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Increased concentrations of fluoxetine do not affect EPSP amplitude in the
crayfish neuromuscular junction via serotonin reuptake inhibition.
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ABSTRACT

This experiment tested the effects of fluoxetine (Prozac) after the addition of serotonin to the saline solution on the EPSP
amplitudes of crayfish muscle cells. We tested this using a sharp glass microelectrode as a recording electrode and a
filed glass microelectrode as a suction electrode used to draw up nerves to be stimulated. We compared the recorded
EPSP amplitudes from crayfish muscle cells exposed fluoxetine and serotonin to the initial control, with no drug, and the
experimental control, with just serotonin in the saline solution. We found that serotonin alone amplifies the EPSP
amplitude, however the addition of fluoxetine, had no significant effects.

INTRODUCTION

Many studies have tested the effects of various drugs on
synaptic activity. Drugs can have varying effects such
as either decreasing or increasing synaptic transmission
in specifically chemical synapses. Chemical synapses
function by receiving a stimulus that propagates down
the axon toward the nerve terminal. Once the stimulus
reaches the nerve terminal it triggers an influx of
Calcium ions, which results in the release of synaptic
vesicles containing neurotransmitters into the synaptic
cleft (Llinds 1981). In the cleft, the neurotransmitters
bind to receptors on the postsynaptic cell. This binding
can result in an excitatory postsynaptic potential, EPSP
allowing the signal received by the presynaptic cell to
travel to the postsynaptic via neurotransmitter release,
and cause a response. Synaptic activity can be increased
in many ways, for example, by increasing the number of
agonists, which will activate more receptors resulting in
a greater postsynaptic potential. Increasing the number
of synaptic vesicles released also increases synaptic
activity  because there are more available
neurotransmitters for binding. Limiting the number of
antagonists that can bind to receptors, but produce no
postsynaptic potential, would cause an increase. Lastly,
the synaptic activity can be increased by blocking the
reuptake of neurotransmitters, which would cause the
synapse to remain active for a longer period of time.
Since the majority of antidepressants used
today function as reuptake inhibitors, this experiment
will work to determine if the antidepressant Prozac
functions by inhibiting the reuptake of the
neurotransmitter  serotonin  ( . This
experiment was derived from a Pioneering Neuroscience
article exploring how Fluoxetine (Prozac) acts as an
antagonist at 5-HT,C receptors in the crayfish
neuromuscular junction (Mahaffey et al. 2010).
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Previous research has indicated that Prozac works by
inhibiting the reuptake of serotonin (Fitzgerald et al.
2013), but Mahaffey et al’s research explores and
confirms Prozac’s ability to act as an antagonist on 5-
HT.C receptors, which contradicts its ability to function
as a reuptake inhibitor (Mahaffey 2010). Our research
aims to confirm previous research that serotonin
functions via reuptake inhibition instead of as an
antagonist at 5-HT,C receptors.

Serotonin is a neurotransmitter not released by
crayfish, but the crayfish do have serotonin receptors
(Mahaffey 2010). Since crayfish have these receptors in
addition to the glutamate receptors for the
neurotransmitter released naturally by crayfish, simply
adding serotonin to the saline solution will have an
impact of the EPSP amplitude. This happens because
not only will the glutamate receptors be active, but the
serotonin receptors will also be active.

We intend to compare the amplitude of the
EPSP’s obtained with two different concentrations of
Fluoxetine exposed to serotonin.  This will add
information to the antidepressant field and aid in the
prescription of drugs for specific types of depression
such as

based on whether or not Prozac in fact does
work as a serotonin reuptake inhibitor (Papakostas et al.
2012). Since Prozac functions by inhibiting the
reuptake of serotonin, adding Prozac to the saline
solution will cause the EPSP amplitude to increase as
the concentration of the drug increases because the
synapse will be active for a longer period of time.
However, we found no significant correlation between
the increase in fluoxetine concentration and the increase
in EPSP amplitude.
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MATERIALS AND METHODS

Preparing Solutions and Making Microelectrodes

We diluted a 10 mM solution of both
fluoxetine and serotonin into a saline solution. We
mixed 250 pL of fluoxetine into 250 mL of saline to
make a solution with a fluoxetine concentration of 10
uM. The same was done to prepare the serotonin
solution. We also made a fluoxetine solution of 20 uM
by mixing 500 pL of the 10 mM stock solution into 250
mL of crayfish saline. The saline was composed of 5.4
mM KCI, 200.7 mM NaCl, 12.3 mM MgCl.6H,0, 5
mM Sodium Hepes Buffer, and 6.5 mM CaCl;2H:0.
When we were testing the crayfish exposed to both
solutions, we mixed together 75 mL of each solution.
We made two glass microelectrodes using a PUL World
Precision Instruments electrode puller. We filled one
with a 3 M KCI solution and the other was filled with
normal saline and filed with sandpaper so it could draw
a nerve into it. After all the air bubbles were removed
from the electrode filled with 3 M KCI, we positioned it
so that it would be in an optimal position for penetrating
a crayfish muscle cell and the suction electrode was
positioned on the other side of the dissection dish.

Preparation

We cooled the crayfish in an ice bath prior to
dissection to allow it to become numb and unable to
move. Once the crayfish reached this state, we cut its
tail and discarded the remainder of the organism. We
cut the tail on both sides along the ventral part of the
abdomen and then we peeled the legs off of the crayfish.
We were left with the large mass of muscle in the dorsal
part of the abdomen; we used our thumb to push the
remainder of muscle out of the crayfish, leaving the thin
layer of abdominal extensor muscles attached directly to
the shell. We then pinned the crayfish onto a dish for
testing and observation, and poured the prepared saline
solutions over the tissue.

Taking Measurements

We poured the solution, either with serotonin,
with serotonin and 10uM fluoxetine, with serotonin and
20 uM fluoxetine, or with just the saline solution over
the crayfish. We continually checked the resistance to
ensure that our microelectrode was useable; the
resistance was at least 13.33 MQ. After that, we located
a nerve along the edge of the crayfish tail and positioned
the suction electrode; we pulled a nerve into the
electrode that could be stimulated by the stimulator.
After we found a nerve and drew it into the suction
electrode, we began inserting the microelectrode (filled
with 3 M KCI) into crayfish muscle cells below the
nerve we were stimulating. We recorded the data using
A-D Instruments and LabChart.

RESULTS

We tested the effects of the presence of fluoxetine after
the addition of serotonin to the saline solution on EPSP
amplitudes of crayfish muscle cells, and the impact of
increased concentrations of the drug. The effect of
fluoxetine at 10 uM and 20 puM concentrations was
measured with sharp glass microelectrodes and filed
glass suction electrodes. We sampled various nerves
along the crayfish tail and sampled multiple different
cells for each nerve.

Shown in figure 1, we found that serotonin
significantly increased the EPSP amplitude, however the
addition of fluoxetine had no significant impact. Since
crayfish have serotonin receptors but do not release
serotonin, the addition of serotonin should amplify the
EPSP amplitude because more receptors will be active.
However, although the addition of fluoxetine should
positively affect the EPSP amplitude as a serotonin
reuptake inhibitor, the data shows no significant
correlation between the addition of fluoxetine and an
increase in EPSP amplitude compared to just the
addition of serotonin.
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Figure 1: The effect of fluoxetine in 10 uM concentrations and 20 pM
concentrations compared to the control (with serotonin) in crayfish
muscle cells. P = 0.00189 between the initial control (without any
drug or serotonin) and the experimental control (with just serotonin).
P= 0.58106 between the experimental control and 10 uM fluoxetine.
P =0.62967 between the experimental control and 20 uM fluoxetine.
The error bars represent the standard error. N = 6 (no drug or
serotonin), 10 (serotonin), 13 (10 uM fluoxetine and serotonin), 19 (20
UM fluoxetine and serotonin).
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DISCUSSION

The outcomes of this experiment do not support our
hypothesis that increasing the concentration of
fluoxetine would result in an increase in EPSP
amplitudes. We had expected that result since the
serotonin would be active for a longer period of time
because of Prozac’s ability to inhibit serotonin reuptake.

These results contradict Fitzgerald et al’s
(2013) research finding that Prozac functions via
serotonin reuptake inhibition, since we found no
significant correlation between the addition and increase
in concentration of fluoxetine on the EPSP amplitude.
However, although contradicting Fitzgerald et al’s
(2013) research, the lack of significant results under
these conditions may indicate that Mahaffey’s (2010)
research finding that fluoxetine does not work as a
serotonin reuptake inhibitor, but as an antagonist at 5-
HT.C receptors may be correct. This cannot be
confirmed since the EPSP amplitudes did not decrease,
as an antagonist would cause them to. Further research
and experimentation such as not adding serotonin to the
saline allowing Prozac to function as an antagonist
would need to be conducted to confirm Mahaffey’s
2010 findings. An explanation of our results could be
that the concentrations of fluoxetine we used may not
have been great enough to have an effect on the EPSP
amplitude. Further research  with increased
concentrations could be conducted to confirm our
results.
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