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Objective: The potential relation between metabolic activity within the central nervous system and
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retention of cognitive functioning capacity was assessed.
Methods: A detailed literature review was conducted and summarized.

Results: A large body of scientific evidence describes the interactions among cognitive activity,
5 oxidative stress, neurodegeneration, neuroprotection, cognitive aging, and retention of cognitive

Oxidative stress
Mitochondrial decay
Neuroprotection
Cognitive function

functioning ability.

Mitochondrial decay

The central role of mitochondria in energy-generating
biochemical processes makes these organelles sources and
targets of biological exogenous and endogenous oxidants and
places mitochondria at unique risk for the consequences of high
flow rates of potentially oxidizing electrochemical reactions [1].
For example, 2% to 3% of the oxygen that is consumed by mito-
chondria is converted to superoxide (-O;) at complex III [2].
When the rate of electron entry into the mitochondrial respira-
tory chain exceeds the ability of the chain to control the rate and
direction of electron flow, free electron “leakage” from respira-
tory chain complexes I and Il may overwhelm local quenching
capacity and trigger increased with a corresponding
increase in the level of oxidative stress within mitochondria
[3-6]. Excessive reactive oxygen species (ROS) production by the
mitochondrial respiratory chain triggers “mitochondrial uncou-
pling"—the transfer of free electrons through the mitochondrial
respiratory chain becomes inefficient and uncoupled from
adenosine triphosphate (ATP) regeneration [3,7] and can induce
peroxidation of mitochondrial membrane lipids, reducing the
electrochemical charge difference across the inner mitochondrial
membrane (the “mitochondrial membrane potential,” AWm),
opening the mitochondrial permeability transition pore, and
initiating ion and water intrusions into the mitochondrial matrix
space (producing mitochondrial swelling) followed by rupture of
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Conclusion: Maintenance of redox balance within the central nervous system can forestall cognitive
decline and promote cognitive longevity.

© 2010 Elsevier Inc. All rights reserved.

the outer mitochondrial membrane and biochemical cascades
that can culminate in apoptotic cell death [3].

Other products of inefficient electron transfer along the
respiratory chain include oxidatively damaged mitochondrial
proteins that behave dysfunctionally and inefficiently [8-10]. For
example, spontaneous oxidation of proteins can produce non-
enzymatic cleavage of the protein backbone, side chain oxidation
can produce abnormal protein-protein cross-links, and the
creation of carbonyl derivatives can inactivate catalytic sites
through enhanced temperature sensitivity [11]. Oxidized
proteins themselves produce increased amounts of additional
free radicals within the mitochondria, creating a positive feed-
back cycle of accelerating mitochondrial dysfunction [8,12,13].

The effects of increased exposure of mitochondrial proteins to
oxidizing molecular products of metabolism tend to affect
specific target proteins [ 14]. For example, the activity of complex
IV {coenzyme Q-cytochrome c oxidoreductase, or, more simply,
cytochrome ¢ oxidase), the terminal rate-limiting electron
acceptor in the chain, can become dramatically suppressed after
its oxidative binding to proteins [7].

Other sources of -0 can increase organelle exposure to ROS
in a positive-feedback manner. For example, increased exposure
to free radical electrons stimulates the activity of xanthine
oxidase, an enzyme that converts hypoxanthine to xanthine, in
the process generating -0, and hydrogen peroxide (H0,) [15].
In addition, nitrosative stress impairs mitochondrial electron
transport. Nitric oxide (-NO) and -0, spontaneously combine to
form peroxynitrite (-:ONOO ), which can irreversibly reduce the
efficiency of complex I (particularly in the concurrent presence of

v Maintenance of antioxidant
balance within the central
nervous system - can
forestall (prevend cognitive
decline and promote
(advancg cognitive longevity.

¢/ Certain nutrients exhibit
strong neuroprotective

antioxidant properties that
reduce oxidative structural

damage.

the brain Is a continuously
operating, high-intensity
oxiaation/antioxidation
battleground prone to
oxiagative imbalance during
times of high demand for
complex cognitive activity.
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Acetyl-L-Carnitine

Naturally occurs throughout the
human brain, central nervous
system, spinal cord, motor nerves,
and skeletal muscle.

A potent neuroprotector:

strong intrinsic antioxidant
properties svad Jpeg. ¥

stimulates synthesis of the
natural endogenous
antioxidants----

glutathione and
superoxide dismutase

http:/'www.microscopy.fsu.edu/cells/animals/mitochondria.html
http:/iwww.hybridmedicalanimation.comipagesichloroplast.html



Acetyl-L-Carnitine

—

Acetyl-L-carnitine possesses strong antioxidant
properties. (14 peer -reviewed references)

Acetyl-L-carnitine is a powerful brain antioxidant.
(12 peer -reviewed references)

Acetyl-L-carnitine acts as a neuroprotector. (11 peer -
reviewed references)

Acetyl-L-carnitine facilitates mitochondrial energy
production. (7 peer -reviewed references)

Acetyl-L-carnitine enhances human cognitive
fUﬂCtiOﬂing. (23 peer -reviewed references)

Acetyl-L-carnitine enhances the formation of
short-term memory. (23 peer -reviewed references)

Acetyl-L-carnitine enhances the consolidation of
Iong-term memory. (22 peer -reviewed references)

mitochondria
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Acetyl-L-Carnitine
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Acetyl-L-carnitine enhances the ability to create
new memories. (22 peer -reviewed references)

Acetyl-L-carnitine enhances the ability to retrieve
memories. (22 peer -reviewed references)

Acetyl-L-carnitine enhances the ability to perform
executive functions. (22 peer -reviewed references)

Acetyl-L-carnitine enhances the ability to learn.
(22 peer -reviewed references)

Acetyl-L-carnitine enhances the ability to recall
information. (22 peer -reviewed references)

Acetyl-L-carnitine enhances the ability
concentrate. (22 peer -reviewed references)

Acetyl-L-carnitine enhances the ability to reason
and solve pr0b|ems_ (22 peer -reviewed references)

mitochondria
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Green Tea: A Potent Brain Cell Proiector

a The polyphenols in green tea 1
specifically

exhibit a powerful ability to
protect brain cells from free radical
activity.

o EGCG is a broadspectrum, effective
antioxidant that

(257 100 times
more potent than vitamins C and E).

o Just one cup of green tea has
antioxidant effects that are greater
than a serving of broccoli, spinach,
carrots, or strawberries.

o |n parts of the world where green e
tea is consumed regularly, incidence of ¢ G
cancer, heart disease, and dementia
are significantly lower.




Higher consumption of
green tea was associated
with a

Researchers Stated EGCG:

AModulates cell survival and cell
cycle genes

APromotes neurite outgrowth
activity

AEGCG exertsneuroprotective
and neurorescue effects

* Biosci Biotechnol Biochem 68(9):197 79 (2004)

Green tea consumption and cognitive function: a cross-sectional
study from the Tsurugaya Project'3

Shinichi Kuriyama, Atsushi Hozawa, Kaori Ohmori, Taichi Shimazu, Toshifumi Matsui, Satoru Ebihara, Shuichi Awata,

Ryoichi Nagatomi, Hiroyuki Arai, and Ichiro Tsuji

ABSTRACT

Background: Although considerable experimental and animal ev-
idence shows that green tea may possess potent activities of
neuroprotection, neurorescue, and amyloid precursor protein pro-
cessing that may lead to cognitive enhancement, no human data
are available.

Objective: The objective was to examine the association between
green tea consumption and cognitive function in humans.

Design: We analyzed cross-sectional data from a community-based
Comprehensive Geriatric Assessment (CGA) conducted in 2002.
The subjects were 1003 Japanese subjects aged =70 y. They com-
pleted a self-administered questionnaire that included questions
about the frequency of green tea consumption. We evaluated cog-
nitive function by using the Mini-Mental State Examination with
cutoffs of <28, <26, and <24 and calculated multivariate-adjusted
odds ratios (ORs) of cognitive impairment.

Results: Higher consumption of green tea was associated with a
lower prevalence of cognitive impairment. At the <26 cutoff, after
adjustment for potential confounders, the ORs for the cognitive
impairment associated with different frequencies of green tea con-
sumption were 1.00 (reference) for <3 cups/wk, 0.62 (95% CI: 0.33,
1.19) for 4—6 cups/wk or 1 cup/d, and 0.46 (95% CTI: 0.30, 0.72) for
=2 cups/d (P for trend = 0.0006). Corresponding ORs were 1.00
(reference), 0.60 (95% CI: 0.35, 1.02), and 0.87 (95% CI: 0.55, 1.38)
(P fortrend = 0.33) for black or oolong tea and 1.00 (reference), 1.16
(95% CI: 0.78, 1.73), and 1.03 (95% CI: 0.59, 1.80) (P for trend =
0.70) for coffee. The results were essentially the same at cutoffs of
<28 and <24.

Conclusion: A higher consumption of green tea is associated with a
lower prevalence of cognitive impairment in humans. AmJ Clin
Nutr 2006;83:355-61.

KEY WORDS Cognitive function, elderly, green tea, Japa-
nese, Mini-Mental State Examination

INTRODUCTION

Dementia is arapidly growing public health concern as a result
of aging of the population (1, 2). In developed countries, demen-
tia has a reported prevalence of ~1.5% at age 65 y, doubling
every 4 y to reach ~30% at age 80 y (1). Environmental factors
associated with the risk of Alzheimer disease (AD), a common
cause of dementia, remain largely undefined, although several
risk factors for vascular dementia have been identified (1, 3—6).

Experimental and animal studies have shown that tea and tea
polyphenols (which include catechins and their derivatives), par-
ticularly those from green tea, may possess potent neuroprotec-
tive activity that can help to ameliorate neurodegenerative dis-
eases such as AD and Parkinson disease (PD) (7). Green tea
catechins, especially (—)-epigallocatechin-3-gallate (EGCG),
formerly thought to be simple radical scavengers, are now con-
sidered to invoke a spectrum of cellular mechanisms related to
neuroprotective as well as neurorescue activities (8§ —10). One of
these mechanisms includes protective effects against -amyloid
(AB)-induced neurotoxicity by enhancing the release of the
nonamyloidogenic soluble form of amyloid precursor protein
(APP) (8). AB protein is formed by proteolytic cleavage of APP
(11) and is the main constituent of the neuritic plaques that are the
physiologic hallmark of AD (12). In addition, EGCG was shown
to have neuroprotective activity in a mice model of PD (13), and
an epidemiologic study indicated that the risk of PD was reduced
if tea consumption was =2 cups/d (14). Despite this considerable
evidence that tea, especially green tea, can protect against neu-
rodegenerative diseases, to our knowledge, no data are available
on any association between green tea intake and dementia or
cognitive impairment in humans.

We therefore designed this cross-sectional analysis to inves-
tigate the association between consumption of green tea and
cognitive function in elderly Japanese subjects, among whom
green tea was widely consumed. We considered it important to
search for modifiable factors underlying cognitive impairment
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oxidative stress as an effective scavenger
of singlet oxygen and hydroxyl radicals).

Nutrition 26 (2010) 932-938
Contents lists available at ScienceDirect
Nutrition
journal homepage: www.nu

ELSEVII

Review

Caffeine increases blood flow through
the middle and anterior cerebral arteries.

Caffeine—Not just a stimulant

Michael J. Glade Ph.D., FA.CN,, C.N.S.*

The Nutrition Doctor, Skokie, Illinois, USA

ARTICLE INFO ABSTRACT

Article histo
Received 6 August 2010

Caffeine increases the functioning
efficiency of neuronal networks in the
human cerebral cortex.

Objective: The beneficial effects of human caffeine consumption deserve clarification.

Methods: A detailed literature review was conducted and summarized.

Results: A large body of scientific evidence describes the beneficial effects of human caffeine
consumption on a number of physiologic systems.

Conclusion: The consumption of moderate amounts of caffeine 1) increases energy availability, 2)
increases daily energy expenditure, 3) decreases fatigue, 4) decreases the sense of effort associated
with physical activity, 5) enhances physical performance, 6) enhances motor performance, 7)
enhances cognitive performance, 8) increases alertness, wakefulness, and feelings of “energy,” 9)
decreases mental fatigue, 10) quickens reactions, 11) increases the accuracy of reactions, 12) increases
the ability to concentrate and focus attention, 13) enhances short-term memory, 14) increases the
ability to solve problems requiring reasoning, 15) increases the ability to make correct decisions, 16)
enhances cognitive functioning capabilities and neuromuscular coordination, and 17) in otherwise
healthy non-pregnant adults is safe.

Caffeine
Cognitive function
Health promotion

2010 Elsevier Inc. All rights reserved.

Caffeine increases neuronal activity in
brain regions associated with attention.

Introduction degradation of cyclic adenosine monosphosphate by phospho-
diesterases within the postsynaptic cell and the presence of
Considerations of the physiologic effects of caffeine typically caffeine may increase the strength of transmitted signals [4,5].
are limited to presumptive “stimulant effects.” Because the term
stimulant often evokes emotionally pejorative reflexes, the
distinction between “stimulant” and “non-stimulant” neuro-
physiologic responses to caffeine should be clarified. In fact, many
of the human responses to caffeine extend beyond “stimulant
effects” and evidence of such beneficial responses to caffeine
consumption is abundant. In this era of evidence-based and
science-based medical decision-making, this widely consumed
phytonutrient deserves closer scrutiny.

Caffeine increases resting energy expenditure

Human 24-h energy expenditure, sleeping metabolic rate, and
resting awake metabolic rate all are proportional to the rate of
sympathetic nerve activity and plasma norepinephrine concen-
tration [3]. By potentiating sympathetic activity, caffeine
stimulates fat lipolysis. For example, the ingestion of as little as 50
mg of caffeine by normal-weight, non-exercising, healthy men
produced a significant increase in resting energy expenditure

Such T ncreases [ n AOm

produce increases in the rfunctional

capacity to engaaqge in cognitively

demanding tasks that can be expressed as:

Increased vigilance, alertness, ability to
concentrate, and ability to correctly choose
among alternatives.

Caffeine potentiates postsynaptic neurotransmission in the
sympathetic nervous system

Caffeine (1,3,7-trimethylxanthine) is a plant alkaloid that
increases the excitability of the adenosine-sensitive sympathetic
nervous system [1,2]. Signals originating within the sympathetic
nervous system produce transient increases in the cyclic adeno-
sine monosphosphate concentration within the postsynaptic cells
through which the signal is expressed [3]. By acting as a compet-
itive antagonist of adenosine, caffeine inhibits the enzymatic

* Corresponding author. Tel.: +1-847-329-9818.
E-mail address: the_nutrition_doctor@yahoo.com (M. ]. Glade).

0899-9007/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.nut.2010.08.004

within 30 min of caffeine ingestion [5]. The increase persisted for
at least 4 h and produced a significant 6% total increase in daily
resting energy expenditure. Exercise-associated fatty acid oxida-
tion also is increased by caffeine ingestion. When endurance-
trained elite athletes performed at incrementally increasing
work intensities after acute caffeine consumption, energy
expenditure and fat oxidation increased disproportionately to
increasing workload [6].

Caffeine increases endurance and enhances performance

In addition to its effects on energy production, caffeine
increases serotonin concentrations in brainstem regions that




What About Caffeine In Green Tea?

Cognitive functions, including the abilities
to concentrate and to solve problems, are
enhanced after caffeine consumption. For
example, the findings of two prospective
observational studies indicated that the
habitual dally consumption of any caffeine
decreased significantly the risk for
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Objective: The beneficial effects of human caffeine consumption deserve clarification.

Methods: A detailed literature review was conducted and summarized.

Results: A large body of scientific evidence describes the beneficial effects of human caffeine
consumption on a number of physiologic systems.

Conclusion: The consumption of moderate amounts of caffeine 1) increases energy availability, 2)
increases daily energy expenditure, 3) decreases fatigue, 4) decreases the sense of effort associated
with physical activity, 5) enhances physical performance, 6) enhances motor performance, 7)
enhances cognitive performance, 8) increases alertness, wakefulness, and feelings of “energy,” 9)
decreases mental fatigue, 10) quickens reactions, 11) increases the accuracy of reactions, 12) increases
the ability to concentrate and focus attention, 13) enhances short-term memory, 14) increases the
ability to solve problems requiring reasoning, 15) increases the ability to make correct decisions, 16)
enhances cognitive functioning capabilities and neuromuscular coordination, and 17) in otherwise

Acogni ti ve fail ureso
put t hings, 0 NG
Amaki ng t he w2i@PZg c

Al n man y-cqatfolled subies,
placebo was ineffective, whereas the
acute consumption of caffeine produced
significant improvements in reaction time,
accuracy of responses, ability to focus
attention, working short -term memory,
sentence-verification accuracy, abllity to
solve difficult problems requiring
reasoning, mental fatigue, vigor, and
alertness [23i2 8] . o0

healthy non-pregnant adults is safe.

Introduction

Considerations of the physiologic effects of caffeine typically
are limited to presumptive “stimulant effects.” Because the term
stimulant often evokes emotionally pejorative reflexes, the
distinction between “stimulant” and “non-stimulant” neuro-
physiologic responses to caffeine should be clarified. In fact, many
of the human responses to caffeine extend beyond “stimulant
effects” and evidence of such beneficial responses to caffeine
consumption is abundant. In this era of evidence-based and
science-based medical decision-making, this widely consumed
phytonutrient deserves closer scrutiny.

Caffeine potentiates postsynaptic neurotransmission in the
sympathetic nervous system

Caffeine (1,3,7-trimethylxanthine) is a plant alkaloid that
increases the excitability of the adenosine-sensitive sympathetic
nervous system [1,2]. Signals originating within the sympathetic
nervous system produce transient increases in the cyclic adeno-
sine monosphosphate concentration within the postsynaptic cells
through which the signal is expressed [3]. By acting as a compet-
itive antagonist of adenosine, caffeine inhibits the enzymatic

* Corresponding author. Tel.: +1-847-329-9818.
E-mail address: the_nutrition_doctor@yahoo.com (M. ]. Glade).
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degradation of cyclic adenosine monosphosphate by phospho-
diesterases within the postsynaptic cell and the presence of
caffeine may increase the strength of transmitted signals [4,5].

Caffeine increases resting energy expenditure

Human 24-h energy expenditure, sleeping metabolic rate, and
resting awake metabolic rate all are proportional to the rate of
sympathetic nerve activity and plasma norepinephrine concen-
tration [3]. By potentiating sympathetic activity, caffeine
stimulates fat lipolysis. For example, the ingestion of as little as 50
mg of caffeine by normal-weight, non-exercising, healthy men
produced a significant increase in resting energy expenditure
within 30 min of caffeine ingestion [5]. The increase persisted for
at least 4 h and produced a significant 6% total increase in daily
resting energy expenditure. Exercise-associated fatty acid oxida-
tion also is increased by caffeine ingestion. When endurance-
trained elite athletes performed at incrementally increasing
work intensities after acute caffeine consumption, energy
expenditure and fat oxidation increased disproportionately to
increasing workload [6].

Caffeine increases endurance and enhances performance

In addition to its effects on energy production, caffeine
increases serotonin concentrations in brainstem regions that
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The findings of the Leisure World
Cohort Study, (8,644 elderly women e ot justa sttt
and 4,980 elderly men were studied

for 23 years) indicated that e daily
consumption of caffeine significantly
decreased (by 10%) the risk of dyving ooy L
from any cause. e e

decreases mental fatigue, 10) quickens reactions, 11) increases the accuracy of reactions, 12) increases
the ability to concentrate and focus attention, 13) enhances short-term memory, 14) increases the
ability to solve problems requiring reasoning, 15) increases the ability to make correct decisions, 16)
enhances cognitive functioning capabilities and neuromuscular coordination, and 17) in otherwise

Michael J. Glade Ph.D., FA.CN,, C.N.S.*

The Nutrition Doctor, Skokie, Illinoi:

ARTICLE INFO ABSTRACT

Objective: The beneficial effects of human caffeine consumption deserve clarificati

Methods: A detailed literature review was conducted and summarized.

Results: A large body of scientific evidence describes the beneficial effects of human caffeine
consumption on a number of physiologic systems.
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Data from 27,312 postmenopausal
women (observed for 15 years during
the lowa Women s Health Stuad))
demonstrated: any amount of
habitually consumed caffeinated
coffee decreased the risk of death
from cardiovascular disease by 15% to
25%.

healthy non-pregnant adults is safe.
010 Elsevier Inc. All rights reserved.

Introduction

Considerations of the physiologic effects of caffeine typically
are limited to presumptive “stimulant effects.” Because the term
stimulant often evokes emotionally pejorative reflexes, the
distinction between “stimulant” and “non-stimulant” neuro-
physiologic responses to caffeine should be clarified. In fact, many
of the human responses to caffeine extend beyond “stimulant
effects” and evidence of such beneficial responses to caffeine
consumption is abundant. In this era of evidence-based and
science-based medical decision-making, this widely consumed
phytonutrient deserves closer scrutiny.

Caffeine potentiates postsynaptic neurotransmission in the
sympathetic nervous system

Caffeine (1,3,7-trimethylxanthine) is a plant alkaloid that
increases the excitability of the adenosine-sensitive sympathetic
nervous system [1,2]. Signals originating within the sympathetic
nervous system produce transient increases in the cyclic adeno-
sine monosphosphate concentration within the postsynaptic cells
through which the signal is expressed [3]. By acting as a compet-
itive antagonist of adenosine, caffeine inhibits the enzymatic
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degradation of cyclic adenosine monosphosphate by phospho-
diesterases within the postsynaptic cell and the presence of
caffeine may increase the strength of transmitted signals [4,5].

Caffeine increases resting energy expenditure

Human 24-h energy expenditure, sleeping metabolic rate, and
resting awake metabolic rate all are proportional to the rate of
sympathetic nerve activity and plasma norepinephrine concen-
tration [3]. By potentiating sympathetic activity, caffeine
stimulates fat lipolysis. For example, the ingestion of as little as 50
mg of caffeine by normal-weight, non-exercising, healthy men
produced a significant increase in resting energy expenditure
within 30 min of caffeine ingestion [5]. The increase persisted for
at least 4 h and produced a significant 6% total increase in daily
resting energy expenditure. Exercise-associated fatty acid oxida-
tion also is increased by caffeine ingestion. When endurance-
trained elite athletes performed at incrementally increasing
work intensities after acute caffeine consumption, energy
expenditure and fat oxidation increased disproportionately to
increasing workload [6].

Caffeine increases endurance and enhances performance

In addition to its effects on energy production, caffeine
increases serotonin concentrations in brainstem regions that
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A'study of 4,197 women and 2,820 men 65
years and older indicated that the routine
daily consumption of caffeine attenuated
(reduce the severity of) the aging -associated
declines in verbal retrieval and visuospatial
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A 21-year study of initially middle -aged men
and women (the Cardiovascular Risk Factors, [

Coffee

Aging and Dementia [CAIDE] Stud)) found:

Objective: The beneficial effects of human caffeine consumption deserve clarification.

Methods: A detailed literature review was conducted and summarized.

Results: A large body of scientific evidence describes the beneficial effects of human caffeine
consumption on a number of physiologic systems.

Conclusion: The consumption of moderate amounts of caffeine 1) increases energy availability, 2)
increases daily energy expenditure, 3) decreases fatigue, 4) decreases the sense of effort associated
with physical activity, 5) enhances physical performance, 6) enhances motor performance, 7)
enhances cognitive performance, 8) increases alertness, wakefulness, and feelings of “energy,” 9)
decreases mental fatigue, 10) quickens reactions, 11) increases the accuracy of reactions, 12) increases
the ability to concentrate and focus attention, 13) enhances short-term memory, 14) increases the
ability to solve problems requiring reasoning, 15) increases the ability to make correct decisions, 16)
enhances cognitive functioning capabilities and neuromuscular coordination, and 17) in otherwise

those subjects routinely consuming calfeine
showed a significantly lower incidence of
clinical dementia.

(A 2009 Swedish study showed a 65%
decreased Risk of Dementia or Alzheimer s
i Journal of Alzheimer s Diseassq.

The risk of developing Parkinson s disease
was found to be inversely proportional to
routine caffeine intakes.

healthy non-pregnant adults is safe.

Introduction

Considerations of the physiologic effects of caffeine typically
are limited to presumptive “stimulant effects.” Because the term
stimulant often evokes emotionally pejorative reflexes, the
distinction between “stimulant” and “non-stimulant” neuro-
physiologic responses to caffeine should be clarified. In fact, many
of the human responses to caffeine extend beyond “stimulant
effects” and evidence of such beneficial responses to caffeine
consumption is abundant. In this era of evidence-based and
science-based medical decision-making, this widely consumed
phytonutrient deserves closer scrutiny.

Caffeine potentiates postsynaptic neurotransmission in the
sympathetic nervous system

Caffeine (1,3,7-trimethylxanthine) is a plant alkaloid that
increases the excitability of the adenosine-sensitive sympathetic
nervous system [1,2]. Signals originating within the sympathetic
nervous system produce transient increases in the cyclic adeno-
sine monosphosphate concentration within the postsynaptic cells
through which the signal is expressed [3]. By acting as a compet-
itive antagonist of adenosine, caffeine inhibits the enzymatic
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degradation of ic adenosine monosphosphate by phospho-
diesterases within the postsynaptic cell and the presence of
caffeine may increase the strength of transmitted signals [4,5].

Caffeine increases resting energy expenditure

Human 24-h energy expenditure, sleeping metabolic rate, and
resting awake metabolic rate all are proportional to the rate of
sympathetic nerve activity and plasma norepinephrine concen-
tration [3]. By potentiating sympathetic activity, caffeine
stimulates fat lipolysis. For example, the ingestion of as little as 50
mg of caffeine by normal-weight, non-exercising, healthy men
produced a significant increase in resting energy expenditure
within 30 min of caffeine ingestion [5]. The increase persisted for
at least 4 h and produced a significant 6% total increase in daily
resting energy expenditure. Exercise-associated fatty acid oxida-
tion also is increased by caffeine ingestion. When endurance-
trained elite athletes performed at incrementally increasing
work intensities after acute caffeine consumption, energy
expenditure and fat oxidation increased disproportionately to
increasing workload [6].

Caffeine increases endurance and enhances performance

In addition to its effects on energy production, caffeine
increases serotonin concentrations in brainstem regions that




L-theanine is a non-protein amino acid
found exclusively in green tea with
numerous health-promoting benefits.

Traditional use: enhances relaxation and
improves concentration and learning

ability.

Science Shows L-theanine protects
brain cells against excitotoxicity 1 calming
the nerve networks in the brain.

Several studies have now shown that
L-theanine substantially augments the
known attention focusing effects of
caffeine .

Adding L-theanine to caffeine leads to
Improved accuracy and speed of
information processing, less susceptibility
to distraction, improved switching
between tasks, and less mental fatigue,
while improving reaction time and
reducing physical symptoms such as
tiredness

| -Theanine

Research article

The combination of L-theanine and caffeine
improves cognitive performance and increases
subjective alertness

T. Giesbrecht?, J.A. Rycroft?, M.J. Rowson3, E.A. De Bruin*

Sensation, Perception, and Behaviour, Unilever R&D, Vlaardingen, The Netherlands
2Lipton Institute of Tea and 3Data Sciences Group, Unilever R&D Colworth House, Sharmbrook, Bedford, UK

The non-proteinic amino acid L-theanine and caffeine, a methylxanthine derivative, are naturally
occurring ingredients in tea. The present study investigated the effect of a combination of 97 mg L-
theanine and 40 mg caffeine as compared to placebo treatment on cognitive performance,
alertness, blood pressure, and heart rate in a sample of young adults (n = 44). Cognitive
performance, self-reported mood, blood pressure, and heart rate were measured before L-theanine
and caffeine administration (i.e. at baseline) and 20 min and 70 min thereafter. The combination of
moderate levels of L-theanine and caffeine significantly improved accuracy during task switching
and self-reported alertness (both P < 0.01) and reduced self-reported tiredness (P < 0.05). There
were no significant effects on other cognitive tasks, such as visual search, choice reaction times, or
mental rotation. The present results suggest that 97 mg of L-theanine in combination with 40 mg of
caffeine helps to focus attention during a demanding cognitive task.

Keywords: caffeine, theanine, attention, alertness

Introduction effects of caffeine on different aspects of attention
have provided support for enhanced vigilance,® faster

Traditionally, tea consumption has been associated
with mental clarity effect has been attributed to
the non-proteinic a L-theanine and caffeine,
a methylxanthine d e, ich are urally

dients in tea. Both have been associated
with ioural and phy: gical effects (for a
review, see Bryan®). The psychostimulant effects of
caffeine have been frequen demonstrated (for a
review, see Ruxton®). Specifically, caffeine has been
shown to increase self-reported alertness, improve
mood, and enhance psychomotor and cognitive
performance.** Furthermore, studies investigating the
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reaction times,” and narrowing of the focus of
attention.®

L-Theanine has been demonstrated to influence
resting-state cortical activity as measured by the
clectroencephalogram (EEG). For example, Ito ef al’
showed that 200 mg of L-theanine increased power in
the alpha frequency in higher anxiety individuals (see
also Song et al.'). This finding has recently been
replicated and extended by Nobre er a/.'! who showed
that the normal increase of alpha power during
cilitated by intake of 50 mg of L-

e of anxiety status.
Interestingly, higher levels of resting state alpha
power are thou to be associated with superior
1 capacities.” aforementioned
a nspired two EEG
studies directed at the specific effect of L-theanine on
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Dimethylamineethanoel: DMAE

Another precursor of the neurotransmitter:
Acetylcholine

g Normally found within the brain

o Food sourcesare: anchovies, sardines,
squid and wild Alaskan salmon

a  Neuroprotection: Potent intramembrane
scavenger of hydroxyl radicals

o  Feelings of mental fatigue have been
reduced by dimethylaminoethanol (DMAE)

o Memory, recall, attention span, and the
ability to concentrate have improved
significantly in adults supplemented with
dimethylaminoethanol (DMAE)




Rhodiola- ‘Rosea: A PremierBrain-Baosting Herb

Small doses of Rhodiola rosea

Elncrease the bio-electrical activity
of the brain.

EEnhance the actions of
neurotransmitters such as
dopamine, serotonin, and
acetylcholine.

Consequently, the cognitive
functions of the cerebral cortex
and the attention, memory and
learning functions of the prefrontal
and frontal cortex are enhanced.

1 A ridtigue effect enhances mental
performance, particularly the ability to
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The effectiveness and efficacy of Rhodiola rosea L.: A systematic review of

randomized clinical trials
Shao Kang Hung*, Rachel Perry, Edzard Ernst

Complementary Medicine, PCMD, University of Exeter, UK

ARTICLE INFO ABSTRACT

Keywords: Objective: To critically assess the current evidence from randomized clinical trials (RCTs) for or against
Rhodiola rosea the effectiveness or efficacy of Rhodiola rosea.

Physical and mental performance
Randomized clinical trials
Jadad score

Datasources: Systematic literature searches were performed in six electronic databases: AMED (1985-July
2009), CINAHL (1982-July 2009), The Cochrane Library (search in July 2009), EMBASE (1974-July 2009),
MEDLINE (1950-July 2009) and Web of Science (searched in July 2009). No language restrictions were
imposed. Reference lists of all retrieved articles were searched, and experts and manufacturers were
contacted for unpublished RCT.

Review methods: RCTs testing the efficacy or effectiveness of mono-preparations of R. rosea as sole treat-
ment administered orally against a control intervention in any human individual suffering from any
condition or healthy human volunteers were included. Studies were selected, data extracted, and quality
assessed by two independent reviewer:

Results: Eleven RCTs met the inclusion criteria; all were placebo-controlled. Six trials investigated the
effects of R. rosea on physical performance, four on mental performance, and two in patients diagnosed
with mental health condition. The methodological quality of most trials was moderate or good. Only few
mild adverse events were reported.

Conclusion: R. rosea may have beneficial effects on physical performance, mental performance, and certain
mental health conditions. There is, however, a lack of independent replications of the single different
studies. Five of the 10 RCTs reached more than three points on the Jadad score (i.e., good quality). More
research seems warranted.

Introduction

Rhodiola rosea (also known as golden root, rose root, Arctic
root) belongs to the plant family Crassulaceae and genus Rhodiola
(Khanum et al. 2005). It is found at high altitudes in the Arctic and
mountainous regions throughout Europe and Asia, and has been
used medically in Russia, Scandinavia, and many other countries
for a range of conditions such as stress-induced depression and
anxiety, fatigue, anaemia, impotence, infections (including colds
and influenza), cancer, nervous system disorders and headache
(Morgan and Bone 2005; Tuttle 2006). It is also regarded as a
tonic and stimulant and used to increase physical endurance, stress
resistance, attention span, memory and work productivity and
resistance to high altitude sickness (Saratikov and Krasnov, 1974).

Small doses of R. rosea increase the bio-electrical activity of the
brain (Khanum et al. 2005). It prolongs the actions of neurotrans-
mitters such as adrenaline, dopamine, serotonin, and acetylcholine

* Corresponding author. Tel.: +44 1392 424942.
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in the central nervous system and brain by inhibiting the activ-
ity of enzymes responsible for their degradation (Stancheva and
Mosharrof 1987; cited in Kelly 2001). Consequently, the cognitive
functions of the cerebral cortex, and the attention, memory and
learning functions of the prefrontal and frontal cortex are enhanced
(Walker and Robergs 2006). R. rosea prevents the rise in mediators
of the stress response - phosphorylated stress-activated protein
kinase, nitric oxide and cortisol - following immobilisation stress
(Panossian et al. 2007). R. rosea prevents exercise-induced ATP
decrease in mitochondria after exhaustive swimming (Abidov et
al. 2003).

The Soviet Ministry of Health, in 1969, approved and registered
R. rosea as a medicine and stimulant; and in 1975, it approved a
rhodiola extract preparation and allowed its large-scale production
(Brown et al. 2002). In Sweden, R. rosea was recognized as an Herbal
Medicinal Product in 1985 and has been described as an antifa-
tigue agent in the Textbook of Phytomedicine for Pharmacists. In
the textbook of pharmacology for dispenser training in Sweden, R.
rosea is mentioned as the most commonly used psychostimulant in
the group of officially registered herbal medicinal products. Regis-
tered preparations Rosenrot and Arctic Root (based on proprietary

Please cite this article in press as: Hung, S.K., et al., The effectiveness and efficacy of Rhodiola rosea L.: A systematic review of randomized clinical

trials. Phytomedicine (2010), doi:10.1016/j.phymed.2010.08.014




In a randomized, double-blind, placebo-controlled trial of young, healthy
physicians on night duty T researchers evaluated Rhodiola s effect on five
different measures of mental acuity:

g Associative thinking - [

g Short-term memory ‘ Possible Actions of Rhodiola Rosea

o Calculation Nticlar Actn i S8

g Concentration e o . T

o Speed of audio-visual perception et clex u,..iks,stf,,,,.,a,.,‘wa,s ‘
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significant improvements in all five Wk Tm = ki

of these mental performance TR I ol g AP

parameters in the physicians who Erersy,brve /li G

took Rhodiola for two (2) weeks. Bridh e Homet

Cognitive Stimulation Emotional Calming

= norepinephrine, 5-HT = serotenin, DA = dopamine,
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Stress -related fatigue:

Studies show Rhodio/laadministration

resulted in significant improvements in

patients with stress-related fatigue (/7 a
score [ncorporating physical, emotional,

and mental exhaustion).

Depression:

Rhodiolasignificantly improved the
symptoms of depression in terms of the

Hamilton Rating Scale for Depression
(HAMD) and Beck Depression Inventory
(BDI) compared with placebo.

Anxiety:

Individuals treated with rhodliola extract
showed significant decreases in anxiety
as measured by scores on the Hamilton
Anxiety Rating Scale.




