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Abstract  
Functional magnetic resonance imaging was used during emotion recognition to identify changes in 
functional brain activation in 21 first-episode, treatment-naive major depressive disorder patients 
before and after antidepressant treatment. Following escitalopram oxalate treatment, patients 
exhibited decreased activation in bilateral precentral gyrus, bilateral middle frontal gyrus, left middle 
temporal gyrus, bilateral postcentral gyrus, left cingulate and right parahippocampal gyrus, and 
increased activation in right superior frontal gyrus, bilateral superior parietal lobule and left occipital 
gyrus during sad facial expression recognition. After antidepressant treatment, patients also 
exhibited decreased activation in the bilateral middle frontal gyrus, bilateral cingulate and right 
parahippocampal gyrus, and increased activation in the right inferior frontal gyrus, left fusiform 
gyrus and right precuneus during happy facial expression recognition. Our experimental findings 
indicate that the limbic-cortical network might be a key target region for antidepressant treatment in 
major depressive disorder. 
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INTRODUCTION 
    
Although major depressive disorder (MDD) 
has been examined by a large number of 
studies in genetics, biochemistry and 
neuroendocrinology, its causes and 
pathogenesis and effective treatments 
remain unclear.  
Brain imaging techniques, particularly 
functional magnetic resonance imaging 
(fMRI), enable the identification of functional 

abnormalities associated with MDD in brain 
regions that participate in emotional 
processing and regulation, and have greatly 
advanced our understanding of the 
neuropathophysiology of MDD[1-3]. Recent 
neuroimaging investigations have 
consistently implicated limbic-cortical 
network abnormalities in the 
neuropathophysiology of MDD. For example, 
abnormal neural activity in MDD has been 
consistently postulated in these studies, with 
predominantly increased activation of limbic 
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regions such as the amygdala[4], but decreased neural 
activation of cortical brain areas such as the dorsolateral 
prefrontal cortex[4-5] and anterior cingulate cortex[6-7]. 
However, the results are not consistent. Increasing 
evidence suggests that the effects of antidepressant 
medications might be associated with the inconsistency 
between studies. Changes of abnormalities in brain 
activity before and after treatments associated with 
improving symptoms were found to be involved in the 
neuropathophysiology of MDD[8-12]. Investigating 
functional brain changes in patients with MDD who 
respond well to antidepressants before and after 
treatment using the same antidepressants is important 
for elucidating the core neuropathophysiology of this 
illness. 
fMRI has been well used to investigate regional neural 
activity during facial expression recognition in MDD 
patients[13-15]. Negative cognitive schemas have been 
identified as a common factor in MDD: Intentionally or 
unintentionally, MDD individuals are more inclined to focus 
on sadness, anger and other negative emotions rather 
than happy, positive emotions, when processing external 
stimuli. An attentional bias for sad facial expressions might 
lead to life events being interpreted as more negative by 
MDD patients[16]. However, to the best of our knowledge, 
no fMRI study of the relationship between functional brain 
activity changes during an emotional recognition task and 
treatment outcome of antidepressants (with which 
negative cognitive schemas of MDD are strongly 
associated) has been previously reported.  
To address these questions, in this event-related fMRI 
study, emotional faces from the emotion recognition 
testing system designed by University of Pennsylvania 
(USA) were used as the emotional recognition stimuli to 
were used to explore the effects of antidepressant 
treatment on functional brain activation during emotional 
processing in treatment-response MDD patients. MDD 
patients were selected by recruiting first-episode, 
treatment-naïve, antidepressant-consistent, 
treatment-response patients. We hypothesized that, 
compared with pre-treatment, a significant decrease in 
activation during the recognition of sad facial expression 
would be observed after treatment in brain regions 
associated with the limbic-cortical network.  
 
 
RESULTS 
 
Quantitative analysis of subjects  
A total of 21 first-episode, treatment-naive MDD patients 
were recruited from outpatients at the Department of 
Psychiatry, the First Affiliated Hospital of China Medical 
University, China, from July 2007 to October 2010. After 
8-12 weeks of treatment with escitalopram oxalate, all 21 

subjects met the criteria for response (greater than or 
equal to 50% improvement on the Hamilton Depression 
Rating Scale (HDRS) from baseline to week 8-12), and 
were included in the final analysis. 
 
General data analysis 
Demographic and clinical descriptions from the 21 
participants are shown in Table 1. Both the HDRS;    
5.7 ± 4.0, vs. 24.6 ± 5.1) and Hamilton Anxiety Rating 
Scale (HARS; 4.9 ± 3.8, vs. 10.8 ± 3.9) scores decreased 
significantly after treatment, compared with the same 
group before treatment (P < 0.001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of brain activation regions during sad 
facial expression recognition in MDD patients before 
and after treatment 
Significantly reduced activation during sad facial emotion 
recognition was observed in a number brain regions after 
treatment (Figure 1), including the bilateral anterior 
central gyrus within the frontal lobe, the bilateral gyrus 
frontalis medius, the left gyrus temporalis medius, the 
bilateral gyrus centralis posterior within the apical lobe, 
the left callosal gyrus and the right subiculum hippocampi. 
Accordingly, activation in the bilateral parietal lobule and 
the left gyrus pulvinar medius was significantly increased 
during the recognition of sad facial expressions after 
treatment (Figures 1, 2; Table 2). 

Table 1  Baseline data of subjects 

HDRS score  HARS score  
Case 
No.

Age 
(year) Gender 

Before 
treatment

After 
treatment 

Before 
treatment

After 
treatment

1 31 Male  25 1 8 2 
2 36 Female 23 3 9 0 
3 21 Female 25 7 15 9 
4 24 Female 30 15 10 5 
5 20 Female 21 1 14 2 
6 36 Male 22 5 7 8 
7 21 Female 31 11 15 14 
8 26 Female 19 6 9 1 
9 19 Female 21 6 14 9 

10 40 Female 34 10 15 5 
11 44 Female 25 4 20 10 
12 24 Female 20 3 10 7 
13 31 Female 31 8 7 3 
14 45 Male 33 7 10 0 
15 21 Male 22 4 14 7 
16 26 Male 24 1 9 6 
17 39 Male 17 0 3 0 
18 27 Male 18 6 11 5 
19 26 Male 23 9 8 3 
20 32 Female 31 11 6 6 
21 31 Male 22 2 12 1 

HDRS: Hamilton Depression Rating Scale; HARS: Hamilton 
Anxiety Rating Scale. 
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Comparison of regional brain activation during 
happy facial expression recognition in MDD patients 
before and after treatment 
We observed significantly reduced activation during 
happy facial expression recognition in the following brain 
regions (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The bilateral gyrus frontalis medius, the bilateral callosal 
gyrus and the right subiculum hippocampi. Accordingly, 
the significantly increased activation during the 
recognition of happy facial expressions was observed in 
the following brain regions (Figure 4). The right gyrus 
frontalis inferior, the left fusiform gyrus within the occipital 
lobe and the right precuneus (Table 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Comparison of brain activations in sad facial emotion recognition before and after treatment (compared with prior 
treatment, uncorrected) 

MNI coordinate 
Brain regions with decreased activation after treatment Pixel 

  X   Y   Z 
t value P value 

Right anterior central gyrus 21 48 3 36 3.13 0.000 
Left anterior central gyrus 31 -56 -6 20 3.82 0.000 
Right gyrus frontalis medius 68 48 29 25 4.67 0.000 
Left gyrus frontalis medius 55 -42 24 24 4.95 0.000 
Left gyrus temporalis medius 15 -46 -36 -13 2.38 0.000 
Right gyrus centralis posterior 17 33 -40 66 3.13 0.000 
Left gyrus centralis posterior 29 -28 -42 68 4.04 0.000 
Left callosal gyrus 42 -9 -24 31 4.46 0.000 
Right subiculum hippocampi 13 15 15 -20 2.26 0.000 
Right gyrus frontalis superior 18 14 58 25 3.11 0.000 
Right parietal lobule 24 33 -65 50 3.46 0.000 
Left parietal lobule 40 -51 -53 52 4.27 0.000 
Left gyrus pulvinar medius 21 -42 -55 18 2.94 0.000 

Figure 1  Regions showing significantly decreased 
activation during sad facial emotion recognition after 
treatment. 

The median sagittal, coronal, sagittal and axial views of 
the brain are shown. The color bar represents the range  
of t values. 
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Figure 2  Regions showing significantly increased 
activation during sad facial emotion recognition after 
treatment.  

The median sagittal, coronal, sagittal and axial views of 
the brain are shown. The color bar represents the range of 
t values. 
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Figure 3  Regions showing decreased brain activation 
during happy facial expression recognition after treatment.  

Median sagittal, coronal, sagittal and axial views of the 
brain are shown. The color bar represents the range of t 
values. 
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Figure 4  Regions showing increased activation during 
happy facial expression recognition after treatment.  

Median sagittal, coronal, sagittal and axial views of the brain 
are shown. The color bar represents the range of t values. 
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DISCUSSION 
 
To our knowledge, this is the first study using emotional 
faces from the emotional recognition testing system 
designed by University of Pennsylvania (USA) as facial 
expression recognition stimuli to test the effects of 
antidepressant treatment on functional activity in the 
Chinese population. The MDD participants in this study 
were all first-episode patients and had no history of 
psychotropic medication. Both HDRS and HARS scores 
decreased significantly after treatment compared with 
before treatment, indicating that medical treatment for 
8-12 weeks was effective for treating MDD.  
The brain regions observed to exhibit significantly 
reduced activation during sad facial expression 
recognition in MDD patients after medical treatment were 
mainly in the frontal lobe, temporal lobe, callosal gyrus, 
hippocampus and amygdala. Interestingly, previous 
studies reported that these areas exhibited enhanced 
activation in MDD patients compared to healthy controls 
during the processing of negative stimuli[17-20]. Our results 
are consistent with previous reports focusing on MDD 
brain function before or after treatment using negative 
stimuli[8, 13, 21]. In addition, we found that abnormal neural 
activity in these brain regions exists in 
treatment-response MDD patients. However, because 
we did not include morphological analyses in the current 
study, it remains unclear whether the decreased 
activation in these brain regions was caused by a gray 
matter volume reduction in MDD[22-26] or increased 
volumes in remitting patients[27-29]. Impaired neural 
activity may partially underlie the emotional and cognitive 
symptoms seen in MDD patients, possibly constituting an 
important pathological mechanism of MDD episodes[30-31]. 
Our results demonstrated that antidepressants were 
effective in the treatment of MDD by inhibiting 
over-activity in the neural circuitry of the cortical-limbic 
system in the cognitive processing of sad emotional 
content. The present study extends current knowledge 

on the dysregulation model of the limbic-cortical network 
in treatment-response MDD patients.  
Our data on positive emotional stimuli suggested that 
MDD patients showed significantly decreased activation 
during happy facial emotion recognition after treatment in 
the middle frontal gyrus, cingulate gyrus and 
parahippocampal gyrus. The results were inconsistent 
with previous reports by Martin et al [32], who reported no 
significant changes in activation to positive emotional 
stimuli in comparisons between prior treatment and post 
treatment. However, another study reported increased 
activations during happy facial emotion recognition in the 
cingulate gyrus and parahippocampal gyrus[33], consistent 
with the current findings. This discrepancy may be due to 
differences in sample size, clinical characteristics and the 
types of medication involved. A large number of 
confounding factors were excluded by only including 
first-episode, treatment-naïve, antidepressant-consistent 
and treatment-response participants. 
In addition, we found that MDD patients exhibited 
increased activation in the frontal lobe, apical lobe and 
lobus occipitalis during happy or sad facial emotion 
recognition after treatment, compared with before 
treatment. This may have resulted from the different 
roles of neural subregions. Previous studies reported 
that MDD patients demonstrated increased activation 
while observing sad expressions, but no activation while 
observing happy expressions in the right fusiform gyrus, 
whereas healthy subjects exhibited increased activation 
in response to happy expressions in the bilateral fusiform 
gyrus[34-35]. The current results revealed increased 
activation in the left fusiform gyrus in MDD patients after 
treatment. Taken together with previous studies, this 
finding suggests the participation of the right fusiform 
gyrus in negative cognitive schemas[36], and the left 
fusiform gyrus in positive cognitive schemas. 
Considering these brain regions exhibited increased 
activation during facial expression recognition after 
treatment, the increased activation may be correlated 
with restoration and attention in remitted MDD. However, 

Table 3  Comparison of brain activations in happy facial emotion recognition before and after treatment (compared with prior 
treatment, uncorrected) 

MNI coordinate 
Brain regions with decreased activation after treatment Pixel 

 X Y Z 
t value P value 

Right gyrus frontalis medius 15 25 35 -5 2.14 0.000 
Left gyrus frontalis medius 57 -36 48 -5 3.11 0.000 
Right subiculum hippocampi 35 15 -35 -8 3.06 0.000 
Right callosal gyrus 26 7 24 2 3.24 0.000 
Left callosal gyrus 12 -9 -20 34 2.08 0.000 
Right gyrus frontalis inferior 38 36 21    4 3.75 0.000 
Left fusiform gyrus 27 -33 -70   -6 2.53 0.000 
Right precuneus 21 8 -55   58 2.34 0.000 
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these findings require verification in future studies.  
Because the present study did not include a healthy 
control group, we cannot rule out the potential effects of 
co-intervention of medication side effects. Thus, the 
current findings encourage replication and emphasize 
the need for larger scale prospective fMRI studies to 
determine whether abnormalities should be considered 
trait or state markers in MDD patients. Moreover, further 
studies with larger sample sizes and stricter significance 
thresholds could confirm and extend these findings. 
 
 
SUBJECTS AND METHODS 
 
Design 
A self-controlled neuroimaging study. 
 
Time and setting 
Experiments were performed at the First Affiliated Hospital 
of China Medical University, China in October 2010. 
 
Subjects 
A total of 21 MDD participants (12 women, 9 men; aged 
18-45 years) meeting the Diagnostic and Statistical 
Manual of Mental Disorders-IV (DSM-IV) criteria for MDD 
according to the Structured Clinical Interview for DSM-IV 
Axis I Disorders[37], diagnosed by two trained 
psychiatrists, were recruited from outpatients at 
Department of Psychiatry, the First Affiliated Hospital, 
China Medical University, China.  
 
Inclusion criteria 
A unipolar depressive episode; treatment-naive; right- 
handed; a score of at least 17 on the 17-item HDRS[38].  
 
Exclusion criteria 
MRI contraindications; current comorbid Axis I or II 
disorder; history of head injury, neurological disorder, 
psychotropic medication, electroconvulsive therapy or 
psychotherapy. 
All participants took part voluntarily, and provided written 
informed consent after a full description of the objectives, 
methods and reasons of the study, and the potential risks. 
The project was approved by the Institutional Review 
Board of the China Medical University. 
 
Methods 
Treatment 
Once patients were assessed on the HDRS and HARS[39] 
scales following initial contact and diagnosis, the first fMRI 
scans were taken individually within 48 hours of initial 
contact. All patients then received antidepressant 
treatment with escitalopram oxalate (10 mg, trade name: 
Lexapro, imported drug registration No. H20050457;     

H. Lundbeck A/S, Ottiliavej 9 DK-2500 Valby-Copenhagen, 
Denmark) for 8-12 weeks. With a therapeutic dose of 
10-20 mg per day, the dosage of administration was 
designed in an open-label manner, based on the clinical 
symptoms of the individual. No other antidepressants or 
antianxiety drugs were given during treatment. Response 
was defined as an HRSD-17 reduction of ≥50%, and fMRI 
scans were taken after the medicine treatments.  
 
Brain functional image processing and fMRI acquisition 
All fMRI scans were performed using a GE 1.5T MR 
scanner (General Elecric, Milwaukee, WI, USA) at the 
Outpatient MRI Room of the First Affiliated Hospital of 
China Medical University. Restraining foam pads and 
standard head coils were used to minimize the head motion 
and receive or transmit the nuclear magnetic resonance 
signal, respectively. The fMRI data were acquired with a 
gradient-recalled echo planar imaging sequence aligned 
with the anterior commissure-posterior commissure plane. 
The scan parameters were as follows: repetition time =    
2 000 ms; echo time = 40 ms; image matrix = 64 × 64; field 
of view = 24 cm × 24 cm; slice thickness = 3 mm; slice 
interval = 3 mm; contiguous slices = 35; every phase = 2 s; 
113 phases. 
 
Emotional testing design 
Emotional faces from the emotion recognition testing 
system designed by the University of Pennsylvania were 
used as stimuli[40]. Ten emotional faces expressing 
happiness and sadness (half male and half female) were 
selected for emotional face recognition stimuli. A block 
design was utilized for the test design, including a happy 
face block, sad face block and neutral block. The happy 
expression stimuli were happy emoticons (photographs of 
real human faces) of 10 different individuals, and the sad 
expression stimuli were sad emoticons of 10 different 
individuals. Pictures in the blocks were presented in a 
randomized sequence. The control stimuli were 10 black 
crosses in the center of the screen image. Each picture was 
presented for 2 seconds on a computer screen. The first 6 
seconds of the scan was the pre-scan period, followed by 
three blocks of happy facial stimuli, three blocks of sad 
facial stimuli and five control blocks (Figure 5).  
 
 
 
 
 
 
 
 
 
 
 

Figure 5  Facial stimuli used in event-related functional 
magnetic resonance imaging paradigm. 

Pre-scan         3 groups           5 groups          3 groups 

6 s           2 s/picture           2 s/picture       2 s/ picture 
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Following the Eprime procedure, emotional and cognitive 
testing was corrected for consistency at the time of the fMRI 
scan. The stimuli were presented automatically by a 
computer projecting onto a screen in front of the subject. The 
scanning procedure required that all subjects were watching 
the screen. As such, subjects were instructed to press the left 
or right buttons on the mouse to indicate whether a happy or 
sad expression was seen, and to not press any button when 
control stimuli were presented. Different incentives were 
generated by varying the rate of access to the test button on 
the right at the end of the experiment.  
 
fMRI data processing 
Images were processed and analyzed with SPM5, using 
software based on Matlab 7.3.0 software (MathWorks Inc., 
Natick, Massachusetts, USA). First, slice timing was 
performed to correct the differences in acquisition time for 
each image. Second, corrected images were realigned. 
Third, the resulting images were subjected to 
three-dimensional normalization. The normalized images 
were then smoothed. Following the four pretreatment steps, 
the images were utilized as follows: (1) Average activation 
signals for each participant during happy and sad facial 
recognition were evaluated, respectively. (2) Single sample 
t-tests were used to evaluate each group of participants to 
obtain the average activation signal strength. 
 
Statistical analysis 
Paired-sample t tests were used to compare the clinical 
information of patients before and after treatment with 
SPSS 13.0 software (SPSS, Chicago, IL, USA). 
Paired-sample t-tests were performed in a voxel-by-voxel 
manner with SPM5 between the two groups, based on the 
difference between averaged brain activation signals 
measured during happy and sad facial emotion recognition, 
before and after treatment. The findings (voxels in the 
whole-brain showing significant differences) were 
considered statistically significant at a height threshold of  
P < 0.001, and an extension threshold of 10 voxels. 
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