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BRAIN WAVES
Caffeine: America’s licit psychostimulant
by Emily Zanat

Many Americans do not 
consider caffeine a drug, as it is 
legal and its use is widespread.  
Howe ver, caf fe ine i s most 
certainly a drug, and its use may 
be classified as drug dependence 
under the DSM-IV’s criteria.  
Although dependence is likened 
at the behavioral consequence of 
tolerance, caffeine is a strange 
dr ug , s ince i t p roduces 
dependence without a great deal 
of tolerance.  Tolerance develops 
to certain aspects of the drug, 
such as increased blood pressure 
and heart rate, yet tolerance to 
the stimulant effects of caffeine 
does not seem to occur.  

As a stimulant, caffeine is 
widely used in today’s society 
that places a premium on long 
work hours and little sleep.  
More broadly, a number of 
consumer goods contain caffeine, 
and combined, tea and soft 
drinks make up about a third of 
the per capita consumption of 

caffeine, while coffee alone 
accounts for over half of the 
consumption.  It is arguably the 
most frequently used study-
enhancing dr ug on co l lege 
campuses in the United States.

The most viable way in which 
college students receive this 
widely used stimulant is through 
coffee.  Without question, coffee 
has a large role in America’s diet.  
There are numerous franchises 
dedicated to the sale of coffee, 
such as Starbucks, which has 
over 8,000 locations in the 
United States.  Dunkin’ Donuts 
even proclaims that “America 
runs on Dunkin’”.  Having such a 
prominent role in American 
society, coffee is easily accessible 
and pre va lent on co l l ege 
campuses.

Caffeine is rapidly absorbed 
by the body, and reaches the 
brain quickly because it can pass 
through the blood-brain barrier.  
This drug works by blocking 
adenosine receptors in both the 

central and peripheral nervous 
sy s tems .  Adenos ine i s an 
inhibitory neurotransmitter that 
causes behavioral sedation and 
dilation of the cerebral and 
coronary blood vessels.

—Continued on next page

Dear readers,
This issue focuses on 

study-enhancing drugs, or 
more broadly, nootropics.

On undergraduate 
campuses, the stress of 
exams and the need for 
efficient studying lead 
many to use drugs that 
facilitate learning and 
fact-retention.  Here 
contributors discuss the 
neurophramacology of these 
substances.

This informative report 
on study-enhancing drugs 
increases our awareness and 
understanding of its use.
$ $         —MLM

TREE OF KNOWLEDGE: THE TALE OF GINKGO BILOBA 
by Victor Bushlyar

It is undeniable that the 
ancient Chinese tree Ginkgo 
biloba has played a pivotal role as 
a natural medicine for many 
centuries.  For over 5000 years, 
the leaves of the ginkgo tree have 
been used to treat heart and lung 
prob lems , a s we l l a s sk in 
infections, while the seeds of the 
t ree ha ve been used for 

pulmonary disorders, alcohol 
add ic t ion , and b ladder 
inflammation. In lieu of its 
vivacious past, the ginkgo leaf 
ha s on l y recent l y been 
s tandard ized and used for 
cognitive disorders, cognitive 
enhancement and general mental 
well-being, making it a popular 
nootropic.  At present, it is found 

in tea, herbal supplements and 
even skin creams. 

In order to fully apprehend 
the neuropharmacology of Ginkgo 
biloba, it is necessary to recognize 
the active composition of ginkgo 
leaf extract.  There are two main 
active groups of compounds in 
ginkgo leaves, namely flavonoids 
and terpenoids.

—Continued on page4
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CAFFEINE
$ - Continued $om previous 

Caffeine’s half life is anywhere 
from 2 ½ to 7 ½ hours, while 
peak levels of caffeine occur 
between 15 and 45 minutes after 
the drug is consumed.  

As a stimulant, caffeine has a 
number o f e f fect s on 
performance and mood.  One of 
the main ways i t works in 
humans is to decrease fatigue 
and increase attentiveness .  
While this drug advances the 
motor aspect of tasks, it hampers 
the decision-making aspects.  It 
is consequently a complicated 
drug.  Furthermore, one must 
keep in mind that caffeine is a 
drug and like all other drugs, licit 
or not, its effects do not solely 
depend on its pharmacological 
effects.  The size of the dosage, 
drug form, environment in which 
it was taken, and characteristics 
of the user all play a role.  

As wi th any dr ug that 
produces tolerance, withdrawal 
occurs once the drug dosages are 
decreased or completely stopped.  

The most common withdrawal 
symptoms o f caf fe ine a re 
headaches and fatigue.  Other 
symptoms include decreased 
energy and irritability.  In a 
study performed by Evans and 
Gr i f f i ths ( 1999 ) , i t wa s 
illustrated that after consuming 
the caffeine content of roughly 
two cups of brewed coffee for 
on l y three days , phys ica l 
dependence developed.  Signs of 
withdrawal usua l l y s tar ted 
somewhere between 12 and 24 
hours after the end of caffeine 
usage.   

While caffeine is a relatively 
safe drug, users must be cautious.  
Caf fe ine usa ge can cause 
ind iges t ion , insomnia , 
headaches , and t remors .  
Furthermore, an intake of over 
600 mg of caffeine on a daily 
basis greatly increases the risks 
of developing caffeinism, or 
caf fe ine intox icat ion .  
Additionally, caffeine intake 
exceed ing 1 ,000 mg a day 
increases the risk of cardiac 
arrhythmia, muscle twitching, 
and psychomotor agitation.  

While caffeine can have negative 
effects if excessively used, it is 
also important to remember that 
many caffeine sources, such as 
coffee and tea, are very high in 
ant iox idants and can be 
beneficial if used in moderation. 
There fore , when making 
decisions about the appropriate 
amount of caffeine to consume, 
one shou ld take into 
consideration both the positive 
and negative effects.

PIRACETAM, A CANDIDATE NOOTROPIC
by Steven Lange

It is more than a midsummer night’s dream: it is 
a high-strung Sunday, fervent with the sweating 
scalps of book-devouring students.  You begin to 
wonder: is there a solution, an elixir, a panacea, a 
lapis philosophorum that can salvage the savages? 
Perhaps there has been no clear-cut answer to test-
taking or easy studying, but Europe has had a quasi-
magical nootropic for decades.

Nootropics are modern, neuroprotective 
cognitive enhancers. These “smart drugs” were first 
coined nootropics by Dr. Corneliu E. Giurgea in 
1964, when he successfully synthesized the first 
nootropic, Piracetam. Piracetam has been primarily 

used in Europe for its therapeutic effects, though 
the extent of its potency is controversial.

Piracetam, of the racetam family of nootropics, 
is sold in 800-milligram tablets and frequently 
prescribed for myoclonus, dementia, and dyslexia, 
but has been gaining popularity as a brain-boosting 
drug. Piracetam improves cross-hemispheric 
communication by increasing activity of the corpus 
callosum, and has a peripheral vascular effect that 
maximizes blood flow to target regions. Piracetam 
works by influencing ion (Na+ and K+) channels that 
increase neuron excitability, and membrane 
permeability, without being a sedative or toxin.  
Piracetam bolsters memory and learning by 
stimulating glutamate receptors.

—Continued on next page

Caffeine (center)—interferes with 
adenosine  (partia&y shown, upper le'), 
the body’s endogenous signaler of activity 
homeostasis and fatigue.  Adenosine and 
caffeine share structural similarities, 
explaining why caffeine acts on these 
receptors.
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PIRACETAM
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! It also manufactures the 
cytochrome b5 crucial to the 
electron transport chain in 
cel lular respiration. The 
higher the ATP metabolism, 
the better, and Piracetam 
offers that energy and more.
! Although piracetam is a 
popu la r dr ug , there a re 
repor ted s ide e f fect s 
inc lud ing mi ld anx ie ty, 
headache, irritability and 
insomnia.  
! Although many find this 
drug to be safe and useful, 
unfortunately the hype may 
be greater than the heal; 
many doctors still strongly 
urge omega-3 fatty acids as 
the closest cure-all, and say 
that Piracetam’s positive 
e f fect s , i f ex i s tent , a re 
temporal and limited. 
! Piracetam is more of a 
vasopressin than a nootropic, 
many professionals claim, 
since its effects are a result of 
i t s suppl y ing b lood and 
oxygen to the brain, which is 
a wake -up ca l l to 
underrepresented, suffocating 
center s ( l ike Broca ’s o r 
Wernicke’s area in aphasia, or 
cerebral cortex in myoclonus) 
rather than a revitalization. 

Certain cel l clusters wil l 
become more active in the 
presence of more oxygen; this 
is, firstly, non-indicative of a 
change in intelligence, and 
secondly, a short-term effect 
that is likely to subside as 
soon a s b lood pres sure 
returns to normal levels. 
! Piracetam is like a spark-
plug on a withered engine, or 
a quick chug of oil, rather 
than a replacement part or 
refurbished motor. Scientists 
suspect that p i racetam 
furnishes bouts of energy that 
will get the brain rolling, but 
wi l l not permanent l y or 
profound l y tweak the 
capabi l i t i e s o f neurons , 
especially if only blood flow is 
influenced, and more so if it 
is unspecific, non-receptor 
mediated.
! Piracetam’s hematological, 
rather than electrical, effects 
make it less effective and less 
miraculous. It puts more 
b lood in the bra in for 
instantaneous, fleeting insight
—which for a dyslexic child 
or a tired tyro may be almost 
miraculous—but it does not 
transform you from  Average 
Joe to Isaac Ne wton 
overnight by s ta g ing an 
Extreme Home Makeover on 

every neuron in the recesses 
of your needy lobe. Results 
may vary.
! So Piracetam is a flashlight 
in the dark, but not a brilliant 
installment. Its whimsicality, 
howe ver, does not s top 
students from making the 
most o f the market .   
Piracetam may be a fancy 
placebo or a case-specific 
treat.

Piracetam—is a stimulant that 
increases neural excitabi l i ty via 
interactions with Na+ and K+ channels.  
It is also a glutamatergic agonist and 
increases activity across the corpus 
ca&osum.  Piracetam was one of the first 
nootropics identified and characterized, 
and many of its positive effects are 
attributed to its impact on the vascular 
system.

CALL FOR PAPER
The next issue of Brain Waves will focus on vision and the visual system.     
The editor’s of the Newsletter ask the readership for a short contribution that sheds 
light onto  this area of science.   The issue will include a faculty contributor, and if 
you are an undergraduate performing research related to this topic, you are 
especially encouraged to contribute.  If you are interested in contributing to this 
i s sue , p lea se contact the Ne ws le t te r 's ed i tor, Ja ime Eber le 
(jeberle1@binghamton.edu). 

mailto:jeberle1@binghamton.edu
mailto:jeberle1@binghamton.edu
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GINGKO
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! Flavonoids are commonly 
found in p lants and are 
composed of a wide variety of 
molecu les , genera l l y 
functioning as antioxidants in 
the body.  Importantly, the 
b ioa va i l ab i l i t y o f these 
molecules is limited due to 
low absorption and rapid 
excretion by the body. With 
respect to terpenoids, an 
equally large class of naturally 
occurring compounds derived 
from isoprene, ginkgolides 
and bilobalides are the only 
two varieties known to 
ex i s t in the l eaf 
extract.
! In pertinence to 
mechanisms of action, 
most theories center on the 
neuroprotective aspects of 
ginkgo rather than the acute 
mental enhancement one 
would find desirable in a 
nootropic.  Furthermore, it is 
impor tant to note that 
ginkgo leaf extract has a 
diffuse array of reactive sites, 
making it arduous to test 
through b iochemica l 
exper imentat ion and 
relegating most efforts to 
statistical experimentation.
! Regardless, the majority of 
mechan i s t i c theor ie s 
concerning ginkgo rely on its 
ant ioxidant va lue .  Free 
radicals—highly reactive 
atoms/molecules due to an 
unpaired electron—have been 
impl ica ted wi th neura l 
apoptosis (cell death) through 
ox id iz ing ce l lu l a r 

components. The presence of 
free radicals has also been 
associated with aging and 
stress. Ginkgo is thought to 
guard cells from free radicals 
and the result ing neural 
damage. In brevity, ginkgo 
eliminates free radicals by 
being oxidized itself, and also 
enhances other enzymatic 
ant iox idants , such a s 
perioxidase.
! In addition to the theories 
regarding its antioxidant 
va lue , g inkgo ha s been 
studied in the past decade for 
i t s u se in abat ing the 

pathogenes i s o f 
Alzheimer ’s disease, 

and more generally 
dementia, through its 

compet i t ion wi th 
cholesterol to bind amyloid 
beta peptides (Aβ)—deposits 
found in the bra in o f 
A lzhe imer ’s pat ients . 
However, to demonstrate 
these theories’ tentativeness, 
a controlled, double-blind 
study performed at 5 medical 
centers in the US reported no 
decrea se in Alzhe imer ’s 
disease or dementia following 
ginkgo intake.
! Ginkgo i s not ju s t 
theor ized a s a “ba s t ion 
a ga inst long - term ner ve 
maladies.”  In rat studies, 
ginkgo is implicated with 
memory enhancement, and in 
c l in ica l s tud ies , w i th 
everything from memory 
enhancement and stress -
relief, to energy and mood. 
These effects can be partially 
explained by ginkgo’s role in 

stimulating norepinephrine 
secretion.  Norepinephrine 
ra i se s b lood -g lucose , 
metabo l i sm and 
vasoconstriction—the latter 
which presumably increases 
blood flow and thus resources 
to the brain. 
! Furthermore, g ingko’s 
anxiolytic properties are 
partly explained by the effect 
of ginkgolides on peripheral 
benzodiazepine receptors.  
That is, ginkgolides interfere 
w i th benzodiazep ine 
receptors that are responsible 
for stimulating the release of 
glucocorticoids, classic stress-
hormones.
! Yet despite the bountiful 
spectrum of theories and 
fairly consistent positive 
preclinical results, clinical 
studies are inconclusive, to 
say the least.  Studies by 
Elsaba gh and col lea gues 
attest to its questionable 
efficacy.
! To clarify, following acute 
use, gingko was reported to 
increase attention and certain 
memor y ta sks , but not 
working memory per se, in 
hea l thy undergraduate 
students.  More importantly, 
after 6-weeks of chronic 
treatment, nearly all cognitive 
ta sks were reduced , 
suggesting rapid tolerance.  
! Nonethe les s , g inkgo 
remains a popular supplement 
in health stores and continues 
to be purcha sed by 
consumers hoping to delay 
mental decline associated 
with aging.
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! As midterms grow near, students feel the 
mounting pressure build. This pressure, as 
every student can confirm, may become 
overwhelming and too much to bear without 
help. Some find this help in study-enhancing 
drugs. The common drug of choice for college 
students is Adderall or ‘addy.’ 
! Adderall is classified as an amphetamine, or 
a drug with a stimulant effect on the central 
nervous system that can be both physically and 
psychologically addictive when overused. The 
prescribed use of Adderall is for Attention 
Deficit Hyperactivity Disorder (ADHD) and 
the prescribed dose is normally 10mg or 20mg. 
Double-blind studies have been done on 
children ages 6 to 12, adolescents 13 to 17, and 
adults—all of whom met the DSM-IV criteria 
for ADHD. A double-blind study is described 
as a study in which both the investigator and 
the participant are unaware of the nature of the 
treatment the participant is receiving (i.e. 
placebo or Adderall). These studies have shown 
that Adderall is an effective treatment for 
ADHD. However, it must be noted that no 
clinical studies have been conducted regarding 
its efficacy for long-term use, namely greater 
than 3-weeks in children and 4-weeks in adults.  
Furthermore, there is no data to suggest that 
doses greater than 20mg provide additional 
benefits. 
! When I asked a student prescribed Adderall 
for ADHD, “What do you think about 
Adderall?”, he responded:

❝I’m not sure why people think it makes 
them smarter. It doesn’t, trust me. It 
helps you be more attentive but that 

doesn’t mean you will study. I don’t 
always take my medicine because I don’t 
feel I need to, but when I do, the Adderall 
makes me focus on whatever I do. I can 
concentrate on video games or have a 
long phone conversation. Adderall does 
not make you do school work.❞

! Some researchers argue that the effects of 
Adderall on people without ADHD may be 
more psychological than physiological. This 
means that Adderall may “work” and allow you 
to study more effectively because, when 
popping that little ‘magic pill,’ its effects are 
predetermined. Adderall users plan to focus for 
longs periods of time on school work after 
taking the pill. Since it is doubtful that these 
questions will be resolved by way of formal 
research regarding Adderall’s study-enhancing 
abilities, it is likely certain students will 
continue using Adderall to give themselves 
what they perceive to be that “extra edge”—be 
it physiological or psychological.

ADDERALL: ITS USE AS A STUDY-ENHANCING SUBSTANCE

http://www.wikimedia.org
http://www.wikimedia.org
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Foods to Avoid
• Artificial Food Colorings 
• Artificial Sweeteners 
• High Fructose Corn Syrup 
• High-sugar "drinks" 
• Hydrogenated fats 
• Junk sugars: Frostings 
• White bread or rice

Psychoactive Substances
• Alcohol—A depressant that acts on 

GABA receptors in the brain, leading to 
social disinhibtion and loss of muscle 
coordination.

• Hallucinogens—A broad class of natural 
and artificial substances that alters a 
persons’ perceptions.  Classical examples 
of psychedelics include LSD, which acts 
presumably on the serotonin system, 
causing gross changes in visual and 
auditory sensation.

• S t i m u l a n t s — S u b s t a n c e s w h i c h 
temporarily enhance resposnivitiy and 
alertness.  Licit examples include 
caffeine and nicotine, and illicit examples 
include cocaine.  Their addicitvity is 
attributed to interactions with the brain’s 
reward pathway, a conserved, DAergic 
system known as the mesolimbic 
pathway.

Binghamton University Neuroscience Club: 
Brain Awareness Week

 

—March 15 - 21 2010—

The human brain is composed of countless distinct components, known as cells.  Through 
contact, these specialized cells—known as neurons—form a complex network.  The main 
purpose of the brain, or more broadly the nervous system, is to integrate and process input 
and executive output.  The brain has been compared to a computer, however even the most 
complex human-made computer cannot match the processing power of the human brain.  
The biological brain is truly an incredible machine that requires further understanding!

Premise

Messages travel electrochemically, meaning they use electrical potential differences within 
a neuron and chemical messengers between neurons, at the synapse (see below).  Thus, 
chemical messengers cross gaps between the neurons.  These chemicals are known as the 
neurotransmitters, and the fluid-filled gaps that separate cells are known as synaptic clefts.

Overview

Human Disorders of the Brain

• Multiple Sclerosis—Autoimmune 
disorder characterized by central 
demyelination.  What does myelin do and 
what symptoms would you expect?

• Schizophrenia—Mental disorder marked 
by disorganized thought, delusions, and 
hallucinations.

• Parkinson’s—DAergic neuron death in 
the substantia nigra.  Disease associated 
with tremors and ultimately akinesia.  
What can you say about the function of 
DA?

Foods to Eat
• Fruits and Vegetables: Avocados, 

Bananas, Broccoli, Dark Greens, 
Legumes, Soybeans, 
Spinach, Tomatoes

• Proteins: Beef (lean), 
Chicken, Eggs, Turkey

• Whole Grains: Brown 
Rice, Oatmeal

• Unsaturated Fats: Omega-3 Fatty 
Acids (Tuna, Salmon) and Flaxseed

Activities to engage in
• Challenging games: chess, sodoku, 

crossword puzzles
• Reading
• Studying strengthens 

neuronal connections
• Cardiovascular 

exercise: running and sports

Research at Binghamton University
• Neuroplasticity and Parkinson’s Disease
• Adaptive responses to stresses
• Recovery of brain function following 

injury
• Infant visual perception
• The limbic system and learning
• Neural development
• Memory disorders
• Visit http://psychobiology.binghamton.edu/

Components of the neuron

•Soma—The cell body that contains 
the nucleus and machinery required 
for protein sysnthesis

•Axon—Long, action-potential 
carrying fiber that sends uni-
directional electrical signals

•Dendrites—Extentions of the soma 
that recieve singals from pre-
synaptic neurons

•Synapse—The pre- to post-
s y n a p t i c j u n c t i o n w h e r e 
neurotrasnmitters are released

Neuron Physiology

Special Thanks to the Center for Development and Behavioral Neuroscience for poster printing.
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