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BRAIN WAVES
Models of Memory: Interactions with memory and behavior
by Dr. Lisa M. Savage
Animal Models Reveal Neural 

Systems Interactions
Animal models have been key 

to our understanding of the 
psychological and physiological 
underpinnings of many disease 
states. For example, in the field of 
learning and memory, animal 
models have been instrumental in 
shaping our understanding of how 
the normal and damaged brain 
processes information. Animal 
research has taught us that there 
are multiple memory systems that 
interact in a variety of ways 
depending on the cognit ive 
demands and psychological nature 
o f the ta sk : compet i t i ve l y, 
cooperatively or in parallel.

Us ing a rodent model of 
Wernicke-Korsakoff Syndrome 
(WKS ) , my B inghamton 
University student colleagues and 
I have asked questions about the 
changes in psychological and 
neural processes that occur after 
specific brain damage. WKS is a 
nutritional disorder in humans 

a s soc ia ted wi th chron ic 
alcoholism that, if left untreated, 
can cause severe amnesia. The 
pyrithiamine-induced thiamine 
deficiency (PTD) rodent model 
successfully mimics both the 
neuroanatomical damage and 
behavioral impairments observed 
in WKS. The beha v iora l 
symptoms of patients with WKS 
were critical in establishing the 
theor y of “multiple memor y 
systems”.

The multiple memory systems 
theory is based on data showing 
that different sorts of information 
(events, procedures, emotions) are 
processed and stored in different 
parts of the brain. Three main 
regions in the brain modulate 
different types of memories: The 
hippocampus is critical for event-
based memory; the striatum is 
important for motor memory 
(what i s somet imes ca l l ed 
“procedural memory”); and the 
amygda la i s impor tant for 
emotion-based memory.

—Continued on next page

Dear readers,
Firstly, congratulations 

to students graduating this 
May.  It is now time 
to app l y the 
degrees you have 
ear ned a t 
B i n g h a m t o n 
University in real-
world situations.

With the immense 
amount of information you 
have accumulated over the 
past two semesters, it is fit 
to conclude this academic 
year w i th an i s sue on 
learning and memory.

—Eds.

HIGH ALTITUDE: THE EFFECTS OF EXTREME ELEVATION ON MEMORY
by Sabina Zawadzka

The physiological changes 
that accompany the human body 
and mind at high altitude are 
immense. At 4,000 meters, one 
breath contains only 62% of the 
oxygen it would contain at sea 
level and at 8,000 meters—
practically the height of Mt. 
Everest—it contains half that. 

Thus, the number of red blood 
cells, the respiratory rate, and the 
lung volume al l increase to 
depress hypoxia. But perhaps the 
l ea s t documented o f a l l 
physiological changes is the 
impact of high altitude on human 
memory.

Many wor ld -c la s s h igh 
altitude mountain climbers have 

complained of a decreased ability 
to remember, both whi le 
climbing and upon return to sea 
level.  Cavaletti and Tredici 
studied climbers who ascended 
to over 5,000 meters during one 
climb and spent at least 14 days 
at this altitude. 

—Continued on page 6

http://www.scholarpedia.org/article/Memory
http://www.scholarpedia.org/article/Memory
http://www.scholarpedia.org/article/Brain
http://www.scholarpedia.org/article/Brain
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MODELS OF MEMORY
 - Continued #om previous 

It is evident that not all memory functions are 
impaired by WKS or temporal lobe damage and 
animal models of these disorders were essential in 
determining the brain regions that caused certain 
types of memory impairment. The PTD model has 
consistently demonstrated that damage to the 
thalamus (specifically the anterior and midline 
thalamus), a subcortical structure, is central to the 
loss of learning and memory that follows thiamine 
deficiency. Thus, this model, as well as many others, 
has allowed us to ask and answer pertinent 
questions regarding changes in function and 
recover of function that occur under specific 
neurological disease states.

Interactions Between Memory Systems
Lear n ing and memor y a re complex 

phenomenon requiring the coordinated interaction 
of multiple brain structures. The diencephalon, a 
subcortical region that includes the thalamus and 
hypothalamus, has been characterized as an integral 
connection zone for many memory-related circuits. 
There are connections between the thalamus and 
the hippocampus, as well as the amygdala and 
striatum. Although in both the human condition of 
WKS and the PTD model there appears to be no 
gross hippocampal neuroanatomical alteration, 
hippocampal-related behaviors and neurochemical 
release in the hippocampus are impaired.

The use of animal models provides us with 
unique opportunities to access neural function (i.e., 
neurotransmitter release) in one brain region after 
damage to another while the animal is cognitively 
challenged. Recently, we have used in vivo 
microdialysis to observe the interactions between 
the hippocampus and the diencephalon using the 
PTD model while the animals are solving a maze 
task. These studies have demonstrated that the 
behavioral impairment produced by diencephalic 
damage (i.e., PTD-treatment) is accompanied by 
decreased release of acetylcholine (ACh) efflux in 
the hippocampus that is only evident under certain 
environmental conditions: PTD-treated rats 
display a reduction in hippocampal ACh efflux 
when they are navigating a maze and cognitively 
processing spatial information. In contrast, when 
PTD-treated rats are in a home cage (not 

cognit ive l y chal lenged ) they have normal 
hippocampal ACh levels. In addition, a study by 
two current graduate students demonstrates that 
there is a compensatory increase in striatal ACh 
release in PTD rats when solving a procedural task 
(i.e.,  turn left for reward). Thus, the striatal system 
is up-regulated when the hippocampal system is 
dysfunctional.

These studies demonstrated the importance of 
the nature of the behavioral activity when assessing 
neurological dysfunction. Psychological challenges 
drive brain activation and understanding brain 
activity under different behavioral states will be 
critical for the development of therapeutics.

The goal of this research, as well as some of our 
present research, is to gain insight into what 
interconnected brain structures become down-
regulated and which ones compensate after brain 
damage. Understanding the individual and 
interactive role of brain structures is critical for 
understanding normal memory function and for 
treating disorders of memory. Presently, we 
understand very little about the underlying 
psychological and neurobiological mechanisms 
associated with behavioral change and recovery of 
function after brain damage; however, the 
continued use of animal models will be key to our 
gaining further knowledge about such dynamics.

Ty p es o f m e m o r y— i n c l u d e d e c l a ra t i v e, o r 
informational, emotional, and motor.  Although there is 
undoubtedly an interaction, these memories are stored in 
distinct brain regions.  For instance, the hippocampus is 
responsible for at least two forms of declarative memory, 
episodic and semantic. This image was adapted #om 
Scholarpedia, retrieved and modified on 5 May 2009.
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by Jaime Eberle
 The benefits of exercise 
have been understood for 
hundreds of years—perhaps 
the earliest by the Roman 
philosopher, Seneca, who saw 
the impact of exercise on 
physical health, as well as 
menta l hea l th .  Modern 
improvements in scientific 
methods for studying the 
centra l ner vous sys tem, 
specifically the brain, have 
enabled researchers to more 
easily explore the impact of 
physical activity on brain 
funct ion and s t r ucture .  
Recent animal and human 
studies have supported a 
positive correlation between 
exerc i se and cogn i t i ve 
funct ion.  For instance , 
several meta-studies have 
addressed the relationship 
between physical activity and 
cognitive performance.  In 
large, these studies found that 
physical activity benefits 
cognition.
 One potential mechanism 
for this relationship is that 
exercise may promote cell 
proliferation—also known as 
neurogenesis—in the dentate 
gyrus of the hippocampus. 
Since the hippocampus is 
known to be involved in 
learning and memory, cell 
production in this brain 
region improves cognitive 
abilities and is thought to be 
involved in the processing 
and s tor ing o f ne w 
information.  For instance, 

rodents exposed to a 14 day 
exercise regimen expressed 
increa sed numbers o f 
newborn neurons in their 
hippocampi, as compared to 
the control group.  In this 
same study, the exercise 
group demonstrated better 
performance in a y-maze 
challenge, a technique used to 
measure spatial memory in 
rodents .  The increased 
number o f h ippocampal 
neurons detected following 
exercise supports the notion 
that exerc i se promotes 
neurogenesis.
 Neurogenesis is stimulated 
by the production of a growth 
factor known as brain-
derived neurotrophic 
f ac tor (BDNF ) . 
Interestingly, BDNF 
also facilitates cell 
su r v iva l , neurona l 
connectivity, brain 
p l a s t i c i ty, and 
synaptic transmission
—all of which support 
improved cognition. 
Thi s i s impor tant 
because a connect ion 
between exercise and BDNF 
levels has been supported by 
studies with both rodents and 
humans.  For instance, in 
rodents running voluntarily 
on a wheel for one week, 
BDNF expression showed a 
persistent increase in the 
hippocampus.  Compared to 
baseline, gene expression rose 
1.5-fold and this lasted for 
near l y three months . In 
humans, exercise was shown 

to increa se se r um 
concentrations of BDNF in 
young adults. Learning is also 
known to increase BDNF 
gene expression and BDNF 
promotes learning. These 
relationships indicate that 
exerc i se may promote 
learning , a s i t increases 
BDNF expression.
 Furthermore, additional 
research supports the role of 
BDNF in memor y. In 
particular, this study explored 
the e f fect o f a genet ic 
polymorphism (val66 met) in 
the human BDNF gene on 
memory. This specific gene is 
responsible for regulating 

BDNF secret ion . 
Par t i c ipants were 
presented wi th a 

declarative memory 
challenge and scored 
ba sed on the i r 
performance, which 
was representative of 
their declarative 
memory abilities. 
Dur ing the tes t , 

fMRI images were 
recorded for each participant, 
in order to determine which 
a rea s o f the bra in were 
activated during the task. 
Their study found that the 
group of participants without 
the genetic polymorphism 
(control group) had increased 
memory-related hippocampal 
activity, as compared to the 
group with the val66 met 
polymorphism.

—Continued on next page

PHYSICAL EXERCISE PROMOTES MEMORY
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PHYSICAL EXERCISE
 - Continued #om previous

This is important because 
BDNF levels are highest in 
the hippocampus and have an 
integral role in hippocampal 
processes . The most 
important finding of the study 
was that the control group 
scored h igher on the 
declarative memory task than 
the group with the val66 met 
polymorphism. Once again, 
this study supports the idea 
that BDNF is an important 
factor in memory, since the 
group of participants with the 

val66 met polymorphism had 
less hippocampal activity 
during the declarative memory 
task and achieved lower scores 
than the control group on the 
declarative memory challenge.

Although research has 
shown that exerc i se and 
cognition are correlated, the 
extent to which this applies 
specifically to memory is still 
uncertain.  Hopefully, future 
re search wi l l g i ve more 
detailed results that will serve 
to clarify the relationship 
between these two intricately 

re l a ted var i ab le s . Such 
research could posit ively 
impact educat iona l and 
healthcare policies, causing 
them to focus more on the 
importance of physical activity 
at all ages. Also, understanding 
this relationship would be 
extremely significant, as it 
would provide a simple way to 
improve memory abilities 
while benefiting physical 
health, and perhaps even 
pre vent ing or de lay ing 
Alzhe imer ’s d i sea se , a 
neurodegenerative disorder 
that affects memory.

In part, this article was adopted #om a paper written by the author, to fulfi&  a requirement for a course taken during the Spring 2009.

by Michael L. Mi&er
 Memory and learning are 
in tu i t i ve l y re l a ted 
phenomena.  In order to 
learn, an external event must 
be saved—or remembered—
so that it may be accessed and 
used thereafter.  These tasks 
a re undoubted l y 
accomplished by the brain, as 
this organ coordinates the 
body’s responses to external 
stimuli.  In more detail, the 
brain encodes information as 
chemica l changes , and 
recently, researchers are 
uncovering the cellular and 
sub-cellular changes that 
coincide with learning.  The 
pathway responsible for these 
structural changes is known 
as long-term potentiation 
(LTP) and it occurs at the 
synapse, a liquid-filled space 
between two ad jacent 
neurons.  Prior to LTP, the 

synapse is relatively weak, and 
it takes a large stimulus to 
e l i c i t a response in the 
adjacent neuron.  After LTP 
however, the neuron’s synapse 
is strengthened, and smaller 
stimuli are capable of eliciting 
a response.  Intuitively, this 
explains the physical changes 
required for memory, as the 
event is stored in the synapse 
and primed for recall.
 Long-term potentiation is 
accurately described as a 
chemical pathway, since it 
invo lves a cha in o f 
electrochemical messages 
that work together.  Initially, 
a neurotransmitter known as 
glutamate is released from 
the pre-synaptic cell.  By 
binding to receptors on the 
ce l l ’s sur face , the 
neurotransmitters cause a 
change in the membrane’s 
electrical potential which 

elicits an excitatory response 
in the adjacent cell—known 
a s the post- synapse .  
Although most glutamate 
receptors are excitatory—
that i s , p roduce act ion 
potentials—they are not all 
ident ica l .  Ce l l s in the 
hippocampus, and other brain 
reg ions capab le of LTP, 
expres s a t l ea s t three 
populations of glutamate 
receptors, known as kainate, 
AMPA, and NMDA 
receptors.  NMDA receptors 
are fundamental to LTP, as 
not only do they allow the 
entry of sodium, but they also 
al low calcium to leak in.  
Ca lc ium is a ubiquitous 
secondar y messenger. 
Increases in cellular calcium 
initiate intracellular pathways.

 
—Continued on next page

CELLULAR MECHANISMS: THE CHEMISTRY OF LEARNING AND MEMORY



  Binghamton University Neuroscience Club MAY 2009, VOL. 1, ISSUE 6

 PAGE 5 of 7

CELLULAR MECHANISMS
 - Continued #om previous

When calcium levels rise, 
proteins in the cytosol are 
activated, and this activates 
s i l enced—or inact i ve—
glutamate receptors.  In brief, 
calcium activates protein 
k ina ses , which in tur n , 
phosphor y la te inact i ve 
AMPA receptors on the 
membrane, making the cell 
more suscept ib le to 
excitation.  Another protein, 
adenylate cyclase, then begins 
producing cAMP, which in 
turn activates protein kinase 
A, then CREB, eventually 
chang ing prote in 
t ranscr ipt ion .  Thi s up -
regulation in transcription 
may account for the long-term 
changes associated with LTP, 
as new AMPA receptors are 
synthesized and placed in the 
membrane.  This further 
increases the likelihood of 
firing an action potential.

Retur n ing to the 
receptors, at low to moderate 
levels of stimulation, only the 
kainate and AMPA receptors 
are activated.  This is because 
NMDA receptors are blocked 
by ma gnes ium ions .  
Therefore , act ivat ion of 
NMDA receptors and entry of 
calcium, all depend on an 
initial depolarization that 
remo ves the ma gnes ium 
blockade.  This explains the 
importance of kainate and 
AMPA receptors and why 
their initial and long-term 
activation (see above) are so 
crucial.  This also explains 

Hebb’s rule, which states that 
a weak synapse will strengthen 
when i t i s ac t i va ted 
simultaneously with a strong 
adjacent synapse.  The strong 
synapse activates the NMDA 
receptors by producing a 
modified action potential—
known as a dendritic spike—
a long the post- synapt ic 
membrane.

Most of the mechanisms 
discussed occur in the post-
synaptic terminal—the cell’s 
dendrite—however retrograde 
messengers may cross the 
synapse and affect the pre-
synapse as well.  During LTP, 
the enzyme n i t r i c ox ide 
synthase is activated and 
catalyzes the conversion of the 
amino acid arginine to L-
citrulline, producing nitric 
oxide (NO), a diffusible gas.  
Nitr ic ox ide crosses the 
synapse and act i va tes 
guanylate cyclase—an enzyme 
similar to adenylate cyclase—
but produces cGMP from 
GTP instead.  cGMP is a 
secondary messenger that 
ac t i va tes downst ream 
messengers, but its particular 
role in LTP is stil l under 
investigation.

The study of the cellular 
processes that under l i e 
memory and learning are far 
f rom complete , so the 
information presented is 
recent and s t i l l under 
investigation.  With this 
not ion in mind , ne w 
information is always coming 
to light, providing additional 

insight into the mechanisms 
of learning.  For instance, 
there is recently developed 
evidence to sug gest that 
synapses split into two during 
LTP, producing new synapses 
through a perforated-synapse 
intermediate.  Also, it was 
once thought that the human 
ner vous sy s tem cannot 
produce ne w neurons , 
however special regions, such 
as hippocampus, are able to 
cont inuous l y form ne w 
neurons, in a process known 
as neurogenesis.  Long-term 
potentiation plays a critical 
role in learning and memory, 
but as shown here, it has a 
physical basis that requires an 
intricate molecular cascade.

Pi
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HIGH-ALTITUDE
 - Continued #om first page

The test was performed once 
the climbers returned to sea 
level and involved presenting 
the subjects with 10 pairs of 
words. Immediately after, the 
examiner read off the first 
word and the subject had to 
give the second word. There 
wa s a 22% r educt ion in 
a ssociat ive memor y. The 
average number of correct 
pairings before the climb was 
9, which dropped to 7 after 
high altitude exposure. The 
c l imbers were fur ther 
separated into two groups. 
One group climbed no higher 
than 6,000 meters while the 
other group climbed over 
8 ,000 meters for a br ief 
per iod o f t ime . When 
investigating the test results, 
researchers found that the 
height of the climb did not 
impact test scores, but the 

length of time spent at high 
altitude did.

There are also long-term 
memor y e f fect s o f h igh 
altitude. Hornbein simulated 
the ascent to the summit of 
Everest (8,848 meters) in a 40-
day experiment in an altitude 
chamber. Neuropsychological 
a s ses sments were a l so 
performed on other climbers 1 
and 30 days after ascent to 
extreme altitudes (also up to 
8,848 meters). Results signaled 
diminutions in the visual long-
term memory of both groups 
and the verbal long -term 
memor y of the simulated 
chamber group. Testing a 
group in a simulated chamber 
was of importance because it 
allowed researchers to deduct 
other environmental factors 
such as cold, UV radiation, 
and fear from adding to stress 
l eve l s . On that account , 
hypoxia was the sole inducing 
agent for long-term memory 
loss.

To test the effects of high 
altitude on spatial memory in 
ra t s , Shuki t t-Hale 
administered the Morris water 
maze test. The rats were 
tested at 2 and 6 hours, while 
exposed to altitudes of 0 (sea 
level), 5,500, 5,950, and 6,400 
meters. The outcome was an 
increase in escape latencies, 
path lengths, and a decrease in 
swim speeds—all indicative of 
an a l t i tude -dependent 
dysfunction of spatial memory. 
Generally, the performance 
was worse at 2 hours than 6 

hours for all altitudes except 
6,400 meters. Hence, it was 
more difficult to learn new 
abilities than to retrieve old 
ones. When tested on the 
recovery day at sea level, 
l a tency and path l ength 
resembled baseline scores. 
Speed, however, was sti l l 
impaired—signifying that 
physical debilitations cannot 
return to normal after 24 
hours.

The hippocampus has 
shown to be one of the most 
damaged structures under 
hy pox ic condi t ions . 
Spec i f i ca l l y, there i s a 
reduct ion in the a gonist 
ligament (2H)MK-801 of the 
NMDA receptor by 35% . 
MK-801 is responsible for the 
re lea se o f g lu tamate , a 
neurotransmitter linked to 
learning and memory storage. 
Thus, reducing MK-801 leads 
to compl ica t ions in the 
memory engraving process. 
Moreover, increased oxidative 
stress markers were found in 
the hippocampal area, in 
add i t ion to 
neurodegeneration, DNA 
fragmentation, and apoptosis.

How can an individual 
sh ie ld h imse l f f rom the 
phys ica l and menta l 
decrements experienced at 
high altitude? One effective 
and natural way is through 
acclimatization.

—Continued on next page

High Altitudes—carry of myriad 
of physiological changes in the 
human body.  Hypoxia caused by 
these elevations may lead to decreases 
in spatial, associative, and long-term 
memories.
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Acclimatization's primary mechanism increases 
both the number of breaths taken and the 
concentration of red blood cells in the body. 
Secondarily, the number of capillaries increases in 
certain tissues and there are changes in the 
oxidative enzymes that control tissue oxygen 
absorpt ion . At 4 , 200 and 5,800 meter s , 
acclimatization will improve ventilation by 15% and 
70%, respectively. At 5,350 meters, acclimatized 
subjects needed an average of only 3.7 repetitions to 
learn a masked task while non-acclimatized subjects 
required 7.65 repetitions. Low oxygen content in 
the blood activates chemoreceptors. They raise the 
partial pressure of oxygen in the lungs, evoking a 
hyperventilatory response. After 10 or so days, 
hyperventilation stabilizes. This is much quicker 
than increasing red blood cells, which takes an 
average of three months to reach maximum 
concentration. But despite all these preventative 
measures taken by the body to increase oxygen 
ingestion, arterial oxygen levels still remain 
relatively low.

High altitude poses great risk to the human 
body. The human body is pushed to the brink of 
exhaustion in an extreme environment that no 
human was meant to inhabit. Of great concern are 
the implications high altitude holds on memory. At 
8,000 meters above sea level, an individual relies on 
memory for survival and not being able to recall 
critical information rides the thin line between life 
and death. Studies have shown that both verbal and 
spatial memory depreciate significantly when 
exposed to these conditions. Moreover, these 
impairments were carried over to sea level and 
tended to persist for a couple of months. There are 
possible precautions an individual could take to 
ameliorate high altitude effects, however, these 
precautions are not a guaranteed route for 
protection. Although acclimatization helps 
tremendously, memory loss remains a risk. Research 
regarding the relationship between high altitude 
and memory is only in its adolescent stages, but as 
climbers and tourists take more interest in the high 
altitude experience, science will be sure to follow.
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