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Research Highlights 

(1) This study is the first to report MRI of early growth response protein 3 gene (Egr3) transfected 

rats as a putative model of schizophrenia. 

(2) 3.0 T proton magnetic resonance spectroscopy of in vivo brain tissues showed metabolic ab-

normalities in hippocampal and thalamic neurons of growth response protein 3 transfected rats. 

(3) This study revealed characteristics of proton magnetic resonance spectroscopy of the 

campus and thalamus of Egr3 transfected rats and provided imaging evidence that may be useful in 

the early diagnosis and pathogenesis of schizophrenia. 

 

Abstract  
The transcription factor early growth response protein 3 (EGR3) is involved in schizophrenia. We 

developed a putative rat model of schizophrenia by transfecting lentiviral particles carrying the Egr3 

gene into bilateral hippocampal dentate gyrus. We assessed spatial working memory using the 

Morris water maze test, and neuronal metabolite levels in bilateral hippocampus and thalamus were 

determined by 3.0 T proton magnetic resonance spectroscopy. Choline content was significantly 

greater in the hippocampus after transfection, while N-acetylaspartate and the ratio of 

N-acetylaspartate to creatine/phosphocreatine in the thalamus were lower than in controls. This 

study is the first to report evaluation of brain metabolites using 3.0 T proton magnetic resonance 

spectroscopy in rats transfected with Egr3, and reveals metabolic abnormalities in the hippocampus 

and thalamus in this putative model of schizophrenia. 
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INTRODUCTION 

    

Schizophrenia is a prevalent mental disorder, 

clinically characterized by uncoordinated 

thought, emotion and behaviors, paranoid or 

bizarre delusions, or disorganized speech 

and thinking, and it is accompanied by sig-

nificant social dysfunction
[1]

. Its complex 

pathogenesis remains poorly understood; 

hypotheses include disorders of neuro-

transmitters, neurodevelopment, or neuronal 

membrane phospholipid metabolism
[2]

. Stu-

dies suggest that, depending on the gene,  

rohinipc
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the rate of the heredity susceptibility for 

schizophrenia is 65–85%
[3]

. 

 

The transcription factor early growth 

response factor (EGR)-3 plays an important 

role in cell proliferation, and muscular and 

neural development
[4]

. EGR3 can regulate a 

variety of signaling pathways, including nerve 

growth factor (NGF)-, brain-derived neuro-

trophic factor (BDNF)- and neuregulin 1 

(NRG1)-mediated conduction pathways
[5-8]

. 

BDNF and NRG1 are important genes and 

signaling pathways that are altered in schi-

zophrenia. EGR1 and EGR2 are induced by 

BDNF in primary cortical neurons
[9]

. EGR3 is 

the target gene of EGR1
[10]

. EGR3 and EGR1 

can directly regulate the expression of the 

nerve growth factor receptor p75
NTR[11]

, and 

both p75NTR and EGR3 are involved in 

axonal extension
[12]

. 

 

With a deepening understanding of EGR3- 

regulated signaling pathway, one phenome-

non has aroused attention. The calcineu-

rin/nuclear factor of activated T cells signal-

ing pathway is essential for neuronal devel-

opment and axonal growth, but is minimally 

or not at all involved in neuronal survival
[13-14]

. 

Likewise, EGR3 is also required for axonal 

extension and branching but is not necessary 

for neuronal survival
[5]

. Furthermore, NGF 

and BDNF can activate nuclear translocation 

of the nuclear factor of activated T cells 

(NFAT) and the NFAT-dependent transcrip-

tion in cortical neurons
[14]

. NFAT can directly 

trigger the transcription of EGR2 and EGR3, 

and EGR3 transcription subsequently trig-

gers cell apoptosis through the activation of 

Fas ligand expression
[15]

. The above results 

indicate that EGR3 may be the key regula-

tory factor in the calcineurin/NFAT signaling 

pathway. In addition, the PPP3CC gene, 

which encodes the calcineurin γ subunit, and 

EGR3 are located adjacent to each other on 

chromosome 8. Both genes have been re-

ported to associate with schizophrenia
[16-18]

 

and the two proteins are abnormally ex-

pressed in the brains of schizophrenic pa-

tients
[17]

. Furthermore, Egr3 knockout mice 

are resistant to the adverse effects of anti-

psychotic drugs
[19]

, similarly to patients with 

schizophrenia. According to the neurodeve-

lopmental disorder hypothesis, EGR3 ex-

pression regulates the calcineurin/NFAT 

signaling pathway, and dysfunction of this 

pathway induces schizophrenia. EGR3, lo-

cated at chromosome 8p21.3, has been 

proposed as a susceptibility gene for schi-

zophrenia
[20]

.  

 

Animal models of schizophrenia can be in-

duced by drugs, brain injury and environ-

mental changes, or genetic modification. Us-

ing transgenic technology, it is possible to 

transfect schizophrenia pathogenesis-related 

genes into animals to induce a schizophre-

nia-like phenotype. To our knowledge, this is 

the first study to report a model of schizoph-

renia using Egr3 transfected rats.  

 

Risperidone shows better clinical effects 

compared with traditional antipsychotics
[21]

. 

We assessed changes in escape latency 

and working memory in Egr3-transfected 

mice with or without risperidone treatment to 

determine whether this antipsychotic re-

versed the effects of the gene transfection. 

 

Proton magnetic resonance spectroscopy is 

a non-invasive, non-radioactive method of 

detecting metabolites in certain brain re-

gions using magnetic resonance and 

chemical shift techniques. It is currently the 

only method of detecting cellular metabolism 

in vivo. Proton magnetic resonance spec-

troscopy can reveal abnormal metabolites 

and abnormal changes in metabolites. Pre-

vious proton magnetic resonance spectros-

copy showed metabolic abnormalities in the 

prefrontal lobe, hippocampus, cingulate gy-

rus and thalamus in patients with schizoph-

renia
[22-23]

. In addition, hippocampal injury 

plays a key role in the incidence and pro-

gression of schizophrenia, and the anterior 

hippocampal volume of patients with schi-

zophrenia is smaller than that in the healthy 

population
[24]

. The thalamus has a major role 

in the experience and expression of emo-

tions. N-acetylaspartate and the ratio of 

N-acetylaspartate to creatine are reduced in 

the thalamus of patients with schizophre-

nia
[25]

. We therefore selected the hippo-

campus and thalamus as regions of interest 

in the present study. We developed a putative 
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rat model of schizophrenia by transfection of Egr3 and 

examined neuronal me tabolism and the model in vivo 

using proton magnetic resonance spectroscopy. Early 

proton magnetic resonance spectroscopy of rat brain was 

limited to tissue analysis in vitro, while recent in vivo stu-

dies have frequently used magnetic field strength > 4.0 T, 

which limits its use in rats. However, MRI with a magnetic 

field strength of 3.0 T enables multivoxel proton magnetic 

resonance spectroscopy in brain tissues of rat models of 

schizophrenia in vivo. To date, no studies have reported 

magnetic resonance spectroscopy in a rat model of schi-

zophrenia induced by Egr3 transfection. Selection of re-

gions of interest is critical in magnetic resonance spec-

troscopy. Single voxel proton magnetic resonance spec-

troscopy has often been used to date; however, the cere-

brospinal fluid, fat and other substances around the re-

gions of interest can influence the results
[25]

. The present 

study used multivoxel proton magnetic resonance spec-

troscopy, which can collect data from multiple voxels at 

once. The voxel position of an appropriate region of inter-

est is selected, which is much smaller than that defined in 

single voxel proton magnetic resonance spectroscopy. 

Thus, this method reduces the partial volume effect, and 

increases the reliability of results. In addition, shimming 

(elimination of field inhomogeneities) is optimized, and an 

appropriate saturation zone is placed
[26-27]

. Based on pre-

liminary experiments, 10 zones of saturation were added to 

the regions of interest of the scout image, to reduce inter-

ference around the regions of interest and improve the 

quality of images. 

 

While previous studies using proton magnetic resonance 

spectroscopy have focused on patients with schizophrenia, 

the biochemical alterations in the disorder require further 

examination in different brain regions and at different 

stages of disease progression. The use of animal models 

can often provide this information. We used proton mag-

netic resonance spectroscopy to study neuronal metabolite 

content in rats transfected with the Egr3 gene as a putative 

model of schizophrenia. 

 

 

RESULTS 

 

Quantitative analysis of experimental animals  

Twenty-four rats were randomly assigned to four groups: 

a schizophrenia model group (schizophrenia group), in 

which lentiviral particles carrying Egr3 were injected bi-

laterally into the hippocampus and dentate gyrus; a 

second model group that additionally received intraperi-

toneal injections of risperidone for 2 weeks (risperidone 

group); a sham-operated group, in which lentiviral par-

ticles carrying green fluorescent protein were injected 

bilaterally into the hippocampus and dentate gyrus; and a 

control group that received intraperitoneal injections of 

normal saline only. There were six animals in each group 

and all 24 rats were included in the final analysis. 

 

Behavioral characterization of Egr3-transfected rats 

as a model of schizophrenia 

A Morris water maze working memory test was con-

ducted 2 days after the final injection of risperidone or 

saline. The escape latency was significantly prolonged in 

rats transfected with the Egr3 gene compared with con-

trol and sham-surgery groups (P < 0.05), indicating that 

Egr3 transfection causes an impairment in working 

memory. Risperidone treatment reversed the above 

changes (Figure 1). This indicates that Egr3-transfected 

rats have clinically relevant features of schizophrenia, 

demonstrating that the model may be useful in the study 

of cognitive features of the disorder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proton magnetic resonance spectroscopy of 

hippocampus and thalamus in schizophrenic rats       

The proton magnetic resonance spectroscopy was con-

ducted at 1 week post administration. Results showed 

that choline content was significantly increased in the 

hippocampus of schizophrenic rats compared with 

sham-surgery, risperidone and control groups (P < 0.05; 

Table 1, Figure 2). 

 

Neurochemical characterization using proton magnetic 

resonance spectroscopy also showed that N-acetylasp- 

Figure 1  Impaired working memory in schizophrenia 
model rats in the Morris water maze test.  

The time taken for the rat to find the platform was 
recorded. The escape latency was significantly prolonged 

in rats transfected with the Egr3 gene (P < 0.05), indicating 
an impairment in working memory and reflecting a core 
feature of schizophrenia. The impairment was reversed 

after risperidone treatment, further supporting the Egr3- 
transfected rat as a novel model for schizophrenia. Data 
are expressed as mean ± SD of six rats in each group 

(one-way analysis of variance and Fisher’s least 
significant difference test post-hoc test). aP < 0.05, vs. 
schizophrenia group. Egr3: Early growth response protein 

3 gene. 

Control Sham-operated Schizophrenia Risperidone 

E
s
c
a

p
e

 l
a
te

n
c
y
 (

s
e

c
o

n
d

) 

50 

40 

30 

20 

10 

0 

a a 

a 



Ma GL, et al. / Neural Regeneration Research. 2013;8(26):2415-2423. 

 2418 

artate and the ratio of N-acetylaspartate to creatine/ 

phosphocreatine in the thalamus were significantly lower 

in the schizophrenia model rats compared with the 

sham-operated, risperidone and control groups (P < 0.05; 

Table 2; Figure 2). There was no significant difference in 

choline signals among the four groups (P > 0.05).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

N-acetylaspartate reflects neuron integrity and activity, 

and a reduction in N-acetylaspartate is associated with 

neuronal death, defects in cell energy production, and 

neurite injury
[28-29]

. Choline signals reflect total choline 

content in the brain, including phosphocholine, choline 

glycerophosphatides, phosphatidylcholine and sphin-

gomyelin. Various choline complexes participate in 

phospholipid membrane metabolism of neurons and glial 

cells
[30-31]

. Choline in tissues is elevated during cell 

membrane construction or degradation, possibly be-

cause of increased production of a phospholipid mem-

brane precursor, such as phosphatidylcholine (an im-

portant component in the choline spectrum). An increase 

in choline may indicate a disorder of cell membrane re-

newal
[32-33]

. 

 

The creatine/phosphocreatine complex reflects the total 

reserve of creatine in cells. Its level is relatively stable in 

the brain under different metabolic conditions, so is 

often used as an internal standard for spectrum control. 

The absolute concentration of creatine/phosphocreatine 

complex is difficult to measure, but the ratios of 

N-acetylaspartate or choline to crea-

tine/phosphocreatine are easy to obtain and relatively 

stable, remaining unaffected by T1 and T2 relaxation 

time or cerebrospinal fluid. Therefore, we measured 

N-acetylaspartate, choline and the ratio of 

N-acetylaspartate or choline to crea-

tine/phosphocreatine to evaluate the metabolism of 

hippocampus and thalamus in schizophrenic rats. 

 

Brain damage due to neural developmental disorder 

mainly affects the hippocampus, and some functional 

images indicate a significant reduction in bilateral hip-

pocampus volume in patients with schizophrenia
[21, 34-36]

. 

However, results of studies of hippocampal 

N-acetylaspartate and choline content are different. Most 

of them suggest that the hippocampus is a characteristic 

site in schizophrenia. In male patients with schizophrenia, 

N-acetylaspartate consumption is increased in the left 

prefrontal lobe and thalamus. This results in a reduction 

in N-acetylaspartate concentration
[37]

, found in various 

brain regions including the prefrontal lobe, thalamus, 

cingulate gyrus, and hippocampus
[38-42]

, and may result 

from mitochondrial dysfunction. In addition, decreases in 

N-acetylaspartate and N-acetylaspartate to creatine/ 

phosphocreatine ratio have been found in the thalamus 

of patients with schizophrenia
[22]

. 

 

Choline content was significantly greater in the schi-

zophrenia model rats compared with the sham-operated 

group, indicating a disorder of cell membrane metabol-

ism in the hippocampus of Egr3-transfected rats. During 

cell membrane construction or degradation, choline is 

elevated in tissues, possibly due to increased phospho-

lipid membrane precursors, such as phosphatidylcho-

line
[38, 43-44]

. However, following risperidone treatment in 

Egr3-transfected rats, hippocampal choline content was 

significantly lower than in the sham-operated, risperidone 

and control groups. This indicates that the abnormal 

metabolism of hippocampal choline observed in 

Egr3-transfected rats is significantly improved by rispe-

ridone. The mechanism for these hippocampal changes 

is yet to be determined. 

 

We found no statistically significant differences in the 

concentrations of N-acetylaspartate or choline, or the 

ratios of N-acetylaspartate or choline to creatine/ phos-

phocreatine, among the four groups. In addition, the 

concentration of hippocampal N-acetylaspartate was not 

Table 1  N-acetylaspartate (NAA; machine units), choline 

(Cho; machine units), NAA:creatine/phosphocreatine 
complex (Cr), and Cho:Cr in bilateral hippocampus of 
Egr3-transfected rats 

Group     NAA Cho  NAA/Cr Cho/Cr 

Sham-operated     12.36±5.05 10.98±4.76a 0.83±0.67 0.80±0.58 

Schizophrenia     23.60±23.26 24.12±6.79 1.12±0.91 1.32±0.79 

Risperidone 24.56±6.86 12.08±3.33a 1.74±1.70 0.85±0.95 

Control      21.93±7.76 17.40±4.67a  1.17±0.82 1.01±0.66 

 
Data are expressed as mean ± SD of six rats in each group 

(one-way analysis of variance and Fisher’s least significant 

difference post-hoc test). aP < 0.05, vs. schizophrenia group. 

Table 2  N-acetylaspartate (NAA; machine units), choline 
(Cho), NAA:creatine/phosphocreatine complex (Cr), and 

Cho: Cr in bilateral thalamus of Egr3-transfected rats 

Group     NAA Cho  NAA/Cr Cho/Cr 

Sham-operated     21.46±7.29a 20.46±11.38 1.29±0.74d 1.24±1.25 

Schizophrenia     10.46±4.47  20.03±18.62 0.37±0.21  0.73±0.48 

Risperidone 22.75±6.50a 14.23±7.88 1.47±0.96a 1.08±0.62 

Control      24.88±2.46a 20.40±6.29 1.68±0.58a 1.35±0.47 

 
Data are expressed as mean ± SD of six rats in each group 

(one-way analysis of variance and Fisher’s least significant 

difference post-hoc test). aP < 0.05, vs. schizophrenia group. 
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reduced in schizophrenia model rats.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, it remains unclear whether the decrease in 

hippocampal N-acetylaspartate concentration is asso-

ciated with the severity and course of schizophrenia. 

 

In addition, N-acetylaspartate and N-acetylaspartate to 

creatine/phosphocreatine ratio were significantly lower in 

the thalamus of Egr3-transfected rats than in the sham 

operated, risperidone, or control groups. This suggests 

that the integrity of thalamic neurons has been damaged, 

consistent with reports from studies of patients with 

schizophrenia. Following risperidone treatment, the tha-

lamic concentration of N-acetylaspartate and the ratio of 

N-acetylaspartate to creatine/phosphocreatine complex 

was normalized to that of sham-operated and control 

groups. These results indicate that risperidone treatment 

significantly improved abnormal metabolism of 

N-acetylaspartate in schizophrenic rats. However, the 

precise mechanism requires further investigation. 

There are some limitations to the present study. Because 

this study focused on schizophrenia-associated beha-

viors, other behavior abnormalities were not explored. In 

addition, we transfected bilateral hippocampi synchron-

ously, so it is uncertain whether laterality occurs in the 

metabolism of N-acetylaspartate or choline in the schi-

zophrenia model rats. In addition, we were only able to 

study the rats at a single time point, so it remains unclear 

whether the metabolic abnormalities seen in the schi-

zophrenia model rats are related to the degree of schi-

zophrenia-like behaviors.  

 

In summary, we detected metabolic abnormalities in 

different brain regions in Egr3-transfected rats, a putative 

model of schizophrenia. Characteristics of proton mag-

netic resonance spectroscopy in Egr3-transfected rats 

Figure 2  Proton magnetic resonance spectroscopy of the hippocampus and thalamus of Egr3-transfected rats. 

Choline (Cho; arrow represents Cho peak) content was increased in the left hippocampus of schizophrenic rats compared with 

bilateral hippocampi of control group. N-acetylaspartate (NAA; arrow represents NAA peak) content was decreased in the right 
thalamus of Egr3-transfected rats compared with bilateral thalami of control group. Egr3: Early growth response protein 3 gene. 

Control group                                             Schizophrenia group 

Left  
side 

Right  
side 
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can provide further evidence for image-based diagnosis 

and for investigating the pathogenesis of schizophrenia. 

The metabolism of hippocampal N-acetylaspartate and 

thalamic choline returned to normal following risperidone 

treatment, indicating that risperidone is important in re-

gulating the brain metabolism of Egr3-transfected rats. 

Proton magnetic resonance spectroscopy is a novel 

method of evaluating the efficacy of drugs for schizoph-

renia. 

 

 

MATERIALS AND METHODS 

 

Design 

A randomized, controlled animal study. 

 

Time and setting 

The experiments were conducted in the animal labora-

tory and MRI room of Beijing Hospital, the Ministry of 

Public Health, China, from October 2011 to April 2012. 

 

Materials 

Animals  

Twenty-four healthy, male Sprague-Dawley rats, aged 4 

weeks, weighing 100 ± 10 g, were purchased from Vital 

River, Beijing, China (license No. SCXK (Jing) 2012- 

0001). Experimental protocols were conducted in ac-

cordance with the Guidance Suggestions for the Care 

and Use of Laboratory Animals, issued by the Ministry of 

Science and Technology of the People’s Republic of 

China
[45]

.  

  

Viral vector 

Egr3 lentiviral particles were purchased from the Fuyi-

shengke Biomedical Scientific Research Service Center, 

Shanghai, China. The sequence was based on NCBI 

Reference Sequence: NM_018781.2. The lentivirus was 

packaged using a four-plasmid system comprising 

psPAX2 (Figure 3A), pMD2G (Figure 3B), pLVX-IRES- 

ZsGreen1 (Figure 3C) and pLVX-IRES-ZsGreen1-Egr-3. 

pLVX-IRES-ZsGreen1 can express green fluorescent 

protein (Figure 3). 

 

Methods 

Egr-3 transfection 

The lentivirus particle carrying the Egr3 was injected 

bilaterally into the hippocampus and dentate gyrus of 

rats. The rats were anesthetized by intraperitoneal in-

jection with 10% chloral hydrate (10 mL/kg), and placed 

in a stereotaxic frame (ST-51600, Kopf Instruments, 

Tujunga, CA, USA). The skin of the calvarium was ste-

rilized with 75% alcohol, and an incision, 0.5 cm, was 

made. After sterilization with 0.05% hydrogen peroxide, 

the Bregma was exposed. Bilateral holes (0.8 mm) 

were drilled in the skull above the injection site using a 

cranial drill. The lentivirus particle was slowly injected 

into each side of the hippocampus (–3.0 mm anteri-

oposterior and ± 2.0 mm mediolateral to Bregma; –2.2 

mm dorsoventral to the skull surface) using a 1-μL mi-

croinjector over 20 minutes. The needles were main-

tained in position for further 20 minutes, and then the 

incision was sutured. The animals were returned to their 

home cages when they could move spontaneously.  

 

Rats in the sham-surgery group (n = 6) underwent an 

identical procedure except the lentivirus particle carried 

green fluorescent protein instead of Egr3. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3  Plasmid graph of psPAX2 (A), pMD2G (B), and 
pLVX-IRES-ZsGreen1 (C) in lentivirus early growth 
response protein 3 particle. 

A 

B 

C 
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After a 2-week recovery period, six of the 12 Egr3- 

transfected rats were assigned to the risperidone group 

and received intraperitoneal injections of risperidone  

(0.2 mg/kg; Sigma, St. Louis, MO, USA) for 14 consecu-

tive days. The other three groups received intraperito-

neal injections of normal saline. 

 

In the control group (n = 6), naïve rats were injected with 

normal saline at each administration time point corres-

ponding to the risperidone treatment. 

 

Working memory of Egr3-transfected rats in Morris 

water maze test 

The rats were evaluated in a Morris water maze (Jiliang 

Software Technology, Shanghai, China) working memory 

test to characterize the model
[46-47]

, starting on the 

second day after the last injection of risperidone or saline. 

The water maze was a circular pool (185 cm in diameter, 

45 cm in height) filled with water (23 ± 1°C), and a black 

platform (9 cm in diameter) was submerged to a depth of 

2 cm. The water maze contained eight possible platform 

positions, and was divided into two groups according to 

the distance with the pool wall, inner (35 cm) and outer 

(50 cm) ring. White opaque curtains were drawn around 

the pool, and markers were hung on them to provide 

visual spatial cues to the rats. The swimming traces were 

monitored by an automatic tracking system (Jiliang 

Software Technology). Each rat received two consecu-

tive training sessions, with a 15-second inter-session 

interval, for a total of 6 days. The platform position and 

point of entry into the water were changed at random 

every day. The escape latency (time taken to find the 

platform) was recorded. If a rat found the platform within 

60 seconds, it was allowed to stay there for 15 seconds; 

if an animal failed to climb onto the platform within 60 

seconds, it was manually guided onto the platform and 

allowed to remain there for 15 seconds (in this case, the 

escape latency was recorded as 60 seconds). The mean 

escape latency across all trials was calculated for each 

group, and the escape latency between two trials was 

compared to evaluate the spatial working memory of the 

rats. 

 

Magnetic resonance spectrum data acquisition and 

analysis  

A 3.0 T field strength magnetic resonance scanner 

(Achieva, Phillips, Netherlands) and whole-body rat coil 

(Shanghai Chenguang Medical Science and Technology, 

Shanghai, China) were used. Routine T2-weighted im-

age sagittal, coronal, and axial scanning was conducted 

for all 24 rats. The maximal plane of the hippocampus 

and thalamus in axial and coronal planes was regarded 

as the central plane, and two-dimensional multi-voxel 

spectroscopy was conducted for the hippocampus and 

thalamus (Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shimming and water suppression were conducted au-

tomatically by the scanner (water suppression > 97% 

prior to hydrogen spectrum acquisition; repetition time,  

2 000 ms; echo time, 35 ms; field of view, 40 mm ×     

40 mm; flip angle, 90°; slice thickness, 5 mm; number of 

excitations, 1; scanning time, 13 minutes and 8 seconds). 

Ten saturation zones were added surrounding the re-

gions of interest after pre-tests (Figure 4), which can 

restrain surrounding interference and ensure the quality 

of images. The metabolites N-acetylaspartate, choline, 

a b

c d

a b

c d

Figure 4  Hippocampal scans of a rat brain undergoing 
proton magnetic resonance spectroscopy.  

The center of the scout image was the region of interest, 
surrounded by 10 saturation zones. (A) Sagittal plane; (B) 
axial plane; (C) coronal plane; a, b: bilateral hippocampi; c, 
d: bilateral thalami. 

A 

B 

C 



Ma GL, et al. / Neural Regeneration Research. 2013;8(26):2415-2423. 

 2422 

and creatine/phosphocreatine complex were detected. 

Spectral analysis was conducted using the built-in soft-

ware package of the scanner. Baseline correction, signal 

average, and metabolite recognition were conducted 

automatically by the software, and N-acetylaspartate, 

choline, and ratio of choline and N-acetylaspartate to 

creatine/phosphocreatine (the sum of bilateral hippocampi 

and thalami) were calculated. The position of 

N-acetylaspartate was located at 2.0 ppm, choline at  3.2 

ppm and creatine/phosphocreatine at 3.02 ppm. Creatine/ 

phosphocreatine was relatively stable in one brain under 

different metabolic conditions, so it was regarded as a 

reference peak. The scanning was conducted by an in-

vestigator from the department of radiology. 

 

Statistical analysis 

Data were analyzed using SPSS 17.0 software (SPSS, 

Chicago, IL, USA) and expressed as mean ± SD. Mean 

group values were compared with one-way analysis of 

variance, and group differences were compared by 

Fisher’s least significant difference post-hoc test. A value 

of P < 0.05 was considered statistically significant.   
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