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BRAIN WAVES
A farewe! note "om the current editors...
Dear Readers,
! The current issue marks not only the end of 

ye t another success fu l semester for 
Neuroscience Club and Brain Waves, but also 
the graduation of many of our executive 

board members. These past few years have 
seen many accomplishments for Brain 
Waves in particular, thanks to the hard 

work and devotion of our members.
Since the newsletter’s inception in Fall 2008, 

its contributors have grown to include club 
members, alumni, faculty, and graduate students. 
Each issue has addressed a pertinent, yet 

fascinating, topic all while exposing our readership 
to the multitude of research opportunities available 
here on campus. For the past year, we have been 
fortunate enough to receive funding to print 
Volumes I and II, allowing us to distribute the 
newsletter not only throughout campus, but also at 
the 2009 Society for Neuroscience international 
conference. 

It is the hope of the graduating executive board 
members and editors that Brain Waves will 
continue to broaden its readership and be an 
influential scholarly newsletter on campus.

— The Editors of Brain Waves, Spring 2010

COLD WATER EXPOSURE: TREATING NORADRENERGIC DYSFUNCTION
by Charles C. Norton

The benef i t s o f a co ld 
shower, while largely anecdotal, 
are recommended for everything 
from hangovers to excessive 
libidos. Despite its reputation as 
a quasi-folk remedy, recent 
research suggests exposure to 
co ld water may he lp t reat 
depression, anxiety and even 
attention-deficit disorders. The 
invigorating effects of cold water 
are apparent to all of us who have 
accidentally opened the cold tap 
in the shower or purposefully 
jumped into a swimming pool. 
The shock of cold water on our 
skin generates an active and near 
immediate response from our 
sympathetic nervous system, the 
activity of which is regulated in 
the brain through the release of 
s i gna l ing molecu les ca l l ed 
n e u r o t r a n s m i t t e r s . 
Norepinephrine is the primary 

neurotransmitter responsible for 
the sympathetic “fight or flight” 
responses we experience during 
times of stress, panic and anger. 
The activity of the sympathetic 
ner vous system can also be 
e l i c i ted by env i ronmenta l 
stressors, like exposure to cold 
temperatures. Norepinephrine is 
synthesized primarily in the locus 
coer u leus , a reg ion o f the 
bra ins tem in constant 
communication with most of the 
forebrain (Stanford, 1995). 

S rámek and co l l ea gues 
(2000) have shown that when 
participants were immersed in 
cold water (14°C) , there was a 5-
fo ld increa se in p l a sma -
noradrenaline/norepinephrine 
levels, as compared to baseline. 
An increase in noradrenaline 
concentration of that magnitude 
suggests a response mediated by 
the sympathetic nervous system. 

It is reasonable to assume that an 
individual exposed to cold-
s t res sor s shou ld d i sp lay 
physiological and behavioral 
manifestations of sympathetic 
nervous system activity. Assessing 
the degree to which these 
changes d i f fe r between 
individuals may allow the extent 
of noradrenergic function or 
dysfunction to be measured and 
compared.

In rats, chronic exposure to 
cold temperatures affects the rate 
at which cel ls in the locus 
coer u leus adapt to an 
intracellular injection of current 
(Jedema & Grace, 2003). This 
suggests that norepinephrine-
producing cells in the locus 
coeruleus were more rapidly able 
to adapt to d i s r upt ions in 
depolarization after chronic 
exposure to cold-stressors.

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sr%C3%A1mek%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sr%C3%A1mek%20P%22%5BAuthor%5D
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Addit iona l l y, increa sed 
excitability of neurons within the 
locus coeruleus was observed 
after the rats were chronically 
exposed to cold. These changes 
imply that the treatment was 
effective in modifying the self-
regulator y capabi l i t ies and 
sensitivity of norepinephrine-
producing cells in the brain. The 
significance of these findings are 
in their validation that exposure 
to cold stressors can affect 
ce l lu l a r changes in locus 
coeruleus neurons, and likely by 
extension, the behavior of the 
organism itself (Jedema et al., 
2001). It would be interesting to 
determine the effects of acute 
exposure to cold stressors and 
whether the same changes in 
neurona l exc i tab i l i t y a re 
maintained for an extended 
duration. 

Shevchuk (2008) contends 
that the origin of noradrenergic 
dysfunction in humans is partly 
due to ind iv idua l genet ic 
susceptibility and partly due to 
an e vo lut ionar y mismatch 
between our moder n and 

ancestra l environment . He 
be l i e ves that co ld shower 
treatment can be used as therapy 
for depres s ion and other 
conditions that may be related to 
noradrenergic dysfunction. 
She vchuk a l so a rgues that 
modern humans lack sufficient 
“thermal exercise” of the locus 
coeruleus, of which our ancestors 
would have been subject to over 
the course of millions of years of 
e vo lut ion . Cost-ef fect i ve 
methods of indoor c l imate 
contro l ha ve on l y been 
de ve loped wi th in the l a s t 
centur y and any behavioral 
symptoms rooted in a lack of 
“thermal exercise” would be 
exacerbated by c l imate -
controlled lifestyles. It would be 
interesting to see whether the 
diagnosis of anxiety disorder or 
other conditions predicted by 
noradrenerg ic dys funct ion 
increa sed fo l lowing the 
introduction of affordable air-
conditioning and cooling systems 
during the mid 20th century. In 
an era where climate controlled 
veh ic le s and bu i ld ings 
predominate it is clear that we 
a re l i v ing in condi t ions 

significantly different than those 
o f our homin id ances tors . 
Whether this environmental and 
therma l incongr u i ty i s 
responsible for the prevalence of 
anxiety and depressive disorders 
in modern society has yet to be 
determined, but the findings 
presented here suggest that cold 
temperatures can potentially 
treat depression and anxiety in 
humans.

Cold water—may partly a"eviate 
psychiatric disorders associated with 
noradrenergic dysfunction.  These 
include  anxiety disorders and emotional 
disorders, such as depression.  This is 
because cold stressors affect neural 
activity in brain regions associated with 
these diseases.

THERAPEUTIC THOUGHT: A LOOK AT MEDIATION AND ANALGESIA
by Steven Lange
! In the West, we treat pain 
like we do war. We unleash 
our largest artillery upon our 
bloodstream, radio in ruthless 
bombardiers on our nerves, 
and pay exorbitant prices for 
the ons laught o f f l eet s . 
Eastern medicine, eldest to 
Western by thousands of 
years, has always resorted to 
peaceful containment: and 

th i s ha s a lways pro ven 
reliable and effective, even 
enjoyable and venerable. The 
answer to our pain lies not in 
i t s e rad icat ion , but i t s 
acceptance.
! Meditation, first preached 
by S iddhar tha Gautama 
under the Bodhi tree, is 
practiced in both Theravada 
and Vipassana Buddhism. 
Theravada Buddhism stresses 

mindfu lness and 
concentration in concordance 
with the Eightfold Path, in 
pursu i t o f ind iv idua l 
enlightenment. Vipassana 
Buddhism focuses on the 
rising and falling of breath, 
and honing in on a symbol, 
body part, or concept during 
its suspension.

—Continued on next page
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! In both branches , 
medi ta t ion he ightens 
awareness and enhances 
perception. Studies have 
shown that the bra in’s 
neuroplasticity allows for the 
a l te ra t ion o f charge 
differentials. The fixation on 
and vociferation of the ‘living 
emotion’ has been shown by 
fMRI to quell amygdalar 
activity and metamorphose 
the react ions in the 
ventro la tera l pre f ronta l 
cor tex , resu l t ing in less 
tension, more repose, deeper 
dec i s ion -making , and a 
variegated outlook. Calming 
the amygdala and spurring 
the prefrontal cortex seems 
to help emotional processing 
and higher-level thinking.
Medi ta tors ha ve shown 
structural irregularities. The 
ventricles of meditators are 
abnormally larger than those 
o f non -medita tors : the 
expansion of brain tissue is 
al legedly caused by more 
efficient breathing, and tissue 

growth incited by increased 
oxygen intake, bonding, and 
transport. Meditators have 
a l so shown l a rger 
hippocampus volumes and 
denser gray matter in areas of 
the orbito-frontal cortex, 
suggesting perhaps that they 
can better regulate emotion.
The bra in i s l a rge l y 
responsible for the sensation 
of pain. Pain is initiated by 
receptors in the peripheral 
ner vous sy s tem, which 
respond to pres sure , 
temperature, chemicals, and 
tension. Nociceptors send 
action potentials according to 
the summation and frequency 
of stimuli; the variety of 
potentials, arising from the 
variety of stimuli, register 
pain as ‘burning’, ‘stabbing’, 
and the l ike . Sensor y -
discriminative, affective-
motivational, and cognitive-
evaluative pain can all be 
moderated by the higher 
centers of the brain. The 
cortex can be trained to 
partake in a sort of self-
archway, so that thinking 
about pain can affect its 
perpetuance and intensity. 
Meditators and researchers 
can affirm that the nerve 
pathways that ac t i va te 
sensors can be subjugated by 
the voluntary transmission of 
thought from cortical nerve 
pathways.
Meditation distracts pain 
from its locus. Meditation, 
especially with its emphasis 
on the present-state and on 
higher-level processing, keeps 

the body’s identification of 
pain at a minimum; the pain 
is secondary to the prioritized 
thought of the meditation 
ses s ion , which l e s sens 
sens i t i v i ty to pa in in 
receptors in the skin and in 
the cortices. The gray matter 
growth and thickening of 
cortical regions by meditation 
a l so ame l iora tes the 
sensation. A thicker cerebrum 
dilutes the excitability of the 
sensory and motor cortices, 
and e ven the d i f f i cu l t 
postures of the ritual can 
condi t ion the body to 
concern itself with muscle 
posit ions instead of the 
i r r i t a t ing , super f i c i a l 
calamities of physical pain. 
Power over the environment
—the interpretation of the 
outside—has been seen as a 
way to overcome physical 
inflictions, in an ultimate 
‘mind-over-matter’ method. 
In one case, a Yoga Master 
expressed low pain-related 
cortical activities during 
meditation, and exhibited a 
sleep-like brain state. Levels 
of activity in the thalamus, 
insula, and cingulate cortex 
also decreased, suggesting 
that the meditator ’s self-
awareness, perception of 
pain, and motor control were 
significantly subdued.
! Meditation relaxes the 
body by relaxing the mind: 
mens sana in corpore sano. A 
disregard for painful events or 
sequences helps one to focus 
on the present.

—Continued on next page
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! Suppressing the amygdala prevents the 
rapid judgments that, evolutionarily, make 
noticeable the pain to which we have learned 
to mentally respond. A skilled meditator can 
bypass hormonal passages by intervening in 
the fight-or-flight response, convincing the 
brain that the response is not needed. The 
positive effect generated in the prefrontal 
cortex lingers, and the constant breathing 
helps cool these frontal zones. The alertness is 
defined by the beta waves that are emitted in 
the process. The alertness exacts more energy 
onto the brain than the body, thus making the 
pain itself secondary. 
! It is claimed that the firing of neurons in 
the temporal and parietal lobes during 
meditation induces a hallucinogenic effect that 
has been reported as spir i tua l by the 
meditator; this “flash of wisdom” may be the 
neurology behind theism. The hallucinogenic 
effect can be similarly linked to a blockade of 
sensory adaptations, and the carnal problems 
they induce. 

! Meditation means a mastership over the 
body. Meditators have long been gifted with 
reduced fatigue and anxiety, and with increased 
verbal fluency, working memory, and executive 
functioning. The benefits of meditation are 
almost endless, insofar as the practice allows, 
and the technique has employed a high-level 
cortical distraction that neglects the pettiness 
of pain. The control of simple hindbrain tasks 
and the concern nascent in the forebrain 
replace the urgency in the wound.
! The immobility, breathing, and desire all 
overpower the bodily quandary which, when 
rationalized by the brain, becomes less 
important than the person himself. The 
distasteful feeling is swamped by new comfort, 
and bad vibes are cancelled by positive 
emotion. Activity is high in the limbic-frontal 
systems, perception takes precedence over 
sensation, and the ideal usurps the real in order 
to make a pained person redesign his current 
state. If man only knew how to breathe, how 
to think, then he would truly be the king of his 
own dominion.
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