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Abstract

A model demonstrating the effects of cocaine on dopamine neurotransmission
was constructed for Brain Awareness Day at Washington State University. The model
was designed for fifth grade students who visited the university for a day in hopes of
gaining understanding about basic neuroscience concepts from our presentations. We
began with a short, interactive discussion of the concepts involved in dopamine fostered
nerve-communication in the brain and then used a simple two-neuron system to
demonstrate our concept. Our model illustrated normal dopamine neurotransmission and
also illustrated dopamine neurotransmission in the presence of cocaine. Afterwards, the
students evaluated our model and performance. Overall the children enjoyed our model,
rating us above a 4 on a 5 point scale in all of the judging categories.

Introduction

Motivated behavior is mediated by the mesocorticolimbic pathway which
originates in the midbrain ventral tegmental area and terminates prima
rily in the nucleus accumbens and frontal cortex (4). Within this pathway, presynaptic
neurons synthesize and package dopamine into synaptic vesicles. When these neurons
are stimulated, dopamine is released. The neurotransmitter leaves the nerve terminal and
binds to dopamine receptors that are expressed by both target neurons and other
dopamine-containing neurons. The dopamine then undergoes reuptake through
dopamine transporters that are present on the presynaptic nerve terminals (5).

The mesocorticolimbic dopaminergic system has a localization of dopamine D3
receptors, which is believed to play a critical role in cocaine addiction (9). In reference
to drugs, addiction is defined as the overwhelming involvement with using a drug, getting
adequate supply of it, and having a strong tendency to resume use of it after stopping for
a period of time. A drug is considered more addictive when the time interval between the
administration of the drug and its euphoric effects is extremely short, therefore,
enhancing the positive reinforcements of that drug. For instance, since administration of
cocaine via inhalation has an onset of effects within 20 to 30 seconds, the risk of cocaine
addiction is higher than if the drug was administered intranasally, which has an onset of
effects between 3 to 5 minutes (2). Cocaine binds to the dopamine transporter, blocking
the reuptake of dopamine. Consequently, the extracellular concentration of dopamine
increases, resulting in elevation of dopamine neurotransmission (7). High levels of
extracellular dopamine contribute to the euphoric effects of cocaine, representing the
positive reinforcement.



The process of cellular adaptation to cocaine often happens through dopamine
depletion (3). When dopamine is constantly present in the reward pathway, such as it is
with long-term cocaine use, dopamine depletion occurs given that dopamine initiates a g-
protein coupled pathway. This pathway eventually leads to a change in gene
transcription such as the up-regulation of the gene for dynorphin. Dynorphin travels
through axon collaterals back to the pre-synaptic terminals, thus causing a decrease in
dopamine release from that cell (6). These cellular adaptations prime the brain;
therefore, reinstatement of the drug will affect the brain differently than it did before
addiction (1).

The purpose of our model was to demonstrate to fifth grader students the effects
of cocaine on dopamine neurotransmission. We wanted to show the children how normal
dopamine neurotransmission occurred, including the re-uptake process necessary for
recycling the neurotransmitter. Then we wanted to show them how cocaine blocks the
re-uptake of the dopamine, thus making it more difficult to re-use the dopamine. In
conclusion, we wanted to show the students that cocaine use leads to a variety of direct
health problems, such as heart attacks and/or seizures (8).

Methods

Materials: three small Koosh™ balls, three small plastic canisters, three belts, four sheets
of 8%2” x 11” white paper, nineteen pieces of 4”x 2” white paper, one roll of clear
packaging tape, black Sharpie™ pen, and one timer.

Construction: We began by taking three of the 4”°x 2” pieces of paper and labeling them
with “receptor”. One label was taped onto each of the three plastic canisters. We made
two signs labeled “nerve cell #1” and two signs labeled “nerve cell #2” with the 8 12” x
117 sheets of paper and laminated them. Necklaces were constructed using hemp rope
and small pieces of paper (4” x 2”). We used three 4”x 2” pieces of white paper and
labeled them “nerve cell #1” and three 4”’x 2” pieces of white paper and labeled them
“nerve cell #2”. Then we covered each of these necklaces with tape. Next we
constructed the sickness coupons out of 4”x 2” pieces of paper. Altogether we made
twelve coupons. They were labeled with one of the following sayings: “You used
cocaine, you get a heart attack’; “You used cocaine, you get a seizure’; ‘You used
cocaine, you get to vomit’; ‘You used cocaine, you get diarrhea’. We taped the 8 12 x
117 laminated signs labeled “nerve cell #1” on the ground and the “nerve cell #2”
laminated signs approximately six feet across from them.

Presentation: Each presentation began with a short, interactive discussion of the concepts
involved in dopamine fostered nerve-communication in the brain. We also demonstrated
how to play the first run of the game, which illustrated normal dopamine
neurotransmission. At the end of the discussion we split the children into groups of
three. In the first run, child #1 wore a “nerve cell #1” necklace and threw the Koosh™



ball representing “dopamine” using his/her dominant hand. Child #2 wore a “nerve cell
#2” necklace and caught the ball in the plastic canister labeled “receptor”. “Nerve cell
#2” then dumped the ball out of the “receptor” allowing for “nerve cell #1” to retrieve it
with his/her non-dominant hand (this represented the dopamine transporter). Nerve cell
#1 then returned to the starting position and threw the ball again. Child #3 kept track of
the number of successful transmissions. The children played the game for one minute
trying to complete as many successful dopamine transmissions as possible.

We gathered the children together again to demonstrate how cocaine slows the re-
uptake of dopamine. We showed them how to play the second round of the game.

The second run proceeded exactly as the first, except that the retrieving hand of
“nerve cell #1” was bound to his/her side with a belt (representing cocaine) so that the
dopamine re-uptake was significantly slowed. Once again, the children played the game
for one minute trying to complete as many successful dopamine transmissions as
possible.

Following the second game, we had a discussion comparing the differences
between their first and second runs. They formed conclusions about how cocaine affects
brain function. Each child received a sickness coupon for negative physiological
consequences of cocaine use. In the remaining time, the children were allowed to play
the game several more times but in different positions each time around.

We compiled our data from the student evaluation forms into Table 1 and
calculated the mean scores of each question.

Results

Thirty-nine students judged our presentation. Table 1 is a summary of our results.
During each of our presentations the children appeared to be having a good time. When
the children rated their favorite exhibits, we placed third out of three groups.

Table 1: Judge evaluation form results.

1 2 3 4 5 Mean Score
Question 1 0 0 2 6 31 4.74
Question 2 0 0 0 7 32 4.82
Question 3 0 1 2 9 27 4.58
Question 4 0 2 6 14 17 417
Overall 4.58

When asked ‘what was your favorite part of this exhibit’ the children responded
with: ‘the game’, ‘catching’, ‘throwing’, ‘all of it’, ‘being nerve cell #1°, ‘being nerve
cell #2°. Of these, ‘the game’ was the most popular answer. Comments regarding what
the children learned included: ‘that when you use cocaine, it is like your neurons have



their hands tied to their bodies-it’s hard to pick the dopamine up’, ‘that cocaine makes
your nerve #2 more weak’, ‘how bad cocaine is’, ‘what happens when you use drugs’,
‘about cocaine’, ‘don’t do drugs’, ‘cocaine makes it harder to get the dopamine’, ‘cocaine
is evil’, ‘how your brain works’, ‘a lot about transporters’. The most popular answer was
‘how bad cocaine is’. We did receive some additional comments including; ‘loved it’,
‘thank-you’, ‘presenters are great’, ‘it was fun’.

Discussion

We showed the children how normal dopamine neurotransmission occurred,
including the re-uptake process necessary for recycling the neurotransmitter. This was
demonstrated by playing the first run of the game. We received ‘how your brain works’
several times as a comment regarding what the children learned, along with ‘a lot about
transporters’. Judging by these comments I am confident that the children understood the
process of normal neurotransmission.

Then we showed them how cocaine blocks the re-uptake of the dopamine, thus
making it more difficult to re-use the dopamine. This was demonstrated playing the
second run of the game. One of the comments regarding what the children learned was
‘cocaine makes it harder to get the dopamine’. This proved to us that the children
understood that cocaine interrupts normal dopamine neurotransmission by blocking the
dopamine transporter. One comment that was particularly concerning was ‘cocaine
makes your nerve cell #2 very weak’. Unfortunately, this child incorrectly interpreted
our presentation and I wish we had had the opportunity to correct this. On the other
hand, several children were able conclude that ‘cocaine is evil’ and ‘that when you use
cocaine, it is like your neurons have their hands tied to their bodies, [making it] hard to
pick the dopamine up’, thus showing us that they realized normal neurotransmission is
imperative to avoid negative consequences, such as heart attack, vomiting, and/or seizure.

Our presentation was altered as the day progressed. The first group of children
we presented to did not have enough time to complete both games due to our opening
explanation being too long. In addition, we did not initially plan on acting out the game
as we gave our opening presentation but realized through trial and error that acting it out
was less confusing. We also realized acting out and explaining the first game separately
from acting out and explaining the second game helped the children distinguish between
the two types of dopamine neurotransmission (i.e. with or without cocaine). Our
ignorance in planning most likely impacted the first few groups’ level of fun, thus
reflecting in our overall placement.

We tried to make our model as realistic as possible but found it was difficult to
balance simplicity with accuracy. In our presentation, we wanted to demonstrate the
effects of cocaine on dopamine neurotransmission and this was accomplished in our
game using a simple two-neuron system. For the sake of comprehension, the detailed



cellular processes of neurotransmitter release (i.e., docking and fusion) and re-uptake
(i.e., SNAP, v-snares and t-snares), and the fact that neurotransmitter release involves
more than one molecule of neurotransmitter (i.e., quantal release), were ignored. In
addition, the alternative modes of neurotransmitter re-uptake and/or degradation were not
addressed, such as uptake by a glial cell transporter, diffusion, and metabolism of the
neurotransmitter. The concept of cocaine addiction was also not addressed.

Kids Judge Science Fair was the first opportunity for us to present an aspect of
neuroscience to young children. I was disappointed that we placed third out of three
groups because it seemed that the majority of the children really enjoyed our model.
Once again, I believe our ignorance in planning affected the first few groups’ level of
fun, thus reflecting in our overall placement. In order to improve our model we could
have offered candy to the children, decreased the discussion time, as well as allotted
more time for them to play the game. In general, the children were very attentive during
our presentation and seemed interested in learning. In future work, it would be
advantageous to incorporate the concept of addiction seeing that this is a worldwide
health problem (8).

References

Adinoff, Byron. “Neurobiologic Processes in Drug Reward and Addiction.”

Harvard Review of Psychiatry 12(2004): 305-320.

Connors, Gerard J., Galizio, Mark, Maisto, Stephen A. Drug Use and Abuse. California:
Knight, 2004.

Dackis, CA and O’Brien, CP. “Cocaine Dependence: a disease of the brain’s

reward centers.” Journal of Substance Abuse Treatment 3(2001): 111-117.

Di Chiara, G., and Imperato A. “Drugs Abused By Humans Preferentially Increase

Synaptic Dopamine Concentrations in the Mesolimbic System of Freely Moving
Rats.” Proceedings of the National Academy of Sciences of the USA 85(1998): 5274-
5278.

Horn, A.S. “Dopamine uptake: A review of progress in the last decade.” Progress in

Neurobiology 34(1990): 387-400.
Hyman, SE. “Addiction to cocaine and amphetamine.” Neuron 16(1996): 901-904.
Koob, G.F. “Drugs of Abuse: Anatomy, Pharmacology, and Function of Reward
Pathways.” Trends in Pharmacological Sciences 22(1992): 177-184.
Melichar, JK, Daglish, MRC, and Nutt, DJ. “Addiction and withdrawal — current views.”
Current Opinion in Pharmacology 1(2001): 84-90.
Vorel, Stanislav R., et al. “Dopamine D3 Receptor Antagonism Inhibits Cocaine-Seeking

and Cocaine-Enhanced Brain Reward in Rats.” Journal of Neuroscience 22(2002):
9595-9603.




