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Abstract: To explore the characteristic changes of magnetic resonance spectroscopy of prefrontal cortex and hippocampus and 

the correlation with the plasma cortisol level in depressed patients without any therapy. Subjects were divided into groups by the 

Hamilton depression scale. Blood was taken to detect the plasma cortisol level. Meanwhile, subjects were scanned by MRI and 
1
H-MRS to test the brain structure and the levels of NAA, Cho, Cr in prefrontal cortex and hippocampus. The level of plasma 

cortisol, the value of MRS and 
1
H-MRS of the patients were compared with those of normal control. We found that the level of 

plasma cortisol in depression group is higher than that in normal control group (P=0.000). A negative correlation between the 

level of plasma cortisol and the level of NAA in the left prefrontal cortex is observed (r = -0.625, P = 0.041), while in the left 

hippocampus, the correlation between them is positive (r = 0.647, P = 0.043). The level of NAA in the left prefrontal cortex of 

depression group is lower than that of normal control (P = 0.006); and the levels of NAA, Cho, Cr in both left and right 

hippocampus of depression group is lower than those of normal control group (P < 0.05). These data suggest that the changes of 

energy metabolism may happen before the structural damage of prefrontal cortex and hippocampus, and correlate to the changes 

of the level of plasma cortisol in depression patients. 

Keywords: Depression, Plasma Cortisol, Magnetic Resonance Spectroscopy, Prefrontal Cortex, Hippocampus 

 

1. Introduction 

Depression is a psychiatric disorder characterized by 

obvious and long-lasting low mood. So far it is unclear about 

the cause and the pathomechanism of the disease. Yet it is 

revealed by the literature review that depression is related to 

the changes of endocrines, while the hyperfunction of 

Hypothalamic-Pituitary-Adrenal axis (HPA axis) is the 

biological characteristic of depression known earlier and 

studied mostly by human [1, 2]. As the end product of HPA 

axis, the plasma cortisol is needed by the body to maintain the 

physiological function under pressure. However, the 

continually increased plasma cortisol level will damage 

prefrontal cortex and hippocampus etc., which are the 

mood-regulating areas, and then consequently cause 

symptoms such as depressed mood, cognitive dysfunction and 

insomnia and so on. However, the correlation between the 

plasma cortisol level of the depressed patients and the 

structure and function of such areas hasn't been clear yet. 

Through analyzing magnetic resonance spectroscopy, this 

study investigates the structure and function of prefrontal 

cortex and hippocampus of the depressed patients without any 
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therapy, as well as explores their correlations with the plasma 

cortisol level. 

2. Subjects and Methods 

2.1. Subjects 

33 depressed patients were collected from the psychiatric 

wards and clinics of the First Affiliated Hospital of Jinan 

University from September 2012 to July 2014, in which, 16 

are males and 17 are females, with the ages of 28.48±12.10. 

Inclusion criterion: (1) Meeting the diagnostic criteria on 

depression according to the Diagnostic and Statistical Manual 

of Mental Disorder-IV, DSM-IV; (2) Age: 15~60; (3) Junior 

middle school education and above; (4) The score is greater 

than or equal to 20, according to Hamilton depression scale, 

HAMD24; and also is greater than or equal to 50, according to 

self-rating depression scale, SDS; without taking any 

antidepressant, and for recurrent patients, at least one month 

after suspending antidepressant therapy; (5) Without taking 

hormone medicines and contraceptives etc. at least for one 

month; (6) Right-handedness. Exclusion criteria: (1) Patients 

with brain organic mental disorders, schizophrenia, or serious 

physical sicknesses or of abusing alcohol and drugs; (2) 

Women in menstruation, pregnancy or lactation period; (3) 

Patients with recent fever, severe aggressive behaviors or 

mental retardation. The control group is recruited in local 

community, inclusion criterion: (1) Noncompliance with the 

diagnostic criteria on any mental disease according to 

DSM-IV; (2) Age: 15~60; (3) Junior middle school education 

and above; (4) Score of HAMD24 < 8 points and SDA < 40 

points; (5) Score of HAMA < 14; (6) Physical health, without 

taking hormone medicines and contraceptives within one 

month; (7) Right-handedness. The subjects with the 

contraindication of MRI examination, physical sicknesses or 

abnormal brain structure by MRI scan are excluded. Total of 

20 objects are included in normal control group, in which 15 

are males and 5 are females, with the ages of 23.25±9.47. And 

all subjects in this study have signed the informed consent. 

2.2. Score 

The clinical symptoms will be evaluated with HAMD by 

one attending physician in department of psychiatry. As an 

internationally-recognized gold standard for evaluating the 

seriousness of depression (choose HAMD24), HAMD 

consists of 7 symptom factors according to test contents: 

anxiety/somatization, change of body mass, cognitive 

dysfunction, circadian change, retardation, sleep disorder and 

feeling of despair, which are scored respectively and totally. 

This study adopts Davis Standard: the total score > 35 points 

as severe depression; 20~35 points as mild or moderate 

depression; and < 8 points as none. 

2.3. Test for Plasma Cortisol Level 

4 ml of morning venous blood was taken from all the fasting 

subjects with vacuum blood collection tube without 

anticoagulant, and then the centrifugation is performed within 

2h (800×g, 15 min) to separate serum. The ARCHITECH 

i2000 SR produced by Abbott and supporting reagent kits are 

used to test. Normal value: 118.6-618 nmol/L. 

2.4. MRI and 
1
H-MRS Examination 

MRI examination adopts Sigma HD1.5T MRI scanner 

produced by GE Healthcare and 8-channel head and neck 

phase array extremity coil. The subject's head is usually fixed 

with sponge-robber pad to avoid motion artifacts, and is put in 

the accurate position to reach midline and to be bilaterally 

symmetrical. Axis T1 weighted image (T1W1), T2 weighted 

image (T2W1) as well as fluid attenuated inversion recovery 

(FLAIR) scan are performed for all routine examination, and 

the routine MRI images are diagnosed by two experienced 

image practitioners. No subjects with obvious morphological 

abnormalities are founded to enter into the subsequent scan 

sequence. 

2.5. 
1
H-MRS Examination 

2D 
1
H-MRS scan firstly choose T2W1 as scout of MRS, 

axial scanning, parameters: Time of Repetition (TR) = 5000, 

Time of echo (TE) = 113m, number of excitation (NEX) = 1, 

Slice thickness = 5 mm, Gap = 0 mm. The volume of interest 

(VOI) is determined on axis T1WI image, the VOI of frontal 

lobe chooses the prefrontal white matter and anterior cingulate 

cortex of bilateral anterior horn of lateral ventricle, to avoid 

the influence from lateral ventricle and the cerebrospinal fluid 

in cerebral sulcus; as for the VOI of hippocampus, the slice 

taking hippocampus head is chosen as the center, to avoid 

touching basicranial structure. As for multi-voxel 2D 
1
H-MRS 

examination, the point-resolved selective spectroscopy 

(PRESS) is adopted, TR＝1000 ms, TE = 144 ms, NEX＝1, 

Field of view = 24 cm×24 cm, Matrix size 18×18, scalp fat 

and air around saturated VOI, full width at half maximum 

(FWHM) < 10 Hz, water inhibition > 98%, scanning time: 5 

min 28 s. 

After MRS data are subject to imaging analysis and the 

treatment by GE AW4.2 work station, the color distribution 

map of varieties of metabolites is obtained, and then overlap 

metabolite map with MRI scout. The minimum voxel (1 voxel 

=56.2 mm
3
) in bilateral frontal cortex and hippocampus are 

taken as unit of measurement, and the curve of 2D1HMRS of 

brain tissues in these areas is obtained, and the areas under the 

peaks of N-acetyl aspartate (NAA), choline (Cho) and creatine 

(Cr) in each brain area is measured. The obtained images and 

data are treated by one experienced image practitioner without 

knowledge of any clinical information of subjects, to 

eliminate the deviation of sampling location and identify the 

stability of spectrometry. 

2.6. Statistical Methods 

SPSS19.0 is used to establish the database. T test, ANOVA 

Analysis and Pearson analysis are adopted to analyze the 

correlation of age-sex composition, change of plasma cortisol 

level and function index values of MRS between depressed 

patients and normal control group. 
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3. Results 

3.1. Comparison of Age-Sex Composition Between 

Depression Group and Normal Control Group 

The comparison of 95% confidence interval of average age 

of 33 depressed patients (age 24.4~32.6) with that of 20 

subjects in normal control group (age 19.1~27.5) and t-test 

proves that there is no significant difference for the ages 

between two groups (t = 1.65, P = 0.105). In depression group, 

there are 16 male and 17 female depressed patients, accounting 

for 48.5% and 51.5% respectively; in normal control group, 

there are 15 male and 5 female depressed patients, accounting 

for 75.0% and 25.0% respectively; and χ2
 examination proves 

that there is also no significant difference for the sex 

composition between two groups (χ2
 = 3.61, P = 0.058). 

3.2. Change of Plasma Cortisol Level of Depressed Patients 

According to Hamilton Depression Scale scores, 33 

depressed patients are divided into two groups. In one group, 

16 patients with scores less than 35 points are regarded as 

moderate depression; in the other group, 17 patients with 

scores greater than 35 points are regarded as severe depression. 

The comparison of plasma cortisol level of moderate and 

severe depression patients with those of normal control group 

by ANOVA analysis method shows the level of plasma 

cortisol of depressed patients is higher than that of normal 

person. As the depression aggravates, the level of plasma 

cortisol of depressed patients also increases. The level of 

plasma cortisol of severe depression patients is higher than 

that in normal control group, and there is statistical significant 

difference (F =21.049, P=0.000, Table 1). 

Table 1. The comparison of plasma cortisol level of depressed patients with 

that of normal control group ( x s± ). 

Depression level n 
plasma cortisol 

level (nmol/L) 
F P 

Normal control group 20 272.43±154.28 21.049 0.000 

Moderate depression group 16 380.49±190.87   

Severe depression group 17 652.50±199.46   

3.3. MRI and Comparison of 
1
H-MRS Indexes in Prefrontal 

Cortex and Hippocampus 

The depressed patients are scanned by using MRI to test 

brain structure, glucose metabolism condition are compared 

with those of normal control group. The results show that no 

obvious organic changes are observed in brain tissues of all 

depressed patients. However, both the level of NAA in the left 

prefrontal cortex of depression group and the levels of NAA, 

Cho, Cr in both left and right hippocampus of depression 

group are lower than those of normal control group. And the 

ANOVA analysis results show that there is significant 

difference. But the levels of NAA, Cho, Cr in both left and 

right hippocampus of all severe depression patients increase to 

some extent, and are higher than those of moderate depression 

patients, while the LSD test of multiple comparison shows that 

there is significant difference only in the Cr level in left 

hippocampus (Table 2). 

Table 2. Comparison of 1H-MRS indexes in prefrontal cortex and hippocampus of depressed patients with those of normal control group ( x s± ). 

 

Mean of Measured Results 

F P Normal control group 

(n=20) 

Moderate depression 

group (n=16) 

Severe depression group 

(n=17) 

NAA level of left Prefrontal cortex 115381.50±12468.50 121137.88±29287.52 91553.29±29979.82 5.656 0.006 

NAA level of right hippocampus 168457.65±36884.33 128211.25±23838.16 140797.06±30943.22 7.798 0.001 

NAA level of left hippocampus 162298.60±40367.21 108344.00±36994.53 118665.29±44555.74 9.110 0.000 

Cr level of right hippocampus 128266.30±32739.14 97024.50±30320.44 105246.82±46371.66 3.515 0.037 

Cr level of left hippocampus 133172.60±25761.13 71414.13±37653.61 96462.00±39135.42 a 14.939 0.000 

Cho level of right hippocampus 180048.35±38153.14 103915.81±51965.98 133252.12±72206.73 8.817 0.001 

Cho level of left hippocampus 162694.55±49723.86 93425.63±45173.32 118029.76±64562.00 7.776 0.001 

a denotes that the severe depression group has statistically significant difference with moderate depression group (P < 0.05). 

3.4. The Characteristic Changes of Magnetic Resonance 

Spectroscopy of Prefrontal Cortex and Hippocampus 

and Its Correlation with the Plasma Cortisol Level in 

Depressed Patients 

The partial correlative analysis is performed for the plasma 

cortisol level of 33 depressed patients and each measured 

value of their MRS [4], in the process of analysis, patients' age 

and sex are controlled as confounding factors. Results show 

that in the depression group, there is a negative correlation 

between the plasma cortisol level and the NAA level in the left 

prefrontal cortex (r = -0.625, P= 0.041), while there is a 

positive correlation between the plasma cortisol level and the 

NAA level in the left hippocampus (r = 0.647, P = 0.043). The 

data reveal that when the plasma cortisol level increases, the 

NAA level in the left prefrontal cortex will decrease and the 

NAA level in the left hippocampus will increase. 

4. Discussion 

For a long time, hypothalamus-pituitary-adrenal axis (HPA 

axis) is the neuroendocrine axis mostly studied in pathogenic 

mechanism of depression. Under emergency state, human 

body will promote adrenal to excrete cortisol by HPA axis, but 

the increase of cortisol level may cause apoptosis of 

hippocampal neurons, and consequently result in depression 
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[5]. Our results shows that the plasma cortisol level in 

depression group is higher than that in normal control group. 

As depression aggravates, the plasma cortisol level of 

depressed patients also increases, the plasma cortisol level of 

severe depression patients is higher than that in moderate 

depression group and this is statistically significant difference. 

Many studies have founded the volumetric reduction of 

bilateral hippocampus of depressed patients [7], but, in this 

study, no obvious organic changes are found in routine MRI 

examination. The study conducted by Tadafumi etc., also 

found that the change of NAA level observed by MRS 

happened before the morphological changes in brain observed 

by CT or MRI [8]. As the derivative of aspartic acid, the 

intermediate of tricarboxylic acid cycle [9], NAA mainly 

exists in neurons, and the decrease of NAA level may indicate 

the structure damage and dysfunction of neurons. Cho reflects 

the total choline content, which is an important precursor 

substance for neurotransmitter acetylcholine, membrane 

phospholipid, phosphatidylcholine and sphingomyelin and 

serves as the biological marker of membrane phospholipid 

metabolism in cell, reflecting cell membrane function [12]. Cr 

serves as the storage form of high-energy phosphates and the 

buffer of ATP and ADP. When more ATP is needed to supply 

energy with the enhancing of metabolism of brain tissue, 

phosphocreatine can be converted into Cr under creatine 

phosphokinase. That is, when metabolism of brain tissue 

enhances, more Cr will be produced while consuming ATP 

[10]. Therefore, the reduction of Cr concentration indicates 

the slowdown of metabolism of brain tissue. The MRS result 

of this study shows the NAA level in the left prefrontal cortex 

of depressed patients is lower than that of normal control, the 

difference is significant, and as the depression aggravates, the 

decrease of NAA level is more obvious, which is consistent 

with previous reports by Soeri and Gonul [11, 12]. In addition, 

the levels of NAA, Cho, Cr in both left and right hippocampus 

of depression group is lower than those of normal control 

group, however, the levels of NAA, Cho, Cr in both left and 

right hippocampus of all severe depression patients increases 

to some extent and is higher than those of moderate depression 

patients, in which the increase of Cr value is most obvious and 

there is statistically significant difference. This indicates that 

as the depression aggravates, the glucose metabolism in 

hippocampus tends to be active. 

This study also analyses the correlation between the plasma 

cortisol level and different metabolites in prefrontal cortex and 

hippocampus, and the result shows there is a negative 

correlation between the plasma cortisol level of depressed 

patients and the NAA level in the left prefrontal cortex is 

observed; when the plasma cortisol level of depressed patients 

increases, the NAA level in the left prefrontal cortex will 

decrease, the increase of cortisol level may cause the decrease 

of density and function of neurons in the left prefrontal cortex, 

and then consequently cause specific behavioral and cognitive 

dysfunction. The correlation between cortisol level and the 

NAA level in hippocampus is complicated. Some studies think 

the decrease of NAA level changes the afferent signals from 

hippocampus to hypothalamus, and consequently influences 

the function of HPA axis and further leads to the change of 

cortisol level [13]. Compared with the normal control group, 

the NAA level in hippocampus of depressed patients is lower, 

but for depressed patients, the NAA level in the left 

hippocampus also increases with the increase of cortisol level. 

The correlation between them is positive, which indicates that 

when the cortisol level increases to a certain point, it may 

facilitate the hippocampus cell metabolism to some extent, 

and this may correlate with the body's self-regulation 

mechanism and need to be further explored. 

5. Conclusion 

The changes of energy metabolism may happen before the 

structural damage of prefrontal cortex and hippocampus, and 

correlate to the changes of the level of plasma cortisol in 

depression patients. 
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