Food choices and your aging brain

How much and Wwatyou choose to earethe single biggedactoisin making your brain
age.

Let's see how youpod choices affect your brain.

Suppose you have a lunch of hamburger, fries, and a regular soda.

These havéhree major components:



1 Fats
o lipids, cholesterol, triglyceridggnostly bad)
0 good fats: omega fatty acic

1 Carbohydrates
0 sugars
A sucrose (table sugar)
A glucose (blood sugar, the form dsay the brain)
A fructose (from fruit)
A lactose (from milk)
o starch
o fiber
9 Proteins
0 major component of meat
o found in all cells in plants and animals
There are also lesser amounts of minerals, vitamins, and other components.

These get absorbed through yautestine, pass through your liver, and enter your blood
stream. Let's start with tHats

Good fats, bad fats

Your brain is 60% fats and lipids (fike molecules). Fat is the major component of
neurons anadf glia cells that support the neurons.

Thetypeand amounbf fat you eat determines

1 the number of dendrites and synapses in your neurons

1 the type and amount of neurotransmitters your neurons produce

1 your ability to learn

1 your mood

1 your risk of stroke, Alzheimer's disease and Parkinson'ssdisea
Your choices of what type of fat you eat are among the most important choices you can
make to save your aging brain.

Good fats for your brain:
1 Omegag3 fatty acids DHA and EPA



o Fish, flaxseedsomenuts, supplements
1 Monounsaturated fats: olive pdanola oil, flaxseed oil, avocado

Bad fats for your brain:
1 Saturated fat:
0 Meat such as beef and pork
o0 Whole milk
o Butter
0 Cheese

1 Hydrogenated vegetable oils, trans fats
0 Margarine
o Mayonnaise
o Fried foods French fries, donuts, anything deep fried, suchied fr
chicken

1 Omegab fatty acid
0 Most processed foods
o Corn oil, sunflower oil, safflower oil (most salad dressings)

A fat molecule
1 is made of carbon, hydrogen and often additional atoms such as oxygen
9 is not soluble in water

As an example, here's teucture of olive oil.
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Like most fats, olive oil has
1 a carbon backbone
1 hydrogen atoms attached to most of the carbons
1 some additional atoms, in this case cayg

Olive oil is missing two hydrogen atoms in the middle. This makes olive oll
"unsaturated": it doesn't have the maximum possible number of hydrogens.

Where the hydrogens are missing, the two carbons are joined by a double bond. Because
there is one (mwo) double bond, olive oil is a monmsaturated oil.



In contrast, a saturated fat has the maximum possible number of hydrogen atoms:
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Whenthere are several (poly) double bonds, we have aypwgaturated fat:
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This particular polyunsaturated fat is an ome@datty acid It is called omeg8 because
counting from the left end (the omega end, in chemistry nomenclature) the first double
bond is at the third carbon.
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This polyunsaturated fat is ammega6 fattyacid Counting from the left (omega) end,
the first double bond is at th& 6arbon.
What saturated fats do to your brain
Saturated fat
1 reduces the number of dendrites and synapses in your neurons
1 reduces your ability to learn
1 alters the type anch@aount of neurotransmitters your neurons produce
i alters your mood
1 increases your risk of stroke, Parkinson's disease and Alzheimer's disease
1 increaseshe risk of cognitive decline
Professor Carol Greenwood at the University of Toronto has studiedfé¢iets of fat on
the brain. In one set of experiments, Dr. Greenwood fed rats diets containing up to 10%
saturated fat, and tested their learning ahilithe result: The rats ability to leafiell
directly with the amount of saturated fat in the diet. Fats on a diet of 10% saturated
fat, their learning ability was near zero. The average saturated fat in American diets?
About 11%.0ther researchers have confirmed the negative effects of a high saturated fat

diet on learning and memory in rodents (Ya09).

Studies in humans shasimilar resultscholesterol and saturated fat increase the
probability of impaired cognitive function (Kalmijn 2004).

Researchers from the University of Texas Southwestern Medical Centre found that
saturated fat urges thedim to overeatBenoit 2009) Theyfed mice and rats the same
amount of calories of two types of fat:

1 palm oil (a saturated fatty acid prevalent in beef, butter, cheese and milk)



1 olive oil (a monounsaturated fat)

The palm oilspecificallyimpairedthe aility of leptin and insulin tesignal satiation to
the brain Theolive oil did not

Saturated fats are alsanajor source of LDL cholesterol, the bad type.
Useavocaddnstead obutter, mayo, ocreamcheese on your bread or bagel. Avocado
benefits:

1 Fewercalories

1 Low in saturated fat

1 High in goodmonounsaturated fat
Omega3 fatty acids: DHA, ALA, and EPA

1 50% of the fat in a neuron's cell membrane is the of3dgity acid DHA.

o0 The cell membrane creates the synapses and dendritic spinegthat ar
essential for learning and memory.

1 50% of the fat in the inner membrane of mitochondria is the oi3dgty acid
DHA.

o Mitochondria produce the energy that keeps your neurons alive.
So does it matter if you have enough om8datty acid DHA? You bet

You need the right amount of DHA to
1 keep your synapses working
1 make new synapses when you learn

1 keep your neurons supplied with energy

The bad news:
1 you are almost certainly getting too little DHA

9 you are almost certainly getting too much'ué bad fatty acid: Omega

A good ratio omeg& and omeg® in diet is 1:1, max of 4:1.



Actual ratio for a typical diet including hamburgers, pizza, fried food and most salad
dressings: 15:1

DHA is a critical to cell structure and function in the nelwgystem. Low DHA is
associated with

1 cognitive decline during aging
1 neurodegenerative disease

Let's look at what omega and omeg® fatty acids do to your neurons.

Omega3: the good fatty acids

Omega3 fatty acids are unsaturated fatty acids Haate carboihcarbon double bonds in
theOmega3 position.

Three omega fatty acids are nutritionally important:

DHA (docosahexaenoic aci@p carbon atom backbone, 6 double bonds
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DHA is made by photosynthetic marine algae. Fish eat the algae, and we eat the fish.
Rich sources of omegaDHA are faty fish:

1 salmon

1 tuna

1 mackerel
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EPA (eicosapentaenoic acid) 20 carbon atom backbone, 5 double bonds

Photosynthetic land plants make ALA that our bod&s convert to EPA and DHA.
Plant sources include

1 flax
1 walnut

9 Brazil nut
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In our neurons, DHAombineswith other moleculeg chemichreactionso create
phospholipids that make up the neuron membranes.

Your bodyalsoturns omega3's intoa variety ofantrinflammatory molecules

As we age, we are less able to make DHA, so need more in our diet.

Omega6: the bad fatty acids

Omegab is also an "essential fatty acid". Your body can't make ordgty acid. But
we get far more than we need from our diet.

Omegab is very high in several oils used in salad dressings
1 corn ail
1 sunflower oil
1 safflower oll

So having a salad with gof these is probably harming your neurons. Instead, use olive
oil, canola olil, or flaxseed oll.

Omegab contributes to inflammatiofincreasingarachidonic acid
Inflammation causes

M Increased stroke risk



1 Damage to brain blood vessels

1 Increased Alzhimer's disease risk
High levels of omeg#® inhibit synthesis of the omegafatty acids EPA and DHA from
ALA. So accumulation of EPA and DHA is more effective when

1 EPA and DHAare obtained directly from fogdish, supplement)r

1 when competing onga-6 does not greatly exceed the amounts of ALA.
Omegab6 competes with omeg# and reduces the benefits of om&ga
Omega3 counteracts thmflammatory and othegffects of omeg#®.
Omega3 and cognition

Omega3 studies in animals

DHA improves merary and learning ability in young and aged rodents (Gamoh 1999,
2001)

DHA plusuridine monophosphat{®MP) improves the impaired learning ability of
environmentally impoverished rats (Holguin 2008) inde$show long it takes a rdb
escape the Morriwater mazdescape latencies)

Morris water Maze test.

1 2-meter pool
0 prominent visual cues around edges
o platformin same location foall trials



1 Ratswims around the pool

9 Researcher records:
o time to reaclplatform (escape latency)
o total distance traveled

1 If rathaslearnedocation ofhidden platform relative to thasual cues, on
subsequent trials finds the platform morejuickly

Effects of Treatments on Rats Exposed to Impoverished Conditions
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DHA supports growth of secondary neurites (Novak 2008)
Gerbilsandrats receiving DHA or EPA (Cansev 2008) have
1 increased numbers of dendritic spines on postsynaptic neurons.
1 increased levels specific prar postsynaptic proteins.
1 increagd levels of phosphatides that make up the neural membrane

DHA increases the quantities of synaptic membrane and the numbers of dendritic spines
on hippocampal cells of normal animéBakamoto 2006, Wurtman 2006):
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Figure 6.

Effects of oral supplementation with various doses of DHA on dendritic spine density i adult
gerbil hippocampus. Animals were supplemented with 0, 50, 100 or 300 mg/kg of DHA daily
for 4 weeks. (A) Apical dendrites of CA1 pyramidal neurons. (B) Animals supplemented with
100 or 300 mg/kg/day showed increased spine density: a 12 % mcrease after the 100 mg/'kg/
day dose (*P = 04) and an 18 % increase after the 300 mg/'kg/day dose (**P = 001 vs. 0 mg/
kg/day). n=16 ~ 20 neurons from 2 animals per group. (From Sakamoto T et al., Submitted
for Publication)

Source: Sakamoto 2006

Omega6 doesot produce these results (Cansev 2008, Novak 2008)

Omega3 epidemiological studies in humans

Epidemiological studies in humans indicate that orridacreases the risk of cognitive
decline and dementia in middle and old age (Kalmijn 18@¥mnijn 2004,Johnson and
Schaefer 2006).

High omega3 levels in blood plasma and red blood cells erythrocyte levels are
associated with a significantly reduced rigkcognitive decline in agein@deude 2003,
Schaefer 2006)

As part of the longerm Zutphen Elderltudy in Holland, Kalmijn and Kromhout
measured omeg@blood levels and tested cognition in 1300 males aged 64 to 84. Men in
the high omeg#® group had 75% higher risk of memory loss and reduced cognitive
ability compared tahe low omegé group.

Kalmijn (2004) studied dietary intake of fatty acids and fish in relation to cognition in
1,613 subjects ranging from 45 to 70 years old. Fatty fish and marine @medaced



risk of impaired cognition. Cholesterol and saturated fat increased risk of impaired
cognitive function in this middiaged population.

van Gelder (2007) reportedsearchn an older population (part ¢fie Zutphen Elderly
Study) on the associations between fish consumption, the total DHA + EPA from fish and
other foods, and subsequére-year cognitive decline.

They recorded fish consumption of 210 participants who were ag8é y&arsin 1990,
and data on cognitive functioning at the beginning and end of thgdestudy.

The measure of cognitive decline was the Mitental State Examination (MMSE),

which includes questions on orientation to time and place, registration, attention and
calculation, recall, language, and visual construction. The maximum MMSE score is 30
points; higher score indicates better cognitive functignin

Fish consumers had very little decline in cognitive decline (on th8@ MMSE
scale):
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FIGURE 1. Multivariate linear regression analysis of 5-y cognitive decline in 210 elderly men in relation to fish consumption in 1990, showing the m
change in cognitive functioning between 1990 and 1995, adjusted for age, education, alcohol consumption, smoking status, physical activity, energy inta
and baseline cognitive functioning. MMSE, Mini-Mental Status Examination. #, Fish consumers; B, fish nonconsumers. ~Significantly different fr
cognitive declineg in 51 fish nonconsumers, P = 0.01.

In addition, total DHA + EPA from all sources was inversely linearly related to cognitive
decline.

Omega3 clinical studies in humans

Fontani (2005) andolleagues at theniversity of Siena, Italgtudied the effects of
omega3 supplementatioon cognition and physiologg healthy human subjects.



Subjects were tested at the beginning of the experiment and after 35 days.

1 33 subjectsn theomega3 group consumed eight capsules (4 g) of fish oil per
day

1 16 subjectsn the placebo group consumed eight capsules (4 g) of olive oil per
day

Fontani describes the four tests involving different types of attention:
1 Alert
1 Go/NoGo
1 Choice
1 Sustained Attemn

Each subject sat in a comfortable reclining chair,roeéerin front of a computer screen
and with the forefinger of the dominant hand on the key of a modified computer
keyboard.

Alert (AL): this test involved the measurement of a simple reactianstonulus that was

not considered to require significant central analysis. Each trial started with a warning
stimulus (sound) and after 3 seconds a |l ette
which the subject had to respond by pressing a key asasqaossible. The reaction time

was recorded.

Go/No-Go (GO): this test analyzed the specific ability of the subject to repress an
unsuitable response and to react only in the presence of some stimuli and not in the
presence of others, which required sigmift central intervention. Each trial started with

a warning stimulus (sound) and aftere@sndsone of five squares of differenblor (red,

green, yellow, blue or black) appeared randomly on the computer screen. The key had to
be pressed only if red green squares appeared. Reaction times and errors were
recorded. Go trials (in which were presented target stimuli) were 60% ar@d\taals

(in which were presented stimuli not requiring a response) were 40% of the total number.

Choice (CH): thistas assessed the subjectds ability to
ability required substantial central analysis of the stimulus properties. Each trial started

with a warning stimulus (sound) and aftese&ond®ne of three differentlgolored

squaresred, green or yellow) was presented and the subject had to press one of three

different buttons that related to a specific square.

Sustained Attention (SA): this test analyzed
of stimuli activating a complego/ncgo paradigm. Each trial started with a warning
stimulus (sound) and aftersgéconds figure was presented on the monitor screen. There



was a series of figures presented sequentially and the subject was required to recognize if
a particular figure waequal to the previous one eithecaior (red, green, yellow), in

shape (triangle, circle or square) or in size (large, medium, small). If any of the criteria
matched the subject pressed the single button (covering all combinations).

RESULTS: Blood aalyses showed that aftemega3 supplementation the arachidonic
acid/eicosapentaenoic acid ratio (AA/EPA) was strongly reduced.

Omega3 reduced reaction times in the Go/S0 and Sustained Attention tests:
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Figure 2 Eeaction time: distribution of the mean values of each
trial recorded during the Sustained Artention test before and after
Omega-3 supplementation (subjects 1 = 33). Mean values: before
Omega-3 = 683-30, after Omega-3 = 638-30; 1 = 5-368;

P < 0-0001. Variability index: before Omega-3 = 143-50, after
Omega-3 = 125-24; r = 2.72; P<0-01.

Source: Fontani (2005)



Table 2 Physiclogical recordings: mean latency of EMG actvation (ms) * standard dewviation of the forefinger flexor .
stmulus. Attentonal tests: comparisons between the recording before and after Omega-3 supplementation (subjects

i

Test Before Omega-3 Afrer Omega-3 H

Alert 195-27 £ 36-9 18891 £ 294 1-29
Go/MNo-Go 408-73 + 683 38121 £57-2 309
Choice 42896 + 806 404-30 £ 696 261
Sustained Arttention 476-60 + 89-8 423-40 £ 88-6 4-56

¥, .
Paired samples r-test.

In contrast, a énonth study of the effects of fighil supplements found no significant
cognitive benefit in older adults (van de Rest 2008). The reason for lack of efficacy in
this study is not clear.

Randomized, placebcontrolled, doublélinded trials indicate thaimega3
supplementation is beneficial in children with learning and behavioral problems (Sinn
2007, 2008).

Omega3 and depression

Countries with the highest rate of seafood consumption (high in eBh&dty acids)
have low rates of depressiand othemood disorders (Parker 2006, Gonriinilla
2008)
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Patients with mood disorders have lower om@datty acid levels than do controls
(Parker2006)

Lin and Su (2007) reviewed ten placetmntrolled trials of omega fatty aads in the

treatment of depression and found a statistically significant antidepressant effect.
However, they found great variation in the results among the studies and strong evidence
for publication bias, which reduces confidence in the effect.

Fontani(2005) studied the effects of Omegaupplementation using the Profile of Mood
States (POMS) test:
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Figure 1 Profile of Mood States (POMS). Comparison before

and after Omega-3 supplementaton. Mean ¥ standard error
(subjects n = 33). Paired samples r-test: P < 0-0001,
“P<0-001, "P< 001, P<004.

Omega3 significantly reduced
1 anger
1 anxiety
1 fatigue
1 depression
1 confusion

Omega3 also significantly increased vigor.



Omega3, Alzheimer's diseae and stroke

Omega3 in animaland cellulamodels

Green2007
Mouse model of ALZ. Miceccumulateamyloid and tau proteins

Diet supplemented witBHA reduced the intraneuronal accumulation of both amyloid
beta (Abeta) and tau.

Combining DHA withomega6 fatty acidsdiminished the efficacy of DHA over a 12
month period.

Ma 2009

"Feeding 3xTgAD transgenic mice a diet high in saturated and ortefgd increased
active JNK and phosphorylated IRSand tau. Treatment of the 3xFdp mice on high
fat diet with fish oil or curcumin or a combination of both for 4 months reduced
phosphorylated JNK, IR$, and tau and prevented the degradation of totalllRIis
was accompanied by improvement irméaze performance. Mice fed with fish oil and
curcumin for Imonth had more significant effects onanYaze, and the combination
showed more significant inhibition of JNK, IRIS and tau phosphorylation."

Bazan 2009
In human neural cells, DHA reduces amylbieta secretion.

Lukiw 2008

"Deficits in DHA or its peroidation[oxidative damagehppear to contribute to
inflammatory signaling, apoptosis, and neuronal dysfunction in Alzheimer disease (AD),
a common and progressive agdated neurological disorder unique to structures and
processes of t IRecenhstutdiesnnddrscae the importénce"of DHA
derived neuroprotectin D1 (NPD1) in the homeostatic regulation of brain cell survival
and repair involving neurotrophic, aspoptotic and aninflammatory signaling.
Emerging evidence suggests that NPDdtlsgsis is activated by growth factors and
neurotrophins. Evolving research indicates that NPD1 has important determinant and
regulatory interactions with the moleculgenetic mechanisnaffecting bamyloid
precursor protein (bAPP) and amyloid beta (Abpfde neurobiology.”

Omega3 in epidemiologic studies

Ernst Schaefer.
1178 Framingham volunteers, average age 75.
Subjects withAlzheimer's diseasiead lower DHA levels thadid healthy controls.



In healthy controls, low levels of DHA increased thelqability of Alzheimer's disease
within 10 years by two thirds.
Low levels of DHA were correlated with low scores on MMSE.

Subjects withAlzheimer's diseadieave higher levels of inflammatory prostaglandins
(from omegab) than do healthy controls (K.N. &ad)

Omega3 in clinical trials

Cederholm and Palmblad (2009) reviewed the results of recent studies:

"PURPOSE OF REVIEW: To report recent data on the potential role of eghega
fatty acids (R3 FA) found in oily fish, especially docosahexaenoic abidA), to
prevent and treat cognitive decline and Alzheimer's disease.

"RECENT FINDINGS: Observational studies still provide conflicting results, in
which the majority indicate beneficial effects on cognition, both when assessed as
a continuous variabler@s incident dementia, mainly Alzheimer's disease.
Experimental studies have demonstrated potentially ameliorating effects of
eicosapentaenoic acid (EPA) and DHA on amyloid fragment formation, signal
transduction including upregulation of the apolipoproteceptor SorLA, as well

as on angiogenesis. The role of EPA and DHA metabolites on Alzheimer's disease
pathology is under investigation. Recently, three randomized intervention studies,
with duration up to 6 months have been reported. In contrasntalastudy from
Taiwan, no positive overall effects were reported from the Swedish OmegAD
Study or from a Dutch study, although post hoc analyses indicate that selected
individuals with mild forms of Alzheimer's disease or cognitive decline may
respond tdreatment.

"SUMMARY: No firm conclusions can be drawn. Based on epidemiological data,
fish including oily fish could be advised as part of a balanced diet for public

health purpose, although the evidence for better cognition is only fairly consistent.
It is unlikely that R3 FA will emerge as a treatment option in general for

improving cognitive function in patients with Alzheimer's diseasg FA\,

especially DHA, may turn out as an adjuvant therapy in selected cases. Further
long-term intervention studs on individuals with mild cognitive reductions are
awaited."

Twelve prospective cohort studies have shown that ofBdgtly acid significantly
reduces risk of stroke (Danaei 2009).

Omega3 fatty acid and longevity
Maybe you are not yet persuaded thaega3 fatty acid isvorthwhile So let's see how

it affects your life expectancy. Here's$larvard School of Public Heal#tudy published
in 2009 (Danaei 2009):



"The mortalityreducing effects of omeg#fatty acids and of replacing saturated
fatty agds (SFA) with polyunsaturated fatty acids (PUFA) (denoted as PUFA and
PUFA-SFA replacement interchangeably hereafter) have been confirmed in
randomized trials."

"In the year 2005, 2,448,017 US residents died O v e r obesity, iphysical
inactivity, andhigh blood glucose each caused 190i@1®,000 deaths (828%

of all deaths in adults). The mortality effects of individual dietary risk factors
ranged from 15,000 deaths for low dietary PUFA [in place of saturated fats] (<1%
of all deaths) to 82,00002,M0 deaths for low dietary ome@afatty acids, high
dietary trans fatty acids, and high dietary salt.

Source: Danaei 2009

What about mercury and PCB's in fish?

Mercury and polychlorinated biphenyl (PCB) is found in many fish consumed by
humans. Largepredatory fish such as swordfish, shark and tuna are more likely to have
elevatedmnercury levels.

Stephen Jewett and Lawrence Duffy at the University of Alaska, Fairbanks, examined
concentrations of mercury in 17 freshwater fish species and 24 righrepecies

(Jewett 20070. Placed emphasis on methylmercury (MeHg), the most toxic form to

humans. Most fish had muscle mercury concen
USFDA's Action Level and Alaska's guideline for safe concentrations of MeHghle edi

fish. Pacific sal mon had mercury concentrat



