
Clinical research

Corresponding author
Dr. Zuojun Geng
Department of Radiology
the Second Hospital 
of Hebei Medical University
No. 215 West Heping Road
Shijiazhuang 050000
Hebei Province, China
Phone: +86 15803210615
E-mail: 1980756261@qq.com

Department of Radiology, the Second Hospital of Hebei Medical University, 
Shijiazhuang, China

Submitted: 18 November 2014
Accepted: 20 January 2015

Arch Med Sci 2017; 13, 1: 124–137
DOI: 10.5114/aoms.2015.55710
Copyright © 2016 Termedia & Banach

Proton magnetic resonance spectroscopy reveals  
significant decline in the contents  
of N-acetylaspartylglutamate in the hippocampus  
of aged healthy subjects

Ruiting Chang, Zuojun Geng, Qingfeng Zhu, Zhenhu Song, Ya Wang

A b s t r a c t

Introduction: To characterize the contents of choline (Cho), creatine (Cr) and 
N-acetylaspartylglutamate (NAA) in the hippocampus of healthy volunteers, 
we investigated the contents and their correlationship with age, gender and 
laterality.
Material and methods: Volunteers were grouped into a young, a middle 
and an old age. The Cho, Cr and NAA contents were determined with proton 
magnetic resonance spectroscopy (1H-MRS), and the correlationship was 
analyzed with Pearson correlation
Results: The concentration of NAA in the bilateral hippocampi was markedly 
lower in the old than in the young and the middle (LSD test, all p < 0.025). 
Furthermore, NAA/Cr in the bilateral hippocampi head (left: 1.10 ±0.40 vs. 
1.54 ±0.49 or 1.43 ±0.49; right: 1.04 ±0.42 vs. 1.35 ±0.40 or 1.30 ±0.42), 
region 1 of the bilateral hippocampal body (left: 1.24 ±0.53 vs. 1.58 ±0.58 
or 1.35 ±0.44; right: 1.30 ±0.43 vs. 1.54 ±0.51 or 1.35 ±0.51) and region 2 
of the left hippocampal body (1.21 ±0.32 vs. 1.46 ±0.36 or 1.36 ±0.44) and 
the left hippocampal tail (1.11 ±0.40 vs. 1.36 ±0.47 or 1.15 ±0.32) was sig-
nificantly higher in the old than in the young and the middle, respectively 
(all p < 0.026). The NAA content in the bilateral hippocampal head, body and 
tail negatively correlated with age. Moreover, the NAA, Cho and Cr contents 
in the hippocampal body and the tail were higher in the right than the left.
Conclusions: The NAA content of the hippocampal head, body and tail were 
significantly decreased in the old compared with younger persons, and it 
negatively correlates with age. The NAA, Cho and Cr contents exhibit later-
ality in the hippocampal body and tail.

Key words: proton magnetic resonance spectroscopy, hippocampus, aging, 
N-acetylaspartylglutamate, choline.

Introduction

Emerging evidence suggests that aging is associated with a decline in 
cognitive function, with impaired attention span, memory deficit, poor 
executive function and judgment, while language ability is spared [1]. 
The hippocampus is intimately associated with cognitive function and is 
also important in memory and emotion [2, 3].

Changes in metabolites precede neuron loss and neural dysfunction 
in neurodegenerative diseases such as Alzheimer’s disease (AD) and 
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cause changes in the peaks of metabolites and the 
area under the peak in magnetic resonance spec-
troscopy (MRS), which has better sensitivity than 
magnetic resonance imaging (MRI) in delineating 
changes in metabolites, allowing early detection of 
diseases [4, 5]. Aging is typically associated with 
a  series of morphological changes in the brain 
such as cortical thinning and narrowing of the sulci 
[6], but the aging person exhibits no or mild chang-
es in cognitive function. Several investigators have 
documented changes in the contents of metabo-
lites such as N-acetylaspartylglutamate  (NAA) in 
the hypothalamus [7–9]. However, these studies 
typically involved very few subjects and have so 
far yielded conflicting results. Reyngoudt et al. [10] 
demonstrated that the NAA content of the hypo-
thalamus did not change with age, while Chiu et al. 
[11] found that the NAA content of the left hippo-
campus positively correlated with age.

In the current investigation, we aimed to charac-
terize the contents of certain metabolites including 
choline (Cho), creatine (Cr), and total NAA in the 
head, body and tail of the hippocampus in healthy 
volunteers by proton magnetic resonance spec-
troscopy (1H-MRS) and study whether the contents 
of these metabolites and the ratio of NAA to Cho 
(NAA/Cho) and Cho to Cr (Cho/Cr) in the hippocam-
pus correlated with age, gender and laterality.

Material and methods

Subjects

We recruited 121 healthy volunteers between 
October 2013 and December 2013, including  
62 males and 59 females, aged between 20 and 
89 years (mean age: 48.7 ±16.5 years) (Table I). 
The subjects were categorized into the young age 
group (20–39 years), the middle age group (40–59 
years), and the old age group (60–89 years). The 
study protocol was approved by the institutional 
review board at the authors’ affiliated institution. 
The inclusion criteria were as follows: (1) right 
handedness, (2) the Mini-Mental State Examina-
tion (MMSE) score > 27, (3) no nervous system 
disease or mental illness such as headache, dizzi-
ness, lethargy, seizure, or emotional disturbance, 
(4) no previous cerebral surgery or trauma, no 
hypertension (> 140/90 mm Hg in those aged  
60 years and above), diabetes, heart diseases or 
other chronic diseases, (5) no alcoholism, smok-
ing, long-term medication, or drug addiction, (6) no  
contraindication for MRI, such as cardiac pace-
maker, nerve stimulator, metal artery clip, or 
metal false tooth, (7) no history of seizure, con-
vulsion, cerebritis or meningitis, (8) no history of 
cerebral hypoxia, carbon monoxide or other tox-
in poisoning, (9) no abnormality on convention-
al cerebral MRI, and no vacuolation or abnormal 
signal in the hippocampus, and (10) no severe 

artifacts or unsatisfactory imaging after data 
processing.

Cerebral MRI

All subjects received conventional cerebral 
T1WI/T2WI/FLAIR and the hippocampus received 
long axis T2WI and 2D-point-resolved spectroscopy 
sequence (PRESS)-144. Conventional MRI was per-
formed with the Achieva 3.0T system (Philippe) us-
ing an 8-channel head coil and included axial T1WI, 
axial and sagittal T2WI, and axial T2FLAIR. The 
main parameters were as follows: axial T1WI: TSE 
sequence: TR, 3056 ms; TE, 7.6 ms; TI, 860 ms; axial 
T2WI: TSE sequence: TR, 2000 ms; TE, 80 ms; axial 
T2FLAIR: TR, 10002 ms; TE, 130.4 ms; TI, 2400 ms.  
For the above sequences, the slice thickness was 
6.0 mm, slice interval 1.0 mm, matrix 512 × 256, 
FOV 240 × 240 × 120 mm (AP × RL × FH), and the 
number of signals averaged (NSA) 1. The param-
eters for sagittal T2WI were as follows: TSE se-
quence: TR, 2000 ms; TE, 80 ms; slice thickness,  
6.0 mm; slice interval, 1.0 mm; matrix, 260 × 234, 
FOV, 240 × 240 × 143 mm (AP × RL × FH), and NSA, 1. 

1H-MRS imaging 

The patient was placed in the supine and lat-
eral position and kept immobile. For sagittal T2W, 
a long axial scan was carried out by the long axis of 
the hippocampus with the following parameters: 
T2WI: TSE sequence: TR, 2000 ms; TE, 80 ms; slice 
interval, 0 mm; slice thickness, 3 mm. Multi-voxel 
2D-PRESS-144 sequence was used. Axial images 
of the head, body, and tail of the hippocampus 
were obtained as described by Malykhin et al. 
[12], and a  modified segmentation method was 
used to obtain the best visualization plane with 
the coronal oblique plane perpendicular to the 
long axis of the hippocampus, and MRS of the left 
and right hippocampus was performed (Figure 1).  
Interfering tissues such as the skull, blood ves-
sels, fat, dura matter and the cerebrospinal fluid 
were avoided. Scan parameters: TR 2000 ms, TE 
144 ms, voxel size: 10 × 10 mm, slice thickness: 
10 mm, matrix: 2 × 4, and FOV: 20 × 40 mm. The 
receiver/transmitter gain adjustment, voxel shim-

Table I. Demographic data of study subjects

Parameter Young age Middle age Old age

N 41 40 40

Age [years]:

Mean (SD) 29.2 (4.6) 49.3 (5.4) 67.5 (4.9)

Range 20–39 40–59 60–79

Gender:

Male, n (%) 22 (53.7) 20 (50) 20 (50)
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ming, water suppression, water non-suppression 
and fat suppression image scans were completed 
automatically. The shimming effect reached a full 
width at half maximum < 15 Hz and a water sup-
pression level of 99%. Total scan time was 15 min 
for the left and right hippocampus. 

Image processing

Raw MRS data were entered into the EWS 
workstation (Philippe) and analyzed using the un-

suppressed water as an internal reference to cal-
culate the concentrations of metabolites. The raw 
spectra underwent Gauss exponential multiplica-
tion, zero fill, Fourier transformation, frequency 
correction, phase correction, and baseline correc-
tion to obtain the corresponding MRS spectra (Fig-
ure 2). Single peak analysis was carried out, and 
the area under the peak for each metabolite was 
recorded, and the concentrations of Cho, Cr, and 
total NAA and NAA/Cho and Cho/Cr were calculat-
ed for analysis. 

Figure 1. Delineation of the hippocampus by proton magnetic resonance spectroscopy (1H-MRS) in the current 
study. A – Left hippocampus, B – right hippocampus

1 – hippocampal head, 2 – hippocampal body region 1, 3 – hippocampal body region 2, 4 – hippocampal tail.

A B

Figure 2. Representative MRS spectra of the hippocampus: A – hippocampal head, B – hippocampal body region 1, 
C – hippocampal body region 2, D – hippocampal tail

A

C

B

D
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Statistical analysis

All data were normally distributed and ex-
pressed as mean ± SD. Statistical analyses were 
performed using SPSS for Windows (version 13.0, 
SPSS Inc, Chicago, IL, USA). Parameters included 
NAA, Cho, Cr, and the ratio of NAA/Cr and Cho/
Cr. To compare all metabolites in the hippocam-
pal regions among the young age group, middle 
age group and the old age group, an ANOVA with 
planned comparisons was performed. The nature 
of this study is exploratory, and therefore in or-
der to prevent inflation of type II errors and avoid 
important results going unreported, no correction 
for multiple testing was performed, as is accepted 
practice in such types of study. We used the least 
significant difference (LSD) t test to compare all 
metabolites in the hippocampal regions between 
two groups. A group t test was used to compare 
differences in metabolites in the same region of 
the hippocampus between male and female sub-
jects, and a  paired t test was used to compare 
differences in metabolites due to laterality of the 
hippocampal region, with post hoc testing. We 
performed Pearson correlation analysis to exam-
ine the relationship between metabolite concen-
trations and age. P-values less than 0.05 were 
considered statistically significant.

Results

Elderly subjects exhibit significant decline 
in NAA content in the bilateral hippocampi

We examined the function of the bilateral hip-
pocampi by 1H-MRS imaging. The concentration of 
NAA in the bilateral hippocampal head, regions 1 
and 2 of the hippocampal body and the hippocam-
pal tail was markedly lower in the old age group 
than in the young age group and the middle age 
group (LSD test: p < 0.05 in all) (Table II). By con-
trast, no significant difference was noted in NAA 
content in these hippocampal regions between 
the young age group and the middle age group 
(LSD test: p > 0.05). Furthermore, the concentra-
tion of Cho and Cr in the bilateral hippocampal 
head, regions 1 and 2 of the hippocampal body and 
the hippocampal tail was comparable among the 
old age group, the young age group and the mid-
dle age group (LSD test: p > 0.05 in all) (Table II).  
We further examined the ratio of NAA to Cr of the 
bilateral hippocampi. We found that NAA/Cr in 
the bilateral hippocampi head, region 1 of the bi-
lateral hippocampal body and region 2 of the left 
hippocampal body and the left hippocampal tail in 
the old age group was significantly higher than in 
the young and middle age group (p < 0.05 in all), 
while NAA/Cr in the bilateral hippocampi head, 
region 2 of the right hippocampal body, and the 
right hippocampal tail was comparable among the 

old age group, the young age group and the mid-
dle age group (p > 0.05 in all). Moreover, Cho/Cr 
was comparable in all the regions of the bilateral 
hippocampi examined among the old age group, 
the young age group and the middle age group  
(p > 0.05 in all).

NAA content in the hippocampus 
negatively correlates with age 

Pearson correlation analysis showed that the 
NAA content in the bilateral hippocampal head, 
body (regions 1 and 2), and tail negatively cor-
related with age (Figure 3). By contrast, the Cho 
and Cr content in the bilateral hippocampal head, 
body (regions 1 and 2), and tail showed no correla-
tion with age (Figures 4 and 5).

NAA, Cho and Cr contents exhibit laterality 
in the hippocampal body and tail 

We further examined whether the NAA, Cho 
and Cr contents in the bilateral hippocampi ex-
hibited laterality. The paired t test showed no sta-
tistically significant difference in the contents of 
NAA, Cho, and Cr, and NAA/Cr and Cho/Cr in the 
left and right hippocampal head (p > 0.05 in all) 
(Table III). On the other hand, the NAA, Cho and 
Cr contents in regions 1 and 2 of the hippocampal 
body and the hippocampal tail were significantly 
higher in the right hippocampal body than the left 
hippocampal body (p < 0.05 in all) even though no 
laterality was demonstrated in NAA/Cr and Cho/
Cr in the hippocampal body and tail (p > 0.05). 

NAA, Cho and Cr contents in the 
hippocampus do not correlate with gender

We additionally investigated whether the NAA, 
Cho and Cr contents of the bilateral hippocampi 
correlated with gender of the study subjects. The 
paired t test revealed that the NAA, Cho and Cr 
contents of the bilateral hippocampi showed no 
statistically significant difference in the study par-
ticipants of different genders (Table IV) (p > 0.05).

Discussion

The hippocampus plays a critical role in cogni-
tive function and memory [13], and impairment 
of the hippocampus leads to cognitive function 
decline and memory deficits, especially in pa-
tients with neurodegenerative diseases. 1H-MRS 
is a sensitive method in detecting early signs of 
functional changes of the brain by measuring 
changes in certain metabolites. Here, we demon-
strated that elderly subjects exhibited significant 
decline in the NAA content in the bilateral hippo-
campi compared with younger persons. We fur-
ther found that the NAA content in the head, body 



Ruiting Chang, Zuojun Geng, Qingfeng Zhu, Zhenhu Song, Ya Wang

128 Arch Med Sci 1, February / 2017

Table II. Comparison of function of the bilateral hippocampal regions

Variables Young Middle aged Old P-value

NAA:

Hippocampal head:

Left 24.40 ±6.42 24.44 ±9.41 16.23 ±7.44 < 0.001

Right 23.24 ±6.56 21.94 ±7.30 15.63 ±6.85 < 0.001

Hippocampal body:

Region 1:

Left 36.25 ±9.00 35.05 ±10.84 30.55 ±7.89 0.024

Right 38.90 ±10.52 38.36 ±7.67 33.68 ±9.54 < 0.001

Region 2:

Left 42.81 ±7.6 39.53 ±9.90 33.13 ±7.99 < 0.001

Right 48.23 ±8.3 44.89 ±7.45 38.75 ±7.58 < 0.001

Hippocampal tail

Left 33.63 ±8.42 30.00 ±7.96 24.79 ±7.94 < 0.001

Right 36.96 ±8.01 35.16 ±7.55 31.30 ±7.79 0.005

Cho:

Hippocampal head:

Left 18.55 ±7.89 22.05 ±8.20 20.24 ±8.26 0.214

Right 17.72 ±7.24 19.54 ±9.94 18.54 ±6.67 0.883

Hippocampal body:

 Region 1:

Left 28.48 ±6.80 31.07 ±8.52 30.85 ±5.91 0.399

Right 30.85 ±9.86 31.4 ±10.04 32.4 ±10.42 0.397

 Region 2:

Left 30.92 ±6.71 31.2 ±10.91 30.87 ±7.28 0.808

Right 33.46 ±10.17 31.87 ±7.62 34.38 ±8.20 0.383

Hippocampal tail:

Left 27.12 ±6.80 28.65 ±9.12 25.08 ±8.73 0.319

Right 29.69 ±10.53 28.68 ±8.97 29.74 ±6.81 0.834

Cr:

Hippocampal head:

Left 16.93 ±6.17 17.86 ±7.64 16.38 ±5.93 0.604

Right 17.60 ±6.60 18.30 ±7.85 14.95 ±4.94 0.194

Hippocampal body:

Region 1:

Left 24.79 ±8.06 26.43 ±8.63 27.14 ±7.97 0.419

Right 26.97 ±8.57 29.89 ±9.63 27.39 ±7.91 0.551
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Variables Young Middle aged Old P-value

Region 2:

Left 30.68 ±7.08 30.84 ±8.56 28.35 ±7.30 0.283

Right 33.26 ±8.37 32.22 ±9.35 31.39 ±5.03 0.641

Hippocampal tail:

Left 26.03 ±9.50 26.88 ±6.78 24.02 ±7.40 0.224

Right 30.03 ±9.73 30.8 ±10.10 26.63 ±5.93 0.240

NAA/Cr:

Hippocampal head:

Left 1.54 ±0.492 1.43 ±0.494 1.10 ±0.404 < 0.001

Right 1.35 ±0.396 1.30 ±0.423 1.04 ±0.417 0.002

Hippocampal body:

Region 1:

Left 1.58 ±0.576 1.35 ±0.441 1.24 ±0.526 0.021

Right 1.54 ±0.514 1.35 ±0.507 1.30 ±0.426 0.023

Region 2:

Left 1.46 ±0.395 1.36 ±0.438 1.21 ±0.323 0.025

Right 1.42 ±0.412 1.47 ±0.592 1.33 ±0.320 0.058

Hippocampal tail:

Left 1.36 ±0.469 1.15 ±0.320 1.11 ±0.400 0.017

Right 1.40 ±0.596 1.19 ±0.518 1.21 ±0.317 0.181

Cho/Cr:

Hippocampal head:

Left 1.12 ±0.478 1.35 ±0.510 1.23 ±0.493 0.148

Right 1.10 ±0.421 1.10 ±0.460 1.20 ±0.329 0.490

Hippocampal body:

 Region 1:

Left 1.26 ±0.523 1.32 ±0.611 1.28 ±0.476 0.799

Right 1.21 ±0.408 1.12 ±0.387 1.24 ±0.402 0.331

 Region 2:

Left 1.04 ±0.275 1.06 ±0.420 1.12 ±0.404 0.421

Right 1.04 ±0.445 1.05 ±0.355 1.19 ±0.361 0.151

Hippocampal tail:

Left 1.11 ±0.403 1.12 ±0.349 1.01 ±0.407 0.410

Right 1.05 ±0.473 1.04 ±0.458 1.14 ±0.276 0.491

Table II. Cont.
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Figure 3. NAA level negatively correlates with age in the right hippocampal head (A), regions 1 (B) and 2 (C) of the 
right hippocampal body, the right hippocampal tail (D), the left hippocampal head (E) and regions 1 (F) and 2 (G) 
of the left hippocampal body, and the hippocampal tail (H)
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and tail of the bilateral hippocampi negatively 
correlated with age, showing a significant decline 
with increased age, which is consistent with the 
findings of others [7–9].

Previous studies have shown that memory is 
intimately associated with the plasticity of neuro-
nal synapses in the hippocampus and decline in 
cognitive function directly correlates with loss of 
synapses [14, 15], which has been well document-
ed in the aging hippocampus. Neurofibrillary tan-
gles and senile plaques are present in the aging 
hippocampus [6, 13]. Neurofibrillary tangles are 
most noticeable in the frontal lobe and the hippo-
campal body, especially the CAI region. In patients 
with AD, neurofibrillary tangles and senile plaques 
are more apparent in the hippocampus. Senile 
plaques and neurofibrillary tangles cause destruc-

tion of synapses, leading to a decline in cognitive 
function. NAA is mainly present in neurons, and 
its content correlates with neuron maturation and 
number. Though aging has been found to be as-
sociated with neuron loss, it remains inconclusive 
whether aging leads to a decline in NAA contents 
on MRS. Reyngoudt et al. [10] found that the NAA 
content did not change with age, while Chiu et al. 
[11] showed that the NAA content of the left hip-
pocampus positively correlated with age. The cur-
rent study, on the other hand, demonstrated a sig-
nificant decline in the NAA content in the bilateral 
hippocampi of elderly subjects compared with 
younger persons. Our study enrolled a much larger 
number of subjects than the studies by Reyngoudt 
et al. and Chiu et al. and therefore should carry 
more weight. The significant decline in the NAA 

Table III. Comparison of function of the bilateral hippocampi according to laterality

Variable Left Right t P-value

Head:

NAA 21.73 ±8.61 20.24 ±7.63 –1.619 0.108

Cho 20.64 ±8.21 18.90 ±7.94 –1.759 0.081

Cr 17.05 ±6.58 17.02 ±6.35 –0.042 0.967

NAA/Cr 1.31 ±0.46 1.24 ±0.43 –1.358 0.177

Cho/Cr 1.26 ±0.51 1.14 ±0.43 –1.942 0.055

Body:

Region 1:

NAA 34.23 ±9.42 37.00 ±9.72 2.384 0.019

Cho 26.11 ±8.21 31.28 ±9.47 4.408 < 0.001

Cr 26.11 ±8.21 28.02 ±8.77 2.436 0.016

NAA/Cr 1.45 ±0.62 1.40 ±0.46 –1.924 0.486

Cho/Cr 1.29 ±0.52 1.17 ±0.36 –0.699 0.057

Region 2:

NAA 38.56 ±9.47 43.71 ±10.17 4.593 < 0.001

Cho 30.98 ±8.45 33.16 ±8.70 2.173 0.032

Cr 29.87 ±7.72 32.36 ±7.86 2.658 0.009

NAA/Cr 1.35 ±0.40 1.40 ±0.44 0.915 0.362

Cho/Cr 1.08 ±0.37 1.10 ±0.40 0.284 0.777

Tail:

NAA 29.46 ±8.72 34.48 ±8.12 5.648 < 0.001

Cho 26.94 ±8.32 29.45 ±8.85 2.343 0.021

Cr 25.73 ±7.80 29.16 ±8.95 3.466 0.001

NAA/Cr 1.18 ±0.37 1.28 ±0.50 1.964 0.052

Cho/Cr 1.08 ±0.39 1.08 ±0.41 0.002 0.999
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Table IV. Comparison of function of the bilateral hippocampi according to gender

Variables Male Female t P-value

NAA:

Hippocampal head:

Left 21.16 ±8.23 22.33 ±9.02 –0.743 0.459

Right 19.21 ±6.08 21.44 ±6.98 1.620 0.108

Hippocampal body:

 Region 1:

Left 33.65 ±8.18 34.82 ±8.62 –0.628 0.497

Right 35.69 ±9.89 38.37 ±9.34 1.533 0.128

 Region 2:

Left 39.28 ±8.93 37.79 ±9.95 0.857 0.393

Right 43.15 ±8.54 44.91 ±8.43 0.962 0.338

Hippocampal tail:

Left 29.07 ±8.61 29.78 ±8.85 –0.448 0.655

Right 33.59 ±7.44 35.46 ±8.68 1.271 0.206

Cho:

Hippocampal head:

Left 20.27 ±7.63 21.03 ±8.82 –0.509 0.611

Right 18.97 ±7.44 19.07 ±8.63 0.067 0.947

Hippocampal body:

 Region 1:

Left 30.17 ±6.98 30.53 ±6.92 –0.291 0.772

Right 30.79 ±9.58 31.64 ±9.31 0.500 0.618

 Region 2:

Left 31.70 ±8.47 30.25 ±8.36 0.937 0.351

Right 32.12 ±9.20 34.42 ±7.44 1.461 0.147

Hippocampal tail:

Left 26.79 ±8.41 27.09 ±8.29 –0.195 0.845

Right 29.38 ±9.44 29.37 ±8.28 –0.006 0.996

Cr:

Hippocampal head:

Left 16.29 ±5.36 17.84 ±7.62 –1.299 0.196

Right 17.22 ±7.83 17.18 ±5.18 –0.034 0.973

Hippocampal body:

 Region 1:

Left 25.50 ±7.56 26.74 ±8.85 –0.826 0.410

Right 26.58 ±8.67 29.64 ±8.64 1.942 0.054
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Variables Male Female t P-value

 Region 2:

Left 29.63 ±7.65 30.22 ±7.82 –0.414 0.680

Right 32.18 ±8.18 32.42 ±7.44 0.167 0.867

Hippocampal tail:

Left 24.95 ±8.24 26.55 ±7.28 –1.123 0.264

Right 28.70 ±9.00 29.69 ±8.87 0.612 0.541

NAA/Cr:

Hippocampal head:

Left 1.33 ±0.50 1.28 ±0.42 0.593 0.555

Right 1.16 ±0.45 1.31 ±0.40 1.913 0.058

Hippocampal body:

 Region 1:

Left 1.46 ±0.69 1.44 ±0.54 0.227 0.821

Right 1.41 ±0.48 1.39 ±0.43 –0.216 0.830

 Region 2:

Left 1.38 ±0.38 1.32 ±0.41 0.856 0.393

Right 1.35 ±0.44 1.47 ±0.43 1.452 0.149

Hippocampal tail:

Left 1.20 ±0.37 1.16 ±0.36 0.560 0.576

Right 1.29 ±0.53 1.28 ±0.45 –0.092 0.927

Cho/Cr:

Hippocampal head:

Left 1.27 ±0.50 1.26 ±0.53 0.184 0.854

Right 1.14 ±0.44 1.13 ±0.41 –0.208 0.836

Hippocampal body:

 Region 1:

Left 1.29 ±0.54 1.26 ±0.51 0.329 0.743

Right 1.21 ±0.38 1.13 ±0.34 –1.232 0.220

 Region 2:

Left 1.09 ±0.32 1.07 ±0.42 0.261 0.794

Right 1.05 ±0.39 1.15 ±0.40 1.422 0.158

Hippocampal tail:

Left 1.13 ±0.40 1.03 ±0.36 1.425 0.157

Right 1.09 ±0.41 1.06 ±0.41 –0.458 0.648

Table IV. Cont.
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content of the bilateral hippocampal head, body 
and tail in elderly subjects suggests a marked re-
duction in the number of neurons or synapses in 
the hippocampus of these aging persons. 

Cho is present in neurons and glial cells. Cho 
content can reflect membrane stability and glial 
proliferation. We found that the Cho content of 
the hippocampus did not change with age, which 
is consistent with those findings reported by other 
investigators [10, 16, 17], indicating that there is no 
apparent proliferation or degradation of glial cells 
in the hippocampus as a person ages. Cr is mainly 
present in glial cells and reflects the sum of cre-
atine and phosphocreatine in the brain. Previous 
studies have shown that Cr levels remain steady 
under different metabolic conditions of the brain. 
We also found that the Cr content in the bilateral 
hippocampus did not change with age, suggesting 
that there was no significant glial cell proliferation 
during aging. However, some recent studies indi-
cate [18, 19] that the Cr content in the cortex of 
the frontal lobe and parietal lobe increases with 
age; therefore, one should be cautious when using 
Cr as an internal reference for NMR study. Further-
more, we found that NAA/Cr of the bilateral hip-
pocampal head was significantly lower in the old 
age group than the young and middle age group. 
A  statistically significant difference was also ob-
served in NAA/Cr in the bilateral hippocampal 
body (region 1), left hippocampal body (region 2),  
and left hippocampus tail between the old age 
group and young age group, which is partially con-
sistent with MRS studies on the whole hippocam-
pus by other investigators [20, 21]. 

Brain asymmetry exists both anatomically 
and functionally [22–24]. Few studies have ad-
dressed the issue whether the left hippocampus 
is dominant over the right hippocampus or vice 
versa. Klur et al. [25] demonstrated that the left 
hippocampus is dominant in coding and informa-
tion transmission while the right hippocampus is 
dominant in memory compensation. Kessels et al. 
[26] reported that patients who received frontal or 
temporal lobectomy and sustained injury to the 
right hippocampus exhibited poorer spatial mem-
ory compared with those who sustained injury to 
the left hippocampus. Recently, several investiga-
tors [27–32] have reported that seizure patients 
who received temporal lobectomy exhibited lat-
eralization of function of the hippocampus such 
as spatial memory. However, it remains unknown 
whether laterality of the hippocampal function is 
associated with changes in metabolite contents. 
In the current study, we demonstrated lateraliza-
tion in NAA, Cho and Cr contents in the hippocam-
pal body and tail while no difference was noted in 
NAA/Cr and Cho/Cr. The higher NAA content in the 
right hippocampal body and tail suggests a higher 
number of neurons or synapses in the right hippo-

campal body and tail than their left counterparts, 
which may contribute to lateralization of function 
of the hippocampus. Our findings also suggest 
that when we evaluate the metabolite contents 
of the hippocampus, we should take laterality into 
consideration.

In conclusion, the current study demonstrates 
by MRS a significant decline in the NAA content 
of the hippocampal head, body and tail of elderly 
subjects compared with younger persons, and the 
NAA content of the hippocampus negatively cor-
relates with age. Furthermore, the NAA, Cho and 
Cr contents exhibit laterality in the hippocampal 
body and tail. Our findings provide insight into 
changes in certain metabolites in the hippocam-
pus during aging, and future studies should be 
carried out to further delineate changes in me-
tabolites during aging and development of neuro-
degenerative diseases in order to provide useful 
data for making informed therapeutic decisions 
for patients with neurodegenerative diseases.
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