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Abstract

Pharmacological studies implicate toll-like receptor 3 (TLR3) signaling in alcohol drinking. We
examined the role of TLR3 in behavioral responses to alcohol and GABAergic drugs by studying
71r3 7~ mice. Because of opposing signaling between TLR3 and MyD88 pathways, we also
evaluated Myad88 '~ mice. Ethanol consumption and preference decreased in male but not female
7/r3 '~ mice during two-bottle choice every-other-day (2BC-EOD) drinking. There were no
genotype differences in either sex during continuous or limited-access drinking. Null mutations in
TIr3or Mya88did not alter conditioned taste aversion to alcohol and had small or no effects on
conditioned place preference. The 7/r3null mutation did not alter acute alcohol withdrawal. Male,
but not female, 7/r3~~ mice took longer than wild-type littermates to recover from ataxia by
ethanol or diazepam and longer to recover from sedative-hypnotic effects of ethanol or gaboxadol,
indicating regulation of GABAergic signaling by TLR3. Acute functional tolerance (AFT) to
alcohol-induced ataxia was decreased in 7/r3~/~ mice but was increased in My@88 '~ mice. Thus,
MyD88 and TLR3 pathways coordinately regulate alcohol consumption and tolerance to
intoxicating doses of alcohol and GABAergic drugs. Despite similar alcohol metabolism and
similar amounts of total alcohol consumed during 2BC and 2BC-EOD procedures in C57BL/6J
mice, only 2BC-EOD drinking induced tolerance to alcohol-induced ataxia. Ataxia recovery was
inversely correlated with level of drinking in wild-type and 773 7~ littermates. Thus, deleting 7/r3
reduces alcohol consumption by reducing AFT to alcohol and not by altering tolerance induced by
2BC-EOD drinking.
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Introduction

Findings from transcriptomic, genetic, and behavioral studies support an important role for
neuroimmune, proinflammatory mechanisms in alcohol dependence.! Toll-like receptors
(TLR) are critical for innate immune signaling and mediate some effects of alcohol in the
brain.}:2 TLR signaling occurs via two different pathways—MyD88 (myeloid differentiation
primary response 88)-dependent and TRIF (TIR-domain-containing adaptor inducing
interferon-B)-dependent [for a review and schematic diagram of the pathways, see®]. All
TLRs, except TLR3, are able to signal through the MyD88 adaptor protein to activate
downstream signaling and NF-xB-induced transcription. In contrast, TLR3 responses are
thought to depend on the TRIF adaptor protein. TLR3 is activated intracellularly by
bacterial- and viral-derived nucleic acids, such as dsRNA and small interfering RNAs.3 The
TLR3/TRIF-dependent pathway leads to activation of NF-xB and IRF3 (interferon
regulatory factor 3), which translocate to the nucleus, where NF-xB promotes transcription
of proinflammatory cytokines and IRF3 promotes transcription of type 1 interferon (IFN).

Recent studies have linked the MyD88- and TRIF-dependent branches with alcohol
responses. Cytokines associated with TLR4/MyD88 and TLR4/TRIF (but not TLR3/TRIF)
responses were inhibited in human monocytes following binge alcohol drinking.* MyD88
signaling also modulates the sedative and intoxicating effects of alcohol® and My@88null
mutant mice show increased alcohol consumption and preference.b The TLR3/TRIF-
dependent pathway also regulates alcohol drinking, but in a manner opposite to MyD88.
TRIF-dependent signaling is increased in the frontal cortex of male mice after chronic
voluntary alcohol consumption and in humans with alcohol use disorder.”-8 In humans,
TLR3 expression correlates with lifetime alcohol consumption.” Chronic ethanol exposure,
combined with poly(l:C)-mediated stimulation of TLR3, increases expression of
proinflammatory cytokines in mouse frontal cortex.? Inhibition of the downstream TRIF
pathway components IKKe and TBK1 reduces alcohol consumption in male mice,® whereas
chronic activation of TLR3 by administration of the agonist poly(l:C) leads to stable
increases in alcohol consumption in C57BL/6J male mice.10

Opposing effects of TLR3/TRIF and MyD88 signaling on alcohol consumption suggest that
these different pathways co-regulate drinking behavior. These pathways also work in a co-
regulatory manner to influence neuroimmune signaling. For example, TLR3-mediated IFN-B
gene induction is negatively regulated by MyD88,11 while Mya88 =/~ mice show enhanced
TLR3-dependent phosphorylation of IRF3 and increased IFN-B production.12 Development
of tolerance to endotoxin is characterized by downregulation of MyD88-dependent
proinflammatory cytokines and upregulation of the TRIF-dependent cytokine IFN-B.13
Antiviral activity induced by poly(l:C) in Japanese flounder is also negatively regulated by
MyD88,14 providing evidence for opposing effects of these immune pathways across
species.
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In this study, we sought to directly evaluate the role of TLR3 in behavioral responses to
alcohol by using mice that carry a null mutation in the 7/r3 gene. We compared different
voluntary drinking procedures (intermittent, continuous, and limited-access) in male and
female mice. We also studied behavioral responses to ethanol that can influence voluntary
drinking. For some of these responses, we compared the effects of deletion of 7/r3with
effects of deletion of Myd88to determine if there are opposing effects of TLR3 and MyD88
signaling on alcohol-related behaviors. We found decreased drinking in 7/r3~/~ male mice
during chronic intermittent access to ethanol in association with decreased acute tolerance to
ethanol-induced rotarod ataxia, and these changes were opposite to those produced by
deletion of Myd88. We also show that mice develop acute tolerance to ataxia following
chronic intermittent drinking and that levels of alcohol consumption are inversely related to
recovery time from ataxia, providing further support that the decreased drinking in 7737/~
male mice during this procedure is associated with decreased behavioral tolerance.

Materials and Methods

Animals

Generation of 7/r3 (B6N.129S1-Tlr3tm1FIv/J, stock #0096725) and Myd88
(B6.129P2(SJL)-Myd88tm1.1Defr/J, stock #009088) null mutant mice were described
previously.1>16 The Myd88 mutant strain (on a C57BL/6J genetic background) was
purchased from The Jackson Laboratory (Bar Harbor, ME) and maintained by homozygous
breeding. The 7/r3mutant strain (on a C57BL/6N genetic background) was purchased from
The Jackson Laboratory and was backcrossed 3 generations onto a C57BL/6J background
and maintained by heterozygous breeding. Wild-type and homozygous null littermates were
used for experiments. C57BL/6J mice were taken from a colony maintained at The
University of Texas at Austin (original breeders were purchased from The Jackson
Laboratory). Mice were initially group-housed 4 to 5 per cage based on genotype and sex.
Food and water were available ad libitum. Behavioral testing began when the mice were at
least 2 months old in isolated testing rooms in the Animal Resource Center at UT Austin.
Mice were moved to testing rooms 1-2 weeks before beginning experiments. Mice were
weighed once a week and housed individually for each behavioral study. The humidity and
temperature of the rooms were kept constant and mice were maintained on a 12-hour light/
dark cycle with lights on at 7 AM for all studies except for the limited-access drinking
procedure when mice were housed under a reversed light cycle. All experiments were
approved by the Institutional Animal Care and Use Committee at UT Austin and were
carried out in accordance with the NIH Guide for the Care and Use of Laboratory Animals.
Separate groups of mice were used for each behavioral test with the exception of the last
study depicted in Figure 11, where the same groups of mice were used to measure rotarod
ataxia then blood ethanol clearance before and after chronic intermittent ethanol drinking.
Animals underwent only one type of procedure in a given day.

Ethanol Drinking

Ethanol (100% stock, Aaper Alcohol and Chemical, Shelbyville, KY) solutions were
prepared fresh daily in tap water, and bottles were weighed before placement and after
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removal from the cages. In all procedures, the location of the ethanol bottle was alternated
daily to control for side preferences.

In the two-bottle choice (2BC) procedure, mice had access to one bottle of ethanol and one
bottle of water at all times.1” 7/r3 7~ and 7/r3** male and female mice were offered a
series of increasing concentrations of ethanol (3%, 6%, 9%, 12%, and 15% v/v), with each
concentration available for 4 days. Ethanol consumption (g/kg body weight/24h) was
calculated for each mouse and values were averaged over 4 days with alternating bottle
positions for each concentration of ethanol. For chronic 2BC studies in C57BL/6J male
mice, 15% ethanol was offered for 22 days.

In the two-bottle choice, every-other-day (2BC-EOD) procedure, 7/r3~/~ and 7/r3*/* male
and female mice were given EOD access to ethanol (15% v/v for 12 drinking days then 20%
v/v for 10 more drinking days) and water for 24-hour sessions, and water only was offered
on off-days.18 For chronic 2BC-EOD studies in C57BL/6J male mice, access to 15% ethanol
was offered for 16 drinking days (31 total experimental days). To compare 2BC-EOD with
2BC drinking in C57BL/6J male mice, the number of drinking days was adjusted so that the
total amount of ethanol (15% v/v) consumed was similar for both groups by the end of
testing. For 2BC-EOD studies in 7/r3 7/~ and 7/r3*/* male mice depicted in Figure 11,
access to 15% (v/v) ethanol was offered for 14 drinking days (27 total experimental days).
The quantity of ethanol consumed was calculated as g/kg body weight/24h. Each data point
represents the average of two drinking days (measured with two different bottle positions).

In a limited-access drinking procedure, two bottles containing either 15% v/v ethanol or
water were provided beginning 3 hours after lights were turned off. The bottles remained in
place for 3 hours after which time the mice had unlimited access to a bottle of water. Bottle
positions were changed daily. The quantity of ethanol consumed was calculated as g/kg body
weight/3h. Each data point represents the average of two drinking days (measured with two
different bottle positions).

Preference for Saccharin

Mice were tested for saccharin consumption using a 24-hour 2BC protocol in which 1 bottle
contained water and the other contained a solution of saccharin. Mice were offered a series
of increasing concentrations of saccharin (0.00165%, 0.0033%, 0.0099%, 0.0165%, and
0.033%). Each concentration was offered for 4 days, and bottle positions were alternated
daily.

Drug Injections

Injectable ethanol (100% stock, Aaper Alcohol and Chemical) solutions (20%, v/v) were
prepared in 0.9% saline and injected i.p. for the behavioral tests described below. Gaboxadol
(Sigma-Aldrich, St. Louis, MO; 55 mg/kg) was dissolved in 0.9% saline, and diazepam
(Sigma-Aldrich; 5 mg/kg) was prepared as a suspension in 0.9% saline with a few drops of
Tween-80. Both drugs were injected i.p. at 0.01 ml/g of body weight.
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Conditioned Place Preference (CPP)

For the CPP test, we used a two-chamber apparatus. Prior to training, naive mice were
habituated to both chambers with covered floors, and the next day were given saline i.p.
followed by 30-minute access to both chambers. On conditioning day 1, half of the mice
from each genotype were given ethanol (2 g/kg, i.p.) and the other half were given an
equivalent volume of saline, and all were placed in a chamber containing a bar floor [Bar+]
for 5 minutes. On conditioning day 2, the treatment was reversed so that mice that received
ethanol on day 1 received saline and vice versa, and all mice were placed in a chamber
containing a floor with round holes [Bar-] for 5 minutes. This pattern was repeated for a
total of 8 conditioning days. Thus one group received ethanol paired with the Bar+ chamber
on conditioning days 1, 3, 5, and 7 and saline paired with the Bar- chamber on conditioning
days 2, 4, 6, and 8, while the second group received saline paired with Bar+ on days 1, 3, 5,
and 7 and ethanol paired with Bar- on days 2, 4, 6, and 8. Twenty-four hours after the last
conditioning session, mice were given saline i.p. and had access to both chambers for 30
minutes. We compared the time spent on the bar floor when it was paired with ethanol [Bar
+] with the time spent on the bar floor when it was paired with saline [Bar-].

Conditioned Taste Aversion (CTA)

Mice were adapted to a water-restriction schedule (2 hours of water per day) over a 7-day
period. At 48-hour intervals, all mice received 1-hour access to a solution of saccharin
(0.15% wi/v sodium saccharin in tap water). Immediately after, mice received injections of
saline or 2.5 g/kg ethanol. Mice also received 30-minute access to water 5 hours after each
saccharin-access period to prevent dehydration. On intervening days, mice had 2-hour
continuous access to water at standard times in the morning. Reduced consumption of the
saccharin solution was used as the measure of CTA.

Acute Ethanol Withdrawal

Mice were scored for HIC severity 30 minutes before and immediately before ethanol
injection, and these pre-drug baseline scores were averaged.1?® After injecting a single dose
of ethanol in saline (4 g/kg, i.p.), the HIC score was measured every hour until the HIC level
returned to baseline. Acute withdrawal was measured as the area under the curve, above the
pre-drug level 20

Loss of the Righting Reflex (LORR)

Responses to sedative-hypnotic doses of ethanol (3.6 g/kg, i.p.) or gaboxadol (55 mg/kg,
i.p.) were determined using the LORR assay. When mice became ataxic, they were placed in
the supine position in V-shaped plastic troughs until they were able to right themselves 3
times within 30 seconds. The duration of the LORR was defined as the time elapsed between
being placed in the supine position until recovering the righting reflex.

Rotarod Ataxia

Mice were trained on a fixed speed rotarod (Economex; Columbus Instruments, Columbus,
OH) at 10 rpm, and training was considered complete when mice were able to remain on the
rotarod for 60 seconds. Every 15 minutes after injection of ethanol (2 g/kg, i.p.) or diazepam
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(5 mg/kg, i.p.), mice were placed back on the rotarod and latency to fall was measured until
mice were able to remain on the rotarod for 60 seconds.

Acute Functional Tolerance

Acute functional tolerance (AFT) to the ataxic effects of ethanol was determined using a
two-dose procedure.2! Ethanol-naive mice were trained to balance on the rotarod (10 rpm)
for 60 seconds. After training, mice were given ethanol (1.75 g/kg, i.p.) and placed on the
rotarod until they fell off. They were tested in 5-minute intervals until they could balance on
the rotarod for 60 seconds. At this time (t1), a retro-orbital blood sample was collected to
measure blood ethanol concentration (BEC1). BECs were measured as described previously.
19 Mice then received a second ethanol injection (2 g/kg, i.p.) and were tested in 5-minute
intervals until they regained the ability to balance on the rotarod for 60 seconds (t2). Then a
second blood sample was collected for BEC determination (BEC2). AFT was defined as the
difference in BEC at t2 minus t1 (BEC2 - BECL1).

Development of AFT to the ethanol-induced LORR was also determined. Mice received an
initial hypnotic dose of ethanol (3.5 g/kg, i.p.). Once the mice lost their righting reflex, they
were placed on their backs in a V-shaped trough. The duration of time until the animal could
turn over (right itself) 3 times in a 30-second period was recorded (t1) and a blood sample
taken for BEC1 measurement. Mice were then given a second ethanol injection (1 g/kg, i.p.)
and placed back in the V-shaped troughs. The duration of the second LORR period was
recorded and when the mice regained the ability to right themselves (t2), another blood
sample was taken for BEC2 measurement. AFT was calculated as the difference in BEC at
t2 minus t1 (BEC2 - BEC1).

Blood Ethanol Clearance

We collected retro-orbital blood samples 30, 60, 120, 180, and 240 minutes after i.p.
injection of 2 g/kg or 4 g/kg ethanol and measured BECs as described previously.1?

Statistical Analysis

Results

Data are reported as mean + S.E.M values. The number of animals used in each test are
reported in the figure legends. Data were first analyzed using the D’ Agostino and Pearson
normality test in Prism 8.0 (GraphPad Software, Inc., La Jolla, CA). Normally distributed
data were then analyzed by ANOVA with post-hoc Tukey, Sidak or Bonferroni tests, or by
Student’s £tests, as appropriate.

Ethanol consumption and preference

Because female C57BL/6J mice drink more ethanol with higher preference than males and
because ethanol concentration also influences consumption, we analyzed the drinking data
separately by sex and by ethanol concentration. In male 7/r3~/~ mice, 2BC-EOD ethanol
intake and preference were reduced at both ethanol concentrations (15% and 20%) compared
with 77r3*/* littermates. There was a slight increase in total fluid intake in 7737/~ mice that
could have contributed to the significant decrease in preference for ethanol (Figure 1A-C;
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Table S1). However, in female mice, there were no effects of genotype on ethanol intake,
preference, or total fluid intake at either concentration of ethanol (Figure 1D-F; Table S1).
To investigate a specific genotype x sex interaction, we performed a three-way ANOVA of
data across all drinking sessions (Table S2) and found significant genotype x sex effects for
preference [F(1,35) = 4.97, p = 0.0324] and total fluid intake [F(1,35) = 6.79, p = 0.0134],
but not for ethanol intake [F(1,35) = 1.49, p = 0.2301].

In the continuous 2BC procedure, male and female 7/r3~/~ mice did not differ from 7/r3*/*
mice in ethanol intake or preference, or in total fluid intake (Figure 2; Table S3), and three-
way ANOVA of data from males and females did not show significant genotype x sex
interactions for any drinking parameter (Table S4). Likewise, in the 2BC limited-access
procedure, male 7/r3~/~ and 7/r3*/* mice did not differ in ethanol (15% v/v) consumption
or preference for ethanol (Figure 3A and B; Table S5), although 773/~ male mice showed
slightly decreased total fluid intake compared with 7/r3** mice (Figure 3C; Table S5). No
genotype differences were found in female mice for any drinking parameter in the 2BC
limited-access procedure (Figure 3D-F; Table S5). There was a genotype x sex effect for
total intake [F(1,36) = 4.69, p = 0.0370], but not for ethanol intake or preference (Table S6).
Therefore, the 7/r3 null mutation only reduced ethanol consumption in males and only in the
2BC-EOD procedure.

Saccharin preference

To examine whether reduced ethanol consumption in 7/r3 ~~ male mice was due to a
general decrease in consumption of rewarding substances, we measured saccharin
preference. Male and female mice showed concentration-dependent increases in saccharin
preference [Males: F(4,72) = 15.3, p < 0.0001; Females: F(4,72) = 17.9, p < 0.0001] and
total fluid intake [Males: F(4,720 = 92.8, p < 0.0001; Females: F(4,72) = 43.1, p < 0.0001]
(Figure S1). There was no significant main effect of genotype or a significant concentration
X genotype interaction in preference for saccharin or total fluid intake in either sex.

Conditioned place preference (CPP) for ethanol

We examined CPP as a measure of the rewarding properties of ethanol. In males, only 7/r3
0.0036; Figure 4A]. In contrast, both 7/r3*/* and 7/r3~/~ females developed CPP [F

ethanol pairing (1,31) = 61.5, p < 0.0001; F genotype (1,31) = 1.43, p = 0.2415; F

ethanol pairing x genotype (1,31) = 0.363, p = 0.5512; Figure 4A]. To examine sex x genotype
interactions, we performed a 3-way ANOVA and found a significant effect of ethanol floor
pairing x genotype x sex [F(1,66) = 6.91, p = 0.0107; Figure 4A]. Because Myad88 '~ mice
show increased consumption of ethanol,® we also examined ethanol CPP in these mice. Both
Mya88** and Myad88 '~ male mice developed ethanol CPP [F ethanol pairing (1,30) = 9.36, p
= 0.0046; F genotype (1,30) = 0.149, p = 0.7022; F ethanol pairing x genotype (1,30) = 0.428, p =
0.5181; Figure 4B]. Female Myd88** and Myd88~'~ mice also developed CPP for ethanol
[F ethanol pairing (1,38) = 14.05, p = 0.0006, F genotype (1,38) = 11.45, p = 0.0017; F

ethanol pairing x genotype (1,38) = 0.002497, p = 0.9604; Figure 4B]. Three-way ANOVA did
not show a significant interaction of genotype x sex [F(1,68) = 0.1339, p = 0.7165] or of
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genotype X ethanol floor pairing x sex [F(1,68) = 0.193, p = 0.6618; Figure 4B]. Overall,
null mutations in 7/r3or Myd88 appear to have little or no effect on ethanol CPP.

Ethanol conditioned taste aversion (CTA)

CTA is used as an index of aversion to ethanol, and performance on this test is negatively
correlated with voluntary ethanol intake.22 We investigated whether decreased ethanol
consumption in 7/r3 '~ mice could be related to increased ethanol CTA by measuring
consumption of saccharin paired with injections of ethanol or saline. To account for initial
fluctuations in saccharin intake and potential sex differences, we normalized intake for each
subject by dividing the amount of saccharin solution consumed on conditioning trials by the
amount consumed during the first trial before conditioning.

In male mice (Figure 5A), ethanol (2.5 g/kg)-saccharin pairings reduced saccharin (0.15%
wi/v) intake across trials compared with saline-saccharin pairings, indicating the
development of CTA to ethanol [F tial x ethanol pairing (4, 136) = 8.22, p < 0.0001] with no
difference between genotypes [F genotype (1,34) = 0.229, p = 0.6356; F genotype x ethanol pairing
(1,34) =1.07, p=0.3077; F genotype x trial x ethanol pairing (4,136) = 0.744, p = 0.5639]. Female
mice (Figure 5B) also developed CTA to ethanol [F il x ethanol pairing (4, 144) = 2.65, p =
0.0359] with no difference between genotypes [F genotype (1,36) = 1.00, p = 0.3233; F
genotype x ethanol pairing (1,36) = 0.0088, p = 0.9259; F genotype x trial x ethanol pairing (4,144) =
1.91, p=0.1122].

We also examined CTA to ethanol in Myd88*"* and Myd88 '~ mice and found that males
(Figure 5C) developed CTA to ethanol [F ethanol pairing (1,25) = 10.89, p = 0.0029] with no
difference between genotypes [F genotype (1,25) = 0.0654, p = 0.8002; F

genotype x ethanol pairing (1,25) = 1.26, p = 0.2732; F genotype x trial x ethanol pairing (4,100) = 2.26,
p = 0.06878]. Females (Figure 5D) also developed CTA to ethanol [F trial x ethanol pairing (4
116) = 4.82, p = 0.0012] with no difference between genotypes [F genotype (1,29) = 2.78, p =

0.1065; F genotype x ethanol pairing (1!29) =1.38,p=0.2504; F genotype x trial x ethanol pairing
(4,116) = 1.40, p = 0.2377].

Acute ethanol withdrawal

The severity of handling-induced convulsions (HIC) is negatively correlated with ethanol
intake in the continuous 2BC procedure.23 Because we did not detect differences in 2BC
drinking, we did not expect to find differences in HIC scores between 7//3** and 7/r3~/-
mice of either sex. A single ethanol dose (4 g/kg) initially suppressed basal HICs in all
groups of mice for ~5h followed by increased HIC scores above baseline (Figure S2 A and
B). When comparing the area of above basal levels (i.e., severity of withdrawal) in males
and females, there was sex-dependent effect [F(1,34) = 11.47, p = 0.0018], but no genotype
[F(1,34) = 2.25, p = 0.1433] or sex x genotype [F(1,34) = 0.0006, p = 0.9802] effects.
(Figure S2 C). There were no significant effects of sex, genotype, or sex x genotype in basal
levels of HICs in male and female mice (Figure S2 D).
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Drug-induced loss of righting reflex

In humans, heightened perception of unpleasant sedative effects of alcohol has been
associated with reduced risk of heavy alcohol consumption.24 To examine whether ethanol
intoxication is enhanced in male 7/r3~/~ mice, we first measured their response to a
sedative-hypnotic dose of ethanol using the LORR assay. For some mutant mice, the
duration of the LORR is negatively correlated with voluntary ethanol consumption.?®
Compared with 7/r3*/* littermates, 7/r3~~ male, but not female mice, demonstrated longer
duration of the LORR after administration of 3.6 g/kg of ethanol [F genotype x sex (1,19) =
64.03, p < 0.0001; Figure 6A] or 55 mg/kg of gaboxadol [F genotype x sex (1,19) = 23.62, p =
0.0001; Figure 6B].

Recovery from drug-induced rotarod ataxia

We next measured the response of these mice to a lower ataxic dose of ethanol. 7737/~
male, but not female, mice showed prolonged recovery from ethanol (2 g/kg)-induced
rotarod ataxia compared with wild-type littermates [F genotype x sex (1,16) = 12.36, p =
0.0029; Figure 7A and B]. 7/r3~/~ male, but not female, mice also showed prolonged
recovery from diazepam (6 mg/kg)-induced ataxia compared with wild-type littermates [F
genotype x sex (1,20) = 11.03, p = 0.0034; Figure 7C and D] (Figure 7D).

Acute functional tolerance to ethanol-induced ataxia

Differences in time to recover from drug-induced ataxia suggest that male 7/r3*/* and 7/r3
=/ differ in their development of acute functional tolerance. To test this possibility, we used
the rotarod test to measure acute tolerance to the ataxic effects of ethanol. The times to
recover from motor impairment after the first (1.75 g/kg) and second ethanol (2 g/kg)
injections were longer in 7/r37/~ than in 7/r3** mice, particularly after the second
injection [F genotype x injection (1,14) = 318, p < 0.0001; Figure 8A]. BECs at the time of
recovery were lower in 7/r3~/~ males upon recovery from the second ethanol injection [F
genotype x injection (1,14) = 4.84, p = 0.0451; Figure 8B]. AFT (defined as BEC2 - BEC1) to
the ataxic effects of ethanol was lower in 7//3 7/~ than in 7/r3** males [t(14) = 2.2, p =
0.0451; Figure 8C].

Because Myd88 '~ mice drink more ethanol than their wild-type littermates, we predicted
that in contrast to 7/r3 =/~ mice, My@88 '~ mice would show increased AFT to ethanol.
Indeed, recovery from motor impairment after the first and second ethanol injections was
shorter in Mya88~'~ than in Myd88*'* male mice [F genotype x injection (1,14) =336, p <
0.0001; Figure 8D]. Myd88~/~ males recovered at higher BECs than Myd88*'* littermates
[F genotype x injection (1,14) = 8.95, p < 0.0097; Figure 8E]. AFT to the ataxic effects of
ethanol was greater in Myd88 '~ male mice than in Myd88*'* mice [t(14) = 2.99, p =
0.0097; Figure 8F].

Acute functional tolerance to ethanol-induced LORR

To determine if acute tolerance to a higher concentration of ethanol was altered in the null
mutant mice, we measured AFT to the sedative-hypnotic effects of ethanol. The duration of
the LORR after the first (3.5 g/kg) and second (1 g/kg) ethanol injections was longer in 7/r3
/= than in 7/r3*/* male mice [F genotype x injection (1,15) = 8.88, p = 0.0093; Figure 9A].
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BECs were modestly higher after recovery from the second ethanol injection compared with
recovery after the first injection [F jnjection (1,13) = 9.02, p = 0.0102; Figure 9B], but this
result was not different between genotypes [F genotype (1,13) = 3.89, p = 0.0703; F

genotype x injection (1,13) = 0.504, p = 0.4902]. AFT to the sedative-hypnotic effects of ethanol
did not differ between 7/r3*/* and 7/r3~/~ male mice [t (13) = 0.71, p = 0.4902; Figure 9C].

In contrast to 7/r3~~ mice, the recovery from the ethanol-induced LORR was faster in
Mya88 ™'~ than in Myd88*"* male mice [F genotype x injection (1,17) = 8.71, p = 0.0089;
Figure 9D]. This result agrees with our previous study in which we found decreased duration
of the ethanol-induced LORR in Myd88 =/~ mice.8 BECs were slightly higher after recovery
from the second ethanol injection compared with recovery from the first [F jnjection (1,16) =
14.6, p = 0.0015], but this did not differ by genotype [F genotype (1,16) = 0.032, p = 0.8614;
F genotype x injection (1,16) = 1.89, p = 0.1887; Figure 9E]. AFT to the sedative/hypnotic
effects of ethanol also did not differ between Mya88*'* and Myd88 '~ male mice [t(16) =
1.37, p = 0.1887; Figure 9F].

Blood ethanol clearance

To examine potential effects of TLR3 on ethanol metabolism that may explain the genotype
differences found in this study, we measured the clearance of ethanol (4 g/kg) from blood in
7Ir3*"* and 7/r3~/~ mice. Comparison of the slopes of the regression lines showed no
genotype differences in male [-78.7 + 6.7 (n = 4) for 7/r3** and —83.6 + 10.4 (n = 5) for
71r3717] or in female mice [-71.6 + 5.5 for 7/r3*"* (n = 5) and -83.4 + 11.1 (n = 5) for 7/r3
~/=]. We previously compared blood ethanol clearance in Myd88*'* and Myad88 !~ female
mice and also found no genotype differences °.

Relationship between acute tolerance and ethanol drinking procedure

Our results indicate that male 7773/~ mice consume less alcohol in the 2BC-EOD
procedure, but not in the continuous 2BC or limited-access procedure, and also show
reduced AFT to alcohol compared with 7//3*/* male littermates. These findings led us to
hypothesize that 2BC-EOD leads to periods of alcohol intake high enough to induce alcohol
tolerance. To investigate whether 2BC-EOD triggers the development of acute tolerance, we
compared ethanol-induced rotarod ataxia and blood ethanol clearance after chronic alcohol
consumption in the 2BC-EOD versus 2BC procedures in C57BL/6J male mice. The time
periods were adjusted so that mice consumed a similar total amount of ethanol (15% v/v) in
both groups by the end of testing. The 2BC group had access to 22 continuous days of
ethanol, and the 2BC-EOD group had access for 16 drinking days over 31 total experimental
days, resulting in similar cumulative (total) amounts of ethanol consumed by both groups at
the end of the study. Average total consumption of ethanol (15% v/v) was 156.4 + 9.1 g/kg
(n = 10) for the 2BC group and 157.5 £ 6.3 g/kg (n = 10) for the 2BC-EOD procedure
(Figure S3). Ethanol consumption and preference increased over time in the 2BC-EOD
group (Figure S3). After 2BC-EOD, C57BL/6J male mice recovered more quickly from
ethanol-induced ataxia than mice that underwent 2BC drinking or control mice that were
ethanol-naive at the time of rotarod testing (Figure 10A). Comparison of the areas below the
basal level and above the recovery curves showed a shorter period of ataxia for mice that
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underwent 2BC-EOD drinking, but no difference between control mice and mice that
underwent the 2BC procedure [F(2,27) = 21.23, p < 0.0001; Figure 10B].

The 2BC-EOD group also showed faster recovery from diazepam-induced motor
impairment compared with control mice (Figure 10C). Comparison of the areas below the
basal level and above the recovery curves showed a shorter period of diazepam-induced
ataxia for mice that underwent 2BC-EOD drinking, but no difference between control mice
and mice that underwent the 2BC procedure [F(2,28) = 53.82, p < 0.0001; Figure 10D]. In
contrast to its effect on acute drug-induced ataxia in C57BL/6J male mice, 2BC-EOD
drinking did not alter the duration of the LORR after administration of 3.6 g/kg of ethanol
(Figure 10E) or 55 mg/kg of gaboxadol (Figure 10F) compared with 2BC or ethanol-naive
control groups. The faster recovery from ethanol-induced ataxia in 2BC-EOD exposed mice
was not due to differences in the clearance of ethanol (4 g/kg) from blood, since we found
no difference between control mice and mice that underwent the 2BC or the 2BC-EOD
drinking procedure (Figure 10G). The slopes of the regression lines were —81.6 = 5.2
(control, n =6), =79.2 £ 4.4 (2BC-EOD, n =7), and -75.3 + 3.3 (2BC, n = 6). As reported
earlier in this study, similar slopes were measured in 7/r3 mutant mice. Thus, despite similar
total amounts of alcohol consumption and similar metabolism of alcohol in the 2BC and
2BC-EOD groups, changes in acute tolerance to the intoxicating effects of alcohol occurred
only after 2BC-EOD drinking.

Inverse relationship between levels of 2BC-EOD ethanol drinking and recovery time from
ethanol-induced ataxia

To understand how differences in AFT may be related to ethanol consumption in the 2BC-
EOD drinking procedure, we examined ataxia and then blood ethanol clearance (on
consecutive days) in wild-type versus 7/r3~/~ male mice before and beginning 24 hours
after these mice underwent 2BC-EOD drinking (Figure 11). Compared with wild-type, 7/r3
=/~ male mice consumed less ethanol (15%) [(F genotype (1,10) = 4.97, p = 0.0500] but did
not differ in ethanol preference [(F genotype (1,10) = 3.97, p = 0.0744] or in total fluid
consumption [(F genotype (1,10) = 1.19, p = 0.2999] (Figures 11A-C), similar to the
decreased ethanol drinking shown in Figure 1. Before and after 2BC-EOD, 7/r3~/~ mice
showed prolonged recovery from ethanol (2 g/kg)-induced ataxia [F genotype (1,10) = 49.31,
p < 0.0001; F genotype x time (8,80) = 18.35, p < 0.0001; Figure 11D], in agreement with our
results shown in Figure 7A in naive mice. Areas below basal levels and above the recovery
curves are shown in Figure 11E [F genotype (1,10) = 69.52, p < 0.0001; F genotype x time (1,10)
= 2.58, p = 0.1396]. Both wild-type and mutant mice showed similar faster recovery from
ethanol-induced ataxia after 2BC-EOD drinking. Figure 11F (left panel) shows the
correlation between the initial area below basal (Figure 11E) for every individual ethanol-
naive mouse with their initial level of ethanol intake on drinking days 1 and 2 (Figure 11A).
Longer recovery from initial ethanol ataxia negatively correlated with initial level of
drinking (r = —0.5837, p = 0.0463). Figure 11F (right panel) shows the correlation between
the final area below basal for every individual mouse with their final level of ethanol intake
at the end of the study on drinking days 13 and 14. Longer recovery from ethanol ataxia
after 2BC-EOD drinking also negatively correlated with the final levels of drinking (r =
-0.5946, p = 0.0414). We measured blood ethanol clearance after injection of 2 g/kg ethanol
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(the same dose used for rotarod ataxia) and compared slopes of the regression lines but
found no genotype differences before or after the 2BC-EOD procedure (Figures 11G-1).
After 2BC-EOD drinking, both mutant and wild-type mice developed modest tolerance that
was not due to changes in ethanol clearance. These results are similar to what we found in
C57BL/6J male mice after 2BC-EOD (but not 2BC) alcohol drinking (Figure 10).

Discussion

In this study we found that male, but not female, 7/r3 '~ mice show reduced ethanol
preference drinking in the 2BC-EOD procedure. This is consistent with our previous
findings that inhibiting downstream TRIF-signaling components reduces 2BC-EOD drinking
in C57BL/6J male mice.8 Our current findings are also consistent with increased 2BC-EOD
ethanol consumption in wild-type male, but not female, C57BL/6J mice after chronic
activation of TLR3 with poly(1:C).19:26 We observed changes in ethanol consumption only
during 2BC-EOD drinking, and we have reported that different ethanol drinking procedures
produce distinct effects on brain gene expression, with the 2BC-EOD procedure evoking the
strongest neuroimmune-related response in mice.2” Higher levels of ethanol intake were also
observed during this test, consistent with previous work showing that intermittent access to
ethanol increases voluntary consumption in mice.28:2% Qur comprehensive approach also
shows the importance of comparing sexes and different alcohol drinking procedures.

The two major differences that we found between wild-type and knockout mice, recovery
from acute ethanol intoxication and recovery from sedative-hypnotic effects of ethanol, were
changed in opposite directions in 7/r3and Myad88 knockout males (Table 1). Myd88~"~
male mice recovered faster from ethanol-induced ataxia and showed increased AFT, which
may account for the increased voluntary ethanol consumption found in these mice.> In
contrast, 7/r3~/~ male mice recovered more slowly from ethanol-induced ataxia and had
decreased AFT, which may have a role in their decreased drinking.

To investigate whether the drinking procedure may influence within-session tolerance, we
tested C57BL/6J mice from 2BC and 2BC-EQOD groups that consumed similar total amounts
of ethanol and examined blood ethanol clearance and ethanol’s acute sedative and motor
impairing effects. We did not find differences in ethanol clearance between mice that
underwent either drinking procedure and ethanol-naive control mice. However, recovery
from the acute motor impairing effects of ethanol was faster after 2BC-EOD, but not after
2BC continuous access. Because neither drinking procedure altered blood ethanol clearance,
we attribute faster recovery on the rotarod to increased tolerance induced by the 2BC-EOD
procedure. Although tolerance might also develop after longer periods of ethanol
consumption the 2BC test, our results suggest that intermittent drinking induces faster
development of acute, within-session tolerance to intoxication. These findings suggest that
development of tolerance to alcohol intoxication allows for higher levels of alcohol
consumption in the 2BC-EOD compared with the 2BC procedure.

Given these findings, we investigated the relationship between acute tolerance and drinking
in wild-type and TIr3 7/~ mice to understand why only 2BC-EOD drinking was reduced in
7/r3~'~ male mice. Similar to our results in C57BL/6J male mice, wild-type and 7737/~
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male mice showed a modest increase in the rate of recovery from ethanol-induced ataxia
after 2BC-EOD drinking. However, strong genotype differences in recovery from ataxia
were still present at the end of the 2BC-EOD procedure. These differences were not due to
changes in ethanol clearance, since the BECs and slopes of the regression lines were similar
for C57BL/6J, T/r3*"*, and 7/r3~/~ male mice, and were not altered by 2BC-EOD alcohol
exposure. In both genotypes of 7/r3mice there was an inverse relationship between recovery
from ataxia and the level of 2BC-EOD drinking. However, compared with wild-type mice,
there was decreased drinking and increased ataxia in 773/~ mice. Thus, impaired acute
tolerance to alcohol-induced ataxia in 7773 ~/~ mice may account for their decreased
drinking phenotype, whereas alcohol-induced increases in tolerance evoked by the 2BC-
EOD procedure itself are apparently not involved. Further investigations into why the EOD
procedure produces high levels of alcohol consumption may reveal clues about other
mechanisms by which TLR3 selectively regulates 2BC-EOD drinking.

Responses to diazepam and gaboxadol were also altered in 7/r3~/~ male mice, indicating
regulation of GABAergic signaling by TLR3. 7/r3~/~ male mice showed prolonged
recovery from acute sedative-hypnotic effects of gaboxadol and took longer to recover from
motor impairment induced by diazepam. GABAA receptors regulate ethanol intoxication and
tolerance,39-33 and these actions may be involved in the similar responses to ethanol and
GABAergic drugs. Although there is evidence for an interaction between GABA receptors
and immune signaling in brain,3*35 it is not yet clear how deletion of 7/r3or Myd88alters
GABAergic function to change behavioral responses to sedative drugs.

Also striking was the influence of sex on the effects of these mutations. Except for LORR in
Myd88 !~ mice, alterations in ethanol-induced behaviors in 7/r3 = and Myd88 '~ males
were not present in 77/3 '~ and Myd88 !~ females (Table 1). Although there are examples
of sex-specific effects on ethanol behaviors in other knockout mouse models,25:26:36 the
current findings are notable because the acute behavioral responses to ethanol in 7/r3 '~
male mice are consistent with the reduction in voluntary ethanol consumption observed only
in males. We note that males and females differ in their TLR3-dependent neuroimmune
responses when TLR3 is activated by poly(1:C). Our previous work showed that poly(1:C)
produces a rapid proinflammatory response in male mice and increases alcohol intake over
time in a 2BC-EOD model.28 In female mice, however, poly(l:C) produced a delayed
immune response and no increases in alcohol consumption.1? Considering the sex-dependent
differences in TLR3 signaling associated with 2BC-EOD drinking in C57BL/6J control
mice, it is possible that altered neuroimmune signaling evoked by intermittent drinking is
involved in the decreased alcohol consumption in male mutant mice. TLR3 is a key sensor
of viral dsRNA and induction of antiviral molecules, and the alcohol exposure model may
have exacerbating and sex-dependent effects on these responses. Further work is needed to
determine whether different immune responses in 7/r3~/~ male and female mice underlie
differences in their behavioral responses to ethanol.

We examined other behaviors correlated with voluntary consumption that might show
corresponding sex differences and opposing effects of deletion of 7/r3versus Myd88.
Acquisition of CPP to ethanol, for example, can be associated with voluntary ethanol
consumption.22 We found that CPP to ethanol was slightly greater in 7/r3~/~ compared with
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7Ir3** male mice, while CPP was similar in My@88 /- and Myd88*'* male mice. The
overall effects of 7/r3and Myd88 null mutations on CPP were small and limited by the poor
development of CPP typically observed in C57BL/6J mice.3” Other behavioral effects that
could have potentially modified drinking, such as CTA to ethanol3® or acute withdrawal,23
were not significantly affected by these mutations. Thus, these phenotypes do not appear to
be involved in the altered ethanol consumption.

Studies of recombinant inbred LS x SS mouse strains found a correlation between rapid
tolerance to high ethanol doses and ethanol consumption in a limited-access test.39 Our
results link within-session alcohol tolerance to increased consumption in the 2BC-EOD (but
not 2BC) test by three different approaches. We found that 2BC-EOD alcohol consumption
produced tolerance to the motor impairing effects of alcohol in different groups of male
mice (e.g., C57BL/6J, T/r3**, and 7/r3~/7) without changing blood ethanol clearance and
that disruption of TLR3 or MyD88 signaling produced opposite effects on both tolerance
and alcohol consumption in the 2BC-EOD test. Because alcohol consumption can increase
over time during the 2BC-EOD (but not the 2BC) test,28:29 it is tempting to speculate that
escalation in 2BC-EOD drinking is related to development of acute tolerance. However, our
studies in 7/r3wild-type and mutant mice (which had relatively stable levels of drinking
during the 2BC-EOD procedure) suggest that development of tolerance to ethanol-induced
ataxia does not necessarily produce escalation in 2BC-EOD drinking. However, we did find
that levels of 2BC-EOD alcohol drinking are negatively correlated with recovery from ataxia
before and after chronic intermittent drinking. This inverse relationship indicates that the
decreased drinking in 7773/~ mice is associated with decreased within-session tolerance to
alcohol’s intoxicating effects and remains correlated after chronic intermittent access
drinking.

How individuals respond to an acute alcohol challenge contributes to their risk of developing
AUD.“0 In persons with normal alcohol metabolism, differences in level of response to an
acute intoxicating dose of alcohol result mainly from differences in acute behavioral
tolerance, which develops within a drinking session.#! Tolerance has a major influence on
alcohol consumption, with tolerance to alcohol’s aversive properties reducing a disincentive
to drink. Our findings show the importance of the MyD88 and TLR3 pathways in coordinate
regulation of alcohol consumption and acute tolerance to intoxicating doses of alcohol and
other GABAergic sedative drugs. These signaling pathways may influence the extent to
which individuals will voluntarily consume alcohol.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
7/r3 '~ mice show lower ethanol intake than 7773 ** mice in males but not females in the

two-bottle choice-every-other-day (2BC-EOD) procedure. (A,D) Ethanol (15 and 20% v/v)
consumption (g/kg/24 hours), (B,E) Preference for ethanol (15 and 20% v/v), and (C,F)
Total fluid intake (g/kg/24 hours) in male (n = 10 per genotype) and female (n = 9-10 per
genotype) mice. Each data point represents the average of two drinking days (measured with
two different bottle positions). Drinking days 2-12 show data collected with 15% ethanol,
and drinking days 14-22 show 20% ethanol data (*p < 0.05 and **p < 0.01 compared with
corresponding 773 ** mice).
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(C,F) Total fluid intake (g/kg/24 hours) in male (n = 9 per genotype) and female (n = 9-10
per genotype) mice. Each data point represents the average of four drinking days.
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bottle positions).
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Figure 4.

Male 77r3~/~ mice show more and male Myd88~'~ mice show similar conditioned place
preference (CPP) for ethanol (2 g/kg) than corresponding wild-type mice. (A) Time spent on
the bar floor when paired with ethanol [Bar +] and when paired with saline [Bar -] in 7/r3
~I=and 7/r3** male (n = 9-10 per genotype) and female (n = 8-9 per genotype) mice (*p <
0.05, ***p < 0.001). (B) Time spent on the bar floor when paired with ethanol [Bar +] and
when paired with saline [Bar -] in Myd88~'~ and Myd88*'* male (n = 8-9 per genotype)
and female (n = 10-11 per genotype) mice.
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Figure 5.
Acquisition of ethanol-induced conditioned taste aversion is not altered in 7/r3~/~ and

Myd88 '~ mice. Changes in saccharin consumption produced by injection of saline or
ethanol (2.5 g/kg) expressed as a percent of the control preconditioning trial in (A) male 7/r3
*I* and 77r3~'~ mice (n = 8-10 per group per genotype), (B) female) 7/r3*/* and 7/r3~/~
mice (n = 10 per group per genotype, (C) male Myd88** and Myd88 '~ mice (n = 6-9 per
group per genotype), and (D) female Myd88*'* and Myd88~'~ mice (n = 5-10 per group per
genotype).

Ad(dict Biol. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Blednov et al. Page 22

>

—~ 60- o TIr3(+/+)
= i Fkkk . N
3 ] ’? Tir3 (-/-)
nd ]
v 40_
O .
_ ] °
2 207
© J
_E J
ool :
Males Females
B
E ] *kdkk o Tir3 (+/+)
£ 1007 .I: o T3 ()
& 80- o |°
9 60 o killed
S 40-
® J
-:Cé 20“_
S o

] 1]
Males Females

Figure 6.
Male but not female 7773/~ mice show prolonged duration of loss of the righting reflex

(LORR) induced by ethanol and gaboxadol. (A) Duration of ethanol (3.6 g/kg)-induced
LORR (min) in male (n = 6 per genotype) and female (n = 5-6 per genotype) 7/r3** and
7/r37= mice. (B) Duration of gaboxadol (55 mg/kg)-induced LORR (min) in male (n = 5-6
per genotype) and female (n = 6 per genotype) 7/r3** and 7/r3~/~ mice (****p < 0.0001
compared with corresponding 773 */* mice).
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Figure 7.
Male but not female 7773/~ mice show prolonged motor impairment induced by ethanol or

diazepam. 7/r3~/~ male mice took longer to recover than 773** littermates from rotarod
ataxia induced by (A) ethanol (2 g/kg, i.p.) or (C) diazepam (6 mg/kg, i.p.) (n = 6 per
genotype). There were no genotype differences in recovery from rotarod ataxia induced by
(A) ethanol (n = 4-5 per genotype) or (C) diazepam in female mice (n = 6 per genotype).
(B,D) The area below basal level and above the recovery curve was greater in male, but not
female, 7/r3~/~ mice compared with their wild-type littermates (***p < 0.001 for ethanol
and **p < 0.01 for diazepam).
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Figure 8.
Acute functional tolerance (AFT) to ethanol-induced rotarod ataxia is reduced in male 7/r3

~/~ mice and increased in male My@88 '~ mice compared with their corresponding wild-
type littermates. (A) Time to regain the ability to remain on the rotarod for 60 seconds after
the first (1.75 g/kg) and second (2 g/kg) ethanol injections in 7/r3*/* and 7/r3~/~ male mice
(n = 7-9 per genotype). (B) Blood ethanol concentrations (BECs) measured at the time of
regaining motor function after the first and second ethanol injections. (C) AFT measured as
the difference in BEC after the two ethanol injections (BEC2 - BEC1). (D) Time to regain
the ability to remain on the rotarod for 60 seconds after the first (1.75 g/kg) and second (2
g/kg) ethanol injections in Myd88*!* and Myd88 '~ male mice (n = 7-9 per genotype). (E)
BECs measured at the time of regaining motor function after the first and second ethanol

Ad(dict Biol. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Blednov et al.

Page 25

injections. (F) AFT measured as BEC2 - BEC1. *p < 0.05, **p < 0.01, and ****p < 0.0001
compared with corresponding wild-type mice by Bonferroni post-hoc (A,B,D,E) or two-
tailed t-tests (C,F).
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Acute functional tolerance (AFT) to ethanol-induced loss of the righting reflex (LORR) is
not altered in male 7/r3~'~ or Myd88 '~ mice compared with their corresponding wild-type
littermates. (A) Duration of the loss of righting reflex (LORR) after the first (3.5 g/kg) and
second (1 g/kg) ethanol injections in 7//3** and 7/r3~~ male mice (n = 8-9 per genotype).
(B) Blood ethanol concentrations (BEC) measured at the time of regaining function after the
first and second ethanol injections (n = 7-8 per genotype). (C) AFT measured as BEC2 -
BECL1 (n = 7-8 per genotype). (D) Duration of the LORR after the first (3.5 g/kg) and second
(1 g/kg) ethanol injections in Myd88** and Myd88 '~ male mice (n = 9-10 per genotype).
(E) BECs measured at the time of regaining function after the first and second ethanol
injections (n = 9 per genotype). (F) AFT measured as BEC2 - BEC1 (n = 9 per genotype).
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****p < 0.0001 compared with corresponding wild-type mice by Bonferroni post-hoc (A,
D) tests.
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Figure 10.
Faster recovery from ethanol- and diazepam-induced motor impairment in C57BL/6J male

mice after two-bottle choice-every-other-day (2BC-EOD) drinking. Drug-induced ataxia on
the rotarod was compared in three groups of mice: ethanol-naive controls, mice that
underwent a continuous 2BC ethanol (15% v/v) procedure for 22 days, and mice that
underwent a 2BC-EOD (15% v/v) procedure for 16 drinking days (the two chronic ethanol-
treated groups consumed similar total amounts of ethanol by the end of testing). (A) Time on
the rotarod after ethanol (2 g/kg, i.p.) in control and chronic ethanol-exposed mice (n = 10
per group). (B) Area below the basal level and above the recovery curves after injection of
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ethanol (***p < 0.001 compared with control). (C) Time on the rotarod after diazepam (6
mg/Kkg, i.p.) in control and chronic ethanol exposed mice (n = 9-12 per group). (D) Area
below the basal level and above the recovery curves after injection of diazepam (****p <
0.0001 compared with control). (E) Duration of ethanol (3.6 g/kg)-induced LORR in control
and chronic ethanol exposed mice (n = 6-9 per group. (F) Duration of gaboxadol (55 mg/
kg)-induced LORR (min) in control and chronic ethanol exposed mice (n = 6-8 per group).
(G) Blood ethanol concentrations (BEC) measured over 4 hours in control and chronic-
ethanol exposed mice after injection of ethanol (4 g/kg, i.p.; n = 6-7 per group).
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Figure 11.

Inverse relationship between levels of two-bottle choice-every-other-day (2BC-EOD)
ethanol consumption and recovery time from ataxia in 7//3~/~ and 7/r3*/* male mice.
Ethanol-induced rotarod ataxia and then blood ethanol clearance were measured on
consecutive days before and beginning 24 hours after the 2BC-EOD drinking procedure. (A)

Ethanol (15% v/v) consumption (g/kg/24 hours), (B)
intake (g/kg/24 hours) in wild-type and 7/r3~/~ male

ethanol preference, and (C) total fluid
mice (n = 6 per genotype). Each data

point represents the average of two drinking days (measured with two different bottle
positions). (D) Time on the rotarod after ethanol (2 g/kg, i.p.) in wild-type and 7/r3~/~
ethanol-naive and 2BC-EOD exposed male mice (n = 6 per group). (E) Areas below the
basal level and above the recovery curves after ethanol injection. (F, left panel) Correlation
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between initial ethanol intake (g/kg/24h) on drinking days 1 and 2 (A) and initial area below
basal (E) from individual mice from both genotypes (open symbols represent 7/r3** and
filled symbols represent 7/r3~/~ male mice; n = 6 per genotype). (F, right panel) Correlation
between final levels of ethanol intake (g/kg/24h) on drinking days 13 and 14 (A) and final
area below basal (E) from individual mice from both genotypes (open symbols represent
71r3*"* and filled symbols represent 7/r3~'~ male mice; n = 6 per genotype). Blood ethanol
concentrations (BEC) after 2 g/kg ethanol (i.p.) in (G) ethanol-naive (n = 4 per genotype)
and (H) 2BC-EOD exposed (n = 6 per genotype) mice. (1) Slopes of the regression curves in
these mice (n = 4-6 per genotype).
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Summary of responses to ethanol and GABAergic drugs in 7/r3or Mya88 knockout male and female mice
compared with their corresponding wild-type littermates.

Procedure TIr3 =~ mice Myd88 ~/~ mice
Males Females Males Females
2BC Ethanol intake = = _a _a
Preference = = _a _a
Total fluid intake = = _a _a
2BC-EOD Ethanol intake W= N _a
Preference L= = y @ _a
Total fluid intake 4 = * = _a _a
2BC-Limited Access Ethanol intake = = r @ _a
Preference = = _a _a
Total fluid intake = = _a _a
2BC-Saccharin Preference = = . _a
Acute Withdrawal (HIC) Ethanol = =
CTA Ethanol = = = =
CPP (Acquisition) Ethanol 1 = = =
Rotarod Ataxia Ethanol — = . a . a
Diazepam - = . 4a . a
LORR Ethanol 0 = ' b ' b
Gaboxadol 0 = J b ' b
AFT (Rotarod) Ethanol { 0
Clearance Ethanol (4 g/kg) = = b

Clearance (before and after 2BC-EOD)

Ethanol (2 g/kg)

=, no change; 1 (increased) versus ¥ (decreased) response; — (longer) versus <— (shorter) recovery from motor impairing effects of ethanol or

diazepam.

*
From different groups of 2BC-EOD exposed male mice (see Figures 1 and 11).

rom Blednov et al. (2017)0 and

bfrom Blednov et al. (2017).5

2BC, two-bottle choice; 2BC-EOD, two-bottle choice every-other-day; AFT, acute functional tolerance; CPP, conditioned place preference; CTA,
conditioned taste aversion; HIC, handling-induced convulsion; LORR, loss of the righting reflex.
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