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Effects of Early Ethanol Exposure on Lithobates
pipiens Tadpole Development

Madison R. Durbin’, Lindsay R. Pelcher’, Sara J. McClelland?, Sarah K. Woodley"

Fetal alcohol exposure (FAE) in humans may lead to a lifetime of developmental deficits ranging from mild to severe. These
defects are largely dependent on timing and consistency of alcohol exposure. The majority of FAE experiments examine
moderate to heavy alcohol exposure, while fewer studies examine responses to lower levels of alcohol consumption on
development. Here, we tested the effects of relatively mild ethanol exposure on development, behavior, and hormone lev-
els in Northern Leopard Frog (Lithobates pipiens) tadpoles. Tadpoles are a useful model to study post-embryonic growth
because they develop outside of the mother where alcohol exposure is relatively easy to control. The objective of our study
was to determine if relatively mild ethanol exposure had adverse effects on development. We hypothesized that mild etha-
nol exposure during post-embryonic period will cause adverse physiological and behavioral effects and we predicted that
ethanol-exposed tadpoles would exhibit higher corticosterone levels, decreased body size and mouth width, and alterations
in behavior. Over four weeks, we exposed tadpoles to different ethanol concentrations: 0.009 percent, and 0.4 percent
ethanol. Controls were not exposed to ethanol. Tadpoles exposed to ethanol had elevated corticosterone levels, suggesting
increased stress levels. Ethanol exposure (0.4 percent) decreased mouth width as expected but surprisingly increased body
mass. There were no significant results of our behavior testing. This research suggests that even at low levels of ethanol
exposure, some adverse effects are measurable.

INTRODUCTION Specifically, some studies show that FAE effects are greater

Fetal alcohol exposure (FAE) can result in an array of devel-
opmental disorders in humans. This is concerning because
women do not always know when they are pregnant, with
1 in 475 pregnant women in denial of pregnancy until 20
weeks of gestation (Jenkins et al., 2011). Additionally, an
estimated 10 percent of women in the United States drink
alcohol while pregnant (Tan et al., 2015). Therefore, at vary-
ing levels, human fetuses are exposed to alcohol with or
without the mother’s awareness. Alcohol is a teratogen that
can readily permeate the placenta, causing direct harm to
fetal development (Popova et al., 2017). The severity of FAE
disorders is largely dependent on timing and consistency of
alcohol exposure to the human fetus (Rouzer et al., 2017).
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or categorically different when alcohol exposure occurs in
early development, or the first trimester for a mother, rather
than in later development (Muralidharan et al., 2013). High
alcohol consumption over all three trimesters correlated with
the greatest possibility of developing a FAE disorder (May et
al., 2013).

Fetal alcohol syndrome (FAS), a more severe FAE dis-
order, results from heavy alcohol use while pregnant. Stan-
dard diagnostic criteria of FAS include appearance of a
smooth philtrum (medial cleft in the upper lip), thin upper lip,
small eyes, growth deficiency and functional central nervous
system (CNS) abnormalities (Bertrand et al., 2004). Addi-
tional side effects include microcephaly, flattened nose, and
learning disabilities. Behaviorally, people with FAS show hy-
peractivity, cognitive impairment, slower development than
their peers, social behavior deficits, and abnormal emotional
processing (Fernandes et al., 2015). While the physiologi-
cal, behavioral, and neurological defects range in severity,
they have lifelong implications such as attention problems,
poor arithmetic skills, and trouble understanding social cues
(Fernandes et al., 2015).

Most FAE experiments examine the effects of moder-
ate to heavy alcohol exposure on the fetus (Valenzuela et
al., 2012). Fewer studies examine the effects of lower lev-
els of alcohol consumption on development and behavior. In
fact, one study suggested that low amounts of fetal ethanol
exposure are tolerable, because the body can dispose of
toxins, and changes in somatic growth were seen only when
exposure reached a minimum threshold dose (Jacobson
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et al., 1994). However, other measures of health may be
more sensitive to lower levels. Also, the majority of pregnant
women may not be heavy drinkers but may think it is safe
to consume a glass of wine on occasion (Bay et al., 2012;
Kelly et al., 2012). For these reasons, it is important to know
if low or infrequent alcohol consumption poses any risk for
developing offspring (Mamluk et al., 2017).

Animal models can help us understand how exposure
to varying concentrations of ethanol at different times dur-
ing development can affect the severity of behavioral and
physical effects caused by FAE (Rouzer et al., 2017). Verte-
brate model organisms are crucial in characterizing effects
of FAE because of the genetic and morphological similar-
ity to humans (Fainsod and Kot-Leibovich, 2018). Several
studies have utilized tadpole models to investigate physical
effects and molecular processes of FAE as well as the etiol-
ogy of craniofacial disorders in relation to human craniofa-
cial development and disorder (Nakatsuiji et al., 1983; Peng
et al., 2004; Dubey and Saint-Jeannet, 2017; Fainsod and
Kot-Leibovich, 2018). In addition, tadpoles are a potentially
useful model for studying post-embryonic growth because,
unlike rodent models that develop in utero, tadpoles develop
outside of the mother. Thus, it is relatively easy to control the
alcohol exposure.

To determine the effects of relatively mild ethanol expo-
sure on vertebrate development, Lithobates pipiens (North-
ern Leopard Frog) tadpoles were exposed to low levels of
ethanol. In humans, low ethanol exposure is classified as
less than 70 g of alcohol per week, with about 10 — 20 g of
alcohol per occasion (one standard drink = 10 g of alcohol)
(Rostand et al., 1990); O’Leary et al., 2010) . Tadpoles were
exposed once weekly in early development to mimic episod-
ic alcohol consumption during the first trimester of fetal de-
velopment. The chosen dosage (see methods) corresponds
to relatively low alcohol consumption in humans.

We hypothesized that low ethanol exposure during post-
embryonic development would elicit effects on growth, de-
velopment, activity, anxiety, hormone levels (corticosterone,
CORT), and brain and body morphology including mouth
width. Other studies have shown that growth and develop-
ment are delayed with FAE, activity and anxiety are altered
with FAE, and CORT is elevated in response to stressors
(Rostand et al., 1990; Hossie et al., 2010; Mathur and Guo,
2011; Crespi and Warne, 2013; Murawski et al., 2015) . FAE
has also been shown to have effects on on craniofacial mor-
phology (Nakatsuji, 1983). Brain and body morphology were
measured because these traits are plastic and sensitive to
environmental stimuli (Woodley et al., 2015; McClelland et
al., 2018).

METHODS

Animal Husbandry
Northern Leopard Frog (Lithobates pipiens) egg masses
were purchased from Nasco (Fort Atkinson, WI) and housed
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Table 1. Timeline. Chronological list of experimental events using
larval Northern Leopard Frogs.

Day Event

-10 Hatching

-4 Tadpoles distributed into bins

1 Treatments begin

8 Re-apply treatments

15 Re-apply treatments

22 Re-apply treatments

24 Place tadpoles in fresh water to measure hormones
29 Behavioral assays

30 Euthanasia

in 15L Sterilite™ plastic bins (42.5 cm x 30.2 cm x 17.8 cm)
containing 5 L of water. Six days post-hatching, tadpoles
were distributed haphazardly into 8 bins (7 tadpoles / 5 L)
and were kept at room temperature (22°C +/- 1°C) on a
12L:12D light cycle (Table 1). Tadpoles were not weighed at
this time because it is difficult to get an accurate measure of
body mass at this early stage of development without harm-
ing the tadpoles. All water was passed through carbon and
sediment filters and UV irradiated prior to use. Water condi-
tioner was applied to remove chlorine and chloramines. Bins
were aerated with an air and stone pump to provide gentle
airflow. Tadpoles were fed approximately 10 — 15 percent
of their body mass with Nasco Xenopus food three times a
week. A daily log was kept monitoring time and amounts of
feeding (0.1 g — 0.7 g), water temperature (19°C +/- 1°C),
and tadpole appearance. Water was changed twice a week
and waste was suctioned out as needed, once or twice a
week, between water changes. All protocols were approved
by Duquesne University’s Institutional Animal Care and Use
Committee.

Treatments

Ten days after hatching, at Gosner stage 25 (Gosner, 1960),
bins containing tadpoles were subjected to one of three
treatments: control that was filtered water only, 0.009 per-
cent ethanol, and 0.4 percent ethanol. The LC50 for embry-
onic African Clawed frogs (Xenopus laevis) is 1.58 percent,
and the no observable effect level (NOEL) for malformations
is 1 percent (Dresser et al., 1992). Thus, we considered a
0.4 percent dose in post-embryonic tadpoles to be a suitable
concentration to simulate relatively low FAE. The 0.009 per-
cent concentration was selected to represent a lower etha-
nol concentration.

Treatment began on day 1, and bins were re-treated on
days 8, 15, and 22 (Table 1). Stock solutions were prepared
with ethyl alcohol 200 proof (Pharmco, Cat. No. 111000200)
and made such that when added to 5 L water in bins, the
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correct ethanol concentration was achieved. The experiment
was a blind study; the bins and stock solutions were color
coded per treatment and assigned by an outside person.
Treatment bins were distributed evenly among shelves to
minimize environmental biases.

There were 7 tadpoles per bin, with 4 bins per treatment.
To avoid pseudoreplication, responses across tadpoles for
most endpoints were averaged within each bin such that
the samples sizes were 4 bins per treatment. However, for
behavior and CORT, one tadpole per bin was haphazardly
selected and tested

Waterborne Corticosterone

To assess CORT in a noninvasive manner, CORT was mea-
sured in the water that housed the tadpoles. The use of wa-
terborne CORT as an indicator of body CORT has been vali-
dated in tadpoles (Forsburg et al., 2019).

After 24 days of treatment, one large tadpole from each
bin was haphazardly selected and gently transferred using a
net into a large plastic tripour beaker containing 75mL of fil-
tered tap water (Table 1). The tadpole was left in the beaker
for 1 hour, then it was removed and weighed, and the water
was saved. Negative control samples (3) were beakers with
filtered tap water and no tadpole. Whatman Grade 1 filter
paper and glass funnels were used to filter out any particu-
late matter. About 10mL of sample was collected in a 15mL
sterile Falcon tube and frozen at -20°C for 6 months until
solid phase extraction.

Samples were purified and enriched for steroids using
solid phase extraction. After thawing, samples were added
to Sep-pak C18 cartridges (Waters Corp. WAT054945) that
had been primed with HPLC grade methanol. A vacuum was
attached to obtain a drip rate of 1 drip per 2 seconds and was
stopped before drying the sorbent out. Next, the hormones
were eluted from the cartridges into glass test tubes using
two passes of 2ml HPLC grade methanol. The methanol was
evaporated off in a fume hood by placing the samples in a
water bath of 45°C and under a gentle stream of N2 gas.
After the methanol was completely evaporated, the sample
was resuspended in 95 percent ELISA buffer and 5 percent
EtOH. Test tubes were vortexed, covered with parafilm, and
stored at -20°C for 5 days.

A corticosterone ELISA kit was used to measure corti-
costerone levels in water samples (Cayman Chemical, No.
501320) following kit directions. Values for the negative con-
trols (which were all lower than tadpole samples) were sub-
tracted from the values representing the tadpole samples
prior to analysis.

Behavioral Assays

After 29 days of treatment, behavior tests were conducted
to measure behaviors reflective of anxiety (Table 1): activity
and boldness in the absence of a stimulus, responses to a
novel item, and responses to kairomones (predator cues).
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Twelve tadpoles total, one from each bin, were used in be-
havioral assays. One hour before behavior assays, a single
representative tadpole from each bin was haphazardly se-
lected and transferred to a plastic testing bin (Nasco, 28.5
cm x 18 cm x 12 cm) containing 3 L of filtered tap water. A
paper grid with nine sections was under each bin to allow
us to measure tadpole movement and location within each
bin. Logitech C170 Webcams connected to computers were
used to take videos of the behavioral assays.

Baseline behavior (activity and boldness) was mea-
sured using an open field test. Before beginning, water was
added to the bins to control for the act of adding kairomones
in a later behavioral assay. Behavior was recorded for 15
minutes. Second, to test responses to novelty, tongs were
used to add a three-inch magnetic marble with colored mag-
net attachment (novel stimulus) into one assigned corner
of each tadpole bin (corners were randomized among the
treatments). Video recordings were taken for 15 minutes af-
ter which the novel stimulus was gently removed with mag-
netic bars. Finally, responses to predatory kairomone were
measured. After a 10-minute acclimation period, 10 mL of
kairomone were added to bins. The kairomone consisted of
water taken from an aquarium housing a red-eared slider
turtle, a natural predator to tadpoles. Behavior was recorded
for 20 minutes.

Videos were later observed to examine location relative
to the grid and time spent in the center of the field. The to-
tal number of line crossings over a 10 minute interval were
counted for both the open field and kairomone tests. Sec-
onds spent in center were observed in the open field (cen-
ter), and seconds spent in novelty item quadrant were ob-
served for the novelty stimulus. Each video was scored by
four different observers and results were averaged.

Euthanasia and Imaging

After 30 days from the start of treatment, tadpoles were
euthanized by placing them in tricaine methanesulphonate
(MS222: 250 mg/L, Fisher NCO135573) for 10 minutes
(Table 1). Euthanized tadpoles were rinsed, blotted dry,
weighed, and placed in 10 — 20 mL of neutral buffered for-
malin fixative. After 24 hours, the fixative was poured off
and the carcasses were rinsed with water, blotted dry, and
weighed again. Each tadpole was examined under a dis-
section microscope to determine Gosner stage. Dorsal and
ventral images were taken of tadpole carcasses with Canon
PowerShot (12.1 Megapixels). To measure mouth size, tad-
poles were positioned in a foam apparatus to lay flat and
one image per tadpole was taken with an Olympus SZ61
microscope camera. Finally, brains were removed, blotted
dry, and weighed. Dorsal and ventral views of each brain
was imaged three separate times with an Olympus DP70
Microscope Digital Camera.

Image Analysis
Linear dimensions of brain and body morphology were mea-
sured with Image J (Rueden et al., 2017) following previous
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Figure 1. Morphology of tadpole mouth. a) Ventral view of tad-
pole. b) Magnification of boxed area in a, showing the keratinized
upper and lower jaw sheaths. A yellow line is drawn under the up-
per jaw sheath to show what was measured. c) Line drawing show-
ing mouth anatomy with yellow line depicting the linear dimension
of the upper jaw sheath. All photo credits and line drawings are by
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Figure 2. Contrary to expectations, body mass was larger in
tadpoles exposed to ethanol (F,, = 5.85, p = 0.024). Groups that
share a letter are not significantly different (post-hoc pairwise com-
parison tests, p > 0.05, see text for details). Sample sizes are 4 bins
per treatment.

methods (Woodley et al., 2015). Measurements were taken
for telencephalon width, telencephalon length, optic tectum
length, optic tectum width, diencephalon width, diencepha-
lon length, and medulla width. Each image was measured by
two observers and values were averaged. Dorsal and lateral
images of tadpoles were analyzed by a single observer to
measure body length, body depth, muscle depth, tail length,
tail depth, body width, tail width and length of the upper jaw
sheath (Figure 1). Because data were collected from each of
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three images for each brain, the measurements were aver-
aged prior to inferential statistics.

Statistical Analysis

To avoid pseudoreplication, responses across tadpoles with-
in each bin were averaged such that samples sizes were
4 bins per treatment for most endpoints. For behavior and
CORT, sample sizes were 1 tadpole per bin, for a total of
4 tadpoles per treatment. Sample sizes of 4 replicates per
treatment have been used previously to show effects of
trace levels of pesticides on tadpole development (Woodley
et al., 2015; McClelland et al., 2018).

Data were analyzed using SPSS Version 25. The
threshold for significance was p < 0.05. We confirmed that
data satisfied assumptions of the tests we used (e.g., homo-
geneity of variances and normality for ANOVASs). In several
analyses, we included body mass as a covariate because
body dimensions are expected to increase as body mass
increases.

When analyzing multiple dependent variables that are
likely to be highly correlated, like brain and body dimen-
sions, one approach is to reduce the number of factors by
conducting a principal components analysis (PCA). Thus,
brain measurements (corrected for brain mass) were ana-
lyzed using a PCA (Woodley et al., 2015). However, body
measurements were not analyzed with a PCA because as-
sumptions of PCA (as indicated by Kaiser-Meyer-Olkin and
Bartlett’s tests) were violated. Instead, body measurements
were analyzing using ANOVA with body mass as a covariate.
The other dependent variables were analyzed using one-
way ANOVAs to test for treatment effects. If statistically sig-
nificant differences were found with the one-way ANOVA,
pairwise comparisons were made using least significant dif-
ference (LSD), correcting our threshold for significance de-
pending on the number of pairwise comparisons. Because
the waterborne corticosterone data were not normally dis-
tributed due to one value being very high compared to the
others, they were analyzed with nonparametic Kruskal-Wal-
lis and Mann-Whitney U tests.

RESULTS

None of the tadpoles in the control bins died over the course
of the experiment. One tadpole per bin in three out of the four
bins with 0.009 percent ethanol treatment died. One tadpole
per bin in two bins with 0.4 percent ethanol treatment died,
and two tadpoles in one bin treated with 0.4 percent ethanol
died. These differences were marginally statistically signifi-
cant (Table 2, F,, = 3.55, p = 0.073).

Body mass measured at the end of the experiment var-
ied according to treatment (Figure 2, F,, = 5.85, p = 0.024).
Tadpoles exposed to 0.4 percent ethanol were significantly
larger than the controls (LSD tests, with alpha corrected for
the number of tests performed). Developmental stage was
not different among groups (Table 2, F,, = 2.89, p = 0.11).
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Furthermore, individual body measurements, corrected for
differences in body mass, did not differ among treatment
groups (Table 3).

Brain mass, corrected for body mass, did not differ
among treatment groups (Table 2, -, = 1.77, p = 0.23). The
brain shape PCA identified one principal component that
explained 78 percent of the variance in the mass-adjusted
brain measurements; however, there was no effect of treat-
ment on brain shape (F,, = 0.34, p = 0.72).

Average mouth width (upper jaw sheath), corrected for
difference in body mass, varied according to treatment (Fig-
ure 3, F,, = 13.85, p = 0.003). Relative mouth width was
smallest in tadpoles exposed to 0.4 percent ethanol com-
pared to the other groups (LSD post hoc tests: versus con-
trol, p = 0.003; versus 0.009 percent ethanol, p = 0.003).
Percent change in mouth width from control to 0.4 percent
ethanol exposure groups was 8.19 percent.

Water-borne corticosterone levels varied according to
treatment groups (mean + SEM control: 3.9 £ 0.87; 0.009
percent ethanol: 3.5 4 + 1.37; 0.4 percent ethanol: 18.98
+ 11.72) (Kruskal-Wallis test, chi-square = 6.5, df = 2, p =
0.038). Water-borne corticosterone was higher in beakers
containing tadpoles exposed to 0.4 percent ethanol com-
pared to the control group (Figure 4, Mann Whitney U =0, p
= 0.021). There were no effects of treatment on behavioral
measurements other than a marginally statistically signifi-
cant increase in responses to a novel stimulus (Table 2, F,
= 3.69, p = 0.068).

DISCUSSION

Our study focused on the effects of relatively low ethanol ex-
posure on a developing fetus using a larval amphibian model.
Our hypothesis that exposure at low levels of ethanol during
the post-embryonic period would cause physiological, mor-
phological, and behavioral effects was partially supported.
Weekly exposure to a 0.4 percent concentration of ethanol
had an effect on body mass and mouth width. Likewise, 0.4
percent ethanol exposure corresponded to changes in cor-
ticosterone levels, suggesting increased stress levels with a
relatively low ethanol concentration. However, there were no
effects of low ethanol exposure during early development on
developmental stage, body morphology, brain morphology,
or behavior. Results are discussed in more detail below.
Body mass was greater in tadpoles exposed to 0.4 per-
cent ethanol compared to control tadpoles. Traditionally,
ethanol exposure is understood to limit fetal development
and growth (Day et al., 1989; Gundogan et al., 2015; Carter
et al.,, 2016). Our unexpected result on body mass could
be related to the marginally significant effect of ethanol on
survival, with slightly more tadpoles dying in the presence
of ethanol. Because most of the mortality occurred early in
the study, the density of tadpoles differed slightly among
the treatments, which may have caused the body mass dif-
ferences. Food distribution was adjusted based on tadpole

9
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Table 2. Effects of ethanol on development. Results showing
the effects of ethanol on survival, brain mass, developmental stage
and behavior in larval Northern Leopard Frogs. Sample sizes are 4
bins per treatment for the survival, brain mass and developmental
stage and 4 tadpoles per treatment for activity, boldness, novelty
and responses to kairomone.

Dependent Mean + SEM F statistic =~ Treatment
Variable Control  0.009%  0.4% p-value
Survival (%)  87.5 78.1 75.0 F,,=3.55 0.073
Brain mass 17.47 + 19.49 + 1920+ F, =177 023
(mg) 1.17 0.90 1.10

Developmen-  34.79 + 3534+ 3571+ F,,=289 0.1

tal Stage 0.28 0.32 0.22

Behavior - 61.75 + 105.0 + 1068+ F,,=0.99 041
Activity 14.92 14.02 39.25

Behavior - 17.07 + 0.30 + 11.87+ F,,=1.01 040
Boldness 12.25 0.30 8.26

Behavior - 35.73 + 73.69 + 163.6+ F,,=3.69 0.068
Novelty 23.04 12.73 53.06

Behavior - 36.31+ 80.81 + 5506+ F,,=1.00 041
Kairomone 6.59 34.14 16.95

Table 3. Morphometrics. The effects of ethanol on linear mea-
surements describing the body morphology of larval Northern
Leopard Frogs. Sample sizes are 4 bins per treatment.

Dependent Mean + SEM F statistic =~ Treatment

Variable Control  0.009%  0.4% p-value

Body Length  21.23 + 19.83 + 20.03+  F,,=1.78 023
0.56 0.43 0.52

Body Depth 13.47 + 13.16 + 1258+  F, =139 0.30
0.36 0.28 0.33

Muscle Depth  6.87 + 6.92 + 741+ F,y=277 012
0.19 0.14 0.17

Tail Length 432 + 43.14 + 4443+ F,;=0.56 0.59
1.07 0.82 0.99

Tail Depth 1421+ 1448+ 1408+ F, =044 0.66
0.40 0.31 0.37

Body Width 14.30 + 14.43 + 14.15 + Fz,s =195 0.20
0.13 0.097 0.12

Tail Width 542+ 581+ 580+ F, =182 022
0.302 0.23 0.28

density, therefore all tadpoles received access to the same
amount of food, but there could have been other density-
related effects. In other studies of larval amphibians, higher
densities are associated with smaller body sizes (Berven
and Chadra, 1988; Gillespie, 2002; Relyea, 2002). In addi-
tion, it is possible that the tadpoles that died in the ethanol
exposure groups were the smaller tadpoles, thereby bias-
ing the results towards the survivors, which may have been
larger animals on average.

Interestingly, the upper jaw sheath width was about 8
percent smaller in tadpoles exposed to 0.4 percent ethanol.
A decrease in mouth width with 0.4 percent ethanol expo-
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Estimated Marginal Mean Mouth Width
(mm) + SEM

0 T T

0% (Control) 0.009% 0.4%
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Figure 3. Mouth width (corrected for differences in body mass)
was smaller in tadpoles exposed to 0.4 percent ethanol (Fz,a =
13.85, p = 0.003). Groups that share a letter are not significantly
different (post-hoc pairwise comparison tests, p > 0.05,. Sample
sizes are bins per treatment.

Median Corticosterone (pg/ml water)

0 T T
0% (Contral) 0.009%

0.4%
Ethanol Exposure

Figure 4. Water-borne corticosterone levels were higher in tad-
poles exposed to 0.4 percent ethanol. Groups that share a letter
are not significantly different (post-hoc pairwise comparison tests, p
> 0.05, see text for details). Sample sizes are 4 tadpoles (one from
each bin) per treatment.

sure could indicate craniofacial underdevelopment. Other
studies have detailed mouth width size reduction with ele-
vated ethanol levels as a relatable feature of human infants
with FAS (Nakatsuji, 1983). Our data suggests that even at
low level exposure, this teratogenic effect was still measur-
able. The decreased mouth width apparently did not affect
feeding and growth, since this group of tadpoles had higher
overall body mass.

There was no effect of ethanol treatment on body mor-
phology, brain mass, or brain morphology. Other studies
have shown that the development of these traits is plastic.
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For example, exposure to predator cues altered tadpole
body shape (Gonda et al., 2010; Woodley et al., 2015) and
exposure to low levels of pesticides altered tadpole brain
shape (Woodley et al., 2015, McClelland et al., 2018). Thus,
the ethanol exposure regimen did not alter these plastic
traits. These results are important for studies of pesticides
on development because ethanol (typically around 0.009
percent concentration) is the vehicle for pesticide delivery
(Woodley et al., 2015, McClelland et al., 2018). Our results
suggest that the ethanol vehicle does not contribute to po-
tential pesticide effects on brain and body morphology.

Higher waterborne corticosterone levels from tadpoles of
the 0.4 percent ethanol exposure is consistent with ethanol
exposure activating the endocrine stress axis as has been
found in rats and humans (Lovallo, 2006). In tadpoles, ele-
vated CORT is associated with increased locomotory activity
(Middlemis Maher et al., 2013). However, there were no ef-
fects of treatment on activity or our other behavioral assays.
Our results contrast with a similar study where acute ethanol
exposure in zebrafish exhibited dose-dependent anxiety ef-
fects (Mathur and Guo, 2011). Thus, our behavioral assays
may not have been accurate or sensitive enough to measure
behavioral abnormalities.

In summary, decreased jaw sheath width and increased
corticosterone levels were found after relatively mild etha-
nol exposure using a tadpole model. This research suggests
that low levels of ethanol exposure have adverse effects on
vertebrate development, contradicting some previous stud-
ies that showed minimal effects. Our research fits into the
larger field of research by suggesting that there are measur-
able impacts of ethanol exposure which warrant additional
investigation. Given the fact that many women consume low
levels of alcohol during pregnancy, it is imperative to study
effects of relatively low levels of ethanol exposure on verte-
brate development.
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