Collagen VI protects
against Alzheimer’s disease

infarct size. Exogenous estrogen treatment dose-dependently
reduced lesion volume. Estrogen’s neuroprotective effect in
cerebral ischemia was associated with significant improvements in
recognition and memory.

Amyloid-beta (Ab) proteins contribute to causing Alzheimer’s
disease. Ab attacks brain tissue by binding in oligomers to
individual neurons. This study showed that Ab binding is blocked
by collagen VI, which is increased in the brain tissue of Alzheimer’s
patients. Collagen VI is produced by neurons through a process
involving the immune regulatory cytokine TGFb to protect against
damage caused by Ab toxicity.
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Body size and muscle strength
are predictors of stroke and CHD
A study measured body size and muscle strength in one million
males during young adulthood and looked at incidence of heart
disease in later life. Body mass index (BMI) predicted risk for
intracerebral infarction and coronary heart disease (CHD), whereas
both under- and overweight increased risk for intracerebral and
subarachoid hemorrhage. Height and strength indicators (elbow
flexion, hand grip, knee extension) were inversely associated with
stroke and CHD.
Silventoinen, K. et al. International Journal of Epidemiology, Online November 25, 2008.

Estrogen’s neuroprotective
actions
Estrogen functions as a neuroprotective factor in females,
contributing to sex differences in cerebral ischemia damage. In
animal studies, removal of the ovaries eliminated the observed
protective effect. Endogenous estrogen levels were inversely
correlated with ischemic stroke damage, and treatment with
an anti-estrogen receptor compound significantly increased
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Free radical damage with stroke
A study found that free radical formation is a factor in the cerebral
damage secondary to ischaemic cerebrovascular accident (CVA).
At the time of admission to hospital, there was no statistical
difference in total serum ascorbate or in malondialdehyde (MDA)
between CVA patients and controls. 48 hours later, the CVA
patients showed a statistically significant decrease in total serum
ascorbate and a significant increase in MDA , possibly due to free
radical damage.
Sharpe, P.C. et al. Irish Journal of Medical Science. 163(11). November 1994.

Robotic technology improves
stroke rehabilitation
The brain can regain function through rehabilitative exercises >6
months after a stroke, which is longer than previously thought.
Researchers studied right-hand dominant patients ≥6 months after
a stroke affecting the left side of the brain and, consequently, use
of the right hand. Patients squeezed a robotic device for 3 hours/
week during 4 weeks. Functional MRI (fMRI) examination showed
significantly increased activation in the cortex, which persisted for
several months after cessation of training.
Medical News Today. December 4, 2008.

Treadmill exercise
improves walking after stroke
The findings of a recent study demonstrate the effectiveness of
treadmill exercise (T-EX) rehabilitation in promoting gait recovery
in stroke victims with long-term mobility impairment. In chronic
hemiparetic stroke patients, 6 months of T-EX improved walking
velocity by 51% and cardiovascular fitness by 18%. fMRI scans
showed 72% increased activation in posterior cerebellar lobe and
18% in midbrain. This neural recruitment reflects neural network
plasticity.
Luft, A.R. et al. Stroke. 39:3341. 2008.

Folate and ischemic stroke risk
Folate protects against ischemic stroke, in part through other
related nutrients. A Taiwanese study found that low folate intake
over 40 years was significantly associated with increased stroke
risk (HR=1.61). No association was observed for plasma folate
concentration. Several nutrients correlated with dietary folate
(vitamin B2, potassium, iron, vitamin A, calcium) also influenced
ischemic stroke risk (HR from 1.5 to 1.9).
Weng, L.C. et al. Stroke. 39:3152-58. 2008
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Brain neuroprotection
by scavenging blood glutamate
The amino acid glutamate, a major neurotransmitter, plays a role in
many vital brain functions such as learning and memory. But when
its levels rise too high in brain fluids, it invades the extracellular
spaces and causes excitotoxicity, the pathological process by
which neurons are damaged and killed. Thus, excessive levels of
glutamate can inflict long-lasting neurological damage resulting in
impaired brain function.
A sudden injury to brain tissue, such as stroke or head trauma,
triggers a surge of glutamate in the brain. Removal of excess
glutamate by oxaloacetate-mediated blood glutamate scavenging
was tested by researchers in rats subjected to closed head injury
(CHI). The study’s results showed that intravenous treatment with
oxaloacetate decreased blood glutamate levels by 40%, producing
highly significant improvements in neurological status. When
oxaloacetate was administered in combination with recombinant
glutamate-oxaloacetate transaminase, neurological recovery was
almost complete. Oxaloacetate provided neuroprotection when
administered before CHI or at 60 minutes after CHI, but not at
120 minutes post-CHI. Since neurological recovery from CHI was
highly correlated with the decrease of blood glutamate levels,
the researchers concluded that oxaloacetate-mediated blood
glutamate scavenging provides neuroprotection. These findings
hold promise for the development of new therapeutic strategies
based on blood glutamate scavenging.
Zlotnik, A. et al. Experimental Neurology. 203(1): 213-20. 2007

Neuroprotection
for age-related brain
diseases
Researchers are beginning to uncover broad mechanisms of
neuroprotection that may naturally delay age-related brain
diseases such as Alzheimer’s and Parkinson’s. There are good
reasons to believe that a healthy lifestyle can considerably
reduce risk for neurodegenerative diseases. According to an
epidemiological study involving 10,000 subjects, people with
high cholesterol, obesity or large bellies when in their 40’s are
significantly more likely to develop Alzheimer’s later in life.

Exercising the body and the brain. More physical activity means
healthier blood vessels and better blood flow, resulting in better
blood supply to the brain, which enhances its ability to withstand
stress and sustain insults. The part of the brain most sensitive
to vascular injury is the hippocampus, where Alzheimer’s changes
typically start. Research in older adults found that individuals who
reported exercising >3 times/week at the beginning of the study
had a 40% lower incidence of Alzheimer’s six years later than
those who exercised less.
Environmental enrichment in the form of social and intellectual
activity, also strengthens the brain’s resistance to disease by
promoting more direct neuroprotective mechanisms. When
brain cells are healthy and active, they cause the release of
neuroprotective levels of the immune chemical tumor necrosis
factor alpha (TNF-a).
Normally, large quantities of TNF-a are released in the brain in
response to infection or injury, triggering an immunological
cascade that kills or damages neurons. But at relatively low
concentrations, TNF-a serves as an irritant, causing increased
production of DNA-repair and nerve-growth factors. Diet and

sleep may also boost neuroprotective levels of TNF-a in the brain.
Healthy eating and drinking. In a study of lifestyle and onset
of Alzheimer’s disease, patients who had been heavy drinkers
when younger developed Alzheimer’s five years earlier than light
drinkers. Heavy smokers developed the disease two years earlier
than lighter smokers or non-smokers. This observed impact of
heavy drinking or smoking on the development of Alzheimer’s is
comparable to the effect of the major genetic risk factor for the
disease, the e4 allele of the apolipoprotein-E gene.
Both epidemiological and animal studies suggest that caffeine
protects against Parkinson’s disease. In a long-term study, more
coffee drinking was strongly associated with less chance of
being diagnosed with Parkinson’s. The incidence of Parkinson’s
was >20% lower among individuals who consumed the greatest
amounts of caffeine.

The burden of stroke
Stroke is the third major cause of death in industrialized countries,
after cardiovascular disease and cancer. Overall incidence is
predicted to increase over the next decade by 12%, and by 20%
in low-income groups. Due to stroke, over 50 million healthy lifeyears will be lost by 2015.
Beyond this significant burden for society, the consequences for
the individual, and the family of stroke victim are enormous. The
patient experiencing a typical large-vessel acute ischemic stroke
loses 120 million neurons, 830 billion synapses and 714 km of
myelinated fibers each hour. The ischemic brain ages 3.6 years
for every hour a stroke goes untreated. More than 30% of stroke
survivors are left severely disabled.
Green, A.R. British Journal of Pharmacology. 153:S325–S338. 2008.

Caffeine blocks the brain-cell receptors for adenosine, an
inhibitory neurotransmitter that enforces drowsiness and sleep.
Adenosine also normally inhibits the same motor neurons in the
brain striatum that are slowed in Parkinson’s disease. Animal
studies have shown that by blocking striatal adenosine receptors,
caffeine promotes neuronal health and activity.

Neuroprotection for brain trauma

Another diet-related factor, urate, may be a neuroprotective in
Parkinson’s. Researchers who followed Parkinson’s patients for
two years after diagnosis found that disease progression was
much slower in those with the highest serum levels of urate at the
outset.

Citicoline (cytidine 5’-diphosphocholine) is an essential intermediate in the biosynthesis of phospholipids in cell membranes. Following either oral or parenteral administration, its two main components, cytidine and choline, cross the blood-brain barrier and
reach the central nervous system (CNS). Citicoline increases brain
metabolism and boosts CNS levels of norepinephrine and dopamine. Toxicological tests show citicoline to be safe.t

Urate, which has antioxidant and metal-binding properties, is a
form of uric acid found in liver and some seafood. Because oxidative
damage and metal toxicity are both possible contributors to the
Parkinson’s disease process, a protective role of urate seems
possible. A urate precursor, the dietary supplement inosine, has
also shown neuroprotective effects in preliminary research.
www.dana.org/news May 2008.

Citicoline: pharmacological
and clinical review

Neuroprotective effects. In patients with head trauma, citicoline
accelerates recovery from post-traumatic coma and neurological
deficits. It also improves the mnesic and cognitive disorders of
post-concussional syndrome.t
In hypoxic and ischemic conditions, citicoline decreases infarct
volume. Two trials examining infarct growth after ischemic stroke
showed reduced lesion volume at 12 weeks in 62.1% of patients
treated with citicoline vs. 53.2% of those receiving placebo. Results also indicated a significant effect of dose on percentage
change in lesion volume (p=0.015).u

Citicoline accelerates recovery of consciousness and motor deficit after acute ischemic cerebrovascular accident, including the
bleeding form. The results of a meta-analysis of seven clinical trials
enrolling 1,963 patients indicate that citicoline treatment initiated within 14 days of onset of ischemic or hemorrhagic stroke
provides a substantial effect, with absolute reductions of 10%12% in rates of long-term death and disability.s
A systematic review of four trials including 1,372 patients concluded that treatment with oral citicoline within 24 hours after
onset of moderate to severe acute ischemic stroke increases the
probability of complete recovery at 3 months. The recovery rate
was 25.2% in citicoline-treated patients vs. 20.2% in placebotreated patients (odds ratio [OR]=1.33).l
Following hemorrhagic nontraumatic supratentorial cerebral infarction, patients treated with citicoline for 14 days showed
a significant increase in muscular strength three months after
treatment.n
In patients with chronic cerebral ischemia, citicoline improves
cognition scores, while in patients with senile dementia of the
Alzheimer’s type, it stops disease progression, improves learning
and memory performance, and has neuroendocrine, neuroimmunomodulatory, and neurophysiological benefits. t

Neuroprotective mechanisms. Citicoline neuroprotection may
include: 1. preserving cardiolipin (an exclusive inner mitochondrial membrane component) and sphingomyelin; 2. preserving
the arachidonic acid content of phosphatidylcholine (PtdCho)
and phosphatidylethanolamine; 3. partially restoring PtdCho levels; 4. stimulating glutathione synthesis and glutathione reductase activity; 5. attenuating lipid peroxidation; and 6. restoring
Na(+)/K(+)-ATPase activity. These effects could be explained
by the attenuation of phospholipase A(2) activation. Citicoline
also provides choline for synthesis of neurotransmitter acetylcholine, stimulation of tyrosine hydroxylase activity, and dopamine
release.F
t Secades, J.J., J.L. Lorenzo. Methods & Findings in Experimental & Clinical Pharmacology. 28(Suppl B):1-56.
September 2006.
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s Saver, J.L. et al. Stroke. 33:353. 2002.
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