increase BDNF levels in an animal model of TD [35]. The purpose of the present study, therefore, was to examine: 1) Repeated the result that plasma BDNF levels lower in TD rats after drug administration than normal controls; 2) Whether EGb-761 may lead to a significant reduction in haloperidol-induced VCMs, and a significant increase in BDNF levels of TD rats? 3) Were there different curative effects after different doses of EGb-761 treatment? 4) Was improvement in TD symptoms associated with changes in plasma BDNF levels after EGb-761 treatment?



Materials and Methods 


Animals




Science Academy, Beijing. They were housed under standard laboratory conditions and maintained on a normal light-dark cycle with free access to food and water. Experimental protocols were approved and supervised by the Institutional Animal Ethics Committee of the Peking University, and followed the guidelines of China National Science Academy for the care and use of experimental animals.



Drugs


Haloperidol (HAL) (Shanghai Jiufu Pharmaceutical Co., Ltd, China) was dissolved in normal physiological saline (NS) to the concentration of1mg/ml, and was administered intraperitoneally (IP) in a volume of 1 ml/kg. Extract of Ginkgo Biloba Leaves (EGb- 761) was obtained from Dr. Willmar Schwabe Pharmaceuticals (Karlsruhe, Germany), and was dissolved in NS to 25.2 mg/ 5 ml, which was administered IP in a constant volume of 5ml per 1000g of bodyweight. Animals were divided into 5 groups: 1) control group (n=13): rats were injected saline IP for 4 weeks, and then administered saline IP for the following 5 weeks; 2) TD model group: rats were injected with HAL (2 mg/kg/day) for 4 weeks, and then administered saline IP for the following 5 weeks; 3) 50 mg EGb-761 group: rats were injected with HAL (2 mg/kg/day) for 4 weeks, and then administered EGb-761 (50 mg/kg/day) IP for the following 5 weeks; 4) 100 mg EGb-761 group: rats were injected with HAL (2 mg/kg/day) for 4 weeks, and then administered Egb-761 (100 mg/kg/day) IP for the following 5 weeks; 5) 200mg EGb-761 group: rats were injected with HAL (2 mg/kg/day) for 4 weeks, and then administered EGb-761 (200 mg/kg/day) for the following 5 weeks.

VCMs Assessments


Rats treated chronically with neuroleptic drugs often develop spontaneous mouth movements which have been described as "vacuous chewing movements" (VCMs) [38]. VCMs were defined as single mouth openings in the vertical plane not directed toward physical material, and three types of oral behaviors were recorded [39]: vertical jaw movements (each vertical opening and closing of jaw was regarded as one VCM), bursts of jaw tremor and tongue protrusions. For calculation purposes, each burst of jaw tremor was regarded as two VCMs. A VCM consisted of a rapid movement of the jaw that resembled chewing, but did not appear to be directed at any particular stimulus. In addition, counting was stopped whenever the rat began grooming, and restarted when grooming stopped, because the periods of grooming were obscured.


On the test day, rats were placed individually in a small (20cmx30cmx30cm) Plexiglas cage. Animals were given 5 min to get acclimatized to the observation cage before behavioral assessments. The behavioral parameters of oral dyskinesia were measured continuously for a period of 5 min [40,41]. In all the experiments, the scorer was unaware of the treatment conditions given to the animals. VCMs were assessed in each individual weekly, with a total of nine times (test for 9 weeks in all). In order to ensure the effectiveness of TD model, we removed rats with low VCMs scores (<5) (n=10) from all rats injected with HAL (i.e. rats in Group 2~5) at the end of the fourth week.


Plasma BDNF Measurement


On week 9, rats were deeply anesthetized (nembutal, 80 mg/kg, intraperitoneal injection) and plasma samples were obtained from each rat's heart after the behavioral assessment, which were collected in tubes containing EDTA. The plasma was separated, aliquot and stored at-70oC before use. Plasma BDNF levels were measured within one month by sandwich enzyme- linked immunosorbent assay (ELISA) using a commercially available kit (R&D systems, Beijing, China), as described in the previous report [42]. All samples were assayed by a research assistant blind to the clinical situation. Inter- and intra-assay variation coefficients were 7% and 5%, respectively.


Statistical analysis



The principal outcome analysis consisted of repeated- measures analyses of covariance (ANCOVA) for the VCMs score, with a between-subject factor of drug [saline, haloperidol alone (TD model), 50 mg, 100 mg, 200 mg] and a within-subject factor of time (every week, total 9 time points), with VCM score at baseline as a covariate, followed by the post hoc test [Fisher's least significant difference (LSD) test)] to compare the differences between the dosage groups. BDNF plasma levels were analyzed by one-way ANOVA. Post hoc tests were conducted to determine the difference between groups, followed by LSD test. In all tests, the criterion for statistical significance was P<0.05. All statistical analyses were conducted in SPSS Statistics, version 20.0 (SPSS, Inc., Chicago).


Results



Haloperidol-induced VCMs


Figure 1 shows that VCMs increased gradually with haloperidol (2 mg/kg/day) IP injection, and reached a peak until the 5th week, then changed in different situation with different dose of EGb-761, but the general trend is down. However, VCMs of control group changed weekly in nine weeks, being fewer than 5 from beginning to end. Repeated-measures ANCOVA on VCMs over the withdrawal period showed a significant group effect (F=10.885, df=4, p<0.001), a significant time effect (F=3.365, df=7, p<0.01), and a non-significant group-by-time effect (F=.640, df=28, p>.05). In 2nd and 3rd week, there were no significant differences among all groups (2nd week: NC vs TD vs low-dose EGb-761 vs middle-dose EGb-761 vs high-dose EGb-761: 2.429 vs 12.714 vs 14.857 vs 12.714 vs 13.142, all p>.05) (3rd week: NC vs TD vs low-dose EGb-761 vs middle-dose EGb-761 vs high- dose EGb-761: 1.857 vs 14.000 vs 14.429 vs13.857 vs 14.000, all p>.05). In 4th week, control group had significantly lower score on VCMs than three treatment groups (NC vs low-dose EGb-761/middle-dose EGb-761/high-dose EGb-761: 1.714 vs 18.000/16.000/19.429, all p<.05). In 5th week, control group had significantly lower score on VCMs than TD and three treatment groups (NC vs TD/low-dose EGb-761/middle-dose EGb-761/ high-dose EGb-761: 1.857 vs 20.286/21.429/19.714/20.286, all p<.001), but there were no significant differences among TD and three treatment groups. From 6th to 9th week, control group had significantly lower score on VCMs than TD model group (p<.001), low-dose EGb-761 group (p<.001), and high-dose EGb-761 group (p<.01), but not significantly lower VCMs than middle-dose EGb-761 group (p>.05).
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Figure 1:  VCMs scores change on each testing occasion for different groups.





Plasma BDNF levels


As shown in Figure 2, differences of plasma BDNF levels among all of five groups were significant (F(4,45)=8.183, p<.001). Specifically, plasma BDNF levels were significantly higher in control group than TD model group (211.21±42.91 vs 163.63±29.98, p<.05), low-dose EGb-761 group (211.21±42.91 vs 150.05±15.98, p<.01), and high-dose EGb-761 group (211.21±42.91 vs 161.41±7.30, p<.05), but there was no significant difference in plasma BDNF between normal controls and rats in middle-dose EGb-761 group (211.21±42.91 vs 197.90±24.71, p>.05) (Figure 2a). Comparing plasma BDNF of TD model group with three treatment groups (Figure 2b), we got results that there were significant differences among the four groups (F(333)=6.5 9 3, p<.01), and plasma BDNF levels of middle- dose EGb-761 group were significantly higher than others' (middle vs TD: p<.01; middle vs low: p<.001; middle vs high: p<.01). No significant difference in plasma BDNF levels among TD model group, low- and high-dose EGb-761 group existed (p>.05) (Figures 1 & 2).
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Figure 2:  : Compare differences of control group (NC), TD model group (TD), low-dose EGb-761 group (50 EGB), middle-dose EGb-761 group (100 EGB), and high-dose EGb-761 group (200 EGB) in plasma BDNF levels. There are significant lower BDNF levels in TD model group, low- and high-dose EGb-761 group compared to control group, but no significant difference between middle-dose EGb-761 group and control group. There are significant higher BDNF levels in middle-dose EGb-761 group than TD model group, low- and high-dose EGb-761 group. * p < 0.05. ** p < 0.01.





Discussion








The major findings of this study were that 1) rats in TD model group had lower plasma BDNF levels than normal controls; 2) different doses of EGb-761 treatment improved TD symptoms in varying degrees; 3) VCMs of rats in middle-dose EGb-761 group was closest to one of normal controls, and there was no significant difference between middle-dose EGb-761 group and control group in VCMs measurement; 4) only 100mg EGb-761 treatment increased significantly BDNF levels among three treatment groups, and there was no significant difference between middle-dose EGb-761 group and control group in plasma BDNF levels.


BDNF levels were significantly lower in TD patients than normal controls, which are consistent with the previous reports [13,36,37]. These decreased BDNF levels are inosculated with the neuronal degeneration hypothesis of tardive dyskinesia, because BDNF exerts various effects on neuronal survival and maintenance, protect against neuronal degeneration induced by ischemia, hypoglycemic insults, and glutamatergic mechanism, all hypothesized contributors to neuroleptic-induced TD [7,8,43]. Lower BDNF levels would be a high risk factor for TD development, conceivably because of that down-regulation of this neurotrophin could lead to further neurotoxicity/ neurodegeneration in organism with TD. However, the exact mechanism for lower BDNF levels in TD pathology is still undiscovered, and deserves further investigation, as well as the relationship between BDNF and other risk factors, such as oxidative stress, and antipsychotic treatment. Then solving these questions may be extremely rewarding for TD treatment, in which BDNF will play a role indubitably.


In the present study, TD symptoms of three treatment groups had been improved significantly, but in different levels. Low- and middle-dose EGb-761 group had significantly lower VCMs than TD model group. There was a marginally significant reduction in VCMs in high-dose group compared to TD model group. However, no significant difference in VCMs measurement between high-dose group and control group, further VCMs of rats in TD model group were significantly higher than normal controls, so it appeared that high-dose EGb-761 had a significant and favorable effect on TD symptoms. It was distinctive that there was no significant BDNF increase in low- and high-dose group compared to TD model group. Significantly enhanced BDNF levels only occurred in middle-dose group among three treatment groups. BDNF levels of rats in middle-dose group were closest approach to normal levels and their differences with normal controls were not statistically significant. Moreover, VCMs of animals in middle-dose group were the most proximate to normal controls.


EGb-761 has been shown in previous studies to improve mitochondrial function and increase energy metabolism, promotes hippocampal neurogenesis and neuroplasticity, such as long-term potentiation, spine density, neuritogenesis and neurogenesis [44]. Furthermore, one of possible mechanisms to explain how EGb-761 could reduce TD may relate to enhanced BDNF levels. A recent study found that EGb-761 and VE decreased dyskinetic jaw movements and increased BDNF expression levels in prefrontal cortex, striatum, substantia nigra, and globus pallidus in the rat model of TD [35]. Zhang et al. [36] reported that the increase in BDNF was correlated with the improvement in AIMS ratings among Chinese schizophrenic patients with TD who were treated with EGb-761 and this indirect evidence had led to the speculation that enhancing BDNF levels could decrease further neuronal injury and even reverse some existing TD symptoms. On the other hand, the efficacy of EGb-761 contains antioxidant properties and free radical scavenging actions, which have been therapeutic for other neurodegenerative disorders, such as AD, and also suggested for TD treatment [3,32,45,46]. Zhang et al. [33] demonstrated that EGb-761 appeared to be an effective treatment for reducing the symptoms of TD in schizophrenia patients, and improvement may be mediated through the well-known antioxidant activity of this extract.


Oxidative stress has a critical role in the pathophysiology of TD, and bauhinia forficata and crocin as the antioxidants showed a protective effect against TD [47,48]. BDNF levels increasing might be promoting antioxidant or free radical scavengers of EGb-761 to enhance its efficiency in treatment of TD symptoms. Zhang et al. [36] found that the better responders to EGb-761 treatment were these whose BDNF levels were closer to normal levels. However, the relationship between the two needs to be further elucidated. Other possible mechanisms through how EGb-761 could improve TD symptoms may relate to its efficacy as a symptomatic treatment for mild-to-moderate AD [49-51], and it may be due that EGb-761 has neuroprotective and neuromodulatory effects [14,24,29,52]. Zhang et al. [36] concluded that EGb-761 may stimulate other neuroprotective processes relevant to TD as well as AD, for instance activating the CREB signaling pathway more broadly as a neuronal protective effect [42], elevating brain levels of pCREB to lead to enhanced hippocampal synaptogenesis and neurogenesis in a rodent model of AD [53,54]. Form this point, both of low- and high- dose EGb-761 improved just TD symptoms, instead of curing TD radically.


It seemed that there was no significant difference in VCMs between high-dose group and control group, though BDNF levels of high-dose group were not enhanced. Therefore, improvement in TD symptoms did not mean improvement inside damage in TD rats, and TD symptoms were likely to be recurrent because of low BDNF levels. Lower BDNF levels were more associated with a high risk for TD development [13]. The mostly discovery of our study was that middle-dose EGb-761 improved TD symptoms and increased BDNF levels, which were nearly the same to normal, as well as the best curative effect. We can infer that more improvements are available when long-lasting middle-dose EGb- 761 treatment in TD.


The major limitation of the present study was that we didn’t test the correlation between increased BDNF levels and decreased VCMs, so we could not directly detect the relationship of enhancing BDNF levels and TD symptoms improvement in the treatment of EGb-761 [55-59]. Other limitations included the small sample size, the insufficient treatment grouping, the relatively short duration of treatment, lack of measuring BDNF levels and VCMs scores at baseline, and obtaining BDNF levels at only Week 9 rather than at multiple time points.


Conclusion




BDNF levels may be implicated in the pathophysiology of tardive dyskinesia and may promote or mediate its improvement with antioxidant treatment. Merely alleviating TD symptoms may work in the short term, but don’t fundamentally solve the problem. When BDNF levels are enhanced significantly, TD is improved indeed by EGb-761. In addition, only middle-dose EGb-761 can maximize the treatment effects, and too high or too low dose is not perfect.
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