
INTERNATIONAL JOURNAL OF PHARMACEUTICS & DRUG ANALYSIS 

VOL.5 ISSUE 12, 2017; 483 – 497; http://ijpda.com; ISSN: 2348-8948 

 

 

 

 

483 

 

Review Article 

Recent Advances in  

Therapeutic Targets of 

Tardive Dyskinesia 
 

Shilpa Rani, 1* Kanika Sahore2 

 
1Department of Pharmacology, I.S.F College of 

Pharmacy, Moga 
2Department of Pharmaceutical Sciences, Guru 

Nanak Dev University, Amritsar  

 
Date Received: 6th December 2017; Date accepted: 

12th December 2017; Date Published: 13th December 
2017 

Abstract 

Tardive dyskinesia is a hyperkinetic neurodege-
nerative movement disorder which is severe, debi-
litate, unrealized and  everlasting mainly arises 
after prolong medication with Dopamine antagon-
ist. The pathophysiology mechanisms of TD main-
ly consist of dopamine receptor super sensitivity, 
GABA depletion, cholinergic deficiency, neurotox-
icity,  changes in synaptic plasticity, and defective 
neuroadaptive signaling. Tardive dyskinesia is a 
progressive and potentially irreversible condition 
which mainly correlates to adverse of dopamine 
antagonism leading to neurodegeneration and 
movement disorders like Pill rolling movements of 
fingers, lip puckering, facial grimacing. Their re-
current factors could allow classify tardive dyski-
nesia according to their potential, beneficial targets 
so that it may be used for further initial interven-
tions which are necessary. The focus of this article 
is a pathophysiology of and an understanding the 
complex cascade of secondary neurodegeneration. 

 

Key words: Tardive dyskinesia, Schizophrenia, 
DA-R super sensitivity, vacuous chewing move-
ments, Neurotoxicity, Excitotoxicity 
 
Abbreviations : DA- Dopamine, GABA - γ-
aminobutyric acid, GP- Globus pallidus, GP-

Globus pallidus internal, GPe- Globus pallidus 
external, ROS- Reactive oxygen species, NTs-
Neuro-transmitters, Nrf2-Nuclear factor 2, ARE -
Antioxidant response element, VCMs-Vacuous 
chewing movements 
 

INTRODUCTION 

The patients suffering from Schizophrenia involv-
ing involuntary, abnormal movement disorders 
were never treated with any antipsychotic agent. 
The risk of tardive dyskinesia is increased, when a 
person has been taking antipsychotics and the risk 
also increase with age. The risk of TD is greater 
with conventional antipsychotics than second-
generation antipsychotic drugs1, which are used 
for psychiatric, mental and neurological disorders 
such as Parkinson’s disease2.The term Tardive ori-
ginates from the French Tardif meaning ‘late” 
while dyskinesia originates from Greek word kine-
sia related with “motion and movement,” while 
“dys” is related with  “insufficient” or “abnor-
mal”2. It is irreversible disorder and its prediction 
is very difficult to do 3. Negative symptoms and 
cognitive impairment both are associated with the 
schizophrenic patients 3.The involuntary move-
ments involves tongue writhing, lip puckering 
movements, pill rolling of finger movements, pur-
poseless sometimes the limbs or trunk are also ef-
fected. Sometimes the legs are so severally affected 
that walking  becomes difficult and different vocal 
communication4. TD mainly affects the proximal 
muscles resulting in (quick, jerky and non-
repetitive movements )are also known aschore 
form while in some cases results in slow, supple or 
writhing, and involving distal muscles known as 
athetoid, or may be sometimes dystonic and ste-
reotypic  or a combination of these5. Thus Tardive 
dyskinesia (TD) is one of the complex challenging 
psychiatric disorder which involves random 
movements of tongue, lips, jaw, as well as facial 
grimacing extremities was described, as a signific-
ance of long-term experience to first-generation  
antipsychotic (APD)6-9. 
 

Risk Factors for Tardive Dyskinesia:- 
Tardive dyskinesia occurs after many months or 
years of Antipsychotics therapy. Other risk factors 
involving tardive dyskinesia are classified below:- 
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Table 1: Risk Factors for Tardive Dyskinesia 

 Risk factors Therapeutic Effect 

1. Sociodemographic factors Aging 
2. Psychiatric disorder Hopelessness 
3. Drug-related factors Neuroleptic drugs 
4. Other patient-related factors History of Diabetes 
5. Genetic factors  50 to 100 gene mutations and variations reported each year as  

associated with schizophrenia 
6. Non-genetic risk factors • Infection during fetal life 

• Brain injury  
• Anoxia at birth      
• Trauma in childhood 
• Abuse of street drugs and steroids 
• Brain lesions 
• Psychosocial stress 
• Isolation, smoking, and excess coffee  

 

Tardive Dyskinesia Deviant 
On the basis of pathophysiology and treatment, 
various forms of TD have been reported and which 
reveals the important differences from typical TD1, 

10 
Tardive Dystonia 

Tardive dystonia is a condition of sustained muscle 
contractions is due to neuroleptics therapy in 
which patients show a more generalized involve-
ment and demonstrate a focal or segmental in-
volvement.  
 

Tardive Akathisia 

It is described as subjective restlessness along with 
motor agitation idiomatic distress is a stereotype 
motor movement attributed to TD and is consi-
dered as a subtype of TD. It mainly includes repeti-
tive touching of forehead scalp crossing and un-
crossing of legs, pacing, and body rocking repeti-
tive tapping and marching movements.11 
 

Tardive Blepharospasm 

TD is expressed as a repetitive, forceful, sustained 
contraction of orbicularis oculi. Blepharospasm is a 
focal dystonia affecting the motor system of the 
brain leading to involuntary movement or posture. 
Meige syndrome which has been presented in TD. 
Symptoms belong toblepharospasmand accompa-
nied by or mandibular dystonia with manifesta-
tions over face, jaw, and neck. The condition main-
ly induced by long-term exposure to Dopaminergic 
antagonist and antihistamines12. 

 

Tardive Myoclonus 

Myoclonus is a rare disorder used to describe a 
brief, light like jerks by the body which presents as 
sudden brief jerks of muscles in the face, neck, 
trunk11a,10,11c,1. 
 

Tardive Tics and Tardive Tourettism 

Tardive tics and Tardive tourettism (TTt) resemble 
Tourette’s syndrome and present during or after 
treatment with dopamine antagonists. Classically 
TTt begins in individuals elder than 21 years of 
age, while Tourette’s syndrome commonly appears 
in children by age 7 years.11a,1,11b,11c. 
 

Tardive Tremor 

In a variety of hyperkinetic movement disorder, 
one of them is tardive tremor which is an attention, 
deficit hyperactivity movements disorder includ-
ing chorea, dystonia, myoclonus, or stereotypy 14,15. 
 

Tardive Gait 

Tardive gait is a drug-induced motor disturbances 
which have been classified varients of TD involv-
ing movements16. Disturbances may occur concur-
rently11c. 
 

Pathophysiology of Tardive dyskinesia:- 

The pathophysiology of TD is still undefined com-
plex and remains unclear. Multifactor is responsi-
ble for TD , to clarify the involuntary and irreversi-
ble effects of TD, Various models have been 
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planned and also on the management of TD
ious inclusive reviews have been surveyed or pu
lished 5,18. Their main aim was to suppress the 
dyskinetic symptoms. Many mechanisms has been 
proposed to explain the induction of TD on long
term use of neuroleptics which mainly involves 
dopamine receptor super sensitivity19

dysfunction 20, GABA deficiency21, and the oxid
tive stress theory22. The most accurate theory was 
post synaptic  dopamine
 

Figure 1:

Beneficial Targets to Improve Tardive Dyskinesia 

Side Effect 

Recognition of novel targets may mat
potential therapeutic tool to tactic tardive dyskin
sia. DA-R super sensitivity, GABAergic neuronal 
dysfunction, cholinergic deficiency, Synaptic pla
ticity, Defective neuroadaptive signaling
vide potential targets to improve Tardive Dyskin
sia. 
 

Development of Tardive Dyskinesia and Imba

ance of Neurotransmitters 

DA-R super sensitivity,   GABAergic neuronal dy
function,   cholinergic deficiency has been involved 
in Development of Tardive Dyskinesia.
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planned and also on the management of TD17. Var-
ious inclusive reviews have been surveyed or pub-

Their main aim was to suppress the 
dyskinetic symptoms. Many mechanisms has been 
proposed to explain the induction of TD on long-
term use of neuroleptics which mainly involves 

19, serotonergic 
and the oxida-

The most accurate theory was 
post synaptic  dopamine–receptor 

hypersensitivity23. This model explains the long
standing blockage of dopamine in the receptor 
leading to permanent receptor hypersensitivity. For 
the explanation of TD development various neur
chemical theory has been planned which 
(i) a concerned balance between dopamine
cholinergic systems; (ii) noradrenergic dy
(iii) dysfunctions of striatonigral, 
acid (GABA)ergic neurons; and (iv) 
excitotoxicity.11c,12a,12b. 

Figure 1: Pathophysiology of Tardive dyskinesia 

 

Beneficial Targets to Improve Tardive Dyskinesia 

Recognition of novel targets may materialize as a 
ential therapeutic tool to tactic tardive dyskine-

GABAergic neuronal 
dysfunction, cholinergic deficiency, Synaptic plas-
ticity, Defective neuroadaptive signaling may pro-
vide potential targets to improve Tardive Dyskine-

Tardive Dyskinesia and Imbal-

GABAergic neuronal dys-
ciency has been involved 

dive Dyskinesia. 

nsitivity 

Dopamine super sensitivity theory has approached 
to studying TD. In the frontal co
there is an 8%–30% amplify of D2
lidity in all DA pathway causes neurotic of DA
chiefly D2 type. 24Abnormal involuntary mov
ments scales (AIMS) is designed to measure i
volving movement known as TD by doing study 
on rat models that shows impulsive vacuous che
ing movements (VCMs) with high
dol. The pathological involving movement due to 
hypersensitivity of D2-Rs results in excess of inh
bition of the globuspallidus (GP) internus (GPi) 
and subthalamic nucleus24a. In patients with 
supersensitivity departure of DA antagonists 
mainly related to the supersensitivity of dop
and uncontrolled transmission of dopamine. These 
transmissions are further blocked by the drugs 
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blocking the D2 receptor, non-medicated
tipsychotic 25. The entire antipsychotic mark of DA 
receptor has been found to be just about normal in 
the cerebral cortex of patients. According to Oliver 
Howe’s 26 the three dissimilar evoluti
involves the progress of the dopamine premise of 
schizophrenia. The reduction of antipsychotic or its 
special effects on dopamine metabolism has been 
recommended as the first contribution of Dopam
nergic arrangement27,28. The drugs like dop
antagonists cause psychotics29 while amph
which is dopamine agonist may elevate psychotic 
symptoms24b, showing a primary hyperactiv
dopaminergic synapses. This first dopamine 
theory30 did not bond hyper-dopaminergic to exact 
regions of the brain. However, It has paid attention 
to DA receptor only and also was not able to  diff
 

Figure 2: Dopamine Receptor (DA

(a)Dopamine Neurotoxicity(Neurodegeneration)

Another hypothesis is that TD is due to neurotoxi
ity effect of free radical by products of (C.A) met
bolism showing the correlation between neurod
generation and loss of brain connectivity
oxidative damage caused by dopamine neurotoxi
ity is one of the cause of TD while the reason  of 
neurodegeneration is still  understood, the neur
degenerative processes found in TD differs from 
those , found in Alzheimer’s disease, as there is no 
evidence of increased neuronal death o
gliosis33. Some schizophrenic patients show signs 

Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

medicated with an-
. The entire antipsychotic mark of DA 

receptor has been found to be just about normal in 
tex of patients. According to Oliver 

the three dissimilar evolutionary steps 
involves the progress of the dopamine premise of 
schizophrenia. The reduction of antipsychotic or its 

mine metabolism has been 
recommended as the first contribution of Dopami-

. The drugs like dopamine 
while amphetamine 

which is dopamine agonist may elevate psychotic 
imary hyperactivity at 

dopaminergic synapses. This first dopamine 
dopaminergic to exact 

er, It has paid attention 
to DA receptor only and also was not able to  diffe-

rentiate  between positive or negative symptom
tology and didn’t  clarify the  Dopamine 
ism, communication and neurotoxicity m
which are necessary to guide to th
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Regarding dopamine receptor theory “ A Cust
mized dopamine theory of sch
published in 199131, relating the various issues. It 
has been found in many schizophrenic patients 
that metabolites of dopamine in the c
fluid were not prominent. In few patients, for trea
ing psychotic symptoms the drug clozapine, was 
superior having low similarity for res
D2-receptor, elevated levels of D1
cortex compared to elevated levels of D2
in the striatum and NAcc gives us different alloc
tion was of different dopamine receptor subtypes. 

Figure 2: Dopamine Receptor (DA-R) super sensitivity 
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auto-oxidation of dopamine is, relatively stable 
within the presynaptic storage vesicles while it is 
prone in the intra- and extracellular spaces36. The 
difference in the pH inside the vesicles (pH 5.5) as 
compared to outside main mechanism (pH  7.5) 
35a,37. By interacting with both the DAT and VMAT2 
the substance belonging to the amphetamine fami-
ly act as a potent dopamine releasers from both the 
synapse and the vesicles38,36. Through auto-
oxidation and enzymatic degradation, its starts 
forming reactive oxygen species (ROS) and thus 
found in  abundance in the cytoplasm and the syn-
aptic cleft39 .In vivo models for  neurotoxicity and 
oxidative stress caused by hyperdopaminergia 
amphetamines can be considered as pivotal, The 
excessive oxidative stress results in the damage of 
Dopaminergic synaptic terminal buttons by the use 
of methamphetamine that is possibly related to the 
formation on dopamine derived oxidation prod-
ucts37, 40. In post-mortem gas chromatography-mass 
spectrometry studies showed significantly elevated 
levels of malondyaldehyde 41,42.  
 
In astrocyte cultures, Dopamine-induced oxidative 
stress was also reported43. There is a significant 
decrease in dendritic spines in vitro neuronal cul-
tures exposed to dopamine showing oxidative 
stress 44. In vitro and in vivo study in mice through 
treatment with 6-Hydroxydopamine results in the 
activation of antioxidant genes45. The activity of  
Nrf2 (nuclear factor 2),is also increased by DA, 
Nrf2 which is a transcriptional factor act  by bind-
ing to the antioxidant response element (ARE) in 
the promoter regions of antioxidant genes, through 
the formation of ROS activates the expression of 
various antioxidant defense pathways 46. 
By equimolar injections of antioxidants like ascor-
bic acid or glutathione, the neurotoxicity of dopa-
mine injections into the rat striatum, are measured 
through the death of tyrosine hydroxylase-positive 
neurons as well as measurements of oxidation 
products of dopamine, which meets the oxidative 
capacity of excess dopamine more than likely 47.  
When mice were pretreated with rosiglitazone, a 
PPAR (peroxisome proliferator active receptor )-
agonist and activator of antioxidant transduction 
pathway, the pharmacological model of chronic 
Parkinson’s disease 47 even showed significant re-
duction of morphological, biochemical and beha-
vioral Parkinson’s markers in the treatment of PD48. 

PPAR-agonists has been suggested as therapeutic 
targets in case of PD49. On treatment with various 
cannabinoids, the same result was found in ani-
mals suffering from  Parkinson’s suggesting that 
antioxidant capacity of the plant-derived agents 
protect neurons against dopamine neurotoxicity50. 
Auto-oxidation is one of the biochemical mechan-
isms of dopamine neurotoxicity while the other is a 
formation of ROS byproducts during enzymatic 
degradation. Through enzymatic action presence 
of metal ions and spontaneous auto-oxidation Do-
pamine has been shown to form highly reactive 
quinones, which causing damage to intracellular 
macromolecules51. As the DA oxidizes to quinines 
faster and reduces back more slowly the formation 
and therefore the cytotoxic potential is higher in 
dopamine comparing to catecholamines 52.  
 

Dopamine convened oxidative stress 

The derivative H2O2is created by Dopamine dila-
pidation  through  MAOs 53, which has greater im-
pending of producing ROS  similar to hydroxyl 
radicals through the Fenton reaction51a. Thus by 
creating a cruel cycle of positive strengthening be-
tween these two pathways of dopamine neurotox-
icity through ROS formation results  in twists rais-
ing  the rate of auto-oxidation of dopamine to do-
pamine-quinone 54 
 

Impairment of the antioxidant protective me-

chanism: 

As the majority of the energy for the body is sup-
plied through the chemical reaction of oxygen tak-
ing place throughout the body, oxygen radical ex-
pansion is common55. By a four-electron reduction 
reaction through cytochrome oxidase, all of the 
oxygen should be condensed to water. However, a 
small percentage of oxygen may be reduced by 
one, two or three electrons, and showing in supe-
roxide anion (O2‾), hydrogen peroxide (H2O2) or 
the hydroxyl radical. The superoxide anion is the 
most common free radical formed by mitochondria 
is O2‾. Thus, to avoid oxidative damage, intra-
mitochondrial antioxidant systems have to sca-
venge this free radical which leads to adenosine 
triphosphate (ATP) production impairment56. A 
very unstable state for the molecule is formed 
when a free radicals arise an electron exists in an 
unpaired state. A severe damage to molecules and 
eventually, to the organism may be results without 
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careful control of oxidative stress. A lipid peroxida-
tion cascade a chain reaction of free radical genera-
tion is inactive when free radicals come in contact 
with cell membrane fatty acids. Cellular communi-
cation disturbance and cell devastation may occur 
when this chain reaction can break the membrane 
integrity and can modify the massive numbers of 
proteins. Superoxide dismutase (SOD) – catalyzes 
the formation of H2O2from O257 and is the major 
enzymes involved in free radical chemistry –H2O2 
from O2 − 58,59. In mitochondria in Manganese in 
the manganese superoxide dismutase (MnSOD) 
occurs whereas in cytosol there is copper and zinc ( 
Cu/ZnSOD)60. The body defends itself against free 
radical-induced injury by two mechanisms 61. Ei-
ther by chemical antioxidants which render free 
electrons harmless or by enzymes involvement that 
catalyze the reaction in which free radicals are dis-
tinct to form non-radical structures. Superoxide 
dismutase (SOD), is the enzyme catalyzes the for-
mation of H2O2 from O260a60b, while the creation of 
H2O2 or O2 from H2O2 is catalyzed by (CAT) and 
glutathione peroxidase (GSH-Px)62. Excessive reac-
tive oxygen species (ROS) free-radical metabolism 
and the antioxidant protective system. The sca-
venge excess ROS  several enzymes such as SOD, 
GSH-Px, and CAT are involved which agree to the 
antioxidant protection mechanism 63. 
 

Increased dopamine turnover and metabolism 

There is an increase in the dopamine synthesis and 
metabolism by blocking dopamine receptors to be 
used of  Antipsychotic medications26. The incidence 
of TD is also affected by producing free radical to 
diverts dopamine turnover and metabolism 
process which may directly and indirectly. There is 
a direct relation between Monoamine oxidase 
(MAO) and dopamine molecules to oxidative 
stress leading to the occurrence of TD 64. Dopamine 
molecules which are free radicals are formed from 
dopamine which gets auto-oxidized 65. Excess free 
radical are produces in basal ganglia, which is rich 
in oxidation delivery, polyunsaturated fatty acids 
and transition metals,  resulting in weakening of 
antioxidant brain defenses66. One of the most high-
ly reactive oxygen radical that is H2O2 (the hydrox-
yl radical) is formed with transition metals 67. In 
the mitochondria, to a free radical-related mechan-
ism or to the creation of reactive oxygen species, 
the antipsychotics, such as haloperidol, can be di-

rectly destructive. However, the toxic nature of 
haloperidol and its metabolites to neurons have 
also been found to a number of study686970. An 
apoptotic cell death, has been noticed while study-
ing the effect of haloperidol and its metabolites to 
the cell cultures of murine neurons (PC-12)  
 

GABAergic neuronal dysfunction: 
In the mammalian brain, γ-Aminobutyric acid 
(GABA) is a most plentifulneurotransmitter inhibi-
tor. In interneurons modulating neighboring neu-
ronal circuitry, as well as noradrenergic, dopami-
nergic, and serotonergic neurons GABA is respon-
sible for communication. Emrich et al was the first 
to describe the role of GABAergic dysfunction in 
mood disorder, for maintaining a balance between 
the direct and indirect striatopallidal pathways 
Fast-transfix GABAergic interneurons in the stria-
tum are generally conscientious24a. Dyskinesia may 
be caused by neuroleptic revelation due to annihi-
lation of these drugs 71. Whereas in animal models 
of PD has been connected due to an excess of GA-
BA in the GP. Hyperkinetic movements, plus TD 
have been allied with a decrease of GABA in the 
GP and substantia nigra72. Additional attestation 
relating GABAergic neuronal dysfunction may 
lead to the development of TD due to the heredita-
ry relations between the GABA system and TD 
73(Figure4) 
 

Cholinergic Dysfunction: 

In normal basal ganglia function striatal acetylcho-
line-dopamine balance has long been measured a 
key feature71-74. Therefore dysfunction various 
movement disorders, such as Parkinson's disease, 
Huntington's disease, dystonia and Tourette syn-
drome is supposed to be triggered by the dysfunc-
tion of acetylcholine migration74. By targeting ace-
tylcholine receptor disturbs many of this disorder 
can be treated with pharmacotherapies75. 
 
Throughout the striatum on a discrete generation 
of neurons both subtypes of acetylcholine recep-
tors—nicotinic and muscarinic—are uttered. Com-
bined receptor appearance and role consisting of 
miscellaneous cellular and subcellular localizations 
are the factors on which practical implications of 
acetylcholine on movement depends. The medial 
septal nucleus is counted along with a number of 
cholinergic projections take place from nuclei of 
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the basal forebrain in addition to the local striatal 
innervation. In addition the nucleus basalis of 
Meynert, the vertical nucleus of the d

Figure 4: GABAergic neuronal dy

 

Striatal Acetylcholine-Dopamine Int

To innervate with other neurotransmi
dopamine terminals and ChIs densely the stri
tum.Articulate the equivalent embarrassment of 
receptors dopamine terminals express nicotinic 
receptors (and perhaps M5 receptors), while ChIs 
similarly express D2 and D5 receptors are e
pressed through ChIs. In interfacing between these 
two modulatory systems striatal signaling is pro
ably to involve with the other neur
system; receptors. Thus, influencing the incorpor
tion, processing and transmission of information 
along the dual striatofugal systems their great si
nificance of dopamine-mediated regulation of ChIs 
in modulating striatal outflow. Conventionally the 
striatal acetylcholine and dopamine systems are 
viewed as antagonistic. The release of acetylcholine 
is suppressed by Dopamine through dopamine 
receptors on ChIs. Through the opening of D2 and 
D5 dopamine receptors located on ChIs through 
the modulatory outcome of dopamine on striatal 
acetylcholine release is achieved. Acetylch
liberation is inhibited by activation of D2 receptors 
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Figure 4: GABAergic neuronal dysfunction 
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inhibits while GABA receptors enhance through 
D5 regulation via protein kinase A (PKA) 
77.Dopamine release is similarly suppressed by the 
acetylcholine while there is an increase in dop
mine release indicating the stimulation of n
receptors78. In the striatum communication b
tween the dopamine and acetylcholine systems is 
more multifaceted than the traditional, “see
model would suggest. Likely acting through 
tinic receptor activation the effects of acetylcholine 
on dopamine liberation appear to be compleme
tary rather than antagonistic while dopamine po
sibly dampens the acetylcholine release. Add
research to shed further light on their functional 
interplay is likely to be done using novel tec
niques to selectively alter particular neurons and 
particular receptor subtypes. 
 
The parasympathetic nervous system, is said to be 
almost fully cholinergic which uses acetylcholine 
approximately completely to s
While in a neuromuscular junctions, the pre
ganglionic neurons of the sympathetic nervous 
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nterplay is likely to be done using novel tech-

ticular neurons and 

The parasympathetic nervous system, is said to be 
which uses acetylcholine 

approximately completely to send its messages. 
While in a neuromuscular junctions, the pre-
ganglionic neurons of the sympathetic nervous 
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system, the basal forebrain, are also cholinergic 
along with brain stem complexes. In rat models 
treated with haloperidol due to increased VCMs in 
the rat the cholinergic insufficiency theory has 
been occupied in the expansion of TD. 
 

Striatal Dysregulation. 

The increased activation of the D1 mediated stria-
tonigral (or "direct") pathway is the final common 
pathway for dyskinesia showed by various studies 
on the basal ganglia and movement disorders79. 
Several neuropeptides including substance P and 
dynorphin are used as co-transmitters along with 
these intermediate spiny striatal neurons are main-
ly GABAergic. The internal segment of the globus-
pallidus the direct pathway inhibits neurons in the 
substantia nigra, pars reticulata, and its associated 
nucleus (Figure 4). These areas, in turned act as a 
creator for cortical. The net increase (or loss of in-
hibition) of thalamocortical projections is produced 
increased inhibition of the inhibitory GABAergic-
nigral/pallidal. The D2-mediated striatopallidal (or 
"indirect") loop also play a major role in outflow 
tract from the striatum79. The neuropeptide enke-
phalin is also used as cotransmitter pathway. It is 
medium spiny neurons are also GABAergic. Due 
to blockade of the inhibitory D2 receptors, the ex-
pression of Dopamine and over-activation may 
facilitate, when the activity of this pathway in-
crease80. In rodents study, increases Dopamine 
agonist-induced dyskinetic mouth movements is 
suggested as an effect of  haloperidol. However 
such alterations in basal ganglia physiology result-
ing in TD in the hypothesis which remains un-
proved, for explaining its role various neurotrans-
mitters for example, D1 and D2 receptors, chole-
cystokinin (CCK), neurotensin, GABA, Af-methyl-
D-aspartate receptors, and opiate receptors play an 
important role. TD symptoms are also affected by 
the drugs targeting these transmitter systems. Un-
fortunately, human studies are limited, using such 
agents however animal studies have generally 
been inconclusive. 
 

Management & Treatment of Patients with TD 
Based on the still preliminary understanding of the 
pathophysiology of the disease although a number 
of drugs have been tried, no effective treatment for 
TD is currently available. To prevent the worsening 
of the disorder over time and to minimize its 

symptoms and reduce ongoing risk factors only 
suitable attempts are made. a physical and neuro-
logical examination, laboratory testing, and a re-
view of the differential diagnosis should be done 
to medical evaluation, on the  first appearance of 
symptoms of TD 81. 
 
The next biggest issue is whether neuroleptics 
should be continued or not as most published rec-
ommendations suggests that drug withdrawal or 
marked dose reduction. Another issue affecting is 
whether additional medications are needed to 
suppress TD. Sometimes the symptoms which are 
mild to moderate symptoms are either unnoticed 
or have little impact. To track symptomatic 
changes and response to medications routine mon-
itoring of TD is essential. Withdrawal should be 
considered, the patients who abuse such stimu-
lants as cocaine may develop more severe TD 
symptom as suggested by Anecdotal reports. 
 

Oppressive Therapies for TD 

Dopamine Depletes Alpha-methyl-paratyrosine 

(AMPT) 
In reducing TD severity, medications that work by 
reducing or depleting presynaptic stores of dopa-
mine have sometimes been helpful. Different me-
chanisms have been followed by dopamine dep-
lete. The storage of dopamine in presynaptic vesic-
lesis disrupted by Reserpine and tetrabenazine.  
 
Dopamine Agonists Apomorphine and bromo-
criptine act directly while amantadine and levodo-
pa act indirectly. Dopamine agonists down regu-
late dopamine receptors and theoretically could be 
useful in TD. A major drawback is that they can 
initially exacerbate both TD and psychotic symp-
toms. Dopamine auto receptor agonists—for ex-
ample, n-N-propyl- 3-(3-hydroxyphenyl)piperidine 
(3-PPP)—decrease the release of dopamine and 
present another possible mechanism to treat TD. 
 

Noradrenergic Antagonists Noradrenergic Anta-
gonists agents like beta-adrenergic antagonist, 
propranolol, Clonidine, Oxypertine have been 
used to treat D2 although noradrenergic innerva-
tion of basal ganglia structures is sparse and li-
mited primarily to the thalamus. 
 

Cholinergics Deanol, choline, and lecithin, a natu-
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rally occurring precursor of choline, Physostig-
mine, Tacrine. Just as anticholinergics should wor-
sen TD, while cholinergic agonists should improve 
it. In the 1970s several studies have been conducted 
with acetylcholine precursors generally  disap-
pointing results82 
 

GABA Agonists Commercially available GABA 
agonists have been used Muscimol, another GABA 
A agonist valproate, diazepam, clonazepam, and 
baclofen to treat TD, withsome significant success. 
Some other drugs like Benzodiazepines, 4,5,6,7-
tetrahydroisoxazolo-( 5,4-c)pyridine-3-ol, a GA-
BAA agonist83, and gamma-vinyl-GABA, a GABA 
transaminase inhibitor 84, improved TD. 
 

Antioxidants selegiline and coenzyme Q. 

An oxidant vitamin E and free radical scavenger 
provides one of the more interesting treatments in 
securing the TD. Neuroleptics produce toxic free 
radicals that can cause neuronal dysfunction or cell 
provide a great new treatments. 
 

Conclusion 

Tardive Dyskinesia remains a common and poten-
tially irreversible motor complication of chronic 
Dopamine-Receptor blocking agents. There is no 
approved treatment for the management of Tar-
dive Dyskinesia. Much has been learned in this 
area, but our knowledge is still relatively unsophis-
ticated and incomplete .With this increased enter-
prise of the path biological mechanisms of Tardive 
Dyskinesia, there is great assurance for future 
therapies. The diagnosis, understanding and 
treatment of TD is currently very challenging in 
nature.  As its symptomatic presentation always 
just changed with individuals among each imbal-
ance of neurotransmitters, Genetic factors, age, and 
gender. Individuals suffering with TD have a great 
risk of progression toward others form of neuro-
degenerative diseases as well as they survive with 
awareness, severe depression, prolong use of neu-
roleptics, inadequacy in cognition. Imbalance be-
tween Direct or Indirect pathway, Excitotoxicity, 
cholinergic deficiency, defective neuroadaptive 
signaling Tardive dyskinesia includes over-
activation of dopamine that leads to brain tissue 
damage. .There are number of potentially benefi-
cial treatment options available to physicians. This 
review provides detail about the path biological 

mechanisms of TD, which  consist of dopamine 
receptor super sensitivity, GABA depletion, choli-
nergic deficiency, neurotoxicity, changes in synap-
tic plasticity, and defective neuroadaptive signal-
ing, which to date carry with them good expecta-
tions and hopes of being part of the future solution 
to this persistent problem. 
 

References: 

1. Skidmore, F.; Weiner, W. J.; Burke, R., 
Neuroleptic-induced tardive dyskinesia 
variants. In Drug-induced movement disorders, 
Futura publishing company, New York: 2005; 
pp 257-285. 

 
2. Owens, D. C., A guide to the extrapyramidal side-

effects of antipsychotic drugs. Cambridge 
University Press: 2014. 

 
3. Ozdemir, V.; Aklillu, E.; Mee, S.; Bertilsson, L.; 

Albers, L. J.; Graham, J. E.; Caligiuri, M.; Lohr, 
J. B.; Reist, C., Pharmacogenetics for off-patent 
antipsychotics: reframing the risk for tardive 
dyskinesia and access to essential medicines. 
Expert opinion on pharmacotherapy 2006,7 (2), 
119-133. 

 
4. Aguglia, E.; Lio, F. M. S.; Crisafulli, G., 

Discinesia tardiva: epidemiologia clinica, 
fattori di rischio e gestione terapeutica. 
Quaderni Italiani di Psichiatria 2011,30 (2), 65-74. 

 
5. Jeste, D. V.; Wyatt, R. J., Understanding and 

treating tardive dyskinesia. Guilford Press: 1982. 
 
6. Schonecker, M., Ein eigentumliches syndrom 

im oralen bereich bei megaphen applikation. 
Nervenarzt 1957,28 (35), 22. 

 
7. Sigwald, J.; Bouttier, D.; Raymondeaud, C.; 

Piot, C., Quatre cas de dyskinesie facio-bucco-
linguo-masticatrice a evolution prolongee 
secondaire a un traitement par les 
neuroleptiques. Rev. neurol 1959,100, 751-755. 

 
8. Wolf, M.; Yassa, R.; Llorca, P., Neuroleptic-

induced movement disorders: historical 
perspectives. L'Encephale 1992,19 (6), 657-661. 

 



Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

 

492 

 

9. Friedman, J. H., Historical perspective on 
movement disorders. Journal of Clinical 

Psychiatry 2004. 
 
10. Lerner, V.; Miodownik, C., Motor symptoms 

of schizophrenia: is tardive dyskinesia a 
symptom or side effect? A modern treatment. 
Current psychiatry reports 2011,13 (4), 295-304. 

 
11. (a) De Leon, M. L.; Jankovic, J., Clinical 

features and management of classic tardive 
dyskinesia, tardive myoclonus, tardive tremor, 
and tardive tourettism. NEUROLOGICAL 

DISEASE AND THERAPY 2004,62, 77-110;(b) 
Lauterbach, E. C.; Carter, W. G.; Rathke, K. M.; 
Thomas, B. H.; Shillcutt, S. D.; Vogel, R. L.; 
Moore, N. C.; Mimbs, J. W.; Nelson, W. H., 
Tardive dyskinesia--diagnostic issues, 
subsyndromes, and concurrent movement 
disorders: a study of state hospital inpatients 
referred to a movement disorder consultation 
service. Schizophrenia bulletin 2001,27 (4), 
601;(c) Fahn, S.; Jankovic, J., Parkinsonism-plus 
syndromes and secondary parkinsonian 
disorders. Principles and practice of movement 

disorders. Philadelphia: Churchill Livingstone 

Elsevier 2007, 233-84. 
 
12. (a) Van Harten, P.; Matroos, G.; Van Os, J., The 

course of tardive dystonia in Afro Caribbean 
patients, a population-based study: the 
Curacao extrapyramidal syndromes study: 
VII. Schizophrenia research 2008,98 (1), 79-83;(b) 
Kilic, A.; Erten, E.; Ozdemir, A., Tardive 
blepharospasm and meige syndrome during 
treatment with quetiapine and olanzapine. 
Archives of Neuropsychiatry 2015,52 (2), 207-210. 

 
13. Wong, D. F.; Brašić, J. R.; Singer, H. S.; 

Schretlen, D. J.; Kuwabara, H.; Zhou, Y.; 
Nandi, A.; Maris, M. A.; Alexander, M.; Ye, 
W., Mechanisms of dopaminergic and 
serotonergic neurotransmission in Tourette 
syndrome: clues from an in vivo 
neurochemistry study with PET. 
Neuropsychopharmacology 2008,33 (6), 1239-
1251. 

 
14. Alam, S. A.; Baruah, A.; Agarwal, G.; Mohite, 

N., OJPAS™. 

 
15. Tarsy, D.; Indorf, G., Tardive tremor due to 

metoclopramide. Movement disorders 2002,17 
(3), 620-621. 

 
16. Kuo, S., 

Metoclopramide/prochlorperazine/trifluopera
zine. Reactions 2008,1197, 12. 

 
17. Ilahi, M.; Shenker, D., THEORETICAL 

IMPLICATIONS OF THE USE OF L-DOPA IN 
PARKINSONISM. Acta neurologica scandinavica 

1970,46 (4-5), 409-441. 
 
18. Jeste, D. V.; Lohr, J. B.; Clark, K.; Wyatt, R. J., 

Pharmacological treatments of tardive 
dyskinesia in the 1980s. Journal of clinical 

psychopharmacology 1988,8 (4), 49S. 
 
19. Tarsy, D., Interactions between acetylcholine 

and dopamine in the basal ganglia. In Brain 

Acetylcholine and Neuropsychiatric Disease, 
Springer: 1979; pp 395-424. 

 
20. LIST, C.; FILE, P. E. S., Heon-Jeong Lee, MD, 

PhD. 
 
21. Casey, D. E.; Gerlach, J.; Magelund, G.; 

Christensen, T. R., γ-Acetylenic GABA in 
tardive dyskinesia. Archives of General 

Psychiatry 1980,37 (12), 1376-1379. 
 
22. Andreassen, O. A.; Jørgensen, H. A., 

Neurotoxicity associated with neuroleptic-
induced oral dyskinesias in rats: implications 
for tardive dyskinesia? Progress in neurobiology 

2000,61 (5), 525-541. 
 
23. Klawans, H.; Rubovits, R., An experimental 

model of tardive dyskinesia. Journal of neural 

transmission 1972,33 (3), 235-246. 
 
24. (a) Rana, A. Q.; Chaudry, Z. M.; Blanchet, P. J., 

New and emerging treatments for 
symptomatic tardive dyskinesia. Drug Des 

Devel Ther 2013,7 (6), 1329-1340;(b) Lieberman, 
J.; Kane, J.; Alvir, J., Provocative tests with 
psychostimulant drugs in schizophrenia. 
Psychopharmacology 1987,91 (4), 415-433. 

 



Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

 

493 

 

25. (a) Lieberman, J.; Jody, D.; Geisler, S.; Alvir, J.; 
Loebel, A.; Szymanski, S.; Woerner, M.; 
Borenstein, M., Time course and biologic 
correlates of treatment response in first-
episode schizophrenia. Archives of general 

psychiatry 1993,50 (5), 369-376;(b) Seeman, P., 
All roads to schizophrenia lead to dopamine 
supersensitivity and elevated dopamine 
D2High receptors. CNS neuroscience & 

therapeutics 2011,17 (2), 118-132. 
 
26. Howes, O. D.; Kapur, S., The dopamine 

hypothesis of schizophrenia: version III—the 
final common pathway. Schizophrenia bulletin 

2009,35 (3), 549-562. 
 
27. Delay, J.; Deniker, P.; Harl, J. In Therapeutic use 

in psychiatry of phenothiazine of central elective 

action (4560 RP), Annales medico-
psychologiques, 1952; pp 112-117. 

 
28. Carlsson, A.; Lindqvist, M., Effect of 

chlorpromazine or haloperidol on formation of 
3-methoxytyramine and normetanephrine in 
mouse brain. Basic & Clinical Pharmacology & 

Toxicology 1963,20 (2), 140-144. 
 
29. (a) Carlsson, A.; Lindqvist, M.; Magnusson, T., 

3, 4-Dihydroxyphenylalanine and 5-
hydroxytryptophan as reserpine antagonists. 
1957;(b) Seeman, P.; Lee, T., Antipsychotic 
drugs: direct correlation between clinical 
potency and presynaptic action on dopamine 
neurons. Science 1975,188 (4194), 1217-1219;(c) 
Creese, I.; Burt, D. R.; Snyder, S. H., Dopamine 
receptor binding predicts clinical and 
pharmacological potencies of 
antischizophrenic drugs. Science 1976,192 
(4238), 481-483;(d) Seeman, P.; Lee, T.; Chau-
Wong, M.; Wong, K., Antipsychotic drug 
doses and neuroleptic/dopamine receptors. 
Nature 1976,261 (5562), 717-719. 

 
30. Meador-Woodruff, J. H.; Haroutunian, V.; 

Powchik, P.; Davidson, M.; Davis, K. L.; 
Watson, S. J., Dopamine receptor transcript 
expression in striatum and prefrontal and 
occipital cortex: focal abnormalities in 
orbitofrontal cortex in schizophrenia. Archives 

of general psychiatry 1997,54 (12), 1089-1095. 

 
31. Davis, K. L.; Kahn, R. S., Dopamine in 

schizophrenia: a review and 
reconceptualization. The American journal of 

psychiatry 1991,148 (11), 1474. 
 
32. (a) Suzuki, M.; Zhou, S.-Y.; Hagino, H.; Niu, L.; 

Takahashi, T.; Kawasaki, Y.; Matsui, M.; Seto, 
H.; Ono, T.; Kurachi, M., Morphological brain 
changes associated with Schneider's first-rank 
symptoms in schizophrenia: an MRI study. 
Psychological medicine 2005,35 (04), 549-560;(b) 
Lui, S.; Deng, W.; Huang, X.; Jiang, L.; Ma, X.; 
Chen, H.; Zhang, T.; Li, X.; Li, D.; Zou, L., 
Association of cerebral deficits with clinical 
symptoms in antipsychotic-naive first-episode 
schizophrenia: an optimized voxel-based 
morphometry and resting state functional 
connectivity study. American Journal of 

Psychiatry 2009,166 (2), 196-205. 
 
33. Lieberman, J. A., Is schizophrenia a 

neurodegenerative disorder? A clinical and 
neurobiological perspective. Biological 

psychiatry 1999,46 (6), 729-739. 
 
34. (a) Benes, F. M.; Sorensen, I.; Bird, E. D., 

Reduced neuronal size in posterior 
hippocampus of schizophrenic patients. 
Schizophrenia bulletin 1991,17 (4), 597;(b) 
Browning, M. D.; Dudek, E. M.; Rapier, J. L.; 
Leonard, S.; Freedman, R., Significant 
reductions in synapsin but not synaptophysin 
specific activity in the brains of some 
schizophrenics. Biological psychiatry 1993,34 (8), 
529-535;(c) Daviss, S. R.; Lewis, D. A., Local 
circuit neurons of the prefrontal cortex in 
schizophrenia: selective increase in the density 
of calbindin-immunoreactive neurons. 
Psychiatry research 1995,59 (1), 81-96;(d) 
Selemon, L. D.; Rajkowska, G.; Goldman-
Rakic, P. S., Abnormally high neuronal density 
in the schizophrenic cortex: a morphometric 
analysis of prefrontal area 9 and occipital area 
17. Archives of general psychiatry 1995,52 (10), 
805-818;(e) Arnold, S. E.; Franz, B. R.; 
Trojanowski, J. Q.; Moberg, P. J.; Gur, R. E., 
Glial fibrillary acidic protein-immunoreactive 
astrocytosis in elderly patients with 
schizophrenia and dementia. Acta 



Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

 

494 

 

neuropathologica 1996,91 (3), 269-277;(f) 
Perrone-Bizzozero, N. I.; Sower, A. C.; Bird, E. 
D.; Benowitz, L. I.; Ivins, K. J.; Neve, R. L., 
Levels of the growth-associated protein GAP-
43 are selectively increased in association 
cortices in schizophrenia. Proceedings of the 

National Academy of Sciences 1996,93 (24), 
14182-14187;(g) Glantz, L. A.; Lewis, D. A., 
Reduction of synaptophysin immunoreactivity 
in the prefrontal cortex of subjects with 
schizophrenia: regional and diagnostic 
specificity. Archives of general psychiatry 1997,54 
(10), 943-952;(h) Goldman-Rakic, P. S.; 
Selemon, L. D., Functional and anatomical 
aspects of prefrontal pathology in 
schizophrenia. Schizophrenia bulletin 1997,23 
(3), 437-458;(i) Zaidel, D. W.; Esiri, M.; 
Harrison, P., The hippocampus in 
schizophrenia: lateralized increase in neuronal 
density and altered cytoarchitectural 
asymmetry. Psychological medicine 1997,27 (03), 
703-713;(j) Rajkowska, G.; Selemon, L. D.; 
Goldman-Rakic, P. S., Neuronal and glial 
somal size in the prefrontal cortex: a 
postmortem morphometric study of 
schizophrenia and Huntington disease. 
Archives of General Psychiatry 1998,55 (3), 215-
224. 

 
35. (a) Rudnick, G.; Clark, J., From synapse to 

vesicle: the reuptake and storage of biogenic 
amine neurotransmitters. Biochimica et 

Biophysica Acta (BBA)-Bioenergetics 1993,1144 
(3), 249-263;(b) Eiden, L. E.; Weihe, E., VMAT2: 
a dynamic regulator of brain monoaminergic 
neuronal function interacting with drugs of 
abuse. Annals of the New York Academy of 

Sciences 2011,1216 (1), 86-98. 
 
36. Fleckenstein, A. E.; Volz, T. J.; Riddle, E. L.; 

Gibb, J. W.; Hanson, G. R., New insights into 
the mechanism of action of amphetamines. 
Annu. Rev. Pharmacol. Toxicol. 2007,47, 681-698. 

 
37. Wilson, J. M.; Kalasinsky, K. S.; Levey, A. I.; 

Bergeron, C.; Reiber, G.; Anthony, R. M.; 
Schmunk, G. A.; Shannak, K.; Haycock, J. W.; 
Kish, S. J., Striatal dopamine nerve terminal 
markers in human, chronic methamphetamine 
users. Nature medicine 1996,2 (6), 699-703. 

 
38. Sulzer, D.; Rayport, S., Amphetamine and 

other psychostimulants reduce pH gradients 
in midbrain dopaminergic neurons and 
chromaffin granules: a mechanism of action. 
Neuron 1990,5 (6), 797-808. 

 
39. Riddle, E. L.; Fleckenstein, A. E.; Hanson, G. 

R., Mechanisms of methamphetamine-induced 
dopaminergic neurotoxicity. The AAPS journal 

2006,8 (2), E413-E418. 
 
40. (a) Laruelle, M.; Abi-Dargham, A.; van Dyck, 

C. H.; Rosenblatt, W.; Zea-Ponce, Y.; Zoghbi, S. 
S.; Baldwin, R. M.; Charney, D. S.; Hoffer, P. 
B.; King, H. F., Spect imaging of striatal 
dopamine release after amphetamine 
challenge in humans: Relationship between 
subjective effects and dopamine release. 
Schizophrenia Research 1995,15 (1), 89-90;(b) 
Moszczynska, A.; Fitzmaurice, P.; Ang, L.; 
Kalasinsky, K. S.; Schmunk, G. A.; Peretti, F. J.; 
Aiken, S. S.; Wickham, D. J.; Kish, S. J., Why is 
parkinsonism not a feature of human 
methamphetamine users? Brain 2004,127 (2), 
363-370. 

 
41. Fitzmaurice, P. S.; Tong, J.; Yazdanpanah, M.; 

Liu, P. P.; Kalasinsky, K. S.; Kish, S. J., Levels 
of 4-hydroxynonenal and malondialdehyde 
are increased in brain of human chronic users 
of methamphetamine. Journal of Pharmacology 

and Experimental Therapeutics 2006,319 (2), 703-
709. 

 
42. Davidson, C.; Gow, A. J.; Lee, T. H.; 

Ellinwood, E. H., Methamphetamine 
neurotoxicity: necrotic and apoptotic 
mechanisms and relevance to human abuse 
and treatment. Brain Research Reviews 2001,36 
(1), 1-22. 

 
43. Hirrlinger, J.; Schulz, J. B.; Dringen, R., Effects 

of dopamine on the glutathione metabolism of 
cultured astroglial cells: implications for 
Parkinson's disease. Journal of neurochemistry 

2002,82 (3), 458-467. 
 
44. Grima, G.; Benz, B.; Parpura, V.; Cuénod, M.; 

Do, K. Q., Dopamine-induced oxidative stress 



Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

 

495 

 

in neurons with glutathione deficit: 
implication for schizophrenia. Schizophrenia 

research 2003,62 (3), 213-224. 
 
45. Jakel, R. J.; Kern, J. T.; Johnson, D. A.; Johnson, 

J. A., Induction of the protective antioxidant 
response element pathway by 6-
hydroxydopamine in vivo and in vitro. 
Toxicological Sciences 2005,87 (1), 176-186. 

 
46. Shih, A. Y.; Erb, H.; Murphy, T. H., Dopamine 

activates Nrf2-regulated neuroprotective 
pathways in astrocytes and meningeal cells. 
Journal of neurochemistry 2007,101 (1), 109-119. 

 
47. Hastings, T. G.; Lewis, D. A.; Zigmond, M. J., 

Role of oxidation in the neurotoxic effects of 
intrastriatal dopamine injections. Proceedings of 

the National Academy of Sciences 1996,93 (5), 
1956-1961. 

 
48. Schintu, N.; Frau, L.; Ibba, M.; Caboni, P.; 

Garau, A.; Carboni, E.; Carta, A. R., 
PPAR-gamma-mediated neuroprotection in a 
chronic mouse model of Parkinson’s disease. 
European Journal of Neuroscience 2009,29 (5), 
954-963. 

 
49. Chaturvedi, R. K.; Beal, M. F., PPAR: a 

therapeutic target in Parkinson’s disease. 
Journal of neurochemistry 2008,106 (2), 506-518. 

 
50. Lastres-Becker, I.; Molina-Holgado, F.; Ramos, 

J. A.; Mechoulam, R.; Fernández-Ruiz, J., 
Cannabinoids provide neuroprotection against 
6-hydroxydopamine toxicity in vivo and in 
vitro: relevance to Parkinson's disease. 
Neurobiology of disease 2005,19 (1), 96-107. 

 
51. (a) Stokes, A. H.; Hastings, T. G.; Vrana, K. E., 

Cytotoxic and genotoxic potential of 
dopamine. Journal of neuroscience research 

1999,55 (6), 659-665;(b) Sulzer, D.; Zecca, L., 
Intraneuronal dopamine-quinone synthesis: a 
review. Neurotoxicity research 1999,1 (3), 181-
195. 

 
52. Graham, D. G., Oxidative pathways for 

catecholamines in the genesis of neuromelanin 

and cytotoxic quinones. Molecular pharmacology 

1978,14 (4), 633-643. 
 
53. Maker, H. S.; Weiss, C.; Silides, D. J.; Cohen, 

G., Coupling of dopamine oxidation 
(monoamine oxidase activity) to glutathione 
oxidation via the generation of hydrogen 
peroxide in rat brain homogenates. Journal of 

neurochemistry 1981,36 (2), 589-593. 
 
54. Nappi, A. J.; Vass, E.; Prota, G.; Memoli, S., 

The Effects of Hydroxyl Radical Attack on 
Dopa, Dopamine, 6-Hydroxydopa, and 
6-Hydroxydopamine. Pigment Cell & Melanoma 

Research 1995,8 (6), 283-293. 
 
55. Ehrenpreis, E.; Krishnan, A.; Alexoff, A.; 

Smith, D.; Wilensky, S., A Survey of Lawsuits 
Filed for the Complaint of Tardive Dyskinesia 
Following Treatment with Metoclopramide. 
Clin Pharmacol Biopharm 2015,4 (131), 2. 

 
56. Acuña-Castroviejo, D.; Martin, M.; Macías, M.; 

Escames, G.; León, J.; Khaldy, H.; Reiter, R. J., 
Melatonin, mitochondria, and cellular 
bioenergetics. Journal of pineal research 2001,30 
(2), 65-74. 

 
57. Lohr, J. B.; Kuczenski, R.; Niculescu, A. B., 

Oxidative mechanisms and tardive dyskinesia. 
CNS drugs 2003,17 (1), 47-62. 

 
58. Fridovich, I., The trail to superoxide 

dismutase. Protein Science 1998,7 (12), 2688-
2690. 

 
59. Robinson, B., The role of manganese 

superoxide dismutase in health and disease. 
Journal of inherited metabolic disease 1998,21 (5), 
598-603. 

 
60. (a) Sandyk, R.; Bamford, C. R.; Khan, I.; Fisher, 

H., L-trypiophan in neuroleptic-induced 
tardive dyskinesia. International journal of 

neuroscience 1988,42 (1-2), 127-130;(b) Spohn, 
H. E.; Coyne, L.; Spray, J., The effect of 
neuroleptics and tardive dyskinesia on 
smooth-pursuit eye movement in chronic 
schizophrenics. Archives of General Psychiatry 

1988,45 (9), 833-840. 



Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

 

496 

 

 
61. Lublin, H.; Gerlach, J., Behavioural effects of 

dopamine D-1 and D-2 receptor agonists in 
monkeys previously treated with haloperidol. 
European journal of pharmacology 1988,153 (2-3), 
239-245. 

 
62. Glazer, W. M.; Morgenstern, H., Predictors of 

occurrence, severity, and course of tardive 
dyskinesia in an outpatient population. Journal 

of clinical psychopharmacology 1988,8 (4), 17S. 
 
63. Liu, J., The effects and mechanisms of 

mitochondrial nutrient α-lipoic acid on 
improving age-associated mitochondrial and 
cognitive dysfunction: an overview. 
Neurochemical research 2008,33 (1), 194-203. 

 
64. (a) Beal, M. F., Aging, energy, and oxidative 

stress in neurodegenerative diseases. Annals of 

neurology 1995,38 (3), 357-366;(b) Simpson, G. 
M.; Yadalam, K. G.; Stephanos, M. J., Double-
blind carbidopa/levodopa and placebo study 
in tardive dyskinesia. Journal of clinical 

psychopharmacology 1988,8 (4), 52S. 
 
65. Lohr, J. B., Oxygen radicals and 

neuropsychiatric illness: some speculations. 
Archives of General Psychiatry 1991,48 (12), 1097-
1106. 

 
66. Weiner, W. J.; Nausieda, P. A.; Klawans, H. L., 

Effect of chlorpromazine on central nervous 
system concentrations of manganese, iron, and 
copper. Life sciences 1977,20 (7), 1181-1185. 

 
67. Jenner, P., Oxidative damage in 

neurodegenerative disease. The Lancet 1994,344 
(8925), 796-798. 

 
68. Behl, C.; Rupprecht, R.; Skutella, T.; Holsboer, 

F., Haloperidol-induced cell death-mechanism 
and protection with vitamin E in vitro. 
Neuroreport 1995,7 (1), 360-364. 

 
69. Galili-Mosberg, R.; Gil-Ad, I.; Weizman, A.; 

Melamed, E.; Offen, D., Haloperidol–induced 
neurotoxicity–possible implications for tardive 
dyskinesia. Journal of neural transmission 

2000,107 (4), 479-490. 

 
70. (a) Post, A.; Holsboer, F.; Behl, C., Induction of 

NF-κB activity during haloperidol-induced 
oxidative toxicity in clonal hippocampal cells: 
suppression of NF-κB and neuroprotection by 
antioxidants. Journal of Neuroscience 1998,18 
(20), 8236-8246;(b) Sagara, Y., Induction of 
reactive oxygen species in neurons by 
haloperidol. Journal of neurochemistry 1998,71 
(3), 1002-1012. 

 
71. Calabresi, P.; Stefani, A.; Mercuri, N. B.; 

Bernardi, G., Acetylcholine-dopamine balance 
in striatum: Is it still a target for 
antiparkinsonian therapy? In Central 

Cholinergic Synaptic Transmission, Springer: 
1989; pp 315-321. 

 
72. Cragg, S. J., Meaningful silences: how 

dopamine listens to the ACh pause. Trends in 

neurosciences 2006,29 (3), 125-131. 
 
73. Ding, J.; Guzman, J. N.; Tkatch, T.; Chen, S.; 

Goldberg, J. A.; Ebert, P. J.; Levitt, P.; Wilson, 
C. J.; Hamm, H. E.; Surmeier, D. J., RGS4-
dependent attenuation of M4 autoreceptor 
function in striatal cholinergic interneurons 
following dopamine depletion. Nature 

neuroscience 2006,9 (6), 832-842. 
 
74. (a) Pisani, A.; Bernardi, G.; Ding, J.; Surmeier, 

D. J., Re-emergence of striatal cholinergic 
interneurons in movement disorders. Trends in 

neurosciences 2007,30 (10), 545-553;(b) Aosaki, 
T.; Miura, M.; Suzuki, T.; Nishimura, K.; 
Masuda, M., Acetylcholine–dopamine balance 
hypothesis in the striatum: An update. 
Geriatrics & gerontology international 2010,10 
(s1), S148-S157. 

 
75. (a) Corner, B., Dystonia musculorum 

deformans in siblings; treated with artane 
(trihexyphenidyl). Proceedings of the Royal 

Society of Medicine 1952,45 (7), 451-452;(b) Lang, 
A.; Sheehy, M.; Marsden, C., Acute 
anticholinergic action in focal dystonia. 
Advances in neurology 1982,37, 193-200;(c) 
Sanberg, P. R.; Shytle, R. D.; Silver, A. A., 
Treatment of Tourette's syndrome with 
mecamylamine. The Lancet 1998,352 (9129), 



Roshan T et al; Int J. Pharm. Drug. Anal, Vol: 5, Issue: 12, 2017; 483-497 

Available online at http://ijpda.com 

 

497 

 

705-706;(d) Brocks, D. R., Anticholinergic 
drugs used in Parkinson’s disease: an 
overlooked class of drugs from a 
pharmacokinetic perspective. J Pharm Pharm 

Sci 1999,2 (2), 39-46;(e) SILVER, A. A.; 
SHYTLE, R. D.; SANBERG, P. R., 
Mecamylamine in Tourette's syndrome: a two-
year retrospective case study. Journal of child 

and adolescent psychopharmacology 2000,10 (2), 
59-68. 

 
76. Everitt, B. J.; Robbins, T. W., Central 

cholinergic systems and cognition. Annual 

review of psychology 1997,48 (1), 649-684. 
 
77. (a) Bertorelli, R.; Consolo, S., D1 and D2 

dopaminergic regulation of acetylcholine 
release from striata of freely moving rats. 
Journal of neurochemistry 1990,54 (6), 2145-
2148;(b) DeBoer, P.; Heeringa, M. J.; 
Abercrombie, E. D., Spontaneous release of 
acetylcholine in striatum is preferentially 
regulated by inhibitory dopamine D 2 
receptors. European journal of pharmacology 

1996,317 (2), 257-262;(c) Yan, Z.; Song, W.-J.; 
Surmeier, D. J., D2 dopamine receptors reduce 
N-type Ca2+ currents in rat neostriatal 
cholinergic interneurons through a membrane-
delimited, protein-kinase-C-insensitive 
pathway. Journal of Neurophysiology 1997,77 (2), 
1003-1015. 

 
78. (a) Giorguieff, M.; Le Floc'h, M.; Westfall, T.; 

Glowinski, J.; Besson, M., Nicotinic effect of 
acetylcholine on the release of newly 
synthesized [3 H] dopamine in rat striatal 
slices and cat caudate nucleus. Brain research 

1976,106 (1), 117-131;(b) Chesselet, M.-F., 
Presynaptic regulation of neurotransmitter 
release in the brain: facts and hypothesis. 
Neuroscience 1984,12 (2), 347-375;(c) Rapier, C.; 
Lunt, G. G.; Wonnacott, S., Stereoselective 
Nicotine-Induced Release of Dopamine from 
Striatal Synaptosomes: Concentration 
Dependence and Repetitive Stimulation. 
Journal of neurochemistry 1988,50 (4), 1123-1130. 

 
79. (a) Albin, R. L.; Young, A. B.; Penney, J. B., The 

functional anatomy of basal ganglia disorders. 
Trends in neurosciences 1989,12 (10), 366-375;(b) 

Crossman, A., A hypothesis on the 
pathophysiological mechanisms that underlie 
levodopa-or dopamine agonist-induced 
dyskinesia in Parkinson's disease: implications 
for future strategies in treatment. Movement 

Disorders 1990,5 (2), 100-108;(c) DeLong, M. R., 
Primate models of movement disorders of 
basal ganglia origin. Trends in neurosciences 

1990,13 (7), 281-285. 
 
80. 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 

1994,18 (3), 178-189. 
 
81. Hyde, T. M.; Hotson, J. R.; Kleinman, J. E., 

Differential diagnosis of choreiform tardive 
dyskinesia. The Journal of neuropsychiatry and 

clinical neurosciences 1991. 
 
82. (a) Jeste, D. V.; Wyatt, R. J., In search of 

treatment for tardive dyskinesia: review of the 
literature. Schizophrenia Bulletin 1979,5 (2), 251-
293;(b) Jeste, D. V.; Wyatt, R. J., Therapeutic 
strategies against tardive dyskinesia: two 
decades of experience. Archives of General 

Psychiatry 1982,39 (7), 803-816. 
 
83. Thaker, G. K.; Tamminga, C. A.; Alphs, L. D.; 

Lafferman, J.; Ferraro, T. N.; Hare, T. A., Brain 
γ-aminobutyric acid abnormality in tardive 
dyskinesia: reduction in cerebrospinal fluid 
GABA levels and therapeutic response to 
GABA agonist treatment. Archives of general 

psychiatry 1987,44 (6), 522-529. 
 
84. Stahl, S. M.; Thornton, J. E.; Simpson, M. L.; 

Berger, P. A.; Napoliello, M. J., Gamma-vinyl-
GABA treatment of tardive dyskinesia and 
other movement disorders. Biological psychiatry 

1985,20 (8), 888-893. 
 


