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• Anxiety and depression are on the rise1 and 
antidepressant sales have steadily increased2

• Antidepressants enter waterways through poor 
management of wastewater treatment facilities, 
agricultural runoff and groundwater 
contamination3

• Common antidepressants include Prozac (active 
ingredient= fluoxetine: FLX)4, that inhibits 
serotonin (5-HT) transporter (SERT), and 
Wellbutrin (active ingredient= bupropion: BUP) 
that inhibits the dopamine transporter (DAT), 
and the norepinephrine transporter (NET)5 but 
can also impact 5-HT uptake​

• Environmental levels: 0.01 mg·L-1 FLX and 
0.05 mg·L-1 BUP6

• Oxygen (O₂) sensing involves 5-HT4 ; 
disruptions in O₂ sensing could impact hypoxia 
tolerance

Introduction

Methods

Results

Series i: 
• Fish (n=8) exposed for 5-6 weeks

• Control: 0 mg·L-1 FLX or BUP
• Low: nominal concentrations of 0.1 mg·L-1

FLX and 0.5 mg·L-1 BUP
• High: nominal concentrations of 10 mg·L-1

FLX and 50 mg·L-1 BUP
• Loss of equilibrium (LOE) tests conducted
Series ii: 
• LOE tests (n = 6 fish) were conducted using

a revised, more consistent approach​
• Time to LOE was tested again 7-11 days later

on the same individuals​
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Fig 1: (A) Partial pressure of oxygen (PO₂: Torr) over time 
for each exposure, (B) the mean minimum PO₂ (Torr) 
experienced by fish from each exposure (n = 2 LOE trials 
per exposure); different letters indicate statistically 
significant differences among means (p < 0.05). (C) Mean 
LOE times (min) for fish from exposure (n=8 fish per 
exposure). Values are means ± SEM.

Fig 2: Weight (g) and LOE (min) of all fish in Series i with a 
linear trendline and a shaded region representing a 95% 
confidence interval.

Fig 3: (A) The mean minimum PO₂ (Torr) experienced by fish 
the first time being exposed to hypoxia (naïve) and the 
second time being exposed to hypoxia (previously exposed) 
in Series ii; *p < 0.05 compared to naïve fish. (B) Mean LOE 
time (min) for naïve and previously exposed. Values are 
means ± SEM; *p < 0.05 compared to naïve fish.

• Series i: Our hypothesis was not supported as 
there was no effect of FLX and BUP treatment 
on LOE time but there was an impact of weight

• Series i results were consistent with other 
studies
• In a previous study, waterborne exposure to 

FLX alone did not impair hypoxia tolerance, 
but there was increased 5-HT in the plasma 
that could densensitize 5-HT receptors4

• Increased weight resulted in a higher LOE time 
because larger fish require less O₂ per unit size 
than smaller fish. Since smaller fish have a 
higher mass-specific metabolism, they run out 
of glycogen faster7

• Confidence in the O₂ probe was low, which led 
to variable LOE times and the need for Series ii

• Series ii: Our hypothesis was supported as fish 
exposed to hypoxia for the first time had lower 
LOE times than their second exposure

• Constant inflowing nitrogen and 3 O₂ probes 
were used to increase confidence in O₂ levels, 
this resulted in lower, more consistent LOE 
times.

• Slight but significant differences in O₂ levels in 
Series ii oppose effects of treatment (i.e., 
previously exposed fish were subjected to 
harsher hypoxia than naïve fish but had higher 
LOE times) ​

• Toadfish could be upregulating genes associated 
with hypoxia tolerance after their first exposure
• Upregulation of myoglobin and 

monocarboxylate transporter (transports 
lactate) have been found in zebrafish8

• Upregulation of anaerobic metabolism and 
downregulation of cell growth were found in 
goby fish9

• There is likely a hypoxia tolerance threshold for 
toadfish which is lower than for other fish but 
can be reached if O₂ levels are low enough​
• Exposure to O₂ levels below this threshold 

increases tolerance for the next exposure ​

Hypotheses
Series i: Chronic exposure of Gulf toadfish to FLX 
and BUP will decrease reuptake of 5-HT and 
consequently attenuate the hypoxia response.
Series ii: LOE times will be higher during the second 
exposure to hypoxia than the first because 
mechanisms relating to hypoxia will be upregulated
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