
279

Chin-Bin Yeh, et al.

Received: June 29, 2012; Revised: August 24, 2012; 
Accepted: September 12, 2012
*Corresponding author: Chin-Bin Yeh, Department 
of Psychiatry, Tri-Service General Hospital, National 
Defense Medical Center, No. 325, Sec. 2, Cheng-gong 
Road,  Taipei 114, Taiwan, Republic of China. Tel: +886-
2-87927220; Fax: +886-2-87927221; E-mail: cyeh@
ndmctsgh.edu.tw

J Med Sci 2012;32(6):279-285
http://jms.ndmctsgh.edu.tw/3206279.pdf
Copyright © 2012 JMS

The level of Nitric Oxide and Peak Expiration Flow Rate in Individuals with 
Tourette’s Syndrome and Their Family Members

Chin-Bin Yeh1,2*, Jia-Fwu Shyu3, Chih-Hsing Hung4, and Fan-Jung Wan5

1Division of Psychiatry; 3Department of Biology & Anatomy; 
5Institue of Undersea and Hyperbaric Medicine, National Defense Medical Center, Taipei;

2Department of Psychiatry, Tri-Service General Hospital, National Defense Medical Center, Taipei;
4Department of Pediatrics, Kaohsiung Medical University, Kaohsiung, Taiwan, Republic of China

Tourette’s syndrome is a movement disorder that involves basal ganglia dysfunction. Since glutamatergic mechanisms 
have been implicated in the etiology and treatment of schizophrenia, we proposed that nitric oxide (NO), acting on the 
NMDA receptor as a neurotransmitter, is involved in the pathogenesis of basal ganglia in Tourette’s syndrome. Twelve 
drug-free Tourette’s syndrome subjects without a history of pediatric autoimmune disorders associated with streptococcal 
infection (PANDAS) or asthma were recruited. Expiration NO levels were measured and compared to 12 matched control 
subjects. Peak expiration fl ow rate was also monitored. We also measured NO levels from fathers, mothers and siblings 
of each of the subjects with Tourette’s syndrome. There was no signifi cant difference between the level of NO between 
the Tourette’s syndrome subjects and the control group. However, the subjects with Tourette’s syndrome had signifi cantly 
higher peak expiratory fl ow rate than the control group. A signifi cant correlation between NO levels in subjects with 
Tourette’s syndrome and their mothers, but not their fathers or siblings, was also observed.  Future studies are warranted 
to investigate the role of NO in the different phenotypes of Tourette’s syndrome. The higher peak expiratory fl ow might 
be one of the pathophysiological effects with regard to the neuroanatomy of Tourette’s syndrome.
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INTRODUCTION

Tourette’s syndrome (TS) is a developmental neurop-
sychiatric disorder with onset in childhood, characterized 
by motor tics and phonic tic. The prevalence rate of TS is 
about 0.4% to 3.8% for children ages 5 to 18.1,2     

The basal ganglia are considered a possible site of 
altered brain function in individuals with Tourette’s syn-
drome (TS). Many studies have confi rmed a critical role 
for dopamine (DA) in controlling basal ganglia output.3,4 
The most compelling evidence for the involvement of 
DA in TS comes from observations of the effects of 
pharmacological agents influencing the DA system.5-8 
A growing body of evidence suggests that glutamate 

regulates the release of DA in the central nervous system 
(CNS).9, A number of recent studies have focused on glu-
tamatergic mechanisms in the etiology and treatment of 
neuropsychiatric disorders.11-14

The potential actions of nitric oxide (NO) that have 
received attention from neuropsychiatric research-
ers include its role in relation to N-Methyl-D-aspartate 
(NMDA) receptors in the basal ganglia of individuals 
with movement disorders.15 Glutamate, acting through 
its NMDA receptor, triples nitric oxide synthase (NOS) 
activity in a matter of seconds. The link between NMDA 
receptor activation and the generation of NO in the CNS 
was well established.16 A number of studies have focused 
on the role of NO in movement disorders other than TS 
and have shown that NMDA-stimulated DA release in 
the nucleus accumbens can be reversed by pretreatment 
with NOS inhibitors.17 A reduction of striatal NMDA 
receptor density has been reported in Huntington’s dis-
ease.18 The cellular protective effects for Parkinson’s 
disease are believed to be based on the ability of amanta-
dine to block the NMDA receptor.19 The neuroprotective 
agent N-nitro-L-arginine, an NO inhibitor, is a candidate 
for the treatment of Parkinson’s disease.20 Recent stud-
ies have also shown that NO could represent a new form 
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of interneuronal communication—that is, a nonsynaptic 
interaction without receptors—and exert an inhibitory 
effect on DA transporters.21 In recent years, the autoim-
mune model for NO in the pathogenesis of TS has been 
proposed from observations of Sydenham’s chorea and 
other CNS illnesses.22 These researchers hypothesize that 
the autoimmune etiology arises from targeted dysfunc-
tion of the basal ganglia in children with PANDAS (pedi-
atric autoimmune disorders associated with streptococcal 
infection). Additionally, there are recent reports of dysto-
nia, chorea encephalopathy, and dystonic choreoathetosis 
occurring as sequelae of streptococcal infection.23 NO is 
present in neurons, as well as the vasculature, and causes 
cerebrovascular vasodilation.24-26 The stimulation of mi-
croglia via toll-like receptor 9 (TLR9) and subsequent 
release of NO and TNF-alpha (tumor necrosis factor-
alpha) is a major source of neurotoxicity in bacterial and 
autoimmune brain tissue injury.27 It is also reasonable to 
consider that NO is an important factor for causing in-
fl ammation in neuronal cells.28 We therefore propose that 
NO may take part in intercellular communication, includ-
ing neurotransmission, in the underlying pathophysiol-
ogy of TS. Meanwhile, the patients with neuropsychiatric 
symptoms were found to have poorer lung functions.29-

31 Besides, the poor pulmonary function might refl ect the 
level of infl ammation in different tissues.32,33 Therefore, 
we will compare the peak expiratory fl ow rate of the pa-
tients with TS to controls to investigate the pulmonary 
function in TS patients. 

METHODS

Subjects
Twelve children with TS, in a special child psychi-

atric clinic, were interviewed by an experienced child 
psychiatrist and met the criteria for DSM-IV diagnosis 
of TS. Exclusion criteria for this study included serious 
medical illness, major sensory handicaps, major neuro-
logical disease (including a seizure disorder), previous 
head trauma resulting in loss of consciousness, and any 
current other psychiatric disorder such as major depres-
sion, schizophrenia, pervasive developmental disorder or 
mental retardation. Parents of the TS subjects were inter-
viewed with the Mini-International Neuropsychological 
Interview (MINI) to verify that they had no current neu-
rological or psychiatric disorders. A child psychiatrist in-
terviewed siblings of the TS subjects to check for DSM-
IV diagnosis.

Twelve age-matched control children from the pe-
diatric clinic in the same medical center were recruited 

to form a control group. Control subjects were without 
tic, TS, obsessive–compulsive disorder (OCD) or other 
exclusion criteria described above. The TS subjects and 
their families, as well as the control group, were also free 
from asthma and acute upper respiratory tract infection. 
All parents provided written informed consent.

Nitric oxide assay
The peak expiratory fl ow rate (PEFR) was measured 

three times in the morning about 10 A.M. using a peak 
fl ow meter (Astech Co, Port Washington, NY). The max-
imal value was analyzed. The eNO (exhaled nitric oxide) 
level was measured using a fast-response chemilumines-
cence analyzer (NOA 280; Seivers Instrument Inc, Boul-
der, Colo) with the validated, single-breath technique.34 

The nose was obstructed, and subjects were asked to 
inhale to total lung capacity and then exhale slowly 
through the Teflon side arm attached to the sampling 
port. Subjects exhaled against a fi xed resistor at a con-
stant mouth pressure (15 cm H2O mmHg) corresponding 
to expiratory fl ow (75 mL/s), a maneuver that closes the 
velum of the posterior nasopharynx and avoids nasal NO 
contamination. To maintain a steady flow, mouth pres-
sure was displayed on a computer screen as a prompt for 
subjects. The eNO values were recorded from the plateau 
at the end of exhalation. Measurements were only re-
corded when three measurements showed less than 10% 
variability. Most patients could complete three measure-
ments without further trials. A mean was then calculated 
to represent these values.

Statistics
The independent t test was done for comparison of the 

age, height, body weight, the level of nitric oxide con-
centration, and the PEFR between groups. Pearson corre-
lation analysis was done to investigate the correlationship 
of the level of nitric oxide between TS subjects and their 
family members. P < 0.05 was taken as signifi cant.

RESULTS

Eight of the 12 TS subjects were comorbid for atten-
tion-defi cit hyperactivity disorder (ADHD), and two of 
the TS subjects were comorbid for OCD. Seven fathers, 
12 mothers and fi ve siblings of TS subjects were inter-
viewed and received an NO assay. None of the parents or 
the siblings met the criteria for DSM-IV diagnosis and all 
were without a current or past history of tic symptoms.

The level of NO (pars per billion, p.p.b.) was not 
significantly different between TS subjects and control 
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subjects. There was also no signifi cant difference in NO 
levels between family members. However, the PEFR 
of the TS subjects was signifi cantly higher than that of 
the control group (Table 1). The correlation between the 
level of NO of TS subjects and their family members was 
analyzed. Interestingly, there was a signifi cant correlation 
between NO levels of TS subjects and their mothers (c.c. 
= 0.795, p = 0.002) but not their fathers (c.c. = –0.051, 
0 = 0.914) or siblings (c.c. = 0.335, p = 0.582) (Table 
2). However, no significant correlation was observed 
between the PEFRs of TS subjects and family members. 
Furthermore, there was no significant correlation be-
tween the PEFR and the level of NO among TS subjects 
(c.c. = 0.121, p = 0.708) and their father (c.c. = –0.298, p 
= 0.516), mother (c.c. = 0.207, p = 0.518), or sibling (c.c. 
= –0.254, p = 0.681).

DISCUSSION

In contrast to our hypothesis, we failed to identify 
NO as a biological marker for TS. We still consider this 
preliminary data worth reporting, as no studies have fo-
cused on NO levels in TS patients. It is diffi cult for most 
researchers to study the immunological functions of the 
subjects with neuropsychiatric disorders. The exhaled 
NO might provide another way to explore the immuno-
logical profile of children with neuropsychiatric disor-
ders. As shown in our results, the NO level of TS patients 
was not significantly different from that in the control 
group. Thus, NO might not be a state marker for children 
with TS. Nevertheless, the role of NO as a trait marker in 
the dynamic interactions with stress, infection, environ-
mental factors might warrant further studies. In addition, 
there are different isoforms of NO synthase in different 
localizations in the brain.35 The NO in lung might not 
represent the level of NO in the CNS although there was 

the relationship between the level of exhaled NO and the 
symptoms severity of mental disorders in elder popula-
tion but not in the children group.36 Moreover, the role 
of NO in TS might through other neurotransmitters such 
as glutamate since animal studies indicate that glutamate 
enhances extracellular DA in the medial preoptic area of 
the hypothalamus, via NO activity, which facilitates male 
sexual behavior, and is proposed to be similar to the ob-
sessive symptoms of TS.37 Signifi cantly reduced levels of 
glutamate have been observed in the medial globus pal-
lidus of brains from four TS individuals.38 Glutamatergic 
drugs exacerbate symptomatic behavior in a comorbid 
transgenic model of TS and OCD.39 Another possible role 
for NO in the pathogenesis of TS is hypoxic-ischemia 
brain injury and oxidative stress. NO could combine with 
O2– and H2O2 to produce peroxynitrite, which could react 
with protein tyrosine residues to produce nitrotyrosine. 
Peroxynitrite could also cause lipid peroxidation and 
DNA chain breaks, which lead to damage of the develop-
ing brain.40,41 The involvement of NO in the pathogenesis 
of TS might be through the autoimmune mechanisms 
since many studies have shown that NO is involved in 
the immunological pathogenesis of neuropsychiatric 
disorders42-45 and enhanced expression of the constitutive 
and inducible forms of NOS occurs in an animal model 
of autoimmune encephalomyelitis.46 Although NO is sta-
ble in oxygen-free water, it is labile and lasts only a few 
seconds in biological fl uids because of its inactivation by 
superoxides. NO dissolves in both aqueous and lipid me-
dia and readily diffuses from its site of synthesis across 
the cytosol or cell membrane, affecting targets in the 
same cell or in nearby neurons, glia, and vasculature.47 
Different inactivation and diffusion of NO in different in-
dividuals may account for the lack of signifi cance differ-
ence between NO levels in TS and control subjects. We 
measured the downstream product in the NO production 
process, which may be affected by many factors, such 
as exercise, stress, smoking, and infection.28,48-51 In the 

Table 1 Comparison of the level of nitric oxide and peak 
expiratory fl ow rate (PEFR) between TS subjects 
and controls

Data shown as mean ±SD. *P< 0.05 significance difference between 
groups.

TS subjects
(N=12)

Controls
(N=12)

t p

Age (year)   9.3±2.6    8.1±1.1 1.5 0.16

Height (cm) 137.3±17.3  132.5±14.0 –0.75 0.46

Body weight (kg)   35.6±13.3  30.3±9.8 –1.05 0.31

Nitric oxide (p.p.b) 10.2±3.8    9.4±4.0   0.46 0.65

PEFR (L/min)  261±87  187±40   2.68     0.014*

Table 2 Correlation of nitric oxide levels of TS subjects 
and family members.

Nitric oxide level
(p.p.b)

Correlation 
(c.c.)

p

Fathers of TS cases (N = 7) 9.9±4.1 –0.051 0.914

Mothers of TS cases (N = 12) 9.1±4.2   0.795   0.002*

Siblings of TS cases (N = 5) 8.7±3.3   0.335 0.582

Data shown as mean ±SD. *P< 0.05 indicated signifi cant correlation of the 
level of NO between the TS subjects and mothers of TS cases.
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future, we plan to collect more samples and control the 
above possible factors to further investigate the role of 
NO in TS.

As shown in Table 2, NO levels significantly corre-
lated between TS subjects and their mothers. In contrast, 
this correlation was not found between TS subjects and 
fathers or siblings. Because of the small sample size, this 
result warrants further study although there were family 
studies found that the genetic factors play an important 
role in the transmission and expression of TS.52,53

Interestingly, we found that the PEFR was higher in 
TS subjects. The PEFR has been correlated to age, height 
and weight.54,55 As shown in Table 1, there was no signifi -
cant difference in age, height and weight between TS and 
control groups. Previous studies have shown that PEFR 
correlates with cognitive performance, including tests of 
similarities, naming, spatial recognition, memory, and 
figure drawing.54 Measurement of the PEFR has been 
developed to assess airfl ow obstruction in patients with 
cerebral palsy or severe mental retardation, as well as 
in young children.56 This suggests that the PEFR might 
be associated with the underlying neurophysiology of 
TS.57-61 In contrast to other movement disorders, such as 
Huntington’s disease and Parkinson’s disease, physical 
examination in TS subjects did not provide direct clues 
to the neuroanatomic localization of the dysfunction. The 
mechanism for the increased PEFR in TS subjects is un-
known, but we hypothesize that it involves neuroanatom-
ic pathways implicated in the motor excitatory/inhibitory 
regulation. The abundance of basal ganglia projections to 
the frontal lobe emphasizes the role of the basal ganglia 
complex in premotor and prefrontal function. The basal 
ganglia also have considerable output to various brain-
stem structures, including the pedunculopontine nucleus. 
The descending projections from the basal ganglia sig-
nify a role for them in a number of basic aspects of motor 
control, such as muscle tone, posture and balance, as well 
as innate movement patterns such as locomotion, masti-
cation, etc. Abnormalities of these brain structures may 
account for the signifi cantly higher PEFR of the children 
with TS compared with the control group.62

In conclusion, the patients with TS have different 
PEFR but have no different eNO level when compared to 
controls. Future studies are warranted to investigate the 
role of other immunological or infl ammatory-related fac-
tors other than eNO in the pathobiology of children with 
TS.
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