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Abstract

Tardive dyskinesia (TD) is a severe side effect of chronic neuroleptic treatment consisting of 
abnormal involuntary movements, characterized by orofacial dyskinesia (OD).  Haloperidol (HAL)-
induced OD has been widely used as an animal model to study the neuropathophysiology of human  
TD with its pathophysiology strongly associated with striatal oxidative stress.  L-Theanine (LT), one  
of the major amino acid components in green tea, has potent antioxidative effects and is able to protect  
against various oxidative injuries.  In this study, we examined the potential protective effects of LT 
on HAL-induced behavioral and neurochemical dysfunction in rats.  HAL treatment (1 mg/kg i.p. 
for 21 days) induced significant increases (P < 0.001) in the frequency of vacuous chewing movement 
(VCM) and tongue protrusion (TP) as well as the duration of facial twitching (FT).  LT treatment (100, 
300 mg/kg orally for 35 days, starting 14 days before HAL injection) was able to prevent most of the  
HAL-induced OD.  LT treatment was also able to reduce the lipid peroxidation (LPO) production, and  
enhance the antioxidation power in striatum from rats with HAL treatment.  The above results indicate  
that LT has a protective role against HAL-induced OD, probably via its powerful antioxidative properties.   
Thus, LT may have a clinically relevant therapeutic effect in delaying or treating TD.
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Introduction

Tardive dyskinesia (TD) is a potentially ir-
reversible syndrome characterized by repetitive in-
voluntary movements usually involving mouth, face 
and tongue.  It is considered as a late onset adverse 

effect of prolonged administration of neuroleptic 
drugs (13).  The most serious aspect of TD is that 
it may persist for months or years after the drug 
withdrawal and in some patients are irreversible (9).  
Thus, TD has been considered an important clinical 
problem in the treatment of schizophrenia.  Long-
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term treatment with haloperidol (HAL), a classical 
neuroleptic drug widely used for the treatment of 
schizophrenia and affective disorders, has been rec-
ognized as valuable tool to study the neuropathology  
of TD and behavioral symptoms of Parkinson disease  
(PD).  Rats treated with HAL chronically develop  
orofacial dyskinesia (OD) which is characterized 
by increased vacuous chewing movement (VCM), 
tongue protrusion (TP), orofacial burst, and catalep-
tic behavior (2, 4, 12, 17, 20).  In this HAL-treated 
animal model, striatal lipid peroxidation (LPO) 
byproducts production was increased, together with  
an abrupt reduction in antioxidative enzyme activity,  
resulting in motor dysfunction resembling PD  
symptoms.  These previous reports suggested that the  
antioxidant treatment may be crucial in treating TD 
(2, 4, 12, 17, 20). 

L-Theanine (LT), γ-glutamylethylamide, is one  
of the main amino acid components in green tea, 
and it is synthesized from ethylamine and glutamate 
in green tea leaves (24).  LT mostly is absorbed in  
the small intestine and is then further redistributed to  
other organs, including the brain (11).  Many reports  
have shown that LT has numerous pharmacological  
properties such as sedative, hypotensive, anti-obesity,  
anti-inflammatory and anti-tumorigenesis effects 
(21, 27-30).  Furthermore, LT is able to scavenge 
reactive radicals and decrease the peroxidative con-
dition (11, 23, 26).  It has also been anticipated to 
have neuroprotective properties to treat behavioral 
impairments induced by ischemia, toxins, and stress 
(11, 23, 26, 27, 31).  However, the reports regarding 
its protective effect on HAL-induced OD are still  
limited.  Given its anti-oxidative, we hypothesize 
that LT is able to counteract the increased oxidative 
damage induced by HAL, and sequentially disrupt 
the OD development.

In this study, we examined the possible thera-
peutic effects of LT to prevent the HAL-induced OD  
in rats.  OD is characterized by the increases of the  
frequency in VCM and TP, as well as the duration of  
the facial twitching (FT).  In addition, we examined  
the oxidative status and anti-oxidation power; the levels  
of LPO byproducts, glutathione (GSH), superoxide 
dismutase (SOD) and catalase (CAT) were measured 
in both control and HAL treatment groups with or  
without LT treatment.

Materials and Methods

Animals

All the experiments were conducted in ac-
cordance with the Guidelines for the Care and Use 
of Laboratory Animals published by the U.S. Na-
tional Institutes of Health and were approved by 

the Institutional Animal Care and Use Committee 
(IACUC) of National Taipei University of Technol-
ogy.  Male Wistar rats weighing 270-320 g (about 
3-month of age) were used for study.  A group of 
three animals was kept in Plexiglas cages with free 
access to food and water in a room with controlled 
temperature (22 ± 3°C) and in 12-h light/dark cycle 
with lights on at 7:00 a.m.  The rats were randomly 
assigned to eight groups: control group (C), HAL 
treatment group (H), LT 30 mg/kg treatment group 
(T30), LT 100 mg/kg treatment group (T100),  
LT 300 mg/kg treatment group (T300), LT30 mg/kg  
+ HAL treatment group (T30+H), LT100 mg/kg + HAL  
treatment group (T100+H) and LT300 mg/kg + HAL  
treatment group (T300+H).  C group received dis-
tilled water orally for 35 days and vehicle intrap-
eritoneally (i.p.) for 21 days.  The first injection 
of vehicle was given on the fifteenth day after the 
administration of distilled water.  H group received 
distilled water orally for 35 days and 1 mg/kg  
HAL i.p. for 21 days.  T30 or T100 or T300 group 
received 30 or 100 or 300 mg/kg LT orally for 35  
days and vehicle i.p. for 21 days.  T30+H or 
T100+H or T300+H group received 30 or 100 or 
300 mg/kg LT orally for 35 days and 1 mg/kg HAL i.p. 
for 21 days.  From the fifteen to thirty-fifth day, the 
administration of LT or distilled water preceded the  
HAL injection by 30 min.  On the thirty-sixth day, 
24 h after the injection of HAL, all animals were 
observed for the quantification of OD behavior.  
Animals were sacrificed about 1 h after behavioral 
measurements.

Drugs

HAL (4-[4-(4-Chlorophenyl)-4-hydroxy-1-
piperidinyl]-1-(4-fluorophenyl)-1-butanone) and LT 
(N-ethyl-L-glutamine) were from Sigma, St. Louis, 
Missouri, USA and they were prepared using dis-
tilled water.  HAL was administered intraperitone-
ally (i.p.).  However, LT was orally administrated 
during the period of housekeeping and animal nurs-
ing.  All the drug dosages were adapted from the 
previous publications (2, 26), and administrated in 
the volume of 1.0 ml/kg body weight.

Behavioral Testing

On the thirty-sixth day, 24 h after the injection  
of HAL, animals were observed for the quantification  
of OD behavior (4).  Animals were placed separately  
in the cage (20 × 20 × 19 cm), equipped with mirrors  
underneath the floors, to permit behavioral quantifi-
cation even when the animal was facing away from 
the observer.  To quantify the occurrence of OD, the 
events of VCM and TP, and the duration of FT were 



 Protective Effect of L-Theanine on Haloperidol-Induced Orofacial 37

recorded 5 min in each section after a period of 2 
min adaptation.  All behavioral experiments were 
conducted between 09:00 a.m. and 11:00 a.m.

Biochemical Measurement

Rats were sacrificed 1 h after behavioral 
quantification.  Brains were immediately taken out  
and washed with ice cold saline to remove blood and  
kept at −80°C.  The part of striatum was rapidly  
dissected from the intact brain carefully on ice plate  
according to the stereotaxic atlas of Budantsev et 
al. (3).  The dissected out striatum tissue was rinsed 
with isotonic saline and weighed, and then it was 
homogenized with 0.1N HCl.  A 10% (w/v) tissue  
homogenate was prepared in a 0.1 M phosphate buffer  
(pH 7.4); the pos nuclear fraction for CAT assay was  
obtained by centrifugation of the homogenate at 
1000 g for 20 min at 4°C.  For other enzyme assays, 
it was centrifuged at 12,000 g for 60 min at 4°C.

Assessment of Lipid Peroxidative Indices

Lipid peroxide concentration was measured by 
the thiobarbituric acid reactive substance (TBARS) 
assay adapted from Ohkawa et al. (18) according to 
the procedures described by Hashimoto et al. (10).  
The concentration was measured in nanomoles ma-
londialdehyde/mg protein.  Malondialdehyde levels 
were then further normalized to a standard prepara-
tion of 1,1,3,3-tetraethoxypropane. 

Measurement of Reduced GSH

GSH was determined by the method of Ellman  
(8).  To the homogenate, 10% trichloroacetic acid was  
added, centrifuged followed by addition of 1.0 mL  
Ellman’s reagent [19.8 mg of 5, 5-0-dithiobisnitro  
benzoic acid in 100 mL of 1.0% sodium citrate and  
3 mL of phosphate buffer (pH 8.0)].  The final developed  
product was measured at 412 nm.  The results were  
expressed as nanomole GSH per milligram wet tissue.

Measurement of SOD Activity

The assay to determine SOD activity was  
based on the ability of SOD to inhibit spontaneous  
oxidation of adrenaline to adrenochrome (16).  To  
0.05 mL supernatant, 2.0 mL of carbonate buffer  
and 0.5 mL of ethylenediaminetetraacetic acid (EDTA)  
were added.  The reaction was started by the addition  
of 0.5 mL of epinephrine, and the auto-oxidation of  
adrenaline (3 × 10-4 M) to adrenochrome at pH 10.2  
was measured the optical density at 480 nm.  The  
changes in optical density every min were measured  
at 480 nm normalized to a blank reagent.  The results  

are expressed as units of SOD activity (milligram per  
protein).  One unit of SOD activity induced approx-
imately 50% inhibition of adrenaline.  The results 
were expressed as nmol SOD U per mg wet tissue.

Measurement of CAT Activity

The CAT activity assay was adapted from 
Beers and Sizer (1).  The reaction mixture consisted 
of 2 mL phosphate buffer (pH 7.0), 0.95 mL of 
hydrogen peroxide (0.019 M), and 0.05 mL super-
natant with a total volume of 3 mL.  Absorbance  
was recorded at 240 nm every 10 seconds for 1 min.   
One unit of CAT was defined as the amount of enzyme  
required to decompose 1 mmol of peroxide per min, 
at 25°C and pH 7.0.  The results were expressed as 
units of CAT activity (milligram per protein).  Units 
of activity were determined from the standard graph 
of H2O2.  The results were expressed as CAT U per 
mg wet tissue.

Statistical Analysis

The data of behavioral observations were pre-
sented as mean ± standard error of the mean (SEM).  
The data were analyzed using one-way analysis of 
variance (ANOVA) followed by the Tukey pairwise 
post hoc test.  P < 0.05 was considered as statisti-
cally significant.

Results

LT Treatment Reduced the HAL-Induced Increase in the 
Frequency of VCM and TP as well as the Duration of 
FT

The effects of HAL on the VCM, TP and FT were  
presented in Fig. 1.  HAL (1 mg/kg for 21 days) 
induced a significant increase in the VCM, TP, 
and FT (t-test, C vs. H; P < 0.001).  The increased 
VCM, TP and FT induced by HAL were dose-
dependently inhibited by LT 30, 100 and 300 mg/kg  
treatment (30, 100 and 300 mg/kg orally for 35 
days, starting 14 day before HAL; P < 0.001) on 
the thirty-sixth day; LT had no effect on VCM, TP 
and FT in control rats.  LT 30 mg/kg treatment re-
duced VCM by 35.74% from 43.1 to 28.3 (times/5 
min); TP by 49.38% from 17.6 to 9.6 (times/5 min); 
FT by 48.2% from 19.9 to 11.4 (seconds/5 min); 
LT 100 mg/kg treatment reduced VCM by 65.46% 
from 43.1 to 16 (times/5 min); TP by 66.05% from 
17.6 to 6.9 (times/5 min); FT by 63.6% from 19.9 
to 8.7 (seconds/5 min) and LT 300 mg/kg treatment 
reduced VCM by 75.85% from 43.1 to 10 (times/5 
min); TP by 84.57% from 17.6 to 3.9 (times/5 min); 
FT by 77.8% from 19.9 to 6.2 (seconds/5 min).  
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However, LT treatment was not able to completely 
block the increased VCM, TP and FT induced by 
HAL; dosages of 300 mg/kg LT treatments still had 
significant higher VCM, TP and FT (P < 0.001) 

compared to the control group.

LT Treatment Inhibited the Increase of Striatal Lipid 
Peroxide Production in HAL-Treated Rats

The effects of HAL on the TBARS production 
in rat striatum were shown in Fig. 2.  HAL (1 mg/
kg for 21 days) induced a significant increase in 
the TBARS level in rat striatum (P < 0.001).  The 
increased TBARS level induced by HAL in rat stri-
atum was partially inhibited by LT 30 mg/kg treat-
ment (P < 0.01) and completely inhibited by LT 100 
and 300 mg/kg treatment (P < 0.001) resulting in no 
significant difference between the control and the 
group of LT 100 and 300 mg/kg + HAL treatment (P 
= 0.11 and 0.23).  LT 30 or 100 or 300 mg/kg was 
treated orally for 35 days starting from 14 days be-
fore HAL.

LT Treatment Prevented the Decrease of Striatal 
Antioxidation Power in HAL-Treated Rats

The effects of HAL on the levels of GSH and 
protective enzymes such as SOD and CAT in rat 
striatum were shown in Fig. 3.  There were eight  
groups in each subfigure with sample size of eight in  
each group.  HAL treatment (1 mg/kg for 21 days) 
induced a significant decrease in the levels of GSH, 
SOD and CAT in rat striatum (P < 0.001).  These 
reduced levels of GSH, SOD and CAT in HAL-
treated rat striatum were significantly elevated by 
LT 30, 100 and 300 mg/kg treatment (P < 0.001).  
LT 30 or 100 or T 300 mg/kg was treated orally for 
35 days starting from 14 days before HAL.  GSH, 
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Fig. 2. LT dose-dependently reduced the HAL-induced striatal 
oxidative stress.  TBARS level in rat striatum was used 
as an output measurement to assess HAL-induced dys-
functions.  Data were presented as mean ± SEM (n = 8).  
C: control; H: HAL-treated; T30: 30 mg/kg LT with-
out HAL; T100: 100 mg/kg LT without HAL; T300: 
300 mg/kg LT without HAL; T30 + H: LT 30 mg/kg 
+ HAL treatment; T100 + H: LT 100 mg/kg + HAL 
treatment; T300 + H: LT 300 mg/kg + HAL treatment.  
***P < 0.001 as compared with C; ##P < 0.01, ###P < 
0.001 as compared with H. The data were analyzed us-
ing a mixed repeated ANOVA, and post hoc with one-
way ANOVA together with Tukey pairwise tests.

Fig. 1. LT dose-dependently reduced the HAL-induced OD in rats.  VCM (A), TP (B) and FT (C) were used as an output measurement  
to assess HAL-induced OD.  Data were presented as mean ± SEM (n = 8).  VCM: vacuous chewing movement.  TP: tongue  
protrusion.  FT: facial twitching.  C: control; H: HAL-treated; T30: 30 mg/kg LT without HAL; T100: 100 mg/kg LT without  
HAL; T300: 300 mg/kg LT without HAL; T30 + H: LT 30 mg/kg + HAL treatment; T100 + H: LT 100 mg/kg + HAL treatment;  
T300 + H: LT 300 mg/kg + HAL treatment.  ***P < 0.001, **P < 0.01, *P < 0.05 as compared with C; ###P < 0.001, ##P < 0.01 
as compared with H.  The data were analyzed using a mixed repeated ANOVA, and post hoc with one-way ANOVA together 
with Tukey pairwise tests.

V
C

M
 F

re
qu

en
cy

 (
5 

m
in

)

0

20

40

60

80

HC T
30
+
H

***

***

***
***

##
###

###

T
30

T
100

T
300

T
100
+
H

T
300
+
H

***

***
##

**
###

*
###

C

T
P

 F
re

qu
en

cy
 (

5 
m

in
)

0

5

10

15

20

25

30

H T
30

T
30
+
H

T
100

T
300

T
100
+
H

T
300
+
H

***

**
###

*
###*

###

C

F
T

 (
se

co
nd

s)

0

5

10

15

20

25

30

H T
30

T
30
+
H

T
100

T
300

T
100
+
H

T
300
+
H

A B C



 Protective Effect of L-Theanine on Haloperidol-Induced Orofacial 39

SOD and CAT levels in HAL-treated group were to-
tally restored to the control level by 300 mg/kg LT 
treatment resulting in no statistical difference to the 
control group.  The P values for the control versus 
LT 300 mg/kg + HAL treatment in GSH, SOD and 
CAT levels were 0.59, 0.88 and 0.81, respectively.

Discussion

In this study, we have demonstrated that HAL 
treatment developed OD, generally been observed 
in patients who are on chronic treatment with typi-
cal neuroleptics, which was determined by signifi-
cant increases in the frequency of VCM and TP as 
well as the duration of FT in rats.  We have also 
shown that HAL treatment raised the LPO level and 
diminished the antioxidation power in rat striatum.   
The behavioral dysfunction and elevated oxidative  
status induced by HAL were prevented by LT treatment  
dose dependently.  These results suggest a therapeutic  
effect of LT, possibly via its potent antioxidative 
activity, to treat OD or clinical human TD.

Although there are many concerns and disputes  
regarding the use of animal models for TD, HAL-
induced alterations in VCM, TP, and FT appear to  
be a good model for TD.  Not only the characteristic  
features of OD, induced by HAL, resemble well the  
symptoms of TD but HAL has also been linked to  
the development of TD in humans (2, 6, 12, 17, 20,  
25).  Consistent with previous studies, we also found  
that HAL significantly increased the frequency of  
VCM and TP as well as the duration of FT indicating  
a neurotoxicity effect produced by HAL.  In the 
current study, we also discovered that HAL in-

creased LPO status as indicated by the elevated 
TBARS level in striatum, suggesting that free  
radicals may be implicated with the development of  
OD.  HAL treatment also decreased the levels of GSH  
(an endogenous antioxidant), SOD, and CAT (cellular  
antioxidant enzymes), further supporting the implication  
of free radical toxicity in HAL-induced OD.  It has 
been reported that HAL-induced OD is strongly as-
sociated with the striatal oxidative stress state (2, 12,  
25).  HAL is a dopamine (DA) antagonist and blocks  
the DA receptors and increase metabolism of DA.  
The accelerated DA metabolism would facilitate 
the formation of reactive metabolites and hydrogen 
peroxide, which has been linked to the increased 
oxidative stress in dopaminergic neurons.  Further-
more, the O-quinone aminochrome produced from 
autoxidation of DA could further lose one electron  
to form the leukoaminochrome O-semiquinone radical.   
This radical has been considered to be one of the 
primary sources of endogenous reactive species 
implicated with many neurodegenerative diseases 
(5, 14, 22).  Since monoamines are abundant in the  
basal ganglia including striatum, it is more suscepti-
ble to free radical damage to increase oxidative stress.   
Taken together, these results support that striatal 
oxidative stress is implicated with the development 
of OD.

In this study we did not directly examine the 
causality between the OD and striatal pathology in 
HAL-treated rats, nevertheless, the OD has been 
continuously thought to be strongly associated with 
the altered neuronal activity in striatum caused by 
neuronal injury or death (6, 25).  In this study we 
showed that the level of TBARS, an indirect marker  

Fig. 3. LT dose-dependently prevented the decreased striatal anti-oxidation power in HAL-treated rats.  The levels of (A) GSH, (B) 
SOD, and (C) CAT in rat striatum were used as output measurements to assess HAL-induced dysfunctions. Data were pre-
sented as mean ± SEM (n = 8).  C: control; H: HAL-treated; T30: 30 mg/kg LT without HAL; T100: 100 mg/kg LT without 
HAL; T300: 300 mg/kg LT without HAL; T30 + H: LT 30 mg/kg + HAL treatment; T100 + H: LT 100 mg/kg + HAL treat-
ment; T300 + H: LT 300 mg/kg + HAL treatment.  ***P < 0.001 as compared with C; ###P < 0.001 as compared with H.  
The data were analyzed using a mixed repeated ANOVA, and post hoc with one-way ANOVA together with Tukey pairwise 
tests.
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of oxidative stress, was increased, as well as the 
levels of GSH, SOD and CAT were decreased in 
striatum of rats treated with HAL.  These results 
suggested that HAL-treated rats had higher oxida-
tive stress susceptibility in the striatum.  Therefore, 
reducing excessive free radicals or increasing anti-
oxidative factors in striatum may be able to disrupt 
the development of the OD caused by HAL-induced 
oxidative injury (2, 12, 17, 20).  LT, the major and 
potent anti-oxidative amino acid components in 
green tea, has been demonstrated to have strong 
anti-oxidative effects and is able to clear excessive 
free radicals (11, 23, 26).  Therefore, LT would be 
expected to have the ability to reduce oxidative 
damage to the striatum.  In the present study, LT 
was able to reduce the level of TBARS that was 
observed increased in HAL-treated rat striatum, 
and LT was also able to increase the levels of GSH, 
SOD and CAT those were observed decreased in 
rat striatum after HAL treatment.  Moreover, LT 
was able to prevent HAL-induced OD with the evi-
dence of preventing most typical behavior of OD.  
Previous study has demonstrated a protective role 
of GSH and protective enzymes, such as SOD and 
CAT, against the development of OD (2, 12, 15, 17 
20).  Thus, the results of antidyskinetic property 
of LT in HAL-treated rats suggest that LT was able 
to reduce excessive free radicals and enhance anti-
oxidative factors in striatum of HAL-treated rats.

In the present study, LT was not able to com-
pletely prevent the behavioral alterations induced 
by HAL.  In contract, LT was able to completely 
prevent the increased TBARS induced by HAL.  
These results indicate that the behavioral alterations 
induced by HAL are not exclusively resulting from 
free-radical production.  It could be also affected by 
different receptor systems, with the evidence of dif-
ferent classes of behavioral manifestations induced  
by HAL, and modulated differently by dizocilpine 
(MK-801) (15, 17).  Alternatively, the OD can be 
caused primarily by free radicals formed during 
catecholamine metabolism, including DA quinones 
and hydrogen peroxide produced by monoamine 
oxidase (MAO) (19), and these reactive species 
would subsequently promote lipoperoxidation.  
Pathophysiologically, many studies indicated that 
OD induced by HAL is related with the develop-
ment of dopaminergic receptor supersensitivity, a 
disturbed balance between dopaminergic and cho-
linergic system and dysfunction of gamma amino 
butyric acid (GABA)ergic neurons (2, 6).

In summary, in the current study we found 
that the LT administration was able to 1) improve 
the HAL-induced OD in rats; 2) prevent the HAL-
induced decreases of antioxidant activity in rat 
striatum and 3) inhibit the HAL-induced increases 

of LPO levels in rat striatum.  Our findings provide 
evidence of LT’s therapeutic value in treating OD in 
animal model, presumably also a beneficial effect 
in treating clinical relevant human TD, probably via 
its potent antioxidative activity.  The effects of LT 
were very mild compared with those of pharmaceu-
ticals, and daily consumption led to very few side 
effects (11, 26).  Thus, there is potential for LT to 
be used not only for therapy clinically but also for 
the prevention of TD.
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