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Abstract. The aim of this work was to explore the applicable value of 1H-MRS evaluation on the treatment of Alzheimer’s
disease (AD) with neural stem cell (NSC) transplantation by quantitative analysis of metabolite changes in the hippocampal area
in A�PP/PS1 transgenic (tg) mice. The tg mice (n = 30) aged 12 months were randomized into two subgroups: One receiving
NSCs and the other receiving PBS transplantation in the bilateral hippocampal CA1 region. The wild-type mice (n = 15) were
used as the control group. 1H-MRS was performed before transplantation and 6 weeks after transplantation to measure the
change of N-acetylaspartate (NAA), myo-inositol (mI), glutamate (Glu), choline (Cho), and creatine (Cr) in the hippocampus.
Results showed NAA and Glu levels were increased and mI level was decreased in NSC group compared with the PBS group
at six weeks after transplantation (p < 0.05). There was no significant difference in NAA and Glu (p > 0.05), and there was
significant difference in mI (p < 0.05) between NSC and control groups. However, there was no significant difference in Cho
before and after transplantation among the three groups (p > 0.05). Histology showed the number of neurons in the hippocampal
CA1 region increased significantly in the NSC group than those in the PBS group (p < 0.05), and the number of astrocytes
significantly decreased in the NSC group compared with the PBS group. Ultrastructure showed that the neurons in the NSC
group were morphologically normal. In conclusion, 1H-MRS can display intracranial metabolite changes before and after NSC
transplantation in tg mice and has a applicable value in evaluating the therapeutic effect of NSCs on AD.
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INTRODUCTION 26

Alzheimer’s disease (AD) is a common degenerative 27

disease of the central nervous system, pathologically 28

characterized by neuron deficits in the cerebral corti- 29

cal and hippocampal areas due to accumulation of large 30

amounts of amyloid-� (A�) peptide and formation of 31

senile plaques in the brain [1–3]. Medical treatment 32

remains the main strategy for AD, especially in the 33
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early phase of AD, when medication can to some extent34

relieve the symptoms and maintain the degenerating35

function of cholinergic neurons [4]. However, as medi-36

cal treatment could not reverse the pathological course37

of AD nor could it compensate for the loss of large38

amounts of neurons in the brain, its effect on mid- and39

late-stage AD is limited.40

With ever-growing advances in stem cells trans-41

plantation, the potential of neural stem cell (NSC)42

transplantation for the treatment of AD has aroused43

a great deal of interest [5–8]. The multiple biological44

features of NSCs including self renewal, multi-cellular45

differentiation, and directional migration make it pos-46

sible to replace impaired neurons in the brain with47

NSCs, thus shedding new light on the clinical treatment48

of AD.49

In recent years, some reports on cell transplantation50

in an animal model of AD have been published, but the51

means of evaluation on the post-transplant effect are52

limited to the observation of behavioral changes and53

traumatic ex vivo research, which are of little applicable54

value in clinical practice [9–12]. The rapid develop-55

ment of MR technique makes it possible to detect56

post-NSC functional and metabolic changes in the57

brain in a non-invasive manner. Magnetic resonance58

spectroscopy (MRS) can reflex and quantitate metabo-59

lite changes in brain tissue in vivo, and is becoming60

more widely used in studies on AD [13, 14]. Some61

of these major metabolites include N-acetylaspartate62

(NAA), myo-inositol (mI), glutamate (Glu), choline63

(Cho), and creatine (Cr). Different metabolites pro-64

vide information about different pathology processes.65

For example, NAA was found to be decreased and mI66

typically increased in AD [15]. Also, reduction of Glu67

was reported in PS2A�PP transgenic (tg) mice [16].68

In the present study, we transplanted NSCs to the hip-69

pocampal CA1 of A�PP/PS1 double tg mice and used70

1H-MRS to analyze metabolite changes in the hip-71

pocampal area before and after NSCs as a means of72

judging the therapeutic effect of NSCs on AD, in the73

hope of providing experimental clues for clinical study74

of AD treatment.75

MATERIALS AND METHODS76

Experimental animals77

A�PP/PS1 double tg mice were B6C3-Tg78

(A�PPswe, PSEN1dE9)85Dbo/J species (original79

species No. 004462) provided by the Ameri-80

can Jackson’s National Animal Center. The derived81

descendants were tested for genotype and raised in sep- 82

arate cages in a 12- h light/dark cycle at constant tem- 83

perature with free access to food and water. Thirty 12- 84

month A�PP/PS1 tg mice and 15 wild-type (wt) mice 85

of the same nest were used in the present study. The 86

study was approved by the Shanghai Ethics Committee 87

and all experiments were performed in accordance with 88

guidelines from the Chinese Animal Welfare Agency. 89

NSC culture 90

NSCs from C57BL/6 mice (Strain C57BL/6 Mouse 91

NSCs) were purchased from Cyagen Biosciences, US 92

(No. MUBNF-01001). Stem cells from this primary 93

generation were obtained from the hippocampus and 94

subependymal zone of the fetal brain of C57BL/6 95

mice of 12.5-day gestational age carrying GFP reporter 96

gene, cultured in mouse NSCs complete medium, pas- 97

saged and amplified to the first generation, and stored 98

frozen. 99

NSCs were thawed, transferred to centrifuge tubes 100

containing the medium, and centrifuged at 1500 rpm 101

for 5 min. After removing the supernatant, cells were 102

added with 2-3 ml medium, dispersed gently and mixed 103

well. The cell suspension was transferred to a T25 flask, 104

added with sufficient medium, and incubated at 37◦C, 105

5% CO2, and 80% relative humidity. Passage culture 106

was performed at a 3-4-day interval, depending on 107

the growth rate of the cells, and color change of the 108

medium. By passage 3, Nestin immunofluorescence 109

staining was performed for identification. 110

NSC transplantation 111

The 30 A�PP/PS1 tg mice were equally divided 112

into two groups by Java random number method: one 113

group receiving NSCs (NSC group) and the other group 114

receiving PBS (PBS group). Additional 15 wt mice of 115

the same age not receiving any treatment were used as 116

the blank control. 117

The mice were anesthetized with 1% pentobarbi- 118

tal (40 mg/Kg) intraperitoneally, fixed on a stereotaxic 119

apparatus (Blue Star wi290044). The skin was shaved 120

and sterilized with iodine. A spindle-shaped median 121

incision was made on the scalp with the periosteum dis- 122

sected. The plate was burned 1% hydrogen peroxide to 123

expose the sagittal suture and coronal suture. With ref- 124

erence to the Mouse Brain in Stereotaxic Coordinates, 125

bilateral hippocampal CA1 regions were selected as 126

the NSC transplantation site. Two vertical holes were 127

drilled 1.8 mm beside the sagittal suture and 2.0 mm 128

posterior to the anterior fontanel by using the anterior 129
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fontanel as the center. 5 �l NSC solution (cell number:130

1×106/�l) was injected gently into the brain within131

10 min by fixing a microsyringe on the stereotaxic132

apparatus and inserting the needle 2.5 mm into the133

dura. The needle was retained there for 5 min and with-134

drawn gently. The holes were sealed after completion135

of NSC transplantation and washed repeated with nor-136

mal saline. A small amount of penicillin powder was137

spread over the incision for anti-infection, and the scalp138

was finally sewed up.139

1H-MRS examination140

1H-MRS was performed before transplantation and141

6 weeks after transplantation in all three groups,142

using a 7.0 T magnet with a horizontal bore (Bruker143

PharmaScan 70/30, Bruker, Germany) equipped with144

a 12 cm inner diameter self-shielded gradient sys-145

tem (max. gradient strength 300 mTm−1), and 23 mm146

RF coil as excitation coil. The mice were anes-147

thetized with 2.0% isoflurane and N2O/O2 mixed148

gas. With the teeth hooked with a tooth bar, the149

animal was fixed on the experimental table in a150

prone position, and the body temperature was main-151

tained at 36-37◦C using a temperature-controlled152

water blanket. The respiratory frequency was mon-153

itored with an animal vital sign monitoring system.154

Using rapid acquisition with relaxation enhancement155

(RARE), axial T1WI and T2WI and coronal and156

sagittal T2WI were performed. The parameters for157

RARE were adjusted as follows: TR = 500/3000 ms,158

TE = 7.5/36 ms, slice thickness = 0.8 mm, field of view159

(FOV) = 3.0 mm×3.0 mm, matrix size = 256 × 256160

and RARE factor = 4.161

A1.8 mm × 2.0 mm × 2.0 mm region of interest162

(ROI) was selected using the right hippocampal CA1163

region as the center (Fig.1), and location was per-164

formed from the cross-sectional, coronal and sagittal165

directions, avoiding the basal and surrounding lat-166

eral ventricle structures. For each animal, great care167

was taken to always reposition the voxel at the same168

location. The selected ROI was shimmed by using169

FAST-MAP and the frequency of water peak was170

measured. The linewidths around 20 Hz for water171

peak were obtained. Using chemical shift selective172

saturation (CHESS) pulse, waster suppression was173

performed to obtain the optimal water suppression174

effect. Using point-resolved spectroscopy (PRESS)175

pulse sequence, spectral data acquisition (TR 2500 ms,176

TE 20 ms, EF 1000, 40 min) was performed. Primary177

data were sent to the work station and processed178

Fig. 1. Localized proton MRS of mice brains in vivo. The ROI was
selected in the hippocampus in the right side of the mouse brain, and
ROI sizes were approximately 1.8 mm × 2.0 mm × 2.0 mm.

using the Bruker processing software 2D WIN-NMR 179

(Bruker-Franzen Analytik, Germany). Free induction 180

decay (FID) signals were Fourier transformed to 181

obtain primary phase diagrams. After baseline cor- 182

rection and phase adjustment, the sub-peak areas 183

of various metabolites were calculated automati- 184

cally by the NUTS-NMR Utility Transform Software 185

(AcornNMR, Livermore, CA). The tested metabolites 186

included NAA, Glu, mI, Cho, and Cr. As Cr is usu- 187

ally not affected by various pathological changes, it 188

is often used as a reference to quantitate changes of 189

other metabolites. In the present study, Cr was used as 190

the standard to calculate NAA/Cr, Glu/Cr, mI/Cr, and 191

Cho/Cr ratios. 192

Pathological examination 193

After 1H-MRS examination, mice were anesthetized 194

with 1% pentobarbital (60 mg/kg) i.p., and laid supine 195

to incise the chest and expose the heart and aorta. 196

A catheter was inserted from the left ventricle to the 197

aorta, through which 4◦C 100 ml normal saline was 198

infused to wash blood quickly, followed by perfu- 199

sion of 100 ml 4% paraformaldehyde. The posterior 200

brain was removed and fixed in 4% paraformalde- 201

hyde. After 30- min wash with PBS, the brain tissue 202

was immersed in PBS containing sucrose solution 203

overnight, fully frozen at −20◦C, and with the injec- 204

tion site as the center, sliced consecutively into 205

10 �m coronal sections (25 consecutive sections con- 206

taining the hippocampus were cut) with a freezing 207

microtomeand. 208
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Staining with hematoxylin and eosin (H&E)209

The sections were stained with hematoxylin for210

5–10 min, washed, differentiated with 1% ethanol211

hydrochloride for several seconds, blued with warm212

water, washed, re-stained with 1% eosin for 2 min,213

washed, and differentiated with 0.2% alkaline ethanol,214

dehydrated, hyalinized, and mounted. To analyze the215

levels of neurons, quantification was performed using216

a 200× objective and a 1 mm × 1 mm grid on 15 fields217

from eight to ten consecutive stained sections that218

contained the hippocampal CA1 formation (Nikon219

E 800 microscope image analysis system). Based220

on double-blind, all sections were evaluated by two221

researchers.222

Aβ + GFAP fluorescent staining223

The sections were rinsed with 0.01 mol/L PBS for224

10 min, incubated with 3% hydrogen peroxide for225

15 min, treated with 0.3% TritonX-100 for 30 min,226

sealed with goat serum for 10 min, added with mouse227

anti human A� antibody (1/1000, Sigma, USA) and228

goat anti mouse GFAP polyclonal antibody (1/400,229

Sigma, USA), and incubated at 37◦C for 2 h and230

overnight at 4◦C. The secondary antibody was Texas231

Red labeled goat anti mouse IgG (Sigma, USA) and232

FITC labeled goat anti rabbit IgG (1/100, Sigma,233

USA). Incubated at 37◦C for 2 h, DAB color devel-234

oped, patched routinely, dehydrated, hyalinized, and235

mounted. Photographs were taken using a fluorescence236

microscope (Olympus, Japan). For quantification of237

GFAP staining, a similar procedure was used as238

described above.239

Electron microscopy240

The mice were anesthetized with 1% pentobarbi-241

tal (60 mg/kg) i.p., and laid supine to incise the chest242

and expose the left ventricle and ascending aorta. After243

washing with 4◦C 100 ml normal saline, the speci-244

mens were fixed with 1% paraformaldehyde for 2 h,245

and sliced to 25 �m coronal sections with a vibrat- 246

ing microtome. Hippocampal CA1 sections containing 247

transplanted cells were trimmed under a microscope, 248

fixed with 1% osmium tetroxide for 1 h, dehydrated 249

with gradient alcohol, embedded with 618 epoxy, 250

sliced into super-thin sections, double stained with ura- 251

nium and lead, observed under a transmission electron 252

microscope, and photographed. 253

Statistical analysis 254

Statistical descriptions were expressed as 255

mean ± S.D (x ± s). Data of all groups were analyzed 256

with SPSS 17. 0 statistical software. Inter-group dif- 257

ferences were analyzed by ANOVA, and inter-group 258

paired comparisons were analyzed by LSD. p < 0.05 259

was considered statistically significant. 260

RESULTS 261

1H-MRS 262

The results of 1H-MRS are summarized in Table 1 263

and Table 2. Fig. 2 shows an illustrative spectra from 264

the NSC, PBS, and control groups before and after 265

transplantation. The NAA peak was at 2.0 ppm, Glu 266

peak at 2.3 ppm, mI peak at 3.6 ppm, Cho peak at 267

3.2 ppm, and Cr peak at 3.0 ppm. Before transplan- 268

tation, the NAA and Glu peaks of the NSC and PBS 269

groups were obvious lower than those of control group, 270

while the mI peak was elevated. According to Table 1, 271

there was no significant difference in the NAA/Cr, 272

mI/Cr, and Glu/Cr ratios between the NSC and PBS 273

groups before transplantation (p > 0.05), though the 274

difference was significant when compared with the 275

control group (p < 0.01). Six weeks after transplan- 276

tation, NAA and Glu levels increased significantly 277

and the mI level decreased significantly in the NSC 278

group, as compared with the PBS group at the same 279

Table 1
The metabolite to Cr concentration ratios in the hippocampus before transplantation (x̄ ± s).

Group NAA Cr Glu Cr mI Cr Cho Cr

NSC 0.89 ± 0.05 0.40 ± 0.03 0.67 ± 0.05 0.83 ± 0.05
PBS 0.88 ± 0.04 0.39 ± 0.03 0.67 ± 0.05 0.82 ± 0.05
Control 1.15 ± 0.05 0.45 ± 0.05 0.52 ± 0.04 0.81 ± 0.04
F-value 148.918 7.529 59.468 0.612
Group comparison p-value
NSC vs. PBS 0.408 0.688 0.235 0.417
NSC vs. Control <0.001 0.003 <0.001 0.298
Control vs. PBS <0.001 0.001 <0.001 0.816

Statistical test used is ANOVA-LSD.
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Table 2
The metabolite to Cr concentration ratios in the hippocampus after transplantation (x̄ ± s).

Group NAA Cr Glu Cr mI Cr Cho Cr

NSC 1.13 ± 0.07 0.45 ± 0.04 0.58 ± 0.04 0.80 ± 0.05
PBS 0.86 ± 0.05 0.38 ± 0.02 0.67 ± 0.04 0.81 ± 0.04
Control 1.14 ± 0.05 0.44 ± 0.03 0.53 ± 0.04 0.79 ± 0.05
F-value 112.092 23.076 44.367 0.577
group comparison p-value
NSC vs. PBS < 0.001 <0.001 <0.001 0.636
NSC vs. Control 0.558 0.292 0.003 0.555
Control vs. PBS <0.001 <0.001 <0.001 0.290

Statistical test used is ANOVA-LSD.

Cr
a

b

c

a

b

c

Cr

Cr Cr

Cr

Cr

Cho

Cho

Cho Cho

Cho

Cho

ml

ml

ml ml

ml

ml

Glu

Glu

Glu
Glu

Glu

Glu

4 3 2 1 0 4 3 2 1 0

4 3 2 1 04 3 2 1 0

4 3 2 1 0 4 3 2 1 0

NAA

NAA

NAA

before transplantation after transplantation

NAA

NAA

NAA

Fig. 2. Representative spectra from NSC (a), PBS (b), and control (c) groups. Before transplantation, NAA and Glu of tg mice are lower, and
mI is increased compared with the control group. After transplantation, NAA and Glu levels increased and mI level decreased in NSC group
compared with PBS group.

time points, and statistically significantly differences280

were found in the NAA/Cr, mI/Cr, and Glu/Cr ratios281

(p < 0.05). Further, there was no significant difference282

in the NAA/Cr and Glu/Cr ratios between the NSC283

and control groups (p > 0.05), but the difference in the284

mI/Cr ratio was significant (p < 0.05). There was no285

significant difference in Cho before and after trans-286

plantation in all three groups (p > 0.05). 287

Pathological examination 288

HE staining 289

For all tg mice in the NSC group, the number of 290

neurons increased markedly and pyramidal cells were 291
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Fig. 3. Representative HE staining from NSC (a), PBS (b), and control (c) groups after transplantation. In the NSC group (a), pyramidal cells of
hippocampal CA1 region were densely arranged, and the thicknesses and form of pyramidal cell layer were similar to those in the control group
(c). In the PBS group (b), the pyramidal cell layer in the hippocampal CA1 regions were broken, and neurons decreased or disappeared. d) The
number of neurons (cells/mm2) in the NSC group was significantly greater than that in the PBS group (p < 0.05), and there was no significant
difference in the number of neurons between NSC and control groups (p > 0.05). Scale bar = 250 �m.

densely arranged (Fig. 3a). While in the PBS group,292

complete pyramidal cell layer was broken and marked293

neuronal damage and reduction were observed in the294

hippocampal CA1 regions (Fig. 3b). The thicknesses295

and form of the pyramidal cell layer in the NSC group296

were similar to those in the control group (Fig. 3c). As297

shown in Fig. 3d, the number of neurons in the NSC298

group was significantly greater than that in the PBS299

group (p < 0.05). There was no significant difference300

in the number of neurons between the NSC and control301

groups (p > 0.05), indicating that the impaired neurons302

had been repaired, or new neurons had been generated.303

Aβ + GFAP fluorescent staining304

In the hippocampal CA1 regions of the NSC305

and PBS groups, astrocyte proliferation surrounding306

the A� plaques were seen interlocking into masses307

(Fig. 4a-b). There were no A� plaques in the hippocam-308

pal CA1 region of wt mice, only a spot of unactivated309

astrocytes (Fig. 4c). According to Fig. 4d, the numbers310

of GFAP positive cells in the NSC group was signif-311

icantly less than those in the PBS group (p < 0.05).312

However, the overall intensity of GFAP immunoreac- 313

tivity of the NSC group still increased compared with 314

the wt mice (p < 0.05). 315

Electron microscopic examination 316

In the PBS group, neurons were obviously injured 317

in the hippocampal CA1 region. Ultrastructure showed 318

that synapse density was decreased with vacuolar 319

structures (Fig. 5a). In the NSC group, the majority of 320

neurons were mildly injured after NSC transplantation 321

compared with the PBS group. Many morphologi- 322

cally normal neurons were seen in the hippocampal 323

CA1 region, with abundant well-structured organelles 324

(Fig. 5b). For wt mice, neurons were normal in mor- 325

phology and well arranged, with close connections 326

between synapses (Fig. 5c). 327

DISCUSSION 328

AD is a degenerative neurological disorder charac- 329

terized by slow onset, progressive development and 330

poor prognosis, for which there is no safe and effec- 331
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Fig. 4. Representative A� + GFAP fluorescent staining from NSC (a), PBS (b), and control (c) group after transplantation. In the NSC and
PBS groups (a, b), compact plaques (red) were seen in the hippocampal CA1 regions, and astrocytes proliferation (green) had a appearance
surrounded the plaques. For the control group (c), there were no A� plaques in the observation area region, only a spot of unactivated astrocytes
(green). d) The number of GFAP positive cells (cells/mm2) in the NSC group was significantly less than that in the PBS group (p < 0.05), but
there was still significant difference in the number of astrocytes between the NSC and control groups (p < 0.05). Scale bar = 100 �m.

Fig. 5. In the PBS group, electron microscopy showed neurons in the hippocampal CA1 region were swollen, with lysed nuclei and sparse
synapses (a). In the NSC group, the majority of neurons were injured mildly after NSC transplantation, with abundant well-structured synapses
(b). In the control group, neurons were morphologically normal, and no degenerating axons were observed in area (c). The arrows represent
synapses. Scale bar = 500 nm.
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tive treatment [17]. With gradual in-depth study of stem332

cells in recent years, using NSCs to replace degenera-333

tive or lost cerebral neurons has become a new strategy334

for the treatment of AD [5, 18–20]. However, cur-335

rent studies on NSC treatment for AD are limited to336

animal experiments, and evaluation of the therapeutic337

effects of NSCs on AD in these studies mainly relies338

on behavioral observation or histopathological exami-339

nation. However, specificity of behavioral observation340

is usually poor because it is substantially affected by341

environmental and subjective factors. Invasiveness of342

histopathological examination prevents it from being343

applied to clinical trials.344

Neurological imaging has been developing rapidly345

in recent years, which promotes a dramatic change in346

medical imaging patterns. Imaging research on AD347

has evolved from simple morphology to functional348

and metabolic aspects [21–23]. The development of349

new MR techniques is of great significance in early350

diagnosis and in early monitoring of the course and351

evaluation of therapeutics. 1H-MRS is the only non-352

invasive imaging technique for studying metabolic353

changes in tissues and organs in vivo at present and354

can provide highly sensitive and specific biological355

indexes for evaluation of the effects of therapeutics356

in AD [24–27]. In the present study, we used a 7.0 T357

high-field-strength MR imager to perform 1H-MRS in358

a mouse AD model. Since it can display changes in359

NAA, mI, Cr, Cho, Glu, and other metabolites simul-360

taneously and has good reproducibility, it is applicable361

to spectral quantitative analysis.362

Since the brain volume of A�PP/PS1 tg mice is very363

small, accurate selection of ROI and size is essential364

to successful obtainment of the spectral images. AD is365

pathologically characterized by neuron deficits in the366

cerebral cortical and hippocampal areas due to accu-367

mulation of large amounts of A� peptide and formation368

of senile plaques in the brain [28]. Neuropathological369

research has demonstrated that temporal-hippocampal370

areas are involved early in the disease and are where the371

pathological changes of AD are most prominent, espe-372

cially the entorhinal cortex of the medial temporal lobe373

and hippocampal CA1 regions where neurofibrillary374

tangles first appear [29]. Therefore, the hippocampus,375

which is closely associated with learning and memory376

is an ideal target area for study of AD. In the present377

study, we selected the central hippocampal CA1 region378

as the site of NSC transplantation and ROI of 1H-MRS.379

Stereotaxis was performed from cross-sectional, coro-380

nal, and sagittal directions, and a 1.8 mm × 2.0 mm ×381

2.0 mm ROI was selected, because it could both382

avoid influences from the surrounding skeletal and383

lateral ventricular structures and include the whole 384

hippocampal structure, thus avoiding the influence of 385

magnetic susceptibility of different tissues on shim- 386

ming and helping obtain the optimal water suppression 387

effect. 388

NAA has long been regarded as a specific marker 389

of neurons, which is present primarily in neurons 390

within the CNS [30, 31]. Modrego and colleagues 391

[32] reported that NAA increased markedly in AD 392

patients after medical treatment and could be used 393

for monitoring therapeutic effects. Jessen et al. [33] 394

observed AD patients who received Donepezil treat- 395

ment and found that NAA change was correlated with 396

cognitive function. Studies [34–36] showed that NSCs 397

could proliferate continuously in the brain in vivo in a 398

specific microenvironment, and they could differenti- 399

ate to related neurons for compensation. Additionally, 400

they could secrete or release some neurotrophic factors 401

under the influence of the intracranial microenvi- 402

ronment and provide appropriate microenvironmental 403

protection or repair the impaired neurons. 1H-MRS 404

of our study before NSC translation in 12-month 405

A�PP/PS1 tg mice showed the NAA value was signif- 406

icantly lower than that of the control group, indicating 407

that neuronal function had been decreased or lost. 1H- 408

MRS 6 weeks after NSC transplantation showed that 409

NAA in these AD animals increased significantly as 410

compared with that before NSC transplantation, and 411

that the NAA/Cr ratio was significantly different from 412

that in tg mice that did not receive NSC transplantation 413

(p < 0.05). HE staining demonstrated that the number 414

of neurons was significantly greater than that in tg mice 415

who did not receive NSCs. Electron microscopy also 416

showed that the structure of impaired pyramidal cells in 417

hippocampal CA1 region was partially restored, indi- 418

cating that change in the concentration of NAA (a 419

biological index reflecting neuronal function and activ- 420

ity and integrity) could be used as a reflection of the 421

therapeutic effect on AD. 422

Glu is a main neurotransmitter in the mammal cen- 423

tral nervous system, which regulates learning, memory, 424

movement, and cognition in the brain, and is closely 425

associated with the survival of neurons, formation of 426

synapses and plasticity [37]. Kienlin et al. [16] found 427

that the degree of decrease in Glu positively corre- 428

lated with the number of senile plaques in the brain. 429

Penner and co-workers [38] found that the levels of 430

Glu, Glu/Cr, and Glu/NAA of AD patients increased 431

after four months of galantamine treatment. As an 432

important neurotransmitter, Glu from the extracellular 433

space was ingested and converted to glutamine (Gln) 434

in astrocytes. After release to the synaptic space, Gln 435
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was ingested by neurons and re-converted to Glu [39].436

Therefore, normal metabolism of Glu depends on the437

integrity of neuronal and glial cell function. Decrease438

or loss of neuronal function causes decrease in Glu.439

Lu et al. [40] thought the transplanted NSCs promote440

repair and functional reconstruction of neural tissues441

by synaptic connection with endogenous neurons and442

establish functional neural circuits. With the neuronal443

function recovery and increase in synapse density, it444

may cause levels of Glu to increase in the brain of445

tg mice, which is symbolized by the increased Glu/Cr446

ratio on MRS.447

mI is also a characteristic marker of AD. As a448

marker of glial cells, increased mI is related to acti-449

vation and reactive proliferation of astrocytes in the450

brain of AD mice [41-42]. In our previous study451

[43], we found that mI increase was correlated with452

the severity of dementia. In the present study, we453

found that at six weeks, mI in mice receiving NSC454

transplantation was significantly lower than in those455

not receiving NSC transplantation. Consistent with a456

decrease in mI/Cr ratios, A� + GFAP staining demon-457

strated that astrocyte proliferation surrounding the458

plaques were remarkably alleviated and there were459

significant reductions in activated astrocytes in the460

NSC group compared with the PBS group. Obviously461

decreases in mI levels contribute to changes in astro-462

cytes proliferation. The exact mechanism of activated463

astrocyte decrease remains unclear in mice receiving464

NSC transplantation, and there is no related report465

about this. We surmise it may involve changes in the466

internal environment in the lesion area of tg mice after467

transplantation. However, further studies need to be468

performed.469

Cho participates in the formation of cell membrane470

and nerve cell myelin, and is related to membrane phos-471

pholipid metabolism. It can reflect the stability of the472

cell membrane. Some studies [44] reported that Cho473

was elevated in AD patients, while more studies [45-474

46] argued that the role of Cho in evaluating AD needs475

discussion. The result of our study showed that there476

was no significant difference in Cho before and after477

treatment.478

In summary, the present study used 1H-MRS tech-479

nique in combination with pathology to make a480

quantitative analysis of metabolite change in the hip-481

pocampal area before and after NSC transplantation in482

A�PP/PS1 tg mice. The result showed that 1H-MRS is483

able to make an effective assessment on the therapeu-484

tic effect of NSC transplantation in A�PP/PS1 tg mice.485

This finding may prove to be of great significance to486

clinical trials of AD treatment.487
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