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Abstract

Background: Proton magnetic resonance spectroscopy provides a non-invasive technology to study brain
metabolite levels in vivo, which can be used to measure biochemical compounds or metabolite concentrations in
circumscribed brain regions. Previous research has highlighted the role of glial cells in brain white matter. It has
been assumed that antidepressant treatment with SSRIs not only affects neurons, but also activates glial cells. This
study focused on the observation of any potential changes in the metabolite levels of the ventral prefrontal white

matter in major depressive disorder (MDD) patients who have received antidepressant treatment.

Methods: 17 female patients diagnosed as MDD according to Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) criteria with the scores of 18 and above on the 24-item Hamilton Depression
Rating Scale (HDRS) were recruited. MRS studies were performed on a 3.0 T MR system, single voxel PRESS
spectroscopy with chemical-shift selective saturation water suppression. The volume of interest was localized at
the bilateral ventral prefrontal white matter regions (voxel size: 2 x 2 x 2 mm?). The spectral data analysis was
performed by using the instrument manufacturer supplied software.

Results: The bilateral ventral prefrontal white matter of MDD patients showed significantly lower Cho/Cr (p < 0.05)
before receiving treatment. The HDRS, as the indicator of treatment response, showed a significant decrease in
patients who had gone through 12 weeks treatment (p < 0.01). The bilateral Cho/Cr values of post-treatment
patients were increased significantly compared to that of pre-treatment (p < 0.05).

Conclusion: The alteration of ventral prefrontal white matter metabolite levels are likely involved in MDD
pathophysiology and imply a crucial role of white matter in MDD.
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Background

Major depressive disorder (MDD) is a highly prevalent
psychiatric disorder. Major symptoms of this disease are
characterized by persistent feelings of depressed mood,
loss of motivation, feelings of worthlessness and suicidal
tendencies. The understanding of the nature and causes of
depression has evolved over the centuries, although this
understanding is incomplete and has left many aspects of
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depression as the subject of discussion and research.
Proposed causes include psychological, psychosocial,
hereditary, evolutionary and biological factors [1]. Al-
though brain abnormalities have been found in MDD
patients by numerous neuroimaging studies, the precise
pathophysiological mechanisms of depressive disorder
are still not clear.

The main method for antidepressant treatment is
pharmacological. Selective serotonin reuptake inhibitors
(SSRIs) are widely used in the treatment of depression.
The diagnosis of MDD is mainly based on clinical signs
and symptoms, and treatment protocols are established
based on clinical empirical evidence [2,3]. Exploration of
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neurological biomarkers for diagnosis and treatment of
MDD such as proton magnetic resonance spectroscopy
has the potential to predict the response to treatment in
patients with MDD.

Proton magnetic resonance spectroscopy (1H-MRS) is
a non-invasive MRI technique that can quantify the con-
centration of multiple metabolites, including N-acetyl-
aspartate (NAA), choline (Cho), and creatine (Cr). NAA
is generally known as a marker of neuronal density and
viability, as lower concentrations of this metabolite are
thought to be indicative of loss of neural function [4,5].
Cho is a considered to be the marker of membrane integ-
rity and altered levels of this molecule are also associated
with neurobiological diseases. Cr reflects ATP metabolism
and production and is relatively constant across the brain.
It is generally used as a reference metabolite to which
other metabolites are normalized to [6,7].

Reviews and meta-analyses analysis of the 1H-MRS
literature on major depression found evidence that abnor-
malities in the hippocampus, basal ganglia and prefrontal
lobes were present. Evidence indicates a correlation be-
tween changes in neuro-metabolite concentrations, in par-
ticular glutamate, NAA, GABA and choline, with a positive
treatment response to pharmacotherapy or antidepressant
stimulation techniques [8]. In earlier MRS studies of MDD,
Sonawalla et al. found that Cho/Cr ratios increased after
8 weeks of fluoxetine treatment in the basal ganglia [9].
Gonul et al. found decreased NAA/Cr ratios in depressive
patients and these levels in the left medial frontal cortex
may increase significantly after treatment with SSRIs [10].
Alternatively, there are also MRS studies in depression
that reported positive treatment responses to sleep
deprivation (SD), electroconvulsive therapy (ECT), or
repetitive transcranial magnetic stimulation (rTMS) in
the DLPFC, amygdala, pontine, hippocampus, and the
occipital cortex [11-16]. However, up until now, evi-
dence for the effects of antidepressive treatment with
SSRIs on frontal white matter regions in humans has
rarely been reported.

The prefrontal areas play an important role in mood
regulation. This includes the ventral prefrontal lobe in-
cluding the medial PFC, orbitofrontal cortex, subgenual
PFC, a part of ACC, and white matter structures. Proper
function of these regions is involved in the coupling of
thoughts, memories, and experience with corresponding
emotional and visceral states. These regions are often re-
ferred to as “paralimbic” regions and play an important
role in linking cognition with visceral states and emotion
[17,18]. The prefrontal lobe cortex can pass the neural
signals to the limbic system including the regions of
cingulate gyrus, amygdala, etc. through the white matter
neural fibers, which composes the MDD neural emotional
signal transduction pathway. Therefore, the ventral pre-
frontal white matter is the major transduction pathway
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that connects the cortex of the prefrontal lobe and the re-
gions of limbic system. Earlier studies of SSRIs focused on
neuron and neurotransmission systems and seldom do
these articles address to the role of white matter [19].

A recent study however has highlighted the role of
glial cells in the brain frontal white matter. It had been
assumed that antidepressant treatment not only affects
neurons, but also activates glial cells [20]. Previous arti-
cles on MDD indicate that studies using Structural MRI,
fMRI, diffusion tensor imaging (DTI) and Postmortem
show abnormalities or impairments in ventral prefrontal
white matter [21-24]. These studies may suggest that pre-
frontal white matter plays an important role in the patho-
physiology of MDD. Therefore, the purpose of our study
was to observe the biochemical alterations in ventral pre-
frontal white matter and examine whether there was any
effect of antidepressant treatment on the metabolite levels
in this area in the depressed patients.

Methods

Subjects

The protocol was approved by the ethics committee of
the Beijing Friendship Hospital and the studies were car-
ried out in strict accordance with the Declaration of
Helsinki. All participants were female and right-handed.
17 patients (mean age 43 + 10 years) diagnosed as MDD
according to Structured Clinical Interview for the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-1V), with scores of 18 or greater on the 24-
item Hamilton Depression Rating Scale (HDRS) were
recruited for the study group. In addition, 19 healthy vol-
unteers (mean age 41 + 10 years) were recruited as normal
control. All normal subjects were carefully screened by a
diagnostic interview, a Structured Clinical Interview for
DSM-1V Non-patient Edition, to rule out the presence of
current or past psychiatric illness. All participants signed
an “Informed Consent” form after receiving a complete
description of the study. All patients had not taken any
antidepressants for at least 8 weeks prior to the examin-
ation and had the duration of illness over 24 months. The
following exclusion criteria was applied to all participants:
(1) the presence of other psychiatric disorders and
symptoms, (2) a history of treatment with any psycho-
tropic medication, psychotherapy or electroconvulsive
therapy, (3) a history of neurological or organic brain
disorder, (4) alcohol/substance abuse within 6 months
before study entry, (5) any physical illness demonstrated
by personal history, or clinical or laboratory examina-
tions, and (6) first-degree relatives showing a history of
neurological or mental illness.

MRS scanning procedure
MRS scanning was performed on both control and pa-
tient groups before SSRIs treatment. The patient group
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received the second MRS examination about 12 weeks after
applying SSRIs treatment (Paroxetine, 20 mg/d). Depression
severity at follow-up was also evaluated by using the HDRS.

MRS studies were performed on a 3.0 T MR system
(General Electric, Excite Signa HD 3.0 T). A standard
eight-channel head coil was used for radio frequency
transmission and reception of the MR signal. Magnetic
resonance imaging examination protocol included three
dimensional fast-spoiled gradient-echo (3D-FSPGR) se-
quence [repetition time (TR)/echo-time (TE) = 6/2.5 ms,
slice thickness: 1 mm, number of slices: 160, interslice
gap: 0 mm, field of view (FOV): 220 x 220, number of
excitation (NEX) = 1] that were obtained to confirm the
absence of any structural and signal abnormality of the
brain. Single voxel PRESS (spin-echo point resolved)
spectroscopy (TR/TE: 1500/35 ms, voxel size: 2 x 2 x
2 mm°, field of view: 24 x 24,number of excitation = 8)
with chemical-shift selective saturation (CHESS) water
suppression was used for IH MR Spectra measurements.
The volume of interest (VOI) was localized at the bilat-
eral ventral prefrontal white matter regions. According
to the mechanical requirements of GE 3.0 T MR system,
the area of VOI was set as 2x2x2=8 cm®. The VOI
boarders were determined by avoiding any potential
cerebral spinal fluid area and including as much as pos-
sible of the white matter tissue regions. Figure 1 shows
the VOI location in brain MRI scanning. During voxel
placement, avoiding the adjacent grey matter containing
some part of the prefrontal was not achieved because of
the voxel size. Total acquisition time for 1H MRS se-
quence was 4 min and 36 s. The analysis of the spectral
data was performed with the MRI manufacturer-supplied
software (GE Advantage Workstation: AW4.2). The values
of the NAA/Cr, Cho/Cr ratios were automatically analyzed
by the MR system. Voxel placements for spectroscopy and
all data analysis was carried out by a trained radiologist
who was blind to each subject’s diagnosis.

Statistical analysis
All data analysis was performed by using SPSS for Win-
dows software, version 13.0 (SPSS Inc. Chicago, IL,
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USA) and two-tailed significance level was set at 0.05.
Independent sample ¢-test was used to compare demo-
graphic data between the MDD and healthy control
groups at pre-treatment condition. To assess treatment
response, Hamilton Depression Scale and 1H-MRS mea-
sures were compared between pre-treatment and post-
treatment of patients by paired t tests. Data was pre-
sented as means and standard deviations.

Results

The clinical symptoms of all participating patients were
significantly improved after the completion of the SSRI
treatment course. Both HAM-A and HAM-D scores of
each individual patient showed significant reduction after
the SSRI treatment compared to that before the treatment
(data not shown).

Pre-treatment MRS comparison

The pre-treatment comparison study between MDD pa-
tients and normal control groups revealed that there was
significantly lower Cho/Cr in bilateral ventral prefrontal
white matter of MDD patients than in the normal con-
trol group (both left and right sides: p < 0.05). However,
there was no significant difference on NAA/Cr levels in
bilateral ventral prefrontal white matter between the two
groups. Table 1 summarizes the results of Independent
sample t-tests with mean value (SD) for relative metab-
olite concentrations in the bilateral ventral prefrontal
white matter volume of interest.

Post-treatment MRS comparison

After applying SSRI treatment (Paroxetine, 20 mg/d) for
12 weeks, the HDRS had significantly decreased in MDD
patients (p <0.01), which indicated a positive response to
the treatment. All patients’ second MRS exam results
demonstrated significant increases of bilateral Cho/Cr
values compared to the same patient’s pre-treatment value
(Figure 2). Paired sample t-test results showed that there
was significant difference between the pre- and post-
treatment in bilateral ventral prefrontal white matter of
the same patient (left side: p <0.01; right side: p <0.05)

Figure 1 Sagittal, coronal and axial scout MR images showing an 8-cm?® voxel predominantly centered white matter of the bilateral ventral
prefrontal lobe.
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Table 1 Pre-treatment MRS exam of patient and control
groups

Left frontal white
matter regions

Right frontal white
matter regions

NAA/Cr Cho/Cr NAA/Cr Cho/Cr
Patient (n=17) 1.51 (0.17) 0.99 (0.09) 1.61 (0.16) 0.97 (0.11)
Controls (n=19) 159 (0.15) 108 (0.11) 163 (0.13)  1.10 (0.15)
t value 091 245 031 253
P value 0.31 0.03 0.20 0.04

(Table 2). However, there was still no significant change
on NAA/Cr level in bilateral ventral prefrontal white mat-
ter after treatment. Results of metabolite ratio comparison
are summarized in Table 3.

Discussion

To our knowledge, this is the first study using MRS to
detect a drug response in the bilateral ventral prefrontal
white matter in patients with MDD.

Two major metabolite ratios (NAA/Cr and Cho/CR)
were evaluated in this study through comparative ana-
lysis of patient/control pre-treatment MRS data and the
same patient pre-/post- treatment MRS results. There
were no significant differences found on NAA/Cr level
in both pre- and post-treatment results. The NAA func-
tions in the brain as an acetyl donor for acetyl coenzyme
A and has been implicated in several neuronal processes,
including lipid and protein synthesis, mitochondrial
functioning, and osmoregulation [25,26]. NAA is com-
monly considered to be a marker of neuronal and axonal
integrity [27,28]. Thus, reduction in NAA concentration
possibly reflects the loss of neural function. Our results
indicated that the NAA levels showed no difference
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between the patient and control groups. A possible ex-
planation for such results is due to the restricted selec-
tion of VOI used in this study. The selected area was
mainly focused on prefrontal white matter in which glial
cells accounted for the majority while the primary site
for NAA synthesis is in the neurons of the cortex [25].

The results did show a significant reduction of Cho/Cr
level in the ventral prefrontal white matter of MDD pa-
tients compared to that of controls. Cho is considered to
be a potential biomarker for the status of membrane
phospholipid metabolism [29]. Reduction of Cho levels
has been associated with decreased membrane turnover
and/or impaired intracellular signal transduction systems
[30,31]. Alternatively, as Cho is hugely present in glia
cells and myelin [32], the lower ratio of Cho/Cr may in-
dicate that abnormalities exist in membrane structure
and function of glial cells, and myelin. Previous morpho-
metric MRI has shown volumetric reductions in the ven-
tral prefrontal regions. Diffusion Tensor Imaging (DTI)
studies found decreased white matter integrity in differ-
ent white matter tracts in MDD [33]. Postmortem stud-
ies also reported lower density of oligodendroglial cells
in the prefrontal region of patients with MDD [34].
Taken together, our results suggest reduced bilateral
Cho/Cr in patients in the ventral prefrontal white matter
indicated that the prefrontal white matter may also play
a role in the pathophysiology of MDD. By thoroughly
reviewing the literature and meta-analysis results of the
1H-MRS on major depression through 2012, there was
no consistent evidence found that NAA and Cho are ei-
ther increased or decreased in patients with major depres-
sion. This appears to be evidence that brain chemistry
varies across different regions and thus warrants further
investigation.

L] 8 2 1 0o

Figure 2 Comparison of the same patient’s pre- (left) and post- (right) treatment Cho/Cr level.
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Table 2 Pre- and post-treatment comparison of patients’
Cho/Cr ratio in bilateral ventral prefrontal white matter

Left Cho/Cr Right Cho/Cr

Pre-treatment Post-treatment Pre-treatment Post-treatment
1083 092 0.99 .11
2 091 0.92 0.95 1.09
3091 0.98 0.80 1.01
4 093 0.98 0.98 1.05
5 093 112 1.04 1.19
6 095 1.00 0.86 1.04
7 09 0.98 1.01 0.95
8 099 1.04 1.12 1.09
9 099 1.05 1.14 1.15
10 1.02 1.04 1.04 1.05
11 103 1.13 0.97 1.04
12 103 0.98 1.15 1.08
13 1.03 1.07 038 0.87
14 1.06 1.03 1.16 1.01
15 1.07 1.1 0.97 1.04
16 112 113 049 0.95
17 1.23 1.22 0.99 1.01

The post-treatment MRS results suggested that patients’
Cho/Cr values in bilateral prefrontal white matter were sig-
nificantly increased compared to the pre-treatment values.
White matter structure consists mostly of glial cells and
myelinated axons that transmit signals from one region of
the cerebrum to another. Previous studies of SSRI treat-
ment had little focus on the role of glial cells. The glial cells
were only considered to actively participate neuronal net-
work activity. Their passive supportive role of neuronal
functions were mostly highlighted. Recent studies suggest
that glia cells are divided into three types, including
astrocytes, oligodendrocytes, and microglia [20,35]. As-
trocytes contribute to regulation of neurotransmission
through their processes wrapping around synapses and
to modulation of brain blood flow of the blood—brain-
barrier and brain blood flow through their end-feet sur-
rounding blood vessels. Oligodendrocytes are important

Table 3 Post-treatment MRS exam of patient group
Right frontal white

Left frontal white matter

regions matter regions
NAA/Cr Cho/Cr NAA/Cr Cho/Cr
Pre-treatment 1.51(0.17) 0.99 (0.09) 161 (0.16) 097 (0.11)
Post-treatment ~ 1.51 (0.12) 1.05 (0.07) 1.60 (0.13)  1.04 (0.08)
t value 0.63 -3.13 0.266 -2.24
P value 0.53 0.006 0.79 0.04
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in forming the myelin sheaths around axons that guar-
antee conduction of electrical stimuli for long distances
without increasing axonal diameters. Microglia cells repre-
sent the resident CNS immune cells and are fundamental
surveyors of CNS extracellular environment that may help
the to maintain or restore homeostasis through pruning of
inappropriate synaptic contacts. Metabolic alterations of
frontal white matter after treatment with SSRIs in our
study may indicate a strong connection with this role in
the function of these glial cells.

The previous animal experiments found that anti-
depressant therapies acted on glial cells. Studies demon-
strated that mammalian myelin-forming cells require the
expression of some glia-specific proteins and genes to
maintain neuronal and axonal integrity [36-38]. There is
evidence that antidepressant treatments have a profound
stimulatory effect on the expression levels of various
trophic factors. It is also reported that antidepressant ac-
tions of SSRIs could modify astroglial physiology and
morphology by affecting gliogenesis. The antidepressants
may even regulate glial cell numbers [20,39]. The results
of animal experimental studies indicate that SSRIs may
not only affect neurons but also activate glial cells. How-
ever, the underlying molecular mechanisms are still un-
clear. Our results demonstrated that bilateral Cho/Cr of
patients in white matter were increased with SSRI treat-
ment and indicated that SSRIs might have a positive effect
on the regulation of glial cells and axons. Previous MRS
studies in depression reported abnormalities in the frontal
cortex, basal ganglia, hippocampus, anterior cingulate cor-
tex, and the occipital cortex. These abnormalities were im-
proved after treatment with selective serotonin reuptake
inhibitor, electroconvulsive therapy, and other antidepres-
sant therapy. These results indicated that antidepressant
treatment with its neurotrophic and neuroplasticity ef-
fects might play a positive role in restoring neuronal
and glial integrity.

Glial cells are active partners of neurons that regulate
the arrangement of neuronal circuits in specific brain re-
gions. Our results indicate that glial cells might be involved
with antidepressant action in restructuring neuronal and
glial integrity. The results of this study may be useful to
improve current treatment regimens or identify novel tar-
gets for the development of more efficacious antidepres-
sant drugs.

Conclusion

This study is the first one conducted to evaluate SSRI drug
response in the bilateral ventral prefrontal white matter in
patients with MDD using MRS technology. The results
suggest that alterations in ventral prefrontal white matter
metabolite levels are likely to be involved in MDD patho-
physiology and may help in understanding the pathophysi-
ology and the crucial role of white matter in MDD.



Zhang et al. BMC Psychiatry (2015) 15:99

Abbreviations

Cho: Choline; Cr: Creatine; Cr + PCr: Creatine/phosphocreatine;

DLPFC: Dorsolateral prefrontal cortex; HAM-D: Hamilton depression

rating scale; HAM-A: Hamilton anxiety rating scale; MRS: Proton magnetic
resonance spectroscopy; GABA: Gamma-aminobutyric acid; PFC: Prefrontal
cortex; ACC: Anterior cingulate cortex; PRESS: Point resolved spectroscopy;
CNS: Central nervous system.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

YZ participated in the design of the study and performed the statistical
analysis. YH, YZW, and YZ carried out the clinical procedures for patients
and normal control screening and selection. EJ and LD carried out the MRS
experimental studies. BW and TG participated the data analysis. LL and NW
conceived of the study, and participated in its design and coordination. All
authors read and approved the final manuscript.

Acknowledgement

Funding for this study was provided by grants from the Beijing Natural
Science Foundations (grant no. 7112037) and the Beijing science and
technology project of traditional Chinese medicine (grant no. QN2011-13).

Author details

'Department of Traditional Chinese Medicine, Beijing Friendship Hospital,
Capital Medical University, 95 Yong-An Road, Beijing 100050, China.
’Department of Radiology, Beijing Friendship Hospital, Capital Medical
University, Beijing 100050, China. *Department of Biological Sciences,
Southeastern Oklahoma State University, Durant, OK 74701, USA.

Received: 14 September 2014 Accepted: 24 April 2015
Published online: 02 May 2015

References

1. Beck AT, Alford BA. Depression: causes and treatment. Philadelphia,
Pennsylvania, USA: University of Pennsylvania Press; 2009.

2. Fu CH, Mourao-Miranda J, Costafreda SG, Khanna A, Marquand AF, Williams
SC, et al. Pattern classification of sad facial processing: toward the
development of neurobiological markers in depression. Biol Psychiatry.
2008;63:656-62.

3. Costafreda SG, Chu C, Ashburner J, Fu CH. Prognostic and diagnostic
potential of the structural neuroanatomy of depression. PLoS One.
2009;4:€6353.

4. Ross AJ, Sachdev PS. Magnetic resonance spectroscopy in cognitive
research. Brain Res Brain Res Rev. 2004;44:83-102.

5. Moffett JR, Ross B, Arun P, Madhavarao CN, Namboodiri AM. N-acetyl
aspartate in the CNS: from neurodiagnostics to neurobiology. Prog
Neurobiol. 2007;81(2):89-131.

6. Harris RE, Clauw DJ. Imaging central neurochemical alterations in chronic
pain with proton magnetic resonance spectroscopy. Neurosci Lett.
2012;520(2):192-6.

7. Maddock RJ, Buonocore MH. MR spectroscopic studies of the brain in
psychiatric disorders. Curr Topics Behav Neurosci. 2012;11:199-251.

8. Caverzasi E, Pichiecchio A, Poloni GU, Calligaro A, Pasin M, Palesi F, et al.
Magnetic resonance spectroscopy in the evaluation of treatment efficacy in
unipolar major depressive disorder: a review of the literature. Funct Neurol.
2012;27(1):13-22.

9. Sonawalla SB, Renshaw PF, Moore CM, Alpert JE, Nierenberg AA,
Rosenbaum JF, et al. Compounds containing cytosolic choline in the basal
ganglia: a potential biological marker of true drug response to fluoxetine.
Am J Psychiatry. 1999;156(10):1638-40.

10.  Gonul AS, Kitis O, Ozan E, Akdeniz F, Eker C, Eker OD, et al. The effect of
antidepressant treatment on N-acetyl aspartate levels of medial frontal
cortex in drug-free depressed patients. Prog Neuropsychopharmacol Biol
Psychiatry. 2006;30:120-5.

11, Murck H, Schubert M, Schmid D, Schussler P, Steiger A, Auer DP. The
glutamatergic system and its relation to the clinical effect of therapeutic-sleep
deprivation in depression - an MR spectroscopy study. J Psychiatr Res.
2009:43:175-80.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 6 of 7

Bernier D, Barthxa R, Devarajan S, Macmaster FP, Schmidt MH, Rusak B.
Effects of overnight sleep restriction on brain chemistry and mood in
women with unipolar depression and healthy controls. J Psychiatry
Neurosci. 2009;34:352-60.

Luborzewski A, Schubert F, Seifert F, Danker-Hopfe H, Brakemeier EL,
Schlattmann P, et al. Metabolic alterations in the dorsolateral prefrontal
cortex after treatment with high-frequency repetitive transcranial
magnetic stimulation in patients with unipolar major depression.

J Psychiatr Res. 2007;41:606-15.

Michael N, Erfurth A, Ohrmann P, Arolt V, Heindel W, Pfleiderer B. Metabolic
changes within the left dorsolateral prefrontal cortex occurring with
electroconvulsive therapy in patients with treatment resistant unipolar
depression. Psychol Med. 2003,33:1277-84.

Sanacora G, Mason GF, Rothman DL, Hyder F, Ciarcia JJ, Ostroff RB, et al.
Increased cortical GABA concentrations in depressed patients receiving ECT.
Am J Psychiatry. 2003;160:577-9.

Ende G, Braus DF, Walter S, Weber-Fahr W, Henn FA. The hippocampus in
patients treated with electroconvulsive therapy: a proton magnetic resonance
spectroscopic imaging study. Arch Gen Psychiatry. 2000;,57:937-43.

Miller EK, Cohen JD. An integrative theory of prefrontal cortex function.
Annu Rev Neurosci. 2001;24(1):167-202.

Dougherty DD, Rauch SL. Brain correlates of antidepressant treatment
outcome from neuroimaging studies in depression. Psychiatr Clin N Am.
2007;30(1):91-103.

Fava M, Kendler KS. Major depressive disorder. Neuron. 2000,28(2):335-41.
Czéh B, Di Benedetto B. Antidepressants act directly on astrocytes:
evidences and functional consequences. Eur Neuropsychopharmacol.
2013;23(3):171-85.

Bremner JD, Vythilingam M, Vermetten E, Nazeer A, Adil J, Khan S, et al.
Reduced volume of orbitofrontal cortex in major depression. Biol Psychiatry.
2002;51(4):273-9.

Onglr D, Drevets WC, Price JL. Glial reduction in the subgenual prefrontal
cortex in mood disorders. Proc Natl Acad Sci U S A. 1998,95(22):13290-5.
Cullen KR, Klimes-Dougan B, Muetzel R, Mueller BA, Camchong J, Houri A,
et al. Altered white matter microstructure in adolescents with major
depression: a preliminary study. J Am Acad Child Adolesc Psychiatry.
2010;49(2):173-83.

Rajkowska G. Depression: what we can learn from postmortem studies.
Neuroscientist. 2003;9(4):273-84.

Lu ZH, Chakraborty G, Ledeen RW, Yahya D, Wu G. N-Acetylaspartate
synthase is bimodally expressed in microsomes and mitochondria of brain.
Brain Res Mol Brain Res. 2004;122:71-8.

Jones RS, Waldman AD. TH-MRS evaluation of metabolism in Alzheimer's
disease and vascular dementia. Neurol Res. 2004;26(5):488-95.

Meyerhoff DJ, MacKay S, Bachman L, Poole N, Dillon WP, Weiner MW, et al.
Reduced brain N-acetyl aspartate suggests neuronal loss in cognitively
impaired human immunodeficiency virus-seropositive individuals: in vivo TH
magnetic resonance spectroscopic imaging. Neurology. 1993;43:509-15.
Valenzuela MJ, Sachdev P. Magnetic resonance spectroscopy in AD.
Neurology. 2001;56(5):592-8.

Yue Q, Shibata Y, Isobe T, Anno |, Kawamura H, Gong QY, et al. Absolute
choline concentration measured by quantitative proton MR spectroscopy
correlates with cell density in meningioma. Neuroradiology. 2009;51:61-7.
Moore GJ, Galloway MP. Magnetic resonance spectroscopy: neurochemistry and
treatment effects in affective disorders. Psychopharmacol Bull. 2002;36:5-23.
Glitz DA, Manji HK, Moore GJ. Mood disorders: treatment-induced changes
in brain neurochemistry and structure. Semin Clin Neuropsychiatry.
2002;7:269-80.

Urenjak J, Williams SR, Gadian DG, Noble M. Proton nuclear magnetic
resonance spectroscopy unambiguously identifies different neural cell types.
J Neurosci. 1993;13(3):981-9.

Bae JN, MacFall JR, Krishnan KR, Payne ME, Steffens DC, Taylor WD.
Dorsolateral prefrontal cortex and anterior cingulate cortex white matter
alterations in late-life depression. Biol Psychiatry. 2006,60(12):1356-63.
Uranova NA, Vostrikov VM, Orlovskaya DD, Rachmanova VI. Oligodendroglial
density in the prefrontal cortex in schizophrenia and mood disorders: a
study from the Stanley neuropathology consortium. Schizophr Res.
2004,67(2):269-75.

Di Benedetto B, Rupprecht R. Targeting glia cells: novel perspectives for the
treatment of neuropsychiatric diseases. Curr Neuropharmacol.
2013;11(2):171.



Zhang et al. BMC Psychiatry (2015) 15:99

36.

37.

38.

39.

Nichols NR. Ndrg2, a novel gene regulated by adrenal steroids and
antidepressants, is highly expressed in astrocytes. Ann N'Y Acad Sci.
2003;1007:349-56.

Sillaber I, Panhuysen M, Henniger MS, Ohl F, Kiihne C, Piitz B, et al. Profiling
of behavioral changes and hippocampal gene expression in mice
chronically treated with the SSRI paroxetine. Psychopharmacology.
2008;200(4):557-72.

Liu Q, Li B, Zhu HY, Wang YQ, Yu J, Wu GC. Clomipramine treatment
reversed the glial pathology in a chronic unpredictable stress-induced rat
model of depression. Eur Neuropsychopharmacol. 2009;19:796-805.
Schipke CG, Heuser |, Peters O. Antidepressants act on glial cells: SSRIs and
serotonin elicit astrocyte calcium signaling in the mouse prefrontal cortex.
J Psychiatr Res. 2011;45:242-8.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	MRS scanning procedure
	Statistical analysis

	Results
	Pre-treatment MRS comparison
	Post-treatment MRS comparison

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References



