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Abstract

A growing number of environmental insults have been shown to induce epigenetic effects that
persist across generations. For instance, paternal preconception exposures to ethanol or stress have
independently been shown to exert such intergenerational effects. Since ethanol exposure is a
physiological stressor that activates the hypothalamic-pituitary-adrenal (HPA) axis, we
hypothesized that paternal ethanol exposure would impact stress responsivity of offspring. Adult
male mice were exposed to chronic intermittent vapor ethanol or control conditions for 5 weeks
before being mated with ethanol-naive females to produce ethanol (E)- and control (C)-sired
offspring. Adult male and female offspring were tested for plasma corticosterone (CORT) levels
following acute restraint stress and the male offspring were further examined for stress-evoked 2-
bottle choice ethanol drinking. Paternal ethanol exposure blunted plasma CORT levels following
acute restraint stress selectively in male offspring; females were unaffected. In a stress-evoked
ethanol-drinking assay, there was no effect of stress on ethanol consumption. However, C-sired
males exhibited increased total fluid intake (polydipsia) in response to stress while E-sired males
were resistant to this stress-induced phenotype. Taken together, these data suggest that paternal
ethanol exposure imparts stress hyporesponsivity to male offspring.
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Introduction

Epigenetic inheritance has been gaining acceptance as a plausible explanation for
transmission of complex behavioral traits across generations (Bohacek & Mansuy, 2013;
Vassoler & Sadri-Vakili, 2014). Several studies have shown that paternal preconception
exposures to stress (Dietz et al., 2011; Gapp et al., 2014; Rodgers, Morgan, Bronson,
Revello, & Bale, 2013) or addictive substances (Byrnes, Johnson, Schenk, & Byrnes, 2012;
Vassoler, Johnson, & Byrnes, 2013; Vassoler, White, Schmidt, Sadri-Vakili, & Pierce, 2013)
can impart adaptive behavioral phenotypes to offspring. Similarly, various chronic paternal
ethanol exposures induce intergenerational phenotypes (see Finegersh, Rompala, Martin, &
Homanics, 2015 for review). Recently, we reported that exposing adult male mice to vapor
ethanol over 5 weeks prior to mating with ethanol-naive females conferred attenuated 2-
bottle choice ethanol-drinking behavior and increased sensitivity to an anxiolytic dose of
ethanol selectively in male offspring (Finegersh & Homanics, 2014). The neurobiological
mechanisms underlying these effects of paternal ethanol on intergenerational ethanol-
modulated behaviors are unknown.

One neurobiological system that is overactivated by ethanol abuse is the hypothalamus-
pituitary-adrenal (HPA) axis endocrine stress response pathway. Ethanol acutely engages the
HPA axis (Rivier, 2014) and the transition to ethanol dependence is characterized by
sustained HPA-axis tolerance to ethanol and other stressors (Stephens & Wand, 2012).
Interestingly, non-ethanol dependent individuals with a family history of alcoholism also
show aberrant HPA-axis responsivity to stress or ethanol exposure (Dai, Thavundayil, &
Gianoulakis, 2002; Evans, Greaves-Lord, Euser, Franken, & Huizink, 2012; Schuckit, 1988;
Sorocco & Ferrell, 2006). While there is evidence that maternal ethanol exposure during
gestation impacts HPA-axis responsivity in offspring (Govorko, Bekdash, Zhang, & Sarkar,
2012), it is not known whether preconception ethanol dependence causally impacts stress
responsivity in the next generation. Notably, paternal chronic stress exposures have been
found to blunt HPA-axis responsivity in offspring (Pisu et al., 2013; Rodgers et al., 2013).
Therefore, we hypothesized that paternal ethanol similarly impacts intergenerational stress
responsivity. As stress is a major risk factor for excessive and problematic ethanol drinking
(Becker, Lopez, & Doremus-Fitzwater, 2011; Koob et al., 2014), this has significant
implications for intergenerational ethanol-drinking behavior.

In the current study, we test the hypothesis that paternal ethanol exposure blunts HPA-axis
responsivity to acute stress and alters stress-induced ethanol-drinking behaviors. Our
findings suggest that paternal ethanol exposure prior to conception may have an
underappreciated impact on stress responsivity in the next generation.

Materials and methods

All experiments were approved by the Institutional Animal Care and Use Committee of the
University of Pittsburgh and were conducted in accordance with the National Institutes of
Health Guidelines for the Care and Use of Laboratory Animals. Eight-week-old, ethanol-
naive, C57BL/6J (B6) and Strain 129S1/SvimJ mice were purchased from the Jackson
Laboratory (Bar Harbor, ME) and CD-1 mice were purchased from Charles River
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Laboratories (Burlington, MA). Unless otherwise specified, specific pathogen-free mice
were group-housed in individually ventilated micro-isolater cages under 12-h light/dark
cycles and had ad /ibitum access to food and water.

Paternal ethanol exposure

The paternal ethanol-exposure model was modified slightly from previously published
methods (Finegersh & Homanics, 2014). Briefly, group-housed 8-week-old, B6 male mice
were exposed to vapor ethanol (E) or room air control conditions (C) for 8 h/day (0900 to
1700), 5 days/week (M-F) for 5 weeks. Notably, this method has been optimized to produce
stable blood ethanol concentrations (BECs) without the use of an alcohol dehydrogenase
inhibitor. Immediately after the final ethanol exposures of week 5, each E- and C-exposed
male was mated in the home cage of two 8-week-old Strain 129S1/SvIMJ ethanol-naive
female mice for 48 h. Breeding was limited to 48 h to minimize the influence of paternal
ethanol exposure on maternal care. Strain 129S1/SvIMJ mice were chosen for mothers in
accordance with our published paternal preconception ethanol-exposure breeding scheme
(Finegersh & Homanics, 2014). Moreover, this breeding scheme was used in a relevant study
which found that paternal stress experience impacts HPA-axis reactivity in offspring
(Rodgers et al., 2013). Two different paternal ethanol cohorts were used to produce all
offspring used in the current study. Cohort 1 contributed mice to the acute restraint and
HPA-axis responsivity assay while cohort 2 contributed offspring for the stress-evoked
ethanol-drinking experiments. Sires were weighed weekly and BECs were measured
following the final exposure of each week. Ethanol in plasma was measured with an Analox
Ethanol Analyzer (AM1, Analox Instruments, London, UK).

Acute restraint stress and measurement of plasma corticosterone (CORT)

Twelve-week-old male and female E- and C-sired offspring were subjected to a 15-min
restraint stress exposure. All animals were tested between 3 and 5 h after lights-on (10:00
AM to 12:00 noon). Briefly, mice were removed from group housing and restrained in
conical plastic tubes with several air hole perforations near the animal’s head and an opening
for the tail. After the 15-min restraint, each mouse was returned to a single novel cage until
the 90-min time point. Only one mouse was tested per group-housed cage to avoid pre-
stressing any test animals. Tail blood (<10 pL) was collected with heparin-coated capillary
tubes (Drummond, Broomall, PA) at time points 0, 15, 30, and 90 min from the onset of
restraint. Blood samples were centrifuged for 10 min at 5000 rpm to separate plasma for
measurement of CORT with an enzyme immunoassay (Enzo Life Sciences, Farmingdale,
NY). Statistical analysis was performed by repeated-measures ANOVA and Bonferroni post
hoc tests where appropriate. For both males and females in Experiment 1, mice were derived
from 6 E-sired and 6 C-sired litters with no more than two mice selected per litter.

Chronic variable stress (CVS) with 2-bottle free-choice ethanol drinking

Mice were first acclimated to 2-bottle free-choice ethanol drinking. E- and C-sired male
offspring were single-housed and habituated to two sipper tubes filled with water. After one
week, one tube was filled with escalating ethanol concentrations of 2 and 4% for 4 days at
each concentration, followed by 8% ethanol for the remainder of testing. Baseline 2-bottle
free-choice ethanol drinking continued at 8% for 3 weeks before the onset of stress. Baseline
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drinking measures used in the study were obtained over the final 8 days preceding stress.
Tube position was changed daily to control for side preference.

Following acclimation to 2-bottle free-choice drinking and the baseline 2-bottle choice
ethanol-drinking period, mice were exposed to CVS and drinking behavior was measured.
Over the 4-week CVS period, each week began with 3 consecutive days of the same unique
stress exposure (described below). Each stress exposure occurred between 1400 and 1700 h
during the light cycle. Two-bottle free-choice ethanol drinking was ongoing daily throughout
and between each stress exposure period. Statistical analysis of 2-bottle choice drinking
behavior was performed using two-way repeated-measures ANOVA and Bonferroni post hoc
tests where appropriate. One outlier (defined here as mean + 2 SD over at least 2 weeks of
testing) was removed from the E-sired group. Male mice used in this test were derived from
6 E-sired litters and 6 C-sired litters with no more than two mice selected per litter.

CVS week 1: social-defeat stress

Test mice were introduced to the home cage of a 10-month-old outbred CD-1 male aggressor
mouse. All aggressors were retired breeders and screened for reliable attack behavior prior
to use in the CVS experiment using published methods (Golden, Covington, Berton, &
Russo, 2011). Body weights for aggressors were at least 25% greater than those for each test
mouse. After the aggressor mouse completed one 3-5-sec attack, the test mouse was isolated
in a wire cup within the aggressor cage for another 30 min before being returned to the home
cage, where 24-h 2-bottle choice drinking was continued. The social-defeat procedure was
repeated for two additional days, each time with new pairings of aggressor and test mice.

CVS week 2: forced-swim stress

The forced-swim stressor was completed in a 12-cm diameter glass cylinder filled with

23 °C water. Each mouse was placed in the cylinder for a 5-min period. Following the test,
mice were briefly dried and placed under a heating lamp for 3 min before being returned to
their home cages.

CVS week 3: predator urine

The predator-odor stress test was performed in the home cage within a fume hood with the
cage cover removed. Four single-housed mice were tested simultaneously for 15 min with
two folded filter papers soaked with 1 mL of fox urine (Tink’s Red Fox-P ®, Covington,
GA\) placed just outside each cage, flanking each side.

CVS week 4: restraint stress

Restraint stress was conducted as described above except the stress lasted for 30 min and no
tail blood samples were collected.
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Results

Paternal ethanol exposure

As illustrated in Fig. 1, B6 males were exposed to chronic intermittent ethanol vapor (E-
sires) or room air conditions (C-sires) for 5 weeks. Two separate cohorts were used to
produce offspring for each intergenerational experiment (Fig. 1).

Experiment 1

The average BEC across all weeks of paternal ethanol exposure was 169.7 + 26.5 mg/dL
(Fig. 2A). There was a significant effect of time on body weight for both E-sires and C-sires
(H4,20] = 33.8, p< 0.001, Fig. 2B). There was no effect for exposure and no exposure x
time interaction. These results indicate that animals gained weight and there was no
difference in weight between E-sires and C-sires over the course of the exposure period.

E-sired and C-sired male offspring were analyzed for differences in body weight at weaning
and at the time of testing. This analysis revealed significant effects of age (A1,13] = 117.6, p
< 0.01, Fig. 2C) with no effect of sire and no age x sire interaction; similarly, analysis of
female offspring body weights revealed a significant effect for age (A1,11] = 64.8; p<
0.001, Fig. 2D), but no effect of sire and no age x sire interaction. Thus, the E-sired male
and female offspring examined in Experiment 1 did not differ in body weight vs. C-sired
controls.

Paternal ethanol blunted acute HPA-axis responsivity selectively in male offspring

Plasma CORT levels were measured in response to an acute 15-min restraint stress at time
points 0, 15, 30, and 90 min from the onset of restraint. For male offspring, there was a
significant effect of time (A3,39] = 110.8, p< 0.0001), sire (H1,13] = 7.4, p<0.05), and a
time x sire interaction (A3,39] = 2.9, p< 0.05) on CORT levels. Bonferroni post hoc tests
revealed that E-sired CORT levels were reduced at the 30-min time point (p < 0.01) vs. C-
sired male controls (Fig. 3A). Moreover, area under the curve (AUC) analysis revealed a
reduced CORT response in E-sired vs. C-sired males ({13] = 2.7, p< 0.05, Fig. 3B). Testing
of female offspring revealed a significant effect of time (A3,33] = 54.7, p< 0.001, Fig. 3C),
but no effect of sire, no time x sire interaction, and no difference in AUC (Fig. 3D).

Experiment 2

The average BEC across all weeks of paternal ethanol exposure was 187.6 + 34.6 mg/dL
(Fig. 4A). There was a significant effect of time on body weight (A4,28] = 16.7, p<0.001,
Fig. 4B), but no effect of exposure or the exposure x time interaction. Male offspring of
these mice were examined for body weight at weaning and at adulthood adults before
testing. There was a significant effect of age (A1,18] = 268.1, p< 0.001), sire (A1,18] =
12.40, p<0.01) and an age x sire interaction (F[1,18] = 9.8, p< 0.01). Bonferroni post hoc
analysis revealed a significant increase in the body weight of E-sired males vs. C-sired males
at adulthood (8 weeks) (p < 0.001, Fig. 4C). Thus, E-sired male offspring used in
Experiment 2 exhibited increased body weight, consistent with our previous findings
(Finegersh & Homanics, 2014).
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Paternal ethanol exposure did not affect stress-evoked ethanol-drinking
behavior in male offspring—Given our finding in Experiment 1 that E-sired male
offspring exhibited blunted CORT responses to acute stress, we hypothesized that E-sired
males would be resistant to stress-evoked ethanol-drinking behavior. To test this, we
stabilized baseline 2-bottle choice 8% ethanol drinking in E- and C-sired male offspring over
one month before exposing them to a 4-week CV'S paradigm while concurrently measuring
ethanol-drinking behavior (Fig. 5A). For ethanol preference, there was a significant CVS x
sire interaction (A4,68] = 3.4, p< 0.05, Fig. 5B). However, Bonferroni post hoc tests did not
reveal significant differences between E-sired vs. C-sired males during any week of testing.
Moreover, there was no effect of sire, CVS, or CVS x sire on ethanol consumption or water
intake (Figs. 5C and 5D).

E-sired males are resistant to stress-induced excessive fluid intake—For total
fluid intake, there was a significant CVS x sire interaction (A4,68] = 3.4, p< 0.01) and no
effect of sire or CVS alone (Fig. 5E). Bonferroni post hoc test revealed significantly
increased total fluid intake in C-sired males vs. E-sired males during week 1 and week 2 (p
< 0.05). Moreover, there was a significant effect of sire (F[1,17] = 7.3, p< 0.05) and a CVS
x sire interaction (A3,51] = 3.6, p< 0.05) for change in total fluid intake from baseline (Fig.
5F). Bonferroni post hoc test revealed that C-sired males showed a greater increase in total
fluid intake during weeks 1 (p< 0.01) and 2 (p < 0.05) vs. E-sired males.

Discussion

Paternal preconception ethanol exposure has previously been shown to have various effects
on offspring including reduced testosterone levels (Abel, 1989), decreased grooming (Abel,
1991), reduced organ weight (Abel, 1993), increased immobility time in a forced-swim test
(Abel & Bilitzke, 1990), thickening of the cerebral cortex (Jamerson, Wulser, & Kimler,
2004), impaired working memory (Kim et al., 2014) and, most recently, alterations in
ethanol sensitivity and drinking preference (Finegersh & Homanics, 2014). In the current
study, our results add to this literature with the novel finding that paternal ethanol exposure
imparts blunted stress responsivity to adult male offspring. Paternal ethanol exposure
resulted in reduced plasma CORT in response to acute restraint stress and resistance to
stress-induced excessive fluid intake. Altered HPA-axis function is implicated in the etiology
of alcohol-use disorder and humerous other psychiatric conditions (Clarke et al., 2008;
Pariante & Lightman, 2008). Thus, the observed effects of paternal ethanol exposure on
stress responsivity in the next generation may have broad human health implications.

The hypothesis that paternal ethanol exposure would alter HPA-axis function in offspring
was based on two important lines of evidence. First, the HPA axis is strongly implicated in
the neuropathophysiology of alcoholism, and deficits are frequently observed in individuals
with a family history of alcoholism (Dai et al., 2002; Schuckit, Gold, & Risch, 1987;
Stephens & Wand, 2012). Secondly, paternal pharmacological and behavioral stress
exposures have been shown to impact stress-related behavior in offspring (Crews et al.,
2012; Dietz et al., 2011; Gapp et al., 2014; Pisu et al., 2013). Indeed, our finding that
paternal ethanol exposure blunts HPA-axis responsivity in male offspring is remarkably
similar to a recent study that found the same blunted CORT phenotype following acute

Alcohol. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rompala et al.

Page 7

restraint stress in offspring of fathers exposed to a 6-week CVS paradigm (Rodgers et al.,
2013). Ethanol is a potent physiological stressor, activating the HPA axis in rodents during
both forced ethanol exposures as well as during voluntary ethanol drinking (reviewed in
Rivier, 2014). Therefore, it is possible that the stress associated with chronic ethanol
exposure may be important for the intergenerational phenotypes observed in E-sired male
offspring. Additional studies are needed to explore whether paternal stress exposures, such
as the chronic stress paradigm used in Rodgers et al. (2013), can similarly impact
intergenerational ethanol-drinking behavior and behavioral sensitivity to ethanol.

Notably, the effects of paternal ethanol exposure on the CORT response to acute stress were
sex-specific, consistent with our previous findings for ethanol-related phenotypes (Finegersh
& Homanics, 2014). Indeed, intergenerational and transgenerational studies have found sex-
specific effects of paternal preconception exposures across generations in adult rodents
(Franklin et al., 2010; Vassoler, White, et al., 2013). However, it does not appear that
intergenerationally altered HPA-axis responsivity is an entirely sex-specific phenomenon, as
paternal chronic variable stress blunts the CORT response to acute restraint stress in both
male and female offspring (Rodgers et al., 2013).The complex epigenetic mechanisms
underlying sex-specific vs. sex-independent intergenerational phenotypes remain to be
elucidated. Furthermore, it is important to note that the female estrus cycle influences HPA-
axis activity (Kalil, Leite, Carvalho-Lima, & Anselmo-Franci, 2013), perhaps masking any
observable deficits. Future experiments will need to control for hormonal variance to
determine whether sex-specific blunted HPA-axis responsivity is dependent on sex
differences in gonadal signaling.

Acute administration of CORT promotes ethanol-drinking behavior, and inhibition of CORT
by adrenalectomy decreases ethanol consumption (Fahlke, Hard, & Hansen, 1996).
Therefore, we hypothesized that E-sired male offspring, having shown blunted HPA-axis
responsivity, would exhibit attenuated stress-evoked ethanol-drinking behavior. Surprisingly,
we found that E-sired males did not differ in ethanol-drinking preference or consumption vs.
C-sired males. However, there was a large difference between E-sired and C-sired males in
total fluid intake. Specifically, C-sired males exhibited a robust polydipsia-like (excessive
fluid intake) phenotype during weeks 1 and 2 of CVS that was absent in E-sired male
offspring.

Although stress is generally assumed to increase ethanol drinking, rodent studies have
produced inconsistent results (Becker et al., 2011). In the present study, C-sired control mice
did not show a significant stress-evoked increase in ethanol-drinking behavior. The
relationship between stress and ethanol drinking is complex and several variables including
type of stress, strain, sex, and time course can ultimately influence the direction and
magnitude of ethanol-drinking behavior (Spanagel, Noori, & Heilig, 2014). Future
experiments will aim to validate and employ a specific model for stress-escalated ethanol
drinking, such as chronic stress preceding ethanol consumption (Lopez, Doremus-Fitzwater,
& Becker, 2011; Rodriguez-Arias et al., 2014).

Increased total fluid intake following chronic stress such as social defeat is an adjunctive
phenotype in mice referred to as stress-induced polydipsia (i.e., excessive thirst) (Golden et
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al., 2011). Stress-induced polydipsia is a hallmark behavioral phenotype observed in male
mice following chronic and subchronic social defeat (Golden et al., 2011; Goto et al., 2014).
CORT inhibition has been shown to block polydipsia-induced drinking behavior, suggesting
an important role for HPA-axis activity (Strekalova et al., 2011). Therefore, resistance to
polydipsia-like drinking also supports the conclusion that E-sired males are hyporesponsive
to stress. Between Experiments 1 and 2, we have shown that at the endocrine and behavioral
levels and following acute (restraint) or chronic (4 weeks of CVS) stress, paternal ethanol
exposure imparts stress hyporesponsivity phenotypes to adult male offspring.

It is worth discussing certain limitations to the current study. It is possible that maternal care
differed between groups based on altered maternal-paternal interactions during E-sire and C-
sire mating (Mashoodh, Franks, Curley, & Champagne, 2012). Indeed, altered maternal care
can influence HPA-axis responsivity (Champagne & Meaney, 2001). However, the breeding
period was limited to just two nights and there were no differences in E-sired and C-sired
male body weights at the time of weaning, suggesting that maternal care was not
significantly different between E-sired and C-sired litters. Another limitation is that breeding
occurred immediately after ethanol exposure. Thus, it is unclear whether the
intergenerational effects of paternal ethanol exposure are specific to preconception chronic
ethanol exposure and not in part dependent on acute intoxication or withdrawal at the time
of mating. Therefore, future experiments will delay the period between paternal ethanol
exposure and breeding.

Previously we reported that paternal ethanol increased body weight selectively in male
offspring (Finegersh & Homanics, 2014). While we replicated this phenotype in Experiment
2, we did not observe this effect in the male offspring of Experiment 1. These conflicting
results may be due to the differences in BECs between the two exposures and need to be
further examined. Notably though, in spite of these weight differences between offspring
cohorts, we still observed stress hyporesponsivity phenotypes in each E-sired male cohort.
Thus, the finding of blunted HPA-axis responsivity in Experiment 1 (in the absence of
significant weight differences) supports the interpretation that resistance to stress-induced
polydipsia-like behavior observed in E-sired males of Experiment 2 is unlikely to depend on
increased body weight.

We also did not observe decreased ethanol-drinking preference in E-sired males as
previously published (Finegersh & Homanics, 2014). This may be a result of differences in
the drinking paradigm employed between the two studies. Baseline measures were taken
here after 3 weeks of habituation to unlimited access 2-bottle choice drinking with 8%
ethanol and water. In the study by Finegersh and Homanics (2014), drinking behavior was
measured without prior habituation. Moreover, differences were no longer detectable at 12%
ethanol which was measured 2 weeks into ethanol drinking. Thus, this may reflect that
baseline differences do not persist with extended unlimited-access 2-bottle choice drinking.
Additional experiments are needed to fully characterize the reduced ethanol-drinking
phenotype in E-sired males, including the use of additional drinking models such as the
limited-access drinking in the dark paradigm commonly employed to model binge-like
ethanol consumption in mice (Thiele & Navarro, 2014).
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How might paternal ethanol exposure impart stress hyporesponsivity and an altered ethanol
phenotype in offspring? Multiple studies have found changes in DNA methylation (Dias &
Ressler, 2014; Govorko et al., 2012) or chromatin regulation (Vassoler, White, et al., 2013)
in sperm that are associated with altered behaviors in the next generation. Interestingly, two
recent studies have implicated sperm RNAs in germ line transmission of intergenerational
stress-related behaviors (Gapp et al., 2014; Rodgers et al., 2013). Remarkably, the
intergenerational effects were recapitulated by injecting RNAs isolated from the sperm of
stressed males into fertilized oocytes (Gapp et al., 2014; Rodgers, Morgan, Leu, & Bale,
2015), suggesting this epigenetic mechanism may underlie intergenerational transmission of
stress-related behaviors. It is conceivable that paternal ethanol may similarly alter epigenetic
marks in sperm to causally impact stress responsivity in the next generation.

In summary, we have shown that paternal ethanol exposure confers stress hyporesponsivity
to male offspring. Alterations in stress responsivity were observed at both the endocrine and
behavioral levels. Identifying heritable mechanisms that mediate vulnerability and resilience
to chronic stress has major implications for the development of novel prevention and
treatment strategies for psychiatric disease and addiction. Therefore, future studies will aim
to identify ethanol-induced epigenetic factors in sperm that confer altered stress-related
phenotypes to male offspring.
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Highlights
Paternal alcohol blunts acute HPA axis responsivity selectively in male offspring

Paternal alcohol has no effect on stress-evoked ethanol drinking in male
offspring

Paternal alcohol prevents stress-induced behavior (polydipsia-like fluid intake)
in male offspring
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Paternal EtOH Exposure
BEC BEC BEC BEC BEC
v
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Cohort/ ’
Exp. # Experiment
1 HPA axis responsivity in male and female offspring (Figs. 2-3)
2 Stress-evoked EtOH drinking behavior in male offspring (Figs. 4-5)

Fig. 1. Paternal ethanol exposure and offspring experiments
For paternal chronic exposure to ethanol, two cohorts of male mice were used in a chronic

intermittent vapor ethanol paradigm, persisting over 5 weeks. Each week was comprised of 5
consecutive days of ethanol (E-sires) or room air (C-sires) exposures (8 h/day) followed by a
48-h abstinence period. Following the final exposure on week 5, males were bred with
129S1/SvimJ ethanol-naive females to produce male and female offspring from ethanol-
exposed males (E-sired) or room air controls (C-sired). Male and female offspring were
tested in Experiment 1 while only male offspring were examined in Experiment 2.
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Fig. 2. Parental ethanol exposure cohort 1
Cohort 1 produced male and female offspring for Experiment 1. (A) BECs of E-sires were

measured at the end of each of the 5 weeks of ethanol vapor exposure. (B) Body weight did
not differ between groups (n = 3/4 C-sired/E-sired). Moreover, neither (C) male offspring (n
= 6/9, C-sired/E-sired) nor (D) female offspring (n = 6/7, C-sired/E-sired) body weights

were altered by paternal ethanol at weaning or time of Experiment 1 testing. Data presented

as mean + SEM. In panel B, SEMs are obscured by the symbols.
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Fig. 3. Paternal ethanol exposure blunts HPA-axis reactivity to acute restraint stress selectively in
male offspring

(A) The CORT response to 15 min of restraint stress (shaded column) was significantly
blunted in E-sired males (n = 8) at the 30-min time point vs. C-sired males (n = 6). (B) Area
under the curve (AUC) analysis revealed a significant reduction in the CORT response to
stress in E-sired males vs C-sired males. (C) E-sired (n = 7) and C-sired (n = 6) females
revealed no significant differences in CORT levels following acute restraint stress. (D) There
was no difference in the CORT response to acute restraint between E-sired and C-sired
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females as measured using AUC analysis. Data presented as mean = SEM. **=p < 0.01, *=p
<0.05.
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Paternal ethanol cohort 2 produced male offspring for Experiment 2. (A) BECs of E-sires
were measured at the end of each of the 5 weeks of ethanol vapor exposure. (B) There was
no effect of paternal ethanol exposure on body weight (n = 5/4, C-sired/E-sired). (C) E-sired
male offspring (n = 10) showed increased body weight vs. C-sired males (n = 10). Data

presented as mean £ SEM. ***=p < 0.001.
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Fig. 5. Paternal ethanol exposure does not impact intergenerational stress-evoked ethanol
drinking, but prevents stress-induced polydipsia in male offspring

(A) After one month of 2-bottle choice ethanol drinking at 8% (w/vol), ethanol drinking was
measured throughout 4 weeks of CVS, entailing three consecutive exposures to a unique
stressor that changed each week. (B) E-sired males (n = 9) exhibited no change in ethanol
preference vs. C-sired mice (n = 10) during CVS Weeks 1, 2, and 3. (C & D) There was no
significant effect of CVS on ethanol consumption or water intake. (E) E-sired males showed
reduced total fluid intake vs. C-sired males at weeks 1 and 2. (F) E-sired males were
resistant to an increase in total fluid intake from baseline levels (% of baseline) at CVS
weeks 1 and 2. Data presented as mean + SEM. *=p < 0.05, **=p< 0.01.
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