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Abstract

Background: Obsessive-compulsive disorder (OCD) is considered neurodevelopmental disorder that shares the feature of dysfunc-
tional frontal-subcortical circuitry, yet the relationship between structural abnormalities or neurobiochemistrical changes and OCD
pathogenesis is still unknown.

Objectives: This study aims to use magnetic resonance spectroscopy (MRS) to discover substance-metabolism abnormalities of
brain circuits in patients with first-episode OCD, and to study the mechanism of OCD.

Patients and Methods: Twenty patients with first-episode OCD and twenty gender-and age-matched normal controls were studied.
Neurochemical abnormalities, including ratios of N-acetylaspartate (NAA), creatine (Cr), and choline (Cho), were measured in the
prefrontal cortex, anterior cingulate cortex, orbitofrontal cortex, caudate nucleus, and thalamus with three-dimensional 1H-proton
MRS (3D 1H-MRS). The data of the ratios in the two groups were analyzed with a independent samples t-test.

Results: Cho/Cr ratios in the thalamus were significantly higher in the first-episode OCD patients than in the controls (P < 0.01),
and the NAA/Cr ratios in the caudate nucleus and thalamus were significantly lower in the first-episode OCD patients than in the
controls (P < 0.01). However, NAA/Cr ratios in the anterior cingulate cortex and orbitofrontal cortex were higher in the first-episode
OCD patients than in the controls (P < 0.01).

Conclusion: Distinct neurochemical and histological structure changes (cortico-striatal-thalamic-cortical cycle) exist in patients

with first-episode OCD. 1H-MRS is capable of identifying these changes by assessing metabolic abnormalities.
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1. Background

Obsessive-compulsive disorder (OCD) comprises a
group of neuroses with mainly clinical symptoms of
obsession (including obsessive rumination and compul-
sion). Itis a mental disease with 2% -3% lifetime prevalence
and increased rates of disability (1). OCD is a prevalent
and clinically significant phenomenon in schizophrenia
patients (2), but its etiopathogenesis and pathogenesis
are not clear (3). Since both schizophrenia and OCD are
considered neurodevelopmental disorders that share the
feature of dysfunctional frontal-subcortical circuitry (4),
dysfunction of the neuroanatomical circuit in OCD pa-
tients has been suggested (5). This circuit consists mainly
of the prefrontal lobe, basal ganglia, limbic system, and
thalamus (6-9), and the relationship between structural
abnormalities or neurobiochemical changes and OCD
pathogenesis is still unknown. As the only noninvasive
molecular imaging method of detecting neurobiochemi-
cal information about living tissues, magnetic resonance
spectroscopy (MRS) provides a new means of studying
human mental disorders. Volumetric magnetic resonance

imaging (MRI) images have shown that OCD patients have
increased white matter volume, significantly smaller left
and right orbitofrontal cortex volumes, and significantly
greater left and right thalamus volumes (10).

It is possible to detect possible neurobiochemical dis-
orders according to the characteristics of substance
metabolism in patients with OCD, by using three-
dimensional 1-hydrogen MRS (1H-MRS). This technique
provides clues about the neurobiological basis of OCD.
MR images are obtained from the magnetization of
vector signals produced by magnetic nuclei with positive-
charge resonance transitions, which are used to identify
metabolic abnormalities (11).

In the brain, all of the metabolic compounds that
can produce MRS signals are associated with the Krebs
cycle andfor energy metabolism, such as creatine
(Cr)/phosphocreatine, which is involved in ADP and
ATP conversion. A decrease of Cr leads to a lack of energy
in glial cells; glutamine (Glx) and N-acetyl aspartate (NAA)
are involved in the mitochondrial oxidation-reduction
reaction, and Glx is helpful for the recognition of menin-
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gioma because it is always increased in that condition. Glu
and the signal intensity of NAA reflects the number and
functional status of neurons; the cytoplasmic redox lactic
acid (Lac) reaction process, choline (Cho) compounds,
and myo-inositol (MI) are involved in the redox reaction
of the cytoplasm. Lac indicates the metabolism status,
Cho has always been considered a brain tumor biomarker,
and Ml is a glial cell marker. The molecular movements of
all of the above compounds produce signals that can be
detected by MRS (12).

2. Objectives

This study aims to use IH-MRS to discover substance-
metabolism abnormalities of brain circuits in patients
with first-episode OCD, and to study the mechanisms of
OCD.

3. Patients and Methods

3.1. Subjects

The OCD group comprised patients with first-episode
OCD, who presented to the psychological counseling clinic
of Hainan Provincial People’s Hospital from January 2010
to December 2012. The inclusion criteria were as follows:
1) age 18 - 60 years; 2) compliance with Chinese classifica-
tion of mental disorders-III (CCMD-III) and diagnostic and
statistical manual of mental disorders-IV (DSM-1V) defini-
tions of OCD; 3) first-episode OCD and no antidepressants
or other psychiatric drugs; 4) no structural damage shown
on cranial MRJ; 5) no other systematic diseases or any fam-
ily history of mental illness; 6) a score of more than 20
on the Yale-brown obsessive compulsive scale; and 7) right-
handedness. Exactly 20 cases met these criteria, including
13 malesand 7 females withanagerange of 15-45 years (28.8
=+ 8.3). Thelength of the patients’ diseases ranged from 0.6
to 8 years (3.66 1 4.05), education level ranged from 8 to 15
years (10.9 = 2.2 average), and scores for the Yale-brown ob-
sessive compulsive scale were 25 -38 (19.2 1= 3.8).

This study was conducted in accordance with the decla-
ration of Helsinki and with approval from the ethics com-
mittee of Hainan provincial people’s hospital. Written in-
formed consent was obtained from all participants.

The control group comprised volunteers who under-
went health examinations during the same period. The in-
clusion criteria for this group were as follows: 1) matched
to the OCD group for age, sex, and education level; 2) no
critical diseases of the heart, liver, lung, kidney, or other
organs after comprehensive physical and laboratory exam-
ination, and no metabolic diseases such as diabetes or hy-
perthyroidism; 3) no personal or family history of mental

illness, including in first-degree relatives; 4) no structural
damage on cranial MRJ; and 5) right-handedness. Exactly
20 cases met these criteria, including 12 males and 8§ fe-
males with an age range of 15 - 46 years (29.2 4 8.6) and an
education level of 8 -16 years (11.2 £ 2.4).

3.2. Diagnosis and Scale Rating

The patients with OCD were diagnosed by trained at-
tending or higher-level psychiatrists, and the scores for the
Yale-Brown obsessive compulsive scale were assessed by
psychiatrists.

3.3. Data Collection

The radiologist was not informed of the clinical data of
the subjects. All MRS examinations were performed using a
1.5 Tesla scanner with an eight-channel head coil (GE Sigma
1.5 TTwin speed with Excite I, USA). Routine head MRI scans
were performed on all subjects using the eight-channel
head array coil, including the axial fluid-attenuated in-
version recovery (FLAIR) sequence of T1 weighted Imaging
(T1WI), the axial sagittal fast-recovery fast spin-echo (FRFSE)
sequence, and the FLAIR sequence of T2W]J, in order to ex-
clude unknown diseases in the brain and to localize re-
gions for 1H-MRS. Since multi-voxel spectroscopy was ob-
tained during the test, a long time of echo (TE) was deter-
mined as 144 ms. The sampling point of 1H-MRS is zygo-
morphic, measuring about 40 cm?, and the bilateral pre-
frontal cortices, anterior cingulate cortex, orbitofrontal
cortex, head of the caudate nucleus, and thalamus on the
conventional T2-weighted images were selected as regions
of interest (ROI) with the special head coil, after consulta-
tion with two trained attending radiologists. No difference
in procedure was observed for the two groups. The scan
time was 13 minutes and 24 seconds, and the measuring
voxels were 1 cm®. Spectra were obtained with the point-
resolved spectroscopy sequence (PRESS). The imaging pa-
rameters were 10 emission frequency (Freq), 10 (Phase), 10
mm depth, 10 mm interval, 16 field of view (FOV), 1000
ms/144 ms time of repetition (TR)/TE, and 98.6% average
water-suppression rate.

3.4. Data Analysis

The software programs used were FuncTool 2 (GE Com-
pany, USA) and ACD 4.0 (SUN Company, USA). The ratios
of Cho/Cr and NAA/Cr were determined in the ROIs of the
bilateral prefrontal cortices, anterior cingulate cortex, or-
bitofrontal cortex, head of the caudate nucleus, and thala-
mus.
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3.5. Statistical analysis

Statistical analysis were performed using SPSS for Win-
dows ver. 115 (SPSS inc., Chicago, Il, USA). The ratios of
Cho/Cr and NAA/Cr were analyzed with two-independent-
sample t-tests,and P< 0.05 was considered statistically sig-
nificant.

4. Results

No significant statistical differences were observed be-
tween the two groups in terms of age (t =-0.119, P = 0.897),
gender (= 0.131, P=0.717), and education level (t =- 0.216,
P=0.831).

As the ratios of Cho/Cr and NAA/Cr in the ROIs had
no significant differences between the left and right sides,
they were combined with the statistical analysis. The
Cho/Crratios in the thalamus (1.37 & 0.11) in the OCD group
were significantly higher than in the control group (1.17 =
0.09) (P < 0.01). The Cho/Cr ratios in the prefrontal cor-
tices, anterior cingulate cortex, orbitofrontal cortex, and
head of the caudate nucleus showed no statistical differ-
ences between the two groups (P > 0.05) (Table 1). The
NAA|Cr ratios in the head of the caudate nucleus and tha-
lamus (1.22 & 0.15 and 1.22 =£ 0.1, respectively) in the OCD
group were significantly lower than in the control group
(1.47 £ 0.7 and 135 £ 0.11, respectively) (P < 0.01). The
NAA/Cr ratios of the anterior cingulate and orbitofrontal
cortices (2.92 & 0.15 and 2.78 & 0.23, respectively) in the
OCD group were significantly higher than in the control
group (2.76 = 0.21and 2.57 £ 0.18, respectively) (P < 0.01),
but no significant differences were observed in the pre-
frontal cortices between the two groups (P > 0.05) (Table
2,Figures1and 2).

5. Discussion

Brain-circuit abnormalities may induce or directly
cause neurosis. These abnormalities may also cause psy-
chological weak points in patients, making them suscepti-
ble to neurosis under the influence of external factors. OCD
patients are generally considered to have experienced or-
ganic brain changes, mainly located in the cortico-striatal-
thalamic-cortical circuit (CSTC). This circuit has a direct
pathway (cortico-striato-pallidal medial-thalamo-cortical)
and an indirect pathway (cortico-striato-pallidal lateral-
subthalamic nucleus-thalamo-cortical). The former has
alienated function of exercise and the latter can inhibit
unwanted movement. Excessive excitement of the direct
pathway and relative inhibition of the indirect pathway
can cause imbalances and OCD symptoms. When the CSTC
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direct pathway in refractory OCD patients is damaged sur-
gically, the functions of both the direct pathway and the
indirect pathway achieve balance, OCD symptoms are im-
proved, and the high metabolic status of the CSTC circuit is
relieved. Previous 1H-MRS studies on OCD used fragmented
ROIs in the hippocampus, frontal cortex, and other brain
areas, and therefore had divergent findings (13). Only a few
studies have performed MRS from the loop point to explore
the possible pathogenesis of OCD. This preliminary study
involved early-onset OCD patients and used the CSTC loop
as the ROJ, as it has been implicated in the pathogenesis of
OCD.

The ratio of Cho/Cr in the thalami of the OCD group was
significantly higher than in the control group, with no sig-
nificant differences in other parts of the brain that were
assayed, suggesting that high intracellular Cho in thala-
mic neurons may be the pathological phenomenon or the
compensatory response to OCD. Cho signaling involves
phosphocholine, glycerophosphocholine, phosphatidyl-
choline, and sphingomyelin, and is a precursor of the
neurotransmitter acetylcholine, which is closely related to
memory and emotion. Cho signaling is the pathophysio-
logical basis of mood disorders, and is one of the compo-
nents of nerve envelope phospholipid metabolism. In ad-
dition, Cho is involved in the synthesis and degradation
processes of cell membranes, and has been shown to re-
flect metabolic and functional changes in glial cells. Phos-
phatidylcholine is an important source of second messen-
gers (diglycerides) that are involved in intracellular signal
transduction. Therefore, the high Cho peak of the thala-
mus may be related to nerve cell membrane phospholipid
metabolism abnormalities and intracellular signal trans-
duction abnormalities in the area. The striatum (especially
the caudate nucleus) may be the idiopathic location of the
CSTC circuit in OCD, reducing inhibition to the thalamus
because of abnormal striatal function and causing further
thalamic gating-function defects. The thalamus facilitates
the gating of information, resulting in activation of the
orbitofrontal cortex (associated with obsessive thinking)
and the cingulate gyrus (associated with nonspecific anx-
iety), ultimately resulting in compulsive thinking and be-
haviors. Although this activation partially compensates
for the function of the striatum, it drives the thalamus to
continue its gating function in order to relieve anxiety and
obsessive thinking. These data show that thalamic regions
may be the core regions of pathophysiology in OCD. Re-
search results on Cho/Cr metabolic changes in OCD are still
controversial (14), which may be related to the choice of
ROIs.

The present research results show that the NAA/Cr ra-
tios in the head of the caudate nucleus and the thalamus
in OCD patients were significantly lower than those of the
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Table 1. Cho/Cr Ratios Between the OCD and Control Groups®

Group N Prefrontal Cortices Anterior Cingulate Cortex Orbitofrontal Cortex Head of Caudate Nucleus Thalamus
och 18 225+ 012 219 + 013 2224039 113 4+ 014 137+ 011
Control 18 229 £ 0.09 218 £ 0.10 192+ 0.16 112+ 0.16 117 £ 0.09
tstatistics -1105 0.175 0.894 0.112 5.810
P Value 0.277 0.862 0.378 0.911 0.000
Abbreviations: Chol, choline; Cr, creatine; OCD, obsessive-compulsive disorder.
?Data are presented as mean =+ SD, mmol/L.

Table 2. NAA/Cr Ratios Between the OCD and Control Groups®
Group N Prefrontal Cortices Anterior Cingulate Cortex Orbitofrontal Cortex Head of Caudate Nucleus Thalamus
och 18 2.75£0.23 292+ 015 2.78 £0.23 122+ 015 122+ 01
Control 18 277+ 024 2.76 &= 0.21 257+ 018 147 %+ 0.17 135 £ 0.1
tstatistics -0.250 2.672 3.080 -4.629 -3.770
P Value 0.804 0.011 0.004 0.000 0.001

Abbreviations: NAA, N-acetyl aspartate; Cr, creatine; OCD, obsessive-compulsive disorder.

?Data are presented as mean == SD, mmol/L.

500 ml

Figure 1. MRS diagrams for the thalamus; A, Healthy control group; B, OCD group; compared with the healthy controls, there was a significant increase in the value of Cho/Cr
and a remarkable decrease in NAA/Cr in the OCD group (MRS, magnetic resonance spectroscopy; OCD, obsessive-compulsive disorder; Chol, choline; Cr, creatine; NAA, N-acetyl

aspartate).

control group. A previous study by Bartha etal. (15) showed
that the concentration of NAA in the left striatum in pa-
tients with OCD was significantly low. A study by Fitzger-
ald et al. (16) showed that NAA concentration in the me-
dial thalamus in juvenile OCD patients was significantly
decreased, and NAA concentration in the left medial tha-
lamus in OCD patients was negatively correlated with the

severity of symptoms. These results are similar to those
of the present study. NAA is a peak marker of neuronal
integrity and function (17). Reduction of NAA levels in
the head of the caudate nucleus and thalamus in OCD pa-
tients may relate to neuronal and axonal damage from
deletion, dysfunction, injury, and so on. This study also
shows that the NAA/Cr ratios of the anterior cingulate and
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Figure 2. MRS diagrams for the caudate nucleus; A, Healthy control group; B, OCD group; compared with the healthy controls, the Cho/Cr value did not change significantly,
and NAA/Cr was significantly decreased in the OCD patients (MRS, magnetic resonance spectroscopy; OCD, obsessive-compulsive disorder; Chol, choline; Cr, creatine; NAA,

N-acetyl aspartate).

orbitofrontal cortices in OCD patients are higher than in
the control group, with no significant difference in the
other parts of the brain that were assayed. Russell et al.
(18) showed that NAA levels in the left dorsolateral pre-
frontal cortex in pediatric OCD patients were significantly
increased. Whiteside et al. (19) showed that NAA concen-
tration in the right orbitofrontal white matter in OCD pa-
tients is increased compared to healthy controls. Further-
more, Fan et al. (20) showed that NAA concentration in
the medial prefrontal cortex in patients with OCD was sig-
nificantly increased. Increased metabolic activity in these
brain neurons may cause pathological excitement of the
cortical and thalamic axes, making patients unable to re-
spond flexibly to important information. This excitement
results in the emergence of habituation or ritualization of
the circuit. However, not all studies have achieved con-
sistent results. Bedard et al. (21) reported that striatum
NAA/Cr ratios were significantly higher in patients with
OCD, whereas the thalamus and prefrontal cortex NAA/Cr
ratios were reduced. In addition, Starck et al. (22) re-
ported that OCD was present in patients whose striatum
NAA|Cr ratios were significantly increased, whereas the
lower orbitofrontal and thalamus ratios showed no signif-
icant changes between the baseline characteristics of the
enrolled populations.

The concentration changes of NAA reflect changes
in the number and function of neurons under differ-
ent pathophysiological conditions. Evidence shows that
changes in local NAA concentration are reversible, and the
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degree of reversibility depends on the degree of neuronal
injury. Jang et al. (23) showed that when drug treatment
was not carried out in patients with OCD, the NAA levels
in the prefrontal cortex, frontal white matter, and anterior
cingulate cortex were significantly decreased. However, af-
ter 12 weeks of treatment with citalopram, the NAA levels in
the prefrontal cortex and frontal white matter of the OCD
patients were significantly increased. This result suggests
that prefrontal area neuronal activity decreases with OCD,
and that this condition is reversible. Another study found
that NAA levels in the left head of the caudate nucleus in
adults with OCD decreased significantly after effective be-
havioral therapy, and that such therapy may contribute to
strong neuronal activity (3). Some studies have shown that
the therapeutic effect of selective serotonin reuptake in-
hibitor (SSRI) drugs is related to metabolite changes of the
thalamus and basal ganglia of the brain (24, 25). However,
this study is not dynamically longitudinal.

Previous research on the local metabolism of the brain
in patients with OCD has shown abnormalities, especially
in the frontal cortex, anterior cingulate cortex, caudate nu-
cleus, and thalamus regions of the brain. However, the
differences in sample size, selection of ROI, age, gender,
course of disease,administration of medication, and other
confounding factors produced inconsistent results across
these studies (26). The current study avoided the effects of
confounding factors by selecting primary untreated OCD
patients as subjects. Our results support more conclusively
the hypothesis of CSTC circuit dysfunction in OCD, and
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show that OCD is not caused by certain types of nerve cells
or structural brain lesions, but by abnormalities in differ-
ent parts of the brain and multiple cerebral lesions. Due to
the complexity of this mechanism, further studies on the
brains of OCD patients are recommended.
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