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Ethanol dependency affects the health of more than 15 million adults in the United States of America. Honey bees have been used as a
model for ethanol studies because of similarities in neural structure to vertebrates and their complex social behaviors. This study
compares honey bee free-flight visitation to a food source after exposure to ethanol in aqueous sucrose. Individual bees were followed
making six attachment visits to a test-station containing 1M sucrose. After attachment, honey bees were randomly assigned to one of
five groups: 0%, 2.5%, 5%, 10% EtOH, or a staged increase in ethanol concentrations (2.5%, 5%, 10%). The results indicated that
honey bees tolerate up to 2.5% EtOH without avoidance or altered behavior, and up to 5% EtOH without avoidance but with slower
trips. At 10% ethanol, attrition was 75% by the 18" return trip. Bees in the staged increase in concentration group were more likely to
return than bees that were offered 10% ethanol in sucrose solution after attachment. The results of this study imply that ethanol-induced
tolerance to the effects of ethanol can be achieved in honey bees through incremental increase in EtOH but only in terms of attrition.
Other measures of foraging efficiency did not show ethanol-induced tolerance. Understanding how ethanol tolerance develops in bees
may provide insight into these processes in humans with minimized ethical considerations.
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The 2015 United States of America National Survey on Drug Use and Health found that more than 15
million people over the age of 18 had an Alcohol Use Disorder (AUD) (NIAAA, 2020). According to the
Center for Disease Control and Prevention, the average number of deaths attributable to excessive alcohol use
is estimated at more than 93,000 annually (CDC-ARDI, 2019). This crisis is more than a health epidemic; in
2010, the misuse of alcohol cost the United States $107 billion from medical payments, lost productivity, and
crime (Sacks et al., 2015). As with many drugs, tolerance to alcohol develops after long-term consumption
wherein higher quantities are needed to produce the same effect (American Psychiatric Association, 1994).
Development of tolerance is influenced by both physiological and behavioral factors (e.g., Mansfield &
Cunningham, 1980; Newlin & Thomson, 1990; Tabakoff et al., 1986; Vogel-Sprott, 1979).

There is evidence that the development of alcohol tolerance is the result of neuro-adaptive changes
from frequent exposure (Engel et al., 2016). These neural modifications, such as epigenetic changes to gene
expression and enzyme activity, can cause behavioral changes not only to those with AUD but also to their
offspring (Engel et al., 2016). Neuro-adaptive changes affect more than ethanol (EtOH) tolerance; therefore,
establishing an effective and ethical model for the study of alcohol tolerance is necessary and could have
dramatic influences on treatments and therapies for alcoholism.

Popular animal models for studies on the effects of alcohol are the rat (Rattus spp.) and fruit fly
(Drosophila spp.), for which valuable data on the molecular, genetic, and neurologic effects of ethanol have
been gleaned (Engel et al., 2016; Kerns et al.,, 2005; Mahadev & Vemuri, 1998; Moore et al., 1998).
Nevertheless, the fruit fly model has significant limitations when it comes to studying tolerance.
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Fruit fly tolerance is developed by exposing flies to ethanol vapors and, after a set interval, counting
the number of flies unable to upright themselves. After a set intertrial interval, the method is repeated
(Cowmeadow et al., 2005, Cowmeadow et al., 2006, Krishnan et al., 2012). Tolerance is measured by the
decreasing number of flies that cannot upright themselves after bouts of EtOH exposure (Engel et al., 2016;
Troutwine et al., 2016; Wolf et al., 2002). This is an important model for studying the molecular underpinnings
of tolerance but limited in being able to reflect behavioral aspects related to work performance and social
interactions (e.g., Tabakoff et al., 1986). However, a positive aspect of the fruit fly model is that the flies are
exposed to ethanol on a regular basis in nature and thus, like humans, should not be facing an unnatural
challenge.

Like fruit flies, honey bees are naturally exposed to EtOH and have a fully sequenced genome (Bozic
et al., 2007; Solignac et al., 2004; Weinstock et al., 2006). Yeast can ferment nectar and inhabits 30-50% of
insect-pollinated flowers (Alyokhin et al., 2001). Additionally, yeast occurrence in nectar varies widely inter-
and intraspecifically (Pozo et al., 2009). The implications of this are complex when attempting to model
intoxication effects on honey bee foragers and are compounded by the fact that yeast are facultative anaerobes
and thus may not be producing much EtOH in floral nectar (Kurtzman & Fell, 2006; Piskur, 2014; Visser et
al., 1990). Nevertheless, there are recorded cases where EtOH levels in nectar are significant enough to produce
noticeable effects on forager behavior (Schaeffer et al., 2017), and honey bees show no natural aversion to
EtOH in controlled studies (Abramson et al., 2000). Further, impairment does not lead to conditioned taste
aversion (Varnon et al., 2018). That is, associative conditioning does not lead to avoidance of an initially neutral
stimulus (odor or taste) that is associated with, but is not the cause of, the detrimental behavioral condition that
follows EtOH exposure.

In terms of behavior, honey bees must be able to navigate to and from the hive, maintain social
relationships with hive mates, and maintain normal locomotion after ethanol exposure (Abramson et al., 2000;
Abramson et al., 2003; Abramson, Kandolf, et al., 2004; Abramson et al., 2005; Mixson et al., 2010; Bozic et
al., 2007; Heberlein et al., 2004). Ethanol does affect task performance in both free-flying and harnessed bees.
For example, foragers become nonselective with respect to differing rewards associated with blue versus white
flowers (Abramson et al., 2005; Chicas-Mosier et al., 2017). Correspondingly, when administered EtOH,
harnessed bees show reduced discriminatory ability (Abramson et al., 2000; Mustard et al. 2008). However, as
observed in human alcoholism (Weissenborn & Duka, 2000), task efficiency can be highly influenced by
context. Flower color constancy by foragers when presented yellow versus blue flowers in a patch is unaffected
by EtOH (Abramson et al., 2005). In fact, ability to navigate to the hive fails first. A context effect was also
noted by Abramson et al. (2015) when looking at reversal learning under the influence of EtOH. Quantity in
conjunction with timing of EtOH consumption with respect to initial leaning produces very different learning
curves (Abramson et al., 2015), which may explain the inconsistent results of reversal learning following
exposure in the literature (Abramson et al., 2015; Jedema et al., 2011; Wright et al., 2013).

Honey bees are eusocial, and this produces an important dual-outcome of disrupted behavioral tasks:
individual and interactive. Studies indicate that exposure to ethanol disrupted several types of honey bee social
behavior within the hive. Foragers that consumed nectar containing ethanol reduced waggle dance activity in
bees returning to the hive (Bozic et al., 2006). Under both the language (von Frisch 1967) and the odor-transfer
models (Wenner & Wells, 1990; Wenner et al., 1969), this reduces recruitment and negatively impacts the
colony. In addition to waggle dance impacts, intoxicated foragers, upon returning to the hive, perform the
tremble dance more often, which is a reflection of trouble unloading their nectar to hive mates (Bozic et al.,
2006; Seeley, 1992). Intoxicated foragers also spend more time performing self-cleaning rituals (Bozic et al.,
2006). These behavioral changes may reflect effects on the central nervous system similar to observed effects
of food poisoning with sublethal doses of insecticides (Karahan et al., 2015).



The focus of this study was to examine whether ethanol-induced ethanol resistance (ethanol tolerance)
can be shown in free-flying honey bees. In honey bees, both baseline ethanol doses that produce no noticeable
effects and incapacitation doses of EtOH are well documented (Abramson et al., 2000; Bozic et al., 2007; Maze
et al., 2006). We used foraging (work task) as the ethanol-induced ethanol tolerance model rather than using a
passive task, as the former is a more environmentally relevant metric. Under this model, the effects of ethanol
intoxication on task performance are mitigated by prolonged consumption of EtOH.

The key measures of foraging efficiency are round trip time from the feeding-station to the hive and
back (return time, RT), nectar load (uL), and nectar quality (sugar content). Also known to affect foraging net-
energy gain is the time it takes a bee to consume a specific volume of nectar (drink time, DT). Consumption
rate (puL/sec) depends on nectar viscosity, which is a function of sucrose concentration and temperature.
Foraging efficiency is thought to be key to species survival (Stephens & Krebs 1986), which is also true for
honey bees (Kim et al. 2011).

Method

Experiments 1 and 2: Individual Foragers

Apis mellifera L. foragers were collected as needed from a feeding station located 15 m from the honey bee colony. The
feeding station’s feeder was filled once-daily throughout the summer with 1L of 0.5M sucrose solution. Only foragers (>21 days old)
were used for this experiment in an effort to minimize age-related variables (Robinson, 1985). Foragers used in the experiment were
marked with Testors® paint on the thorax for individual bee identification (White, 1145TT; Blue, 1162TT; Green, 1171TT; and Orange,
1126TT, Vernon Hills, IL USA).

Approximately 10 m from the feeding station, a test station was established (60 mm square table). On the test station was a
platform that consisted of a 58-mm diameter gray circular lid with a 40-mm diameter yellow-laminated disk centered on it. After each
return trip, the testing platform was rinsed and dried to remove the prior solution. Each honey bee was sacrificed after participating in
the study to prevent interference with subsequent bees involved in the experiment.

Experiment 1

Bees were randomly assigned to one of four experimental treatments (12 bees per treatment). Prior to an experimental
treatment, the subject bees were trained to the test platform. This was accomplished by simply carrying the bees from the feeding station
to the test platform while they were drinking the 0.5M sucrose reward. Bees have been known to have one-trial learning of the new
location in this type of training (Amaya-Marquez et al, 2017). Prior to an experiment, each bee was observed for six round trips from
the hive and rewarded each time with a 50-pL droplet of 1M sucrose solution in the center of the yellow disk (0% EtOH). This assured
that each bee was “crop attached” to the testing station and provided bees with uniform navigational background. The sucrose reward
was dispensed using a repeater-pipette.

Each of the four experimental treatments consisted of 18 appetitive-reward trials followed by an extinction test (Table 1).
Each trial consisted of one return trip to the test platform from the colony. Treatments all offered bees a 50-uL droplet of 1M sucrose
in the center of the yellow disk as an appetitive reward, but differed in EtOH dosage: Treatment 1 = 0% EtOH, Treatment 2 = 2.5%
EtOH, Treatment 3 = 5% EtOH, and Treatment 4 = 10% EtOH.



Table 1

Experiments 1 and 2 Treatments

Treatment Trials 1-6  Trials 7-12  Trials 13-18 Extinction
Experiment 1

0% 0% 0% 0% Water

2.5% 2.5% 2.5% 2.5% Water

5% 5% 5% 5% Water

10% 10% 10% 10% Water
Experiment 2

Staged 2.5% 5% 10% Water

Note. EtOH dosage given in 10% sucrose solutions. Experiment 1: Treatment 1 = 0% EtOH, Treatment 2 = 2.5% EtOH, Treatment 3 =
5% EtOH, and Treatment 4 = 10% EtOH.

Our earlier controlled studies demonstrated that honey bees show no natural aversion to EtOH even with percentages higher
than used in this study (Abramson et al., 2000). Further, impairment caused by EtOH consumption does not lead to conditioned taste-
aversion in honey bees (Abramson, Kandolf, et al., 2004; Varnon et al., 2018). However, EtOH consumption has been demonstrated to
affect both learning and motor coordination of honey bees (Abramson et al., 2005). Thus, the time it took for the bee to return to the
testing station (RT) and the time spent drinking (DT) were recorded for each bee throughout the study as measures of foraging
efficiency. Nectar volume (50 pL) and quality (1M sucrose) did not vary among treatments. Honey bee mean crop capacity is close to
60 uL (Wells et al., 1981). Past work has shown that all bees can consume 50 pL and will be satisfied with that reward and return to
the hive. Finally, complete failure to return to the feeding station (number returning: NR) was recorded as attrition data. Prior work has
also shown that the frequency of honey bees failing to return to a feeding station is alcohol dose-related, and, when they fail to return,
they often do not return to the hive (Abramson et al., 2005). In harnessed bee experiments, higher doses of ethanol cause bees to lose
their proboscis extension reflex as well as discriminatory abilities (Abramson et al., 2003). Like human ethanol-consumption induced
ethanol tolerance, we looked for improvement in RT and DT efficiency over trials. The data were analyzed using a repeated-measures
MANOVA (SAS-JMP, Cary NC) with factors EtOH (treatment), trial, and the interaction EtOH x Trial for the variables RT and DT
separately.

Immediately after the completion of 18 test trials per treatment, each bee was presented with a behavioral extinction trial. In
addition to the training target, a second gray target with no yellow disk (unconditioned stimulus, CS-) was placed on the table within
16 cm of the training target (conditioned stimulus, CS+). The targets were counterbalanced by side to remove locational bias. Both
targets were topped with 50 puL of distilled water. The extinction trial was 600 s. The number of times that a bee touched down on each
target was recorded for each sequential 30-s interval. Extinction data were analyzed via an ANOVA to determine differences between
the cumulative mean number of visits to either the CS+ or CS- by concentration; z-tests were used to compare the mean visits to the
CS+ and CS- within concentration.

Experiment 2 was similar to Experiment 1 but had only one experimental treatment, which was a staged EtOH increase after
each set of 6 trials (Table 1). A crop-attachment phase was completed as in Experiment 1. Following crop-attachment, the experimental
phases were: 1M sucrose with 2.5% EtOH for Trials 1 to 6, 1M sucrose with 5% EtOH for Trials 7 to 12, and 1M sucrose with 10%
EtOH for Trials 13 to 18. Like in Experiment 1, an extinction test was performed after the 18™ trial. We analyzed the effects of
Experiment 2 by adding the data to the Experiment 1’s data and re-running the repeated-measures MANOVA (SAS-JMP) with factors
treatment (EtOH), trial, and the Treatment x Trial interaction in order to see if the pre-treatment altered the significant factors or
interactions. The variables RT and DT were tested separately.

Attrition Data (NR) for Experiments 1 and 2 were analyzed using a y? test for difference among treatments (Sokal & Rohlf,
1995). Specifically, we were interested in the first six trials with the 10% EtOH reward and the last six trials of the staged, which was
the set with 10% EtOH reward.



Results
Experiment 1 and 2: Attrition

Considering all bees in Experiment 1 and 2 (N=60), 75% of bees completed all 18 appetitive-reward
trials and the extinction test. In fact, all bees of Treatment 1 (0% EtOH), Treatment 2 (2.5% EtOH), and
Treatment 3 (5% EtOH) completed the 18 experimental trials and the extinction test. In contrast, not a single
bee in Treatment 4 (10% EtOH) completed all 18 experimental trials, and the average number of return trips
per bee was just 7 of 18 (Figure 1). In Experiment 2, in which bees received a staged EtOH treatment, 75% of
bees completed all 18 appetitive-reward trials and the extinction test (Figure 1). The 10% EtOH bees
(Treatment 4) returned significantly fewer times than the remaining treatments of Experiment 1 and the data
from Experiment 2 combined (x> = 6.00, p < .025). As few return trips were made by the 10% EtOH treatment
bees, this group of bees was eliminated from the further analysis (RT, DT, Extinction Test).

Figure 1
Forger Attrition
100 | .
T
- 75 -
3
2
3
5 50 -
O I
)
3 |
= 254
ES
0 T T T T
0% 2.5% 5% 10% Staged
Treatment

Note. Attrition of foragers is depicted by the average percentage of trials (N = 18 trials) completed by bees (N = 12 bees) in each
experimental treatment (mean + standard error). Experiment 1: Treatment 1 = 0% EtOH, Treatment 2 = 2.5% EtOH, Treatment 3 = 5%
EtOH, and Treatment 4 = 10% EtOH. Experiment 2: Staged EtOH with Trials 1-6 2.5% EtOH, Trials 7-12 5% EtOH, and Trials 13-18
10% EtOH.

Experiment 1 and 2: RT and DT

When considering RT for Treatments 1, 2, and 3 (Figure 2), only EtOH was a significant factor, F(2,
33) = 3.49, p = .04. Bees given 5% EtOH took longer to return back to the experimental area. Neither trial,
(F(17, 17)= 0.85, p = .66, nor EtOH x Trial were significant, F(34, 34) = 0.98, p = .52. For the same set of
treatments, when considering DT (Figure 3), there were no significant factors or interactions, F(2, 33) =1.61,
p=.22;F(17,17)=0.78, p = .69; F(34,34) = 0.96, p = .54.



Figure 2

Forger Round Trip Time
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Note. The average time taken by bees to return to the test-station from going to the colony is given for Experiment 2 (staged EtOH
dosage) and for Experiment 1 Treatments 1, 2, and 3. Experiment 1: Treatment 1 = 0% EtOH, Treatment 2 = 2.5% EtOH, and Treatment
3 =5% EtOH. Experiment 2: Staged EtOH with Trials 1-6 2.5% EtOH, Trials 7-12 5% EtOH, and Trials 13-18 10% EtOH. Treatment
4 of Experiment 1 (10% EtOH) is omitted because so few bees were returning.

Experiment 1 and 2 Data Combined

By combining the data from Experiments 1 and 2, we were able to test for novel effects introduced
from Experiment 2, which was the staged increase in EtOH in the 1M sucrose reward. Again, Treatment 4 data
of Experiment 1 were omitted because the bees given 10% EtOH made so few return trips, with attrition
occurring in most bees. In particular, expected from the EtOH-induced EtOH-tolerance model is decreased
attrition, and reduced RT and DT because these changes represent increased foraging efficiency.

Considering RT, not only was EtOH a significant factor, F(3, 41) = 5.16, p < .01, as seen when
analyzing the data from Experiment 1 but also significant were trial, F(17, 25) = 3.00, p = .01, and the Trial x
EtOH interaction, F(51, 75) = 2.00, p < .01. RT increased over the set of trials in the staged treatment (Figure
2) and was particularly noticeable in the last trial of the 10% EtOH stage. If ethanol-induced tolerance had
occurred, we would not have expected the sharp rise in RT on Trial 18.

Like the analysis of Experiment 1 DT data, EtOH, F(3, 41) =2.28, p = .09, trial, F(17,25)=1.14,p =
.37, and the EtOH x Trial interaction, F(51, 75) = 1.27, p = .17, were not significant. EtOH dosage did not

affect how long it took returning foragers to consume the reward, even in the staged EtOH treatment (Figure
3).



Figure 3

Necter Consumption Rate

60 -
m
Q
.
o 40 -
£
F G,
X —— 0%
E —=—2.5%
a 20 - —— 5%
- @= staged
0 . T 1
0 5 10 15

Trial

Note. The average time bees took consuming the test station reward for each trial is given for Experiment 2 (staged EtOH dosage) and
for Experiment 1 Treatments 1, 2, and 3. Experiment 1: Treatment 1 = 0% EtOH, Treatment 2 = 2.5% EtOH, and Treatment 3 = 5%
EtOH. Experiment 2: Staged EtOH with Trials 1-6 2.5% EtOH, Trials 7-12 5% EtOH, and Trials 13-18 10% EtOH. Treatment 4 of
Experiment 1 (10% EtOH) is omitted because so few bees were returning.

Experiment 1 and 2: Extinction Test

After the 18 appetitive-reward trials, extinction was measured in terms of the number of returns to the
platform when the platform offered only water. None of the bees given 10% EtOH completed the 18 trials, and
only four bees were sporadically returning when the experiment went to the extinction test. Thus, analysis of
the extinction test did not include the 10% EtOH treatment.

Significant differences existed between treatments in the cumulative number of CS+ visits in the
extinction test (ANOVA: F(3, 41)=19.91, p < .01). However, the 0% and 2.5% EtOH groups did not differ
significantly, F(1, 22) = 3.44, p = .08. The same situation was observed in number of CS- visits (Figure 4).
Significant differences existed between treatments in the cumulative number of CS- visits in the extinction test
(ANOVA: F(3,41) = 3.60, p = .02). Further, the 0% and 2.5% EtOH groups did not differ significantly, F(1,
22)=0.38, p = .54. In a comparison of the number of visits to CS+ and CS-, all treatment groups visited the
CS+ significantly more often (0% EtOH: #21)= 4.7, p < .01; 2.5% EtOH: #21) = 3.67, p < .01; 5% EtOH:
#(21) =2.26, p = .02; Staged EtOH: #(22) =2.11, p = .02).



Figure 4

Extinction Test
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Note. Cumulative number of visits in the extinction test to the CS+ target (A) and to the CS- target (B) over time shown as average per
forager. Staged bees ended the 18 trials of the experiment with 10% EtOH in the reward and that is seen to carry over to the behavior
in the extinction test.



Discussion

The results of the study show that bees are able to remain functional in doing tasks when continuously
administered EtOH up to about a 5% solution. Like the Drosophila studies in which there is an infusion rate
where flies can no longer upright themselves (e.g., Cowmeadow et al., 2005; Engel et al., 2016; Wolf et al.,
2002), there is a point when honey bee foragers become nonfunctional. In our study, it became apparent at 10%
EtOH dosage and was clearly manifested in the attrition rate so much so that our measures of functionality
such as RT became meaningless.

EtOH levels through 5% dosage over an extended period of time did not affect basic forager
functionality. All foragers made the 18 round trips to the colony even when consuming the 5% EtOH solution.
This supports the notion that honey bees are exposed to EtOH in nectar as a result of yeasts, which are often
found in this floral reward (Pozo et al., 2009; Schaeffer et al., 2017). Although the yeast inhabiting nectars are
facultative anaerobes (Piskur, 2014), conditions must be conducive for EtOH production a significant amount
of the time.

We were able to go beyond basic functionality and also look at performance as measures of EtOH
tolerance, which turned out to be task specific. RT for foragers given a 2.5% EtOH dosage was
indistinguishable from the control group, which had no EtOH in the sucrose solution reward. However, bees
given a 5% EtOH dosage took longer to return, but showed no attrition from the EtOH. Nevertheless, DT was
unaffected by the 5% EtOH dosage. Thus, ethanol’s effect is task specific when examining efficiency. However,
we did not observe ethanol induced tolerance. Trial was not a significant factor for either RT or DT. We would
have expected these times to decline in the latter trials if EtOH induced tolerance occurred. As an example,
Appendix A shows a honey bee receiving 10% ethanol.

The staged increase in EtOH dosage was designed to indicate whether EtOH tolerance could be
achieved by building the EtOH dosage consumed over time. Attrition was significantly slower when the 10%
EtOH stage (last 6 trials) was compared to only the first 6 trials of 10% EtOH nonstaged experiment. That is,
bees that had been consuming EtOH (staged) were able to continue to forage (task) when given 10% EtOH
compared to bees that had not been consuming EtOH (first trials of 10% EtOH group). This result fits the
ethanol-induced ethanol-tolerance model. The results cannot be reconciled by ethanol mitigation of taste
aversion. Honey bees do not display aversion to EtOH, including EtOH concentrations higher than used in this
study (Abramson et al., 2000). Also relevant is that ethanol consumption does not lead to conditioned EtOH
taste-aversion by honey bees (Abramson, Kandolof, et al., 2004; Varnon et al., 2018). In this respect, honey
bees mirror alcoholic humans. Recent work shows that honey bee foragers show higher intoxication resistance
to alcohol than nurses (Miler et al., 2020), and this opens the question whether ethanol-induced ethanol
resistance is isolated to the foraging cast.

Extinction-trial visits to the CS- target significantly differed among treatments 0%, 2.5%, 5% EtOH
and staged, although differences were small. Bees had not been condition to visit the CS- target, and EtOH
dosing did little to impair their ability to discriminate the CS+ from the CS-.

In contrast, extinction trial visits to the CS+ target were greatly affected by EtOH dose. The higher the
ethanol dose, the fewer times bees touched down on the CS+ target. Ethanol consumption results in foragers
losing interest in the now nonrewarding station and may reflect the intolerance seen in humans when drinks
are cutoff. Note that the extinction trials occurred after the 18 appetitive-reward trials, and, thus, bees in the
staged experiment had just completed 6 trials where they received 10% EtOH reward. Nevertheless, there was
not a significant difference between the staged and 5% EtOH groups in total number of landings on the CS+
target, F(1, 19) = 1.56, p = .23, which may be ethanol-induced tolerance in the staged bees.



Behavioral differences may be indicative of the causal mechanisms of tolerance development. Past
research has shown that genes encoding for proteins, such as dynamin (Krishnan et al., 2012), the BK channel
protein (Cowmeadow et al., 2005; Cowmeadow et al., 2006), and Heat Shock Protein 70 (Hranitz et al., 2010),
are all implicated in the behavioral changes associated with repeated exposure to ethanol.

Our previous work has shown that ethanol disrupts learning (Abramson et al., 2000), interferes with
social behavior (Abramson et al., 2003), and increases both pain thresholds and aggression (Abramson, Place,
et al., 2004; Giannoni-Guzman et al., 2014). We have also shown that ethanol influences heat shock proteins
(Hranitz et al., 2010). Advancement of the honey bee model for ethanol studies is important to efforts focused
on combating alcohol abuse. Recent studies have discovered that building tolerance to alcohol causes
neurological adaptations to occur in rats (Engel et al., 2016). Honey bees allow us to study the effects of these
neuroadaptations to tolerance in a cost-effective manner and without the complicating factors of past traumas
or environmental confounds, which prevent true experimental conditions on human participants. In short,
further study of the effects of ethanol tolerance in honey bees can assist in improving long-term outcomes of
alcohol-abuse treatment programs.
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