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Abstract

Background—In recent years much attention has been given to the lack of reproducibility in
biomedical research, particularly in pre-clinical animal studies. This is a problem that also plagues
the alcohol research field, particularly in consistent consumption in animal models of alcohol use
disorders. One often overlooked factor that could affect reproducibility is the maintenance diet
used in pre-clinical studies.

Methods—Herein, two well-established models of alcohol consumption, the “drinking in the
dark” (DID) procedure and the continuous two-bottle choice paradigm (C2BC), were employed to
determine the effects of diet on ethanol consumption. Male C57BL/6J were given one of six
standard rodent-chow diets obtained from Purina LabDiet®, Inc. [St. Louis, MO; Prolab® RMH
3000] or Harlan Laboratories Inc. [Indianapolis, IN; Teklad Diets T.2916, T.2918, T.2920X, T.
7912, or T.8940]. A separate group of animals were used to test dietary effects on ethanol
pharmacokinetics and behavioral measures following intraperitoneal (IP) injections of various
doses of ethanol.

Results—Mice eating Harlan diets T.2916 (H2916) and T.2920X (H2920) consumed
significantly less ethanol and exhibited lower blood ethanol concentrations (BECs) during DID;
however, during C2BC animals maintained on Harlan T.7912 (H7912) consumed more ethanol
and had a higher ethanol preference than the other diet groups. Ethanol consumption levels did not
stem from changes in alcohol pharmacokinetics, as a separate group of animals administered
ethanol IP showed no difference in BECs. However, animals on Harlan diet T.2920X (H2920)
were more sensitive to alcohol-induced locomotor activity in an open-field task. No diet
dependent differences were seen in alcohol-induced sedation as measured with loss of righting
reflex.
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Conclusions—Although these data do not identify a specific mechanism, together they clearly
show that the maintenance diet impacts ethanol consumption. It is incumbent upon the research
community to consider the importance of describing nutritional information in methods, which
may help decrease inter-laboratory reproducibility issues.
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alcohol abuse; standard rodent diet; drinking in the dark; continuous two-bottle choice; scientific
reproducibility

Introduction

Animal models of alcohol use disorders (AUDs) allow researchers to explore the
neurobiological and behavioral adaptations that influence excessive alcohol consumption.
Various paradigms of alcohol abuse have been proposed representing stages in the
development of an AUD including models of voluntary consumption, binge-like ethanol
drinking, dependence-like drinking, and relapse-like drinking (Vengeliene et al., 2014,
Gilpin et al., 2009, Tabakoff and Hoffman, 2000). Two models that are often used to study
pre-dependent ethanol drinking include “drinking in the dark” (DID) and continuous two-
bottle choice (C2BC) procedures (Thiele and Navarro, 2014, Ozburn et al., 2013). These
models are crucial to understanding the neuroplastic changes and maladaptive behavioral
events that occur early in the transition to alcohol dependence so attaining reliable results is
crucial.

Consistency between laboratories employing models of AUDs is paramount for data
reproducibility, and, more importantly, in making progress to unravel the mechanisms that
underlie the development of alcoholism. It has previously been shown that even when
attempting to equate conditions between laboratory settings, subtle, inconspicuous factors
can lead to significant differences in behavioral outcomes including alcohol intake (Crabbe
etal., 1999, Crabbe et al., 2012). One variable that is often overlooked but can readily be
controlled between laboratories is the specific rodent diet animals are provided in their
home-cages. Several companies produce rodent feed, but the constituents of these “standard
chows” are not uniform and are therefore an undocumented source of variability in
experiments (Barnard et al., 2009). While it is readily accepted that high-fat palatable diets
can alter central reward circuity and increase addiction susceptibility (Narayanaswami et al.,
2013, Volkow et al., 2013, Thiele et al., 2003), other components of standard rodent diets,
like soy, lead to neuroplastic changes that have behavioral repercussions (Lephart et al.,
2002, Mead, 2006). For example, the phytoestrogens found within soy products can lead to
increased anxiety-like behavior and pain dysregulation, both of which are thought to
underlie AUD development (Hartley et al., 2003, Koob and Le Moal, 2001, Tall and Raja,
2004). Moreover, dietary supplements have been shown to influence alcohol-induced
changes in peripheral organ systems which could indirectly affect alcohol-related behaviors
including ethanol consumption (Tang et al., 2009, Keshavarzian et al., 2001). Maintenance
diet can even influence gustatory preferences (Tordoff et al., 2002), which could also
influence ethanol consumption (Kampov-Polevoy et al., 1990, Sinclair et al., 1992). Both
direct and indirect effects of rodent diet on behavior warrants further exploration of the
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specific impact of diet on ethanol consumption and ethanol-induced neurobiological
responses.

Given the numerous options available for rodent diets produced both between and within
vendors, variability of ethanol consumption among laboratories could partially stem from
differences in diets offered to animals. To assess this possibility, the present study
systematically compares the behavior of male C57BL/6J mice that consumed one of 6
different standard, natural ingredient diets obtained from Harlan Laboratories Inc. or Purina
LabDiet, Inc. Binge-like and voluntary ethanol consumption were measured using DID and
C2BC, respectively, to determine the influence of diet on non-dependent ethanol
consumption. Subsequent experiments determined if diet influenced the consumption of
sweet or bitter stimuli. In addition, dietary influences on blood ethanol concentration (BEC),
ethanol-induced behaviors in open-field tests (OFT), and ethanol-induced sedation were
measured. Results from the present study provide the first systematic evidence that the
specific diet made available to mice influences ethanol consumption.

Materials & Methods

Animals

Male C57BL/6J mice (Jackson Laboratories; Bar Harbor, ME) at 6-8 weeks of age were
housed individually in a vivarium with a reversed 12:12 hour light:dark cycle maintained at
approximately 22°C. Mice were housed in open-top, plastic static microisolator cages
(AnCare, Bellmore, NY; 7.5”x11.5”x5") with wire-lids and irradiated corncob bedding
(Andersons Cob Products, Maumee, OH). During experiments, animals had ad libitum
access to food and water unless otherwise indicated. Three cohorts of mice were used in
these experiments. Cohort one (N = 60) was fed one of six diets (Table 1) to determine the
effect of rodent diet on ethanol consumption. Diets were either obtained from Purina
LabDiet®, Inc. [St. Louis, MO; Prolab® RMH 3000] or Harlan® Laboratories Inc. [Harlan,
Indianapolis, IN; Teklad Diets T.2916, T.2918, T.2920X, T.7912, or T.8940]. In the
subsequent text and figures, diets are referred to by the product number and vendor initial
(e.g., RMH 3000 as P3000 and T.2916 as H2916). Diets chosen had varying ingredient
components and diet texture (Table 1). In a second cohort of animals (N = 30), limited diets
(P3000, H2920, and H7912) were selected that had an effect on ethanol consumption within
cohort one to determine the influence of diet on ethanol pharmacokinetics and
neurobiological responses to ethanol. Finally, a third cohort of mice was used to replicate a
subset of results obtained with cohort one by again assessing binge-like ethanol drinking in
mice maintained on P3000 and H2920 diet (N = 17). All procedures conducted were
approved by the University of North Carolina Institutional Animal Care and Use Committee
and were within the Guidelines for the Care and Use of Laboratory Animals (NRC, 2011).

Drinking-in-the-Dark Procedure

After two-weeks of acclimation to the designated diet and the vivarium, cohort one was
subjected to the DID paradigm, a well-established model of binge-like ethanol consumption
(Thiele and Navarro, 2014, Thiele et al., 2014). Briefly, three hours into the dark cycle,
home-cage water bottles were replaced with modified sipper-tubes that were created as
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described in Thiele et al. (2014) that were filled with 20% (v/v) ethanol made from a
solution of 95% ethanol (Decon Labs, King of Prussia, PA) and tap water. During the first
three days, animals were allotted two-hours of access to ethanol; however, on the fourth
(test) day, ethanol consumption (g/kg) was measured after four-hours of access. Tail blood
samples were collected immediately following the four-hour access period on test days. This
4-day procedure was repeated a second time with a three day rest period in between the two,
4-day DID tests. Following all ethanol testing, cohort one mice were tested using the same
DID access procedure but with access to tap water, 1% sucrose (Fisher Scientific, Inc.
Pittsburg, PA), 3% sucrose, 0.15% saccharin (Fisher Scientific Inc. Pittsburg, PA), and
0.004%(wi/v) quinine (Sigma-Aldrich, St. Louis, MO) in tap water, sequentially. This was
done to determine if consumption differences between diet conditions were unique to
ethanol or generalized to other non-alcohol tastants.

Two-Bottle Choice Paradigm

The week following ethanol DID procedures, animals were subjected to C2BC procedures to
determine the influence of rodent diet on voluntary ethanol consumption as previously
described (Cox et al., 2013). Briefly, the mice were given continuous access to two drinking
bottles made from Nalgene polycarbonate 50 ml conical bottom centrifuge tubes (Fisher
Scientific, Inc. Pittsburg, PA) fitted with #5.5 rubber stoppers with 2.5” straight and non-ball
bearing sipper tubes (AnCare, Bellmore, NY) in their home-cage: one containing water and
a second bottle containing an ethanol solution. The ethanol solution concentration was
changed every 8 days as follows: 10, 15, 20, 15, and 10% (v/v) (Cox et al., 2013). Animals'
body weights were recorded every four days while fluid consumptions were measured daily
to calculate daily consumption (g/kg). Preference was determined by dividing the volume of
ethanol solution consumed by the total fluid intake. The week following C2BC, animals
were given access to tap water only and the volume (mL/kg) of water consumed was
measured every 24h for four days.

Ethanol Pharmacokinetics

Cohort two was divided into three groups to study the effects of select diets (P3000, H2920,
and H7912) on alcohol pharmacokinetics and behavioral measures. Animals in cohort two
were given a 0.5g/kg (5mL/Kkg) intraperitoneal (IP) dose of ethanol (13%(v/v) ethanol-
isotonic saline solution). Tail blood samples were taken at 10, 30, 60 and 120 minutes
following injection. These procedures were repeated two additional times with the mice
receiving IP injections of 1.5g/kg (15mL/kg) and then 3g/kg (30mL/kg) doses of ethanol.
Injections were separated by a week to reduce stress and limit the development of metabolic
tolerance associated with multiple ethanol injections.

Blood Ethanol Concentration Determination

Tail blood samples were collected from a tail nick (using a sterile razor blade) into capillary
tubes (~20ul) and centrifuged in a Haematospin 1400 for 6 minutes at 3100g (Analox,
London, UK) to obtain serum. The serum was then stored at —20°C until BEC's were
determined using an AM1 Alcohol Analyzer (Analox, London, UK). Samples were
averaged from duplicate runs and expressed as mg/dL.
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Ethanol-Induced Locomotor-Activity

Following the ethanol pharmacokinetic experiment, mice from cohort two received an IP
injection of a 1.5g/kg dose of ethanol (13% (v/v) ethanol-isotonic saline solution) or isotonic
saline (15mL/kg). Saline treated animals were selected randomly from each diet group and
pooled into a control group for comparison with ethanol treated groups. Immediately after
injection, the mouse was placed into an open-field testing (OFT) arena consisting of a
Plexiglas chamber lined with bedding consistent with the home-cage environment, identical
to previous reports (Fee et al., 2004, Cox et al., 2013). Movement was tracked using the
VersaMax® software program (AccuScan Instruments, Inc., Columbus, OH) and the output
of five-minute bins were measured over thirty-minutes using VersaDat® 4.00 software
(AccuScan Instruments, Inc.). Total distance traveled was measured to assess the interaction
of diet and ethanol on locomotor activity; whereas center distance and time were recorded to
determine the influence of diet on alcohol-induced anxiolytic effects (Cox et al., 2013, Fee
et al., 2004, Prut and Belzung, 2003).

Ethanol-Induced Sedative Effects

Statistics

Results

One week after the OFT, mice from cohort two were given an IP injection of a 3.5g/kg dose
of ethanol (20% (v/v) ethanol-isotonic saline solution; 20mL/kg) to assess the effect of diet
on ethanol-induced sedation. Upon the onset of sedation, mice were turned over so that their
backs were placed in a U-shaped plastic trough. The loss of righting reflex (LORR) was
defined as the inability of a mouse to turn itself onto its abdomen on all four paws three
times within a 30s period, as previously described (Fee et al., 2004). Both the latency to the
onset and duration of LORR were measured and recorded in seconds.

Data were analyzed and graphed using Prism version 5.0 (GraphPad Software, Inc. La Jolla,
CA). All data reported are expressed as the mean + SEM and considered significant if p <
0.05, two-tailed. For all experiments, an analysis of variance (ANOVA) was used to
determine differences between groups. Post-hoc tests were conducted if a significant
interaction or main effect of diet was observed.

Dietary influence on ethanol consumption with DID procedures

The ethanol consumption on the test days were analyzed using a two-way repeated measures
(RM) ANOVA. The two-way RM ANOVA indicated a significant main effect of diet
[F(5,54=10.03, p<0.0001] but no interaction [F s 54)=0.73, p=0.60] or main effect of time
[F(1,54/=0.04, p=0.83] (Figure 1A). After collapsing the groups across Test 1 and Test 2,
posthoc Bonferroni analyses indicated that animals maintained on H2916 and H2920
consumed significantly less ethanol compared with mice given P3000, H7912, and H8940
(p<0.05). Moreover, animals on H2920 also consumed less than those on H2918. BECs
concurred with consumption data as a two-way RM ANOVA indicated a main effect of diet
[F(5,54=5.28, p=0.0005] and time [F(; 54y=10.91, p=0.0017] but no interaction [F(s 54)=0.42,
p=0.84]. Collapsing across Test 1 and Test 2, posthoc Bonferroni analyses showed that
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animals on H2920 had significantly lower BECs than the group receiving either P3000 or
H7912 (p<0.05; FigurelB). Importantly, two-way RM ANOVA indicated no interaction
[F(45,486)=1.33, p=0.08] or main effect of diet [F(s 485=2.27, p=0.06] on body weights, but
an expected main effect of time [F(g 486)=130.05, p<0.0001] was observed (Figure 1C). No
effect of diet was observed using a one-way ANOVA on water consumption during a 4-hour
DID session [F (5 54)=2.03, p=0.09]. (Figure 1D). In a replication experiment, t-tests showed
that a separate group of mice given access to the P3000 diet exhibited higher levels of binge-
like ethanol drinking [t(15)=2.47, p=0.0262] but not BECs [t(;5) =2.05, p=0.0583] than mice
on H2920 (Supplementary Figure 1).

Dietary influence on ethanol consumption with C2BC procedures

The individual daily ethanol consumed at each concentration was averaged over the 8-day
period. A two-way RM ANOVA performed on the average ethanol consumption (Figure
2A) indicated significant main effects of diet [F(5 216)=12.37, p<0.0001] and concentration
[F(4,216=48.86, p<0.0001] but the interaction effect was not significant [F(20,216)=1.47,
p=0.09]. Collapsing across concentration, Bonferroni tests indicated that animals on the
H7912 diet exhibited significantly higher consumption of ethanol than groups on all other
diets and that animals on H2918 consumed more ethanol than those on H2920 (Figure 2A,;
p<0.05). A twoway RM ANOVA performed on ethanol preference data (Figure 2B)
indicated significant main effects of diet [Fs 216)=8.95, p<0.0001] and concentration
[F(4,216)=75.94, p<0.0001] but the interaction effect was not significant [F(20 216)=1.03,
p=0.57]. Bonferroni tests performed after collapsing across concentration indicated that
animals on H7912 showed higher ethanol preference for ethanol than animals on other diets
(Figure 2B; p<0.0001). A two-way RM ANOVA performed on body weights collected
during C2BC (Figure 2C) revealed no significant main effect of diet [F (5 485)=2.27, p=0.06]
or interaction of diet and time [F(45 486)=1.33, p=0.08] but a main effect of time
[F(9,486)=130.05, p<0.0001] was significant. A two-way RM ANOVA performed on total
fluid consumption (Figure 2D) indicated a significant main effect of ethanol concentration
[F(4,216)=25.03, p<0.0001] but not diet [F(s 216)=2.13, p=0.08] or an interaction between
concentration and diet [F(20,2165)=0.79, p=0.28]. In agreement with equitable fluid
consumption, a one-way ANOVA test revealed no significant effect of diet [Fs 54)=2.22,
p=0.07] on daily water consumption averaged over 4 days in the absence of ethanol
following C2BC (Supplementary Figure 2).

Dietary influence on sucrose, saccharin, and quinine solution consumption

To determine if the influence of diet was specific to ethanol consumption, sucrose, saccharin
and quinine solution intake were tested. The consumptions during the day-4, four hour tests
were analyzed. One-way ANOVAs showed that diet condition had an effect on consumption
of 1% sucrose [F (s 54=5.81, p=0.0002], 3% sucrose [F s 54=6.07, p<0.0001], and 0.15%
saccharin [F(s5 54y=9.32, p<0.0001], and quinine (Fs 54)=4.71, p=0.0012) solutions. In
general, posthoc Bonferroni tests indicated the group with access to the H7912 diet
consumed more of the sweet solutions relative to the other diet groups (see Figure 3 for
details on group and solution differences). However, the bitter quinine solution was
consumed in greater volumes by animals on P3000 and H7912 compared with those on
H2916.

Alcohoal Clin Exp Res. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marshall et al. Page 7

Diet condition had no effect on ethanol pharmacokinetics

BECs after various time-points following IP injection of 0.5, 1.5, or 3.0g/kg doses of ethanol
are presented in Figure 4. Two-way RM ANOVAs revealed significant main effects of diet
and time, but the interaction effects were not significant, following IP injections of ethanol
at the 0.5g/kg ([F(2,103) =3.44, p=0.036]; [F(3’103):99.97, p<0.0001]; [F(6’103)21.14,
p=0.34]) and 1.5g/kg ([F(2,08)=3.78, p=0.026]; [F(3,98)=3.78, p<0.0001]; [F (s 98)=0.81,
p=0.57]) doses, but only a significant main effect of time following the 3g/kg dose
[F(3,200)=36.35, p<0.0001] and not diet [F(2 100)=2.90, p=0.06] or interaction [F g 100)=0.55,
p=0.77]. However, after collapsing across time, Bonferroni tests comparing BECs between
the diet conditions failed to show significant differences at either 0.5 or 1.5g/kg ethanol
dose.

Dietary influence on ethanol-induced locomotor-activity and sedation

Data from the OFT are presented in Figure 5. A one-way ANOVA showed that diet
condition had a significant effect on total distance traveled (Figure 5A; [F(3 24y=4.23,
p=0.015]). A post-hoc Bonferroni test showed that only animals on the H2920 diet were
significantly different than the saline group. Examining the first fifteen minutes provided
similar results (Supplementary Figure 3). However, ANOVAS performed on center distance
(Figure 5B; [F(3,24)=0.92, p=0.57]) and center time (Figure 5C; [F(3 24)=0.92, p=0.44])
failed to yield significant differences, suggesting diet condition did not alter anxiety-like
behavior. One-way ANOVAs analyzing the latency to the onset of righting reflex
[F(2,18=1.77, p=0.19] and the duration of LORR [F2,18)=0.84, p=0.45] failed to yield
significant differences, indicating that diet condition did not influence sensitivity to the
sedative effects of a 3.5g/kg dose of ethanol (Figure 6).

Discussion

The implications of different rodent diets fed between laboratories and research institutions
are often overlooked in behavioral experiments. The data presented herein provide the first
direct evidence that the specific rodent diet fed is a particularly important variable to
describe and control within ethanol consumption studies. To the best of our knowledge, this
is the first study to show that the specific laboratory diet used had significant effects on
ethanol consumption in both DID and C2BC. In the DID study, mice that had access to
either H2916 or H2920, drank significantly less ethanol than mice that had access to any of
the other 4 diets. Further, in a replication study, mice with access to the H2920 were again
found to drink significantly less ethanol than mice on the P3000 diet using DID procedures,
emphasizing the reproducibility of the diet-induced variability. In accord with consumption,
the H2920 group attained BECs that consistently fell below 80mg/dl, commonly used as a
minimal limit for modeling binge-like ethanol drinking within DID procedures (Thiele and
Navarro, 2014) and one of the defining criteria of binge drinking set forth by the National
Institute on Alcohol Abuse and Alcoholism (NIAAA, 2004). Thus, in addition to showing
that the level of ethanol consumption can vary with changes in diet, the present results also
show that certain diets could prevent successful binge-like ethanol drinking using DID
procedures. Because pelleted diets “powderize” into the bedding and lead to overestimation
of consumption relative to animals with extruded diet (personnel communication with
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Harlan Laboratories, Inc. and also observed during food intake assessment of mice in this
report while they were acclimated to the laboratory and diets), food intake data was not
collected throughout these studies. However, there were no observed diet-related differences
in body weight between groups during DID testing, making it unlikely that changes in
ethanol drinking were secondary to altered energy balance. Assessment of food consumption
and determining if potential caloric intake differences between various extruded diet groups
influences ethanol drinking levels will be an important future direction.

Within the C2BC procedure, less variability in the level of ethanol consumption between the
diet conditions was observed. Only the group of animals with access to H7912 showed
consistently different behavior relative to the other diet conditions, exhibiting greater
preference for ethanol and increased ethanol consumption. While increased consumption
may be preferable in modeling AUDs, over time the animals on H7912 diet non-
significantly trended towards reduced age-related weight gain relative to the other groups.
This could present an issue in studies looking at prolonged ethanol consumption. However,
it is important to note that the mice maintained on H7912 had an average mass (U=27.89)
which falls well within the 95% confidence interval for their age group (Jackson-Laboratory,
2007) and that the energy densities are very similar between the diets tested (Table 1).

While these results provide compelling evidence that diet can impact ethanol consumption,
it is not enough to make firm conclusions on the underlying causes of these differences.
However, several possible factors were considered. First, differences in ethanol drinking
could be due to the consistency of the diets. All diets were in a compressed form with the
exception of diet H2920 which was in an “extruded” form. Ethanol consumption in mice on
the H2916 (compressed) and H2920 (extruded) diets, which have very common
components, were comparable during DID procedures. Moreover, mice on the extruded
H2920 diet drank similar amounts of ethanol relative to all other pelleted diet groups (except
H7912) during C2BC. Dietary influence on ethanol consumption is also not likely due to
diet influence on ethanol pharmacokinetics as no differences were seen in ethanol clearance
between groups of mice with access to the P3000, H2920, and H7912 diets. A third
possibility is that diet had an influence on general fluid consumption. The observations
herein indicate that differences in ethanol consumption are not likely related to altered fluid
balance or chow-induced polydipsia as no differences were seen in baseline water
consumption between the diet conditions during limited access measures (consistent with
DID) or 24h measures (consistent with C2BC) in the absence of ethanol access. Together,
these data suggest that the source of ethanol consumption variability is not related to the
consistency of the diet, dietary influence on pharmacokinetics, or chow-induced polydipsia.

One potential mechanism that is supported by these data is that diet influences gustatory
preference and therefore ethanol consumption. Previous studies indicate the specific chow
available influences the consumption of sweet and bitter solutions (Tordoff et al., 2002,
Tordoff, 2007). The data herein agrees as animals maintained on diet H7912 consumed
greater amounts of sucrose, saccharin, and quinine compared with several other diet groups.
Intriguingly, this group also showed increased ethanol consumption and preference in
C2BC. High ethanol drinking was associated with increased sucrose and quinine intake in
C57BL/6ByJ mice relative to 129/ mice (Bachmanov et al., 1996a), though only with

Alcohoal Clin Exp Res. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marshall et al.

Page 9

increased sucrose drinking (and not increased quinine intake) in a similar study (Bachmanov
et al., 1996b). Since ethanol entails a sweet and bitter component (Kiefer et al., 1990), the
increased ethanol consumption during C2BC of animals maintained on H7912 diet could be
secondary to gustatory preference changes, such as increased sweet and bitter preference. It
should be noted that the exact influence of diet on tastant consumption is confounded by
previous exposure to ethanol, but dietary changes in gustatory preferences remains a
potential underlying mechanism for altered ethanol consumption.

Another potential mechanism that was explored in these studies was the effect of diet on
ethanol pharmacodynamics through assessment of ethanol-induced locomotor activity and
sedation. The data showed that animals maintained on the H2920 diet were more sensitive to
ethanol-induced locomotor activity in the OFT relative to the saline injected control group.
Increased sensitivity to the locomotor stimulant effects of ethanol has been associated with
decreased ethanol intake (Naassila et al., 2004, Hodge et al., 1999). Although this inverse
relationship is not always observed (Brabant et al., 2014), reduced ethanol consumption by
mice maintained on H2920 may be somehow related to the increased sensitivity to ethanol-
induced locomotor stimulation. The lack of alcohol sensitivity in the other diet groups is
similar to previous studies that indicate that C57/BL6J mice are less susceptible to alcohol-
induced locomotor effects (Homanics et al., 1999). Diet condition did not interact with
ethanol-induced activity in center distance traveled or time relative to the saline condition,
indicating that ethanol did not promote anxiolysis in any of the diet conditions tested. Thus,
changes in anxiety are an unlikely explanation for differences in ethanol consumption
between the diet conditions. Finally, while reduced sensitivity to the sedative effects of
ethanol correlates with increased ethanol intake (Thiele et al., 2000, Fee et al., 2004), there
were no differences between diet groups in the onset or duration of ethanol-induced
sedation. Together these data suggest that diet-induced effect on ethanol sensitivity to
sedation did not contribute to diet-related differences in ethanol drinking.

While the diets tested shared many components, there were a few ingredients that differed
between groups which may have influenced ethanol consumption. Animals fed the H2920
and H2916 diets consumed less ethanol in the DID paradigm compared with the other diet
groups. The one characteristic that was uniquely shared by these diets compared with the
other diets tested was the very low level of added soy, resulting in very low levels of
estimated isoflavones (< 20 ppm). Diets low in isoflavones are often desirable as this
ingredient has been shown to affect reproductive and endocrine health (Jefferson et al.,
2007, Ryokkynen et al., 2006, Jensen and Ritskes-Hoitinga, 2007, Thigpen et al., 2004). Soy
entails several isoflavones, including the phytoestrogen diadzein. Interestingly, diadzein, and
the related isoflavone diadzin, have both been shown to have efficacy as potential
antidipsotropic agents that reduce alcohol consumption in pre-clinical and clinical studies
(Lukas et al., 2013, Penetar et al., 2012). Paradoxically, while soy-related isoflavones appear
to be protective against excessive ethanol intake, here elimination of isoflavones from diet
H2916 and H2920 was associated with reduced binge-like ethanol drinking in the DID
study. Importantly, while soy/isoflavone was associated with the level of ethanol drinking,
the present data only provides a correlational relationship between these factors. Further,
soy/isoflavone levels did not predict ethanol intake in C2BC. One ingredient unique to the
H7912 diet compared with the other diets tested is ground oats. There is evidence that the
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inclusion of oats in diets ameliorates alcohol-induced liver dysfunction (Keshavarzian et al.,
2001), which theoretically could impact long-term ethanol drinking. In the end, while the
present work provides compelling evidence that dietary ingredients impact ethanol drinking
in a paradigm specific manner, additional research is necessary to pin-point the components
of these diets that modulate the level of ethanol drinking.

One caveat of this present study that requires consideration is that mice went through
multiple testing paradigms. Three cohorts of animals were used, one that experienced DID,
C2BC, and non-alcoholic tastant consumption testing, a second that was used to replicate the
DID study, and a third that experienced BEC assessment, ethanol-induced locomotor
activity testing, and then ethanol-induced sedation testing. Thus, with the exception of the
replication study, the potential influence of carry-over effects between experimental
procedures cannot be ignored with the exception of the very first study in each cohort of
mice. It may therefore be important to replicate subsequent experiments (i.e., diet influence
on C2BC ethanol drinking) in naive animals before drawing finite conclusions (e.g., that
chow influences C2BC drinking). Assessment of the effects of diet on ethanol consumption
in other laboratories to determine the resilience of these findings, as well as to assess the
generalizability of the observations made herein across different strains of mice, species, and
sex are needed as each variable alters ethanol consumption and may interact differently with
chow.

The present data set is not independently sufficient to designate a diet or dietary constituents
for voluntary alcohol consumption studies, but it does imply that the alcohol research field,
specifically scientists measuring ethanol consumption in C57/BL6J mice, should carefully
consider the rodent diet provided to subjects. For example, mice on diet H7912 consumed
high levels of ethanol in C2BC and DID paradigms, and thus diet H7912 might be
considered a good option. However, both P3000 and H7912 contain alfalfa, an ingredient
that elevates background fluorescence with imaging procedures and would not be a viable
option for neuroimaging studies (Inoue et al., 2008) . Alternatively, mice on diets H2918
and H8940 drank considerable amounts of ethanol in both paradigms, and achieved high,
physiologically relevant BECs during DID procedures, making these diets potential
considerations.

Researchers attempt to control and standardize as many factors as possible when designing
experiments to decrease inter and intra-laboratory variability and increase reproducibility of
data, a problem that is quite prevalent in biomedical research and has gained recent attention
from the National Institutes of Health (Landis et al., 2012, Macleod, 2011, Collins and
Tabak, 2014). There are others who believe that over standardization increases test
sensitivity leading to increased false-positive results (Richter et al., 2009, Paylor, 2009).
Moreover, if measured outcomes are consistent despite inter-laboratory differences, the
results may be more valid for translational purposes considering the heterogeneity of the
human population (Martic-Kehl et al., 2012, Ritskes-Hoitinga et al., 2014). While the impact
of the validity of standardization in preclinical studies is an ongoing debate, it is clear that
diet is an easily controllable but often overlooked component of experimental design as
manuscripts often simply report “standard rodent chow”. The data presented herein provides
direct evidence that what is often dubbed “standard” rodent chow can influence ethanol
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consumption. At minimum, the results from the present study demand that A) careful
attention be given to diets used in pre-clinical biomedical research studies and B) diets used
be standardly reported in detail, particularly in relation to ethanol consumption studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Diet had an effect on ethanol consumption during the DID test days (panel A) as well as the

corresponding BECs (panel B) No significant differences were reflected in the body weights
(panel C) or in water consumption (panel D) between the six groups. * indicates
significantly less than P3000, H7912, and H8940; # indicates significantly less than H2918;
$ indicates significantly less than P3000 and H7912. Significance was set at p<0.05 (two-
tailed), and all data are expressed as mean + SEM.
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Figure 2.
Mice on diet H7912 had increased ethanol consumption and preference compared with the

animals receiving other diets at various ethanol concentrations (v/v) (panels A & B). No
significant differences were seen in the body weights (panel C) or in total consumption
(panel D). * indicates H7912 greater than other groups; # indicates H2918 greater than
H2920. Significance was set at p<0.05 (two-tailed), and all data are expressed as mean +
SEM.
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Figure 3.
Animals on diet H7912 consumed more sucrose compared with mice on diets H2920,

H2916, and H2918 (panels A & B). Mice on diet H8940 also consumed more sucrose than
those on diet H2918. In regards to saccharin, only mice on diet H7912 were significantly
different, consuming more of the sweetener than all other groups (panel C). Both the P3000
and H7912 diet groups consumed more quinine solution than those on diets H2920 or
H2916 (panel D) * indicates less than H7912; # less than H8940; $ less than P3000.
Significance was set at p<0.05 (two-tailed), and all data are expressed as mean + SEM.
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Figure4.
Examination of ethanol pharmacokinetics after IP injection of 0.5 g/kg (panel A), 1.0 g/kg

(panel B) or 3.0 g/kg (panel C) ethanol revealed significant no effect of diet at any dose
given. Significance was set at p<0.05 (two-tailed), and all data are expressed as mean +
SEM.
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Figurebs.
Mice on diet H2920 showed a greater sensitivity to ethanol-induced locomotor activity, as

evidenced by increased total distance traveled compared with the saline group (panel A;).
No differences were seen in center distance traveled or time spent in the center of the
chamber (panels B & C). Significance was set at p<0.05 (two-tailed), and all data are
expressed as mean = SEM.
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Examination of ethanol induced sedation after IP injection of 3.5g/kg ethanol revealed no
effect of diet as there was no change in the latency of onset (panel A) or duration (panel B)
of the loss of righting reflex (LORR). Significance was set at p<0.05 (two-tailed), and all

data are expressed as mean + SEM.
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