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Background and Purpose Although acetyl-L-carnitine (ALC) treatment may have beneficial effects on Alzheimer’s disease (AD), its un-
derlying neural correlates remain unclear. The purpose of this study was to investigate cerebral perfusion changes after ALC treatment in AD
patients using technetium-*m hexamethylpropylene amine oxime single photon emission computed tomography (SPECT).

Methods A total of 18 patients with early AD were prospectively recruited and treated with ALC at 1.5 g/day for 1.4+0.3 years. At baseline and
follow-up, brain SPECT, Mini-Mental State Examination (MMSE), Clinical Dementia Rating (CDR), Global Deterioration Scale (GDS), and
Neuropsychiatric Inventory (NPI) were used to assess participants. After ALC administration, changes in brain perfusion, severity of dementia,
cognitive performance, and neuropsychiatric disturbances were examined.

Results After ALC administration, changes in scores of MMSE, CDR, GDS, and NPI were not statistically significant (p>0.05). Voxel-wise
whole-brain image analysis revealed that perfusion was significantly (p<0.001) increased in the right precuneus whereas perfusion was reduced
in the left inferior temporal gyrus (p<0.001), the right middle frontal gyrus (p<0.001), and the right insular cortex (p=0.001) at follow-up.
Conclusions Although previous studies have suggested that AD patients generally demonstrate progressive deterioration in brain perfusion
and clinical symptoms, this study reveals that the perfusion of the precuneus is increased in AD patients after ALC administration and their
cognitive and neuropsychiatric symptoms are not aggravated. Further studies are warranted to determine the potential association between
perfusion increase in the precuneus and clinical symptoms after ALC treatment in AD patients.
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INTRODUCTION

Alzheimer’s disease (AD), the most prevalent type of de-
mentia, is characterized by chronic and progressive memory
loss. It can advance to impairments of higher cognitive func-
tions across multiple domains.'

Acetyl-L-carnitine (ALC) is an acetylated form of L-carni-
tine. It can be actively transported across the blood-brain bar-
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rier.” Carnitine plays an important role in -oxidation of fatty
acids while acetyl moiety maintains acetyl-CoA levels.” ALC
is involved in the modulation of brain energy production and
phospholipid metabolism, cellular macromolecules such as
neurotrophic factors and neurohormones, and synaptic mor-
phology and transmission.” A previous meta-analysis of mild
cognitive impairment (MCI) and mild AD has suggested that
ALC is beneficial to these patients in accordance with both
clinical and psychometric tests.* For instance, in a double-
blind, placebo-controlled, parallel-group, and randomized
clinical trial among mild or moderate AD patients, one year
of ALC administration has resulted in slower rate of deterio-
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ration in various domains of cognitive function with good
tolerability.” However, brain responses to ALC remains un-
known. Although an early *'P magnetic resonance spectros-
copy study in AD has reported that decreased levels of phos-
phomonoester and high-energy phosphate at baseline were
normalized after ALC treatment, these changes in chemical
levels have only been examined in the dorsal prefrontal area.’

The objective of the current study was to investigate chang-
es in brain perfusion and clinical symptoms including demen-
tia severity, cognitive performance, and neuropsychiatric dis-
turbances after ALC administration in AD patients using single
photon emission computed tomography (SPECT). Regional
cerebral blood flow (rCBF) is considered as a valid biomark-
er for neuronal activity since it is closely coupled to neuronal
metabolism.”

With regard to possible modes of action of ALC in AD, re-
storing cell membranes and synaptic function, enhancing cho-
linergic activity and brain energy metabolism, protecting
against toxins, and exerting neurotrophic effects have been
previously suggested.’ Previous in vivo imaging studies in mild
AD patients have revealed that cholinergic activities in typical
AD-affected brain areas including precuneus/posterior cingu-
late cortex are decreased.®® It has been reported that metabolic
reduction is the most prominent in precuneus/posterior cin-
gulate cortex region in very early AD." Based on these find-
ings, we hypothesized that ALC might be able to improve
rCBF primarily in the medial parietal area.

METHODS

Participants

Patients who met the Diagnostic and Statistical Manual of
Mental Disorders-IV criteria for AD" and the National Insti-
tute of Neurologic and Communicative Disorders and Stroke-
AD and Related Disorders Association criteria for probable
AD" were prospectively recruited at Incheon St. Mary’s Hos-
pital (Incheon, South Korea). Patients did not use acetylcho-
linesterase inhibitor or other cognitive-enhancers due to side
effects or patient refusal. Exclusion criteria were: history of
head trauma, epilepsy, stroke, mixed or vascular dementia,
radiological findings on magnetic resonance imaging (MRI),
and other neurological or psychiatric disorders.

All patients were treated with ALC at 1.5 g/day for 1.41+0.3
years. Safety assessments included adverse events, physical
examinations, vital signs, electrocardiography, and laboratory
tests. Written informed consent was obtained from all par-
ticipants. The study protocol was approved by the Research
Ethics Committee of Incheon St. Mary’s Hospital.

Clinical assessment

Evaluation of medical history and physical examinations
were conducted by board-certified neurologists. Clinical De-
mentia Rating (CDR),” CDR-Sum of Boxes (CDR-SB), and
Global Deterioration Scale (GDS)" were used to examine the
overall severity of dementia and functional status. Global cog-
nitive performance and neuropsychiatric symptoms were
evaluated with Mini-Mental State Examination (MMSE)"® and
Neuropsychiatric Inventory (NPI),' respectively.

Image acquisition and analysis

Brain perfusion SPECT scans were conducted with a dual-
head gamma camera (Discovery NM640; GE Healthcare, Mil-
waukee, W1, USA) at baseline and follow-up. An intravenous
administration of 1110 MBq of technetium-*m hexamethyl-
propylene amine oxime was performed for each participant at
40 minutes before the scan in a dark and quiet room. All im-
ages were attenuation corrected and reconstructed in 128x128
matrices with a voxel size of 3.9%3.9%3.9 mm’ using filtered
back projection.

Statistical Parametric Mapping 12 (SPM; Wellcome De-
partment of Cognitive Neurology, Institute of Neurology, Lon-
don, UK) was used for image analysis and statistical model-
ling. For each patient, baseline and follow-up images were
realigned to create a single mean image. Realigned images
were spatially normalized to SPM SPECT template (Montreal
Neurological Institute, McGill University, Montreal, Canada)
using transformation parameters estimated from the mean
image. All images were then resliced with a voxel size of 2x
2x2 mm’ and smoothed with a 12 mm full-width half-maxi-
mum isotropic Gaussian kernel. A voxel-wise paired t-test was
conducted to examine changes in rCBF between baseline
and follow-up. Perfusion values were normalized to those of
the cerebellum using automated anatomical labeling atlas."”*
A voxel-level threshold of p<0.005 with a cluster size thresh-
old of 150 contiguous voxels was applied.

Statistical analysis

Shapiro-WilKs tests were used to test the normality of vari-
ables. Changes in continuous variables between baseline and
follow-up were assessed with paired ¢-tests or Wilcoxon signed
rank tests as appropriate. A two-tailed p value of less than
0.05 was considered statistically significant. All analyses were
conducted with Stata version 13.1 (StataCorp., College Sta-
tion, TX, USA).

RESULTS

A total of 18 patients with early AD were recruited, includ-
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ing 2 males and 16 females. Demographic and clinical char-
acteristics of these participants are summarized in Table 1.
Their mean age at baseline was 77.915.3 years (67-86 years).
At follow-up, changes in MMSE (¢=0.69, p=0.50), CDR-SB
(2=0.65, p=0.52), GDS (z=1.00, p=0.32), and NPI (z=0.54, p=
0.59) were not significant. In addition, CDR rating at follow-
up was not changed compared to that at baseline.

Results from image analysis (Table 2 and Fig. 1) revealed
that perfusion in the right precuneus was increased (#=4.09,
Pp<0.001, cluster size= 152 voxels) at follow-up. On the other
hand, rCBF was decreased in the left inferior temporal gyrus
(t=4.76, p<0.001, cluster size=232 voxels), the right middle
frontal gyrus (t= 4.44, p<0.001, cluster size=197 voxels), and
the right insular cortex (¢=3.65, p=0.001, cluster size=164
voxels).

DISCUSSION

This perfusion SPECT study investigated changes of rCBF
in early AD patients after administration of ALC for approxi-
mately 1.4 years. Changes in rCBF at follow-up compared to
that at baseline were analyzed. Changes in cognitive function,
dementia severity, and neuropsychiatric symptoms were also
examined.

Table 1. Demographic and clinical characteristics of participants

At follow-up, changes in clinical characteristics for all out-
come measures were not significant. Previous longitudinal
studies in AD patients have reported that deterioration in cog-
nitive performance® and neuropsychiatric symptoms* over
one year is highly significant. Our results suggest that ALC at
least can delay or prevent the progression of AD, indirectly
supporting results of a previous meta-analysis indicated that
ALC has beneficial effects on AD.*

As disease progressed, patients demonstrated perfusion
decreases in inferior temporal, middle frontal, and insular ar-
eas. These findings are in agreement with previous studies on
AD.*? The inferior temporal gyrus is closely involved in ver-
bal fluency that is affected in the early course of AD.”” More-
over, postmortem evidence in AD patients has indicated that
synaptic loss in this region is significantly associated with im-
pairment in verbal fluency”” Other postmortem and in vivo
neuroimaging studies in AD have found that neuronal counts
and perfusion in the middle frontal gyrus are reduced com-
pared to those of healthy controls.*** In the pathophysiology of
AD, the insular cortex contributes to neuropsychiatric symp-
toms, changes in cardiovascular and autonomic regulation,
and mortality.*® Our findings are consistent with results of pre-
vious structural MRI studies demonstrating gray matter loss
in the insular region of AD patients.”>*

Characteristics Baseline Follow-up Test

Age (year) 77.915.3 79.2+5.3
Sex (male/female) 2/16 2/16
MMSE 19.7£5.2 20.1£5.0 t=0.69, p=0.50*
CDR

0.5 15 15

1.0 1 1

2.0 2 2
CDR-SB 2.814.0 3.0£4.0 2=0.65, p=0.52F
GDS 3.6£1.0 3.7£1.0 z=1.00, p=0.321
NPI 12.3£19.9 12.1£20.4 2=0.54, p=0.59"

*Paired t-test, TWilcoxon signed rank test.

CDR: Clinical Dementia Rating, CDR-SB: Clinical Dementia Rating-Sum of Boxes, GDS: Global Deterioration Scale, MMSE: Mini-Mental State Ex-

amination, NPI: Neuropsychiatric Inventory.

Table 2. Changes in regional cerebral blood flow

Region t p Coordinates (x, y; z)* Cluster size (voxels)
Baseline<follow-up
Right precuneus 4.09 <0.001 14, -70, 32 152
Baseline>follow-up
Left inferior temporal gyrus 4.76 <0.001 -68, -46, -14 232
Right middle frontal gyrus 4.44 <0.001 52,50,0 197
Right insular cortex 3.65 0.001 40, 14, -14 164

*Coordinates refer to the Montreal Neurological Institute coordinate system.
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On the other hand, rCBF was increased in the precuneus af-
ter the administration of ALC in this study. The precuneus ex-
hibits widespread connectivities with both cortical and sub-
cortical structures. It plays a pivotal role in a variety of highly
integrated functions, including visuo-spatial imagery, retrieval
of episodic memory; self-processing, and consciousness.*® Fur-
thermore, the precuneus is considered a central hub in default
mode network (DMN).” It is specifically vulnerable to amy-
loid pathology.® Previous neuroimaging studies have reported
hypoperfusion,***
increased amyloid burden® of the precuneus in AD patients

hypometabolism,” gray matter loss,** and

and suggested that progressive structural or functional deficits
in this region are implicated in the worsening of early AD. In a
longitudinal functional MRI study, DMN connectivity has
successfully predicted progression from MCI to AD.* Further

studies are needed to investigate the potential association be-
tween perfusion increase in the precuneus and clinical symp-
toms after ALC treatment in AD patients. Interestingly, treat-
ment with transcranial direct current stimulation has
improved both glucose metabolism in the precuneus and sub-
jective memory function in MCI patients.”’

Potential weaknesses of the current study include its rela-
tively small sample size and the lack of comparison subjects.
The high ratio of female to male patients was another limita-
tion. In addition, comprehensive assessments of cognitive abil-
ities using detailed neuropsychological batteries were not con-
ducted to detect subtle cognitive decline during the follow-up
period. Finally, correlations between perfusion increase in the
precuneus and clinical symptoms were not demonstrated.

In spite of these limitations, this is the first SPECT study that

Fig. 1. Changes in regional cerebral blood flow at follow-up. At each voxel, increase or decrease in brain perfusion is indicated by red-yel-
low or blue-green color, respectively. Images are shown in neurological convention. Color bars represent voxel-level t-values.
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examines cerebral perfusion changes associated with ALC ad-
ministration in early AD patients. After ALC administration,
cognitive performances, severity of dementia, and levels of
neuropsychiatric symptoms were not significantly changed,
whereas rCBF in the precuneus was significantly increased.
Further studies with larger samples and longer follow-up peri-
ods are warranted to investigate whether a perfusion increase
in the precuneus after ALC administration has beneficial ef-
fects on clinical symptoms of AD.
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